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Read Me File for
“Can a Representative-Agent Model Represent a Heterogeneous-Agent


Economy?” (AEJMacro-2008-0041)
by Sungbae An, Yongsung Chang and Sun-Bin Kim


Contents of AEJMacro-2008-0041 program and data.zip


1. Fortran Codes: All codes for computation of equilbria and simulation of the artificial


time series of the four models are written in Fortran and collected in a directory


FortranFinal, which contains the following subdirectories with names indicating the


models in them. These fortran codes are compiled using Intel Visual Fortran 10.0.


• HCI: computes the fluctuations for the “Indivisible-Labor” Model.


• HID: computes the fluctuations for the “Incomplete-Markets” Model


• HID SS: computes the steady state for the “Incomplete-Markets” Model


• HII: computes the fluctuations for the benchmark “Heterogeneous-Agent” Model


• HII SS: computes the steady state for the benchmark “Heterogeneous-Agent”


Model


• RA: computes the fluctuations for the “Representative-Agent” Model


• Tools: collects auxiliary numerical routines such as optimization, interpolation,


random number generator, etc.


2. EViews Codes: A subdirectory EViewsFinal contains all Eviews codes that are used


for GMM estimation. Also it contains Matlab codes for generating graphs and tables.


• data ra: estimates the representative-agent economy using the U.S. data.


• simul: estimates the representative-agent economy using the model generated


time series. See .\simul\README.TXT for details.
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%\texttt{\textbf{AEJMacro-2008-0041\_program\_and\_data.zip}} contains the data and computer programs for simulations and GMM estimations.

\subsection*{Contents of AEJMacro-2008-0041\_program\_and\_data.zip}


\begin{enumerate}
\item \textbf{Fortran Codes}: All codes for computation of equilbria and simulation of the artificial time series of the four models are written in Fortran and collected in a directory \texttt{FortranFinal}, which contains the following subdirectories with names indicating the models in them. These fortran codes are compiled using Intel Visual Fortran 10.0.
	\begin{itemize}
	\item \texttt{HCI}: computes the fluctuations for the ``Indivisible-Labor'' Model.
	\item \texttt{HID}: computes the fluctuations for the ``Incomplete-Markets'' Model
	\item \texttt{HID\_SS}: computes the steady state for the ``Incomplete-Markets'' Model
	\item \texttt{HII}: computes the fluctuations for the benchmark ``Heterogeneous-Agent'' Model
	\item \texttt{HII\_SS}: computes the steady state for the benchmark ``Heterogeneous-Agent'' Model
	\item \texttt{RA}: computes the fluctuations for the ``Representative-Agent'' Model
	\item \texttt{Tools}: collects auxiliary numerical routines such as optimization, interpolation, random number generator, etc.
	\end{itemize}

\item \textbf{EViews Codes}: A subdirectory \texttt{EViewsFinal} contains all Eviews codes that are used for GMM estimation. Also it contains Matlab codes for generating graphs and tables.
	\begin{itemize}
	\item \texttt{data$\underline{~}$ra}: estimates the representative-agent economy using the U.S. data.
	\item \texttt{simul}: estimates the representative-agent economy using the model generated time series. See \texttt{$.\backslash$simul$\backslash$README.TXT} for details.
	\end{itemize}


\end{enumerate}



\end{document}





EViewsFinal/data_ra/Data_Euler.xls
Sheet1

				CN		CS		CNH		CSH		JCN		JCS		YCOMPR				LEPRIVA		FTBS3				Nominal C		Real C		Price of C

		FRED2		PCND		PCESV		PCNDGC96		PCESVC96						COE		WASCUR		AHETPI

		DESC		Personal Consumption Expenditures: Nondurable Goods (SAAR, Bil.$)		Personal Consumption Expenditures: Services (SAAR, Bil.$)		Real Personal Consumption Expenditures: Nondurable Goods (SAAR, Bil.Chn.2000$)		Real Personal Consumption Expenditures: Services (SAAR, Bil.Chn.2000$)		Personal Consumption Expend: Nondurable Goods: Chain Price Index (SA,2000=100)		Personal Consumption Expenditures: Services: Chain Price Index (SA, 2000=100)		Compensation of Employees, Received (SAAR, Bil.$)		Compensation of Employees: Wages & Salary Accruals (SAAR, Bil.$)		Average Hourly Earnings: Total Private Industries (SA, $/Hour)		3-Month Treasury Bills, Secondary Market (% p.a.)

		19641		174		171.1		727.4		1013.3		23.926		16.885		360		328.2		2.5		3.53				345.1		1740.7		19.8253576148

		19642		177.3		174.4		740.8		1027.8		23.936		16.97		367.4		334.8		2.52		3.48				351.7		1768.6		19.885785367

		19643		181		177.8		754.2		1042.2		23.996		17.063		374.6		341.4		2.54		3.5				358.8		1796.4		19.9732798931

		19644		182.2		181.2		756.7		1056.9		24.085		17.146		380.8		346.7		2.56		3.68				363.4		1813.6		20.0374944861

		19651		185		183.6		765.4		1067		24.172		17.213		387.3		352.8		2.59		3.89				368.6		1832.4		20.115695263

		19652		188.7		187		774		1081.9		24.381		17.288		394.1		358.9		2.61		3.87				375.7		1855.9		20.2435476049

		19653		192.6		190.5		785.2		1096.9		24.528		17.366		402.3		366.2		2.64		3.87				383.1		1882.1		20.3549226927

		19654		199.9		194.8		812.5		1115.1		24.611		17.468		414.3		377.1		2.67		4.17				394.7		1927.6		20.4762398838

		19661		204.3		197.8		819.9		1125.4		24.92		17.577		426.7		385.8		2.69		4.61				402.1		1945.3		20.6703336246

		19662		207.9		201.9		827.1		1139		25.141		17.729		437.8		395.9		2.72		4.59				409.8		1966.1		20.8432938304

		19663		211		205.4		832.7		1148.9		25.341		17.882		449		406.1		2.75		5.04				416.4		1981.6		21.0133225676

		19664		211.7		210.2		829.5		1164.5		25.526		18.054		457.2		413.5		2.78		5.21				421.9		1994		21.1584754263

		19671		213.8		213.9		835.9		1178.8		25.582		18.151		463.3		418.8		2.8		4.51				427.7		2014.7		21.2289670919

		19672		215.6		217.9		839.9		1193.1		25.673		18.267		469		423.6		2.83		3.66				433.5		2033		21.3231677324

		19673		218		222.7		840.5		1210		25.935		18.405		478.7		432.0		2.87		4.3				440.7		2050.5		21.4923189466

		19674		220.8		226.5		845.2		1219.5		26.13		18.575		489.7		441.6		2.91		4.75				447.3		2064.7		21.6641642854

		19681		228.1		232.1		863.7		1235.1		26.409		18.799		504.5		454.2		2.95		5.05				460.2		2098.8		21.926815323

		19682		233.3		238.8		874.7		1255.9		26.67		19.021		517.6		465.9		3		5.52				472.1		2130.6		22.1580775368

		19683		239.4		244.6		888.3		1272.4		26.951		19.23		531.4		478.3		3.04		5.2				484		2160.7		22.4001481002

		19684		242		250.7		888.1		1288.7		27.25		19.462		543.8		489.4		3.09		5.59				492.7		2176.8		22.6341418596

		19691		246.4		256.6		896.6		1302		27.479		19.711		555.9		499.1		3.14		6.09				503		2198.6		22.8781952151

		19692		251.1		262.9		901.1		1316.2		27.869		19.977		569.8		511.4		3.19		6.2				514		2217.3		23.1813466829

		19693		255.2		268.9		902.6		1329.2		28.278		20.235		586.6		526.4		3.24		7.02				524.1		2231.8		23.4832870329

		19694		259.9		276.1		908		1347.3		28.624		20.5		598.2		536.5		3.29		7.35				536		2255.3		23.7662395247

		19701		266.1		282.3		917.4		1359.8		29.012		20.766		606.1		545.1		3.33		7.21				548.4		2277.2		24.0822062182

		19702		269.8		287.5		919.3		1367.2		29.35		21.028		616.3		549.1		3.38		6.68				557.3		2286.5		24.3734966105

		19703		273.6		294.7		925.4		1384.3		29.572		21.291		622.5		555.7		3.43		6.33				568.3		2309.7		24.6049270468

		19704		278.4		301.5		932.7		1395.1		29.847		21.614		623.9		556.3		3.48		5.35				579.9		2327.8		24.9119340149

		19711		280.3		308		935.8		1406.8		29.949		21.9		641.6		570.2		3.54		3.84				588.3		2342.6		25.1131221719

		19712		284.1		315.5		939.3		1421.3		30.245		22.202		653.5		580.3		3.6		4.25				599.6		2360.6		25.400321952

		19713		286.7		323.1		939.3		1434.8		30.521		22.521		663.5		588.8		3.65		5.01				609.8		2374.1		25.685522935

		19714		290.9		331.3		947.1		1457.5		30.722		22.737		674.8		599.0		3.7		4.23				622.2		2404.6		25.8754054728

		19721		295.9		340.4		953.1		1480.6		31.046		22.998		702.6		618.0		3.82		3.44				636.3		2433.7		26.1453753544

		19722		304.4		347.3		976.5		1498.9		31.172		23.178		716.2		630.5		3.87		3.77				651.7		2475.4		26.3270582532

		19723		311.4		355.4		990.3		1518.5		31.455		23.41		729.9		642.4		3.92		4.22				666.8		2508.8		26.5784438776

		19724		320.5		365.6		1007.3		1547.5		31.817		23.63		751.9		664.3		3.99		4.86				686.1		2554.8		26.8553311414

		19731		330.3		372.3		1018.4		1562.9		32.438		23.825		781.6		683.4		4.04		5.7				702.6		2581.3		27.2188432185

		19732		337		381.9		1009.7		1579.9		33.377		24.176		801.1		700.1		4.1		6.6				718.9		2589.6		27.7610441767

		19733		347.6		390.4		1015.6		1589.4		34.222		24.568		819.9		716.2		4.17		8.32				738		2605		28.330134357

		19734		357.4		398.5		1011.9		1597.2		35.317		24.956		842.5		735.4		4.23		7.5				755.9		2609.1		28.9716760569

		19741		369.1		406.9		998.6		1597.9		36.958		25.468		860.7		748.2		4.29		7.62				776		2596.5		29.886385519

		19742		380.4		420.6		995.1		1614.3		38.215		26.06		881.9		765.3		4.39		8.15				801		2609.4		30.6967118878

		19743		391.7		432.5		997.1		1624.1		39.276		26.638		904.6		783.1		4.49		8.19				824.2		2621.2		31.4436136121

		19744		396.8		446.4		983.1		1641		40.36		27.211		915.7		792.5		4.58		7.36				843.2		2624.1		32.1329217637

		19751		404.4		460.7		987.2		1655.8		40.974		27.83		919.4		791.9		4.63		5.75				865.1		2643		32.73174423

		19752		415.6		473.7		1008.5		1674.2		41.214		28.302		931.7		800.4		4.69		5.39				889.3		2682.7		33.149438998

		19753		427.8		485.5		1016.8		1683.9		42.078		28.841		957.6		821.3		4.76		6.33				913.3		2700.7		33.8171585145

		19754		435.1		500.8		1019.9		1703.3		42.674		29.409		987.5		845.8		4.84		5.63				935.9		2723.2		34.3676556992

		19761		445.4		514.8		1040.1		1721.7		42.831		29.905		1022.3		871.2		4.92		4.92				960.2		2761.8		34.7671808241

		19762		452.7		524.7		1054		1732.9		42.955		30.287		1046		889.4		5		5.16				977.4		2786.9		35.0712260935

		19763		462.6		540.5		1063		1753.4		43.522		30.834		1070.7		908.4		5.1		5.15				1003.1		2816.4		35.6163897174

		19764		472.6		559		1072.2		1781.4		44.076		31.388		1098		929.9		5.19		4.67				1031.6		2853.6		36.1508270255

		19771		483.9		574.7		1078.5		1795.6		44.868		32.016		1126.9		950.0		5.29		4.63				1058.6		2874.1		36.8323997077

		19772		492.2		589.4		1076.5		1807		45.727		32.63		1164.3		980.9		5.39		4.84				1081.6		2883.5		37.5099705219

		19773		498.7		609.9		1078.3		1834		46.253		33.265		1196.8		1007.5		5.47		5.5				1108.6		2912.3		38.0661332967

		19774		513.8		626.9		1098		1854.1		46.798		33.82		1233.7		1038.2		5.58		6.11				1140.7		2952.1		38.6402899631

		19781		524.3		648.7		1104.8		1881.7		47.462		34.482		1269.6		1064.2		5.68		6.39				1173		2986.5		39.2767453541

		19782		542.9		670		1116.9		1907		48.618		35.143		1318.3		1106.4		5.82		6.48				1212.9		3023.9		40.110453388

		19783		558.5		685.1		1128.9		1916.3		49.489		35.758		1355.2		1138.0		5.92		7.31				1243.6		3045.2		40.8380401944

		19784		575.3		702.4		1142.5		1926		50.371		36.474		1400.2		1176.2		6.05		8.57				1277.7		3068.5		41.6392374124

		19791		593.8		718.3		1148.2		1945.5		51.733		36.926		1445.2		1210.2		6.17		9.38				1312.1		3093.7		42.4119985778

		19792		610.5		743.4		1143.6		1963.6		53.402		37.867		1478.4		1236.3		6.26		9.38				1353.9		3107.2		43.5729917611

		19793		635.8		763.9		1155.9		1971.1		55.011		38.766		1519		1270.9		6.39		9.67				1399.7		3127		44.7617524784

		19794		657.7		787.7		1165.3		1984.4		56.443		39.704		1561.2		1305.8		6.51		11.84				1445.4		3149.7		45.89008477

		19801		679.6		809.4		1162.3		1989.4		58.472		40.699		1602.7		1338.4		6.62		13.35				1489		3151.7		47.2443443221

		19802		686.6		824.9		1147.3		1977.7		59.84		41.721		1625.1		1354.9		6.76		9.62				1511.5		3125		48.368

		19803		699.6		857.5		1145.2		2002.5		61.081		42.831		1657.4		1381.0		6.9		9.15				1557.1		3147.7		49.4678654255

		19804		718.6		895.8		1151.4		2032.7		62.405		44.077		1722.1		1436.3		7.07		13.61				1614.4		3184.1		50.7019251908

		19811		745.8		914.5		1162.1		2020.3		64.172		45.27		1774.5		1474.7		7.23		14.39				1660.3		3182.4		52.1713172448

		19812		756.2		941		1165.6		2037.2		64.874		46.195		1808		1502.4		7.36		14.91				1697.2		3202.8		52.9911327588

		19813		763.2		962.6		1165.6		2037.6		65.479		47.247		1846.2		1535.1		7.51		15.05				1725.8		3203.2		53.8773726274

		19814		770.4		985.2		1167.4		2041.2		65.993		48.27		1874.2		1557.8		7.61		11.75				1755.6		3208.6		54.7154522222

		19821		776.1		1008		1168.8		2050.3		66.4		49.172		1898		1573.2		7.73		12.81				1784.1		3219.1		55.4223230095

		19822		778.6		1029.3		1170.6		2060.9		66.512		49.957		1917.2		1587.1		7.81		12.42				1807.9		3231.5		55.9461550364

		19823		793		1060.3		1177.2		2079.9		67.368		50.99		1937		1602.3		7.91		9.32				1853.3		3257.1		56.9003100918

		19824		802.7		1100.3		1188.6		2116.8		67.541		51.992		1951.1		1612.2		7.98		7.91				1903		3305.4		57.5724571913

		19831		806.3		1132.5		1194.5		2145.1		67.504		52.807		1979.2		1629.5		8.08		8.11				1938.8		3339.6		58.0548568691

		19832		824		1158.7		1206.4		2176.1		68.313		53.259		2018.5		1661.8		8.15		8.4				1982.7		3382.5		58.6164079823

		19833		842.3		1198.4		1224.3		2208.2		68.81		54.284		2059.9		1699.0		8.22		9.14				2040.7		3432.5		59.4522942462

		19834		852.1		1224.8		1236.5		2233.5		68.917		54.847		2114.6		1748.1		8.31		8.8				2076.9		3470		59.8530259366

		19841		866.4		1244.9		1243.2		2241.1		69.693		55.56		2184.6		1794.0		8.38		9.17				2111.3		3484.3		60.5946675085

		19842		883.8		1276.9		1265.4		2263		69.848		56.433		2235.2		1837.9		8.45		9.8				2160.7		3528.4		61.2373880512

		19843		889.7		1308.9		1269.5		2292		70.085		57.118		2281.5		1877.3		8.52		10.32				2198.6		3561.5		61.7324161168

		19844		898.7		1338		1276.7		2322.9		70.39		57.61		2320.3		1911.1		8.57		8.8				2236.7		3599.6		62.1374597177

		19851		910.5		1383.6		1283.9		2368		70.919		58.438		2366		1946.2		8.63		8.18				2294.1		3651.9		62.8193543087

		19852		924.1		1409.3		1294.2		2389.8		71.411		58.979		2403.3		1976.3		8.7		7.46				2333.4		3684		63.338762215

		19853		932.7		1446.5		1302		2427.2		71.64		59.605		2441.1		2009.3		8.76		7.11				2379.2		3729.2		63.7992062641

		19854		947.4		1473		1312.3		2449		72.201		60.157		2489.2		2050.1		8.82		7.17				2420.4		3761.3		64.3500917236

		19861		957.2		1499.2		1329.2		2454.6		72.012		61.084		2522.7		2076.3		8.86		6.9				2456.4		3783.8		64.9188646334

		19862		950.6		1522.5		1343.8		2465.1		70.738		61.77		2545.3		2093.8		8.89		6.14				2473.1		3808.9		64.9295072068

		19863		956.9		1549.8		1346.6		2486.2		71.056		62.341		2581.4		2124.0		8.92		5.52				2506.7		3832.8		65.4012732206

		19864		969.1		1581.6		1359.4		2512.1		71.287		62.966		2631.1		2165.2		8.98		5.35				2550.7		3871.5		65.88402428

		19871		992.3		1616.8		1364.8		2551		72.709		63.386		2678.6		2207.7		9.04		5.54				2609.1		3915.8		66.6300628224

		19872		1011.3		1645		1377		2575.1		73.444		63.886		2721.1		2244.9		9.09		5.66				2656.3		3952.1		67.2123681081

		19873		1022.7		1679		1379.4		2599		74.144		64.608		2767.3		2285.4		9.15		6.04				2701.7		3978.4		67.9092097326

		19874		1034.8		1712.5		1386.7		2622.2		74.628		65.314		2833.9		2344.9		9.25		5.86				2747.3		4008.9		68.5300207039

		19881		1048.9		1758.6		1399.2		2655.9		74.977		66.224		2883.1		2381.5		9.29		5.72				2807.5		4055.1		69.2338043451

		19882		1071		1793.6		1413.7		2674.3		75.77		67.077		2945.5		2435.5		9.39		6.21				2864.6		4088		70.0733855186

		19883		1096.3		1838.9		1429		2707		76.73		67.94		2994.2		2476.0		9.46		7.01				2935.2		4136		70.9671179884

		19884		1117.7		1875.1		1445.2		2728.7		77.348		68.729		3045.9		2518.8		9.57		7.73				2992.8		4173.9		71.702724071

		19891		1135.1		1912.2		1449.5		2746.6		78.317		69.628		3092.8		2555.5		9.67		8.54				3047.3		4196.1		72.6221968018

		19892		1162.2		1940.7		1450.9		2759.5		80.109		70.335		3122.1		2576.9		9.74		8.41				3102.9		4210.4		73.6960858826

		19893		1175.6		1972.3		1465.4		2776.2		80.228		71.05		3158.3		2605.0		9.83		7.84				3147.9		4241.6		74.2149188985

		19894		1194		2014.9		1479.3		2805.7		80.714		71.82		3207.7		2648.1		9.94		7.65				3208.9		4285		74.8868144691

		19901		1224.4		2045.8		1483.2		2813.5		82.547		72.721		3272.8		2701.2		10.05		7.76				3270.2		4296.7		76.1095724626

		19902		1236		2104.3		1486.4		2849.5		83.153		73.854		3330.5		2749.8		10.15		7.75				3340.3		4335.9		77.038215826

		19903		1262.6		2146.4		1491		2872.4		84.679		74.734		3370.2		2781.3		10.24		7.48				3409		4363.4		78.1271485539

		19904		1276.5		2167		1475.3		2871.3		86.525		75.478		3379.2		2783.7		10.31		6.99				3443.5		4346.6		79.2228408411

		19911		1273.3		2192.1		1474		2868.3		86.377		76.432		3394.4		2786.7		10.38		6.02				3465.4		4342.3		79.8056329595

		19912		1287.1		2231.2		1485.6		2896.8		86.635		77.03		3426.9		2809.6		10.47		5.56				3518.3		4382.4		80.2824936108

		19913		1290.9		2263.9		1486.5		2908.8		86.844		77.834		3461.5		2834.3		10.55		5.38				3554.8		4395.3		80.8773007531

		19914		1287.8		2302.2		1475.9		2925.8		87.26		78.691		3498.5		2861.4		10.6		4.54				3590		4401.7		81.5593975055

		19921		1312.5		2358.2		1500.6		2960.6		87.464		79.659		3566.8		2911.7		10.66		3.89				3670.7		4461.2		82.2805523178

		19922		1316.8		2399.5		1498.7		2987.9		87.862		80.316		3617		2950.1		10.73		3.68				3716.3		4486.6		82.8310970445

		19923		1333.8		2443.1		1508.6		3016.1		88.418		81.011		3659.9		2982.3		10.8		3.08				3776.9		4524.7		83.4729374323

		19924		1359		2483.9		1532.6		3038.7		88.677		81.749		3761		3014.0		10.86		3.07				3842.9		4571.3		84.0658018507

		19931		1362.1		2514.2		1530.5		3053.9		88.996		82.334		3666.6		3042.7		10.94		2.96				3876.3		4584.4		84.5541401274

		19932		1374.3		2549.4		1544.4		3065.4		88.981		83.173		3780.5		3074.2		11		2.97				3923.7		4609.8		85.1164909541

		19933		1384.3		2594.5		1559.6		3099.9		88.758		83.7		3821.2		3105.5		11.07		3				3978.8		4659.5		85.391136388

		19934		1396.9		2629		1566.8		3123.5		89.157		84.172		3911.4		3134.3		11.14		3.06				4025.9		4690.3		85.834594802

		19941		1408.1		2671.8		1582		3151.9		89.009		84.771		3873.2		3190.9		11.22		3.24				4079.9		4733.9		86.1847525296

		19942		1425		2703.8		1597		3167.9		89.235		85.356		3973.4		3231.5		11.28		3.99				4128.8		4764.9		86.6502969632

		19943		1449.8		2744.4		1610.6		3185.8		90.022		86.148		4009		3262.9		11.35		4.48				4194.2		4796.4		87.4447502293

		19944		1465.8		2775.6		1626		3200.9		90.153		86.716		4062.8		3313.7		11.44		5.28				4241.4		4826.9		87.8700615302

		19951		1468.6		2813.8		1628		3221.3		90.213		87.353		4118.6		3379.2		11.51		5.74				4282.4		4849.3		88.3096529396

		19952		1481.8		2862.2		1636.2		3251.2		90.564		88.041		4153.2		3412.6		11.59		5.6				4344		4887.4		88.8816139461

		19953		1490.8		2901.7		1642.2		3273.6		90.782		88.646		4197.5		3455.1		11.68		5.37				4392.5		4915.8		89.3547337158

		19954		1499		2938.8		1648		3293.4		90.958		89.24		4238.7		3495.7		11.77		5.26				4437.8		4941.4		89.8085562796

		19961		1520.2		2986.5		1657.5		3326.2		91.718		89.792		4291.7		3532.7		11.86		4.93				4506.7		4983.7		90.4287978811

		19962		1552.3		3027.4		1677		3345.4		92.568		90.501		4359		3596.8		11.97		5.02				4579.7		5022.4		91.1854890092

		19963		1561.3		3069.7		1686.5		3366.5		92.577		91.186		4419.1		3653.9		12.08		5.1				4631		5053		91.6485256283

		19964		1588.4		3111.4		1700.7		3385.9		93.403		91.898		4477.8		3709.5		12.19		4.98				4699.8		5086.6		92.3957063657

		19971		1605.3		3160.7		1710.8		3417.8		93.833		92.485		4556.4		3777.7		12.31		5.06				4766		5128.6		92.929844402

		19972		1603.2		3207.6		1711.4		3446.9		93.678		93.065		4617.9		3833.7		12.41		5.05				4810.8		5158.3		93.2632844154

		19973		1628.5		3261.2		1736.2		3485.5		93.801		93.57		4693.4		3900.5		12.54		5.05				4889.7		5221.7		93.6419173832

		19974		1638.8		3313.6		1743		3521.6		94.026		94.099		4790.8		3986.8		12.69		5.09				4952.4		5264.6		94.069824868

		19981		1652		3369.4		1765.4		3562		93.578		94.598		4894.1		4075.7		12.82		5.05				5021.4		5327.4		94.2561099223

		19982		1671.3		3423.1		1787.2		3602		93.521		95.04		4977.6		4146.4		12.94		4.98				5094.4		5389.2		94.5298003414

		19983		1691.2		3478.1		1799.7		3642.1		93.973		95.503		5062.2		4218.3		13.05		4.82				5169.3		5441.8		94.9924657283

		19984		1719.7		3512.3		1825.5		3653.7		94.213		96.133		5146.4		4290.4		13.16		4.25				5232		5479.2		95.4883924661

		19991		1748.5		3568		1849.2		3696.4		94.566		96.535		5242.8		4380.9		13.28		4.41				5316.5		5545.6		95.868796884

		19992		1789.2		3629.6		1867.9		3738.5		95.801		97.094		5297.3		4425.4		13.41		4.45				5418.8		5606.4		96.6538242009

		19993		1812.5		3691.9		1873.7		3782.3		96.751		97.62		5371.2		4486.1		13.55		4.65				5504.4		5656		97.3196605375

		19994		1869		3750.7		1915.7		3815		97.575		98.322		5496.5		4593.2		13.65		5.04				5619.7		5730.7		98.0630638491

		20001		1894.2		3842.8		1917.2		3871.1		98.816		99.276		5694.1		4760.0		13.78		5.52				5737		5788.3		99.1137294197

		20002		1938.3		3895.6		1944		3908.2		99.717		99.685		5727.2		4783.2		13.93		5.71				5833.9		5852.2		99.6872970849

		20003		1965.8		3956.7		1955		3949.3		100.562		100.194		5837.4		4874.9		14.06		6.02				5922.5		5904.3		100.3082499195

		20004		1990.5		4020.3		1972.7		3986.8		100.905		100.845		5871.9		4898.8		14.21		6.02				6010.8		5959.5		100.8608104707

		20011		1998.6		4073.8		1974.5		3989.6		101.22		102.114		5935.6		4961.1		14.34		4.82				6072.4		5964.1		101.8158649251

		20012		2011.5		4130.5		1969.1		4013.3		102.152		102.925		5936		4951.4		14.48		3.66				6142		5982.4		102.6678256218

		20013		2021.8		4165.7		1983.4		4029.3		101.933		103.388		5940.8		4935.2		14.58		3.17				6187.5		6012.7		102.9071798028

		20014		2022.6		4229.4		2006.2		4057.4		100.815		104.243		5949.3		4923.4		14.69		1.91				6252		6063.6		103.1070651098

		20021		2051.8		4289.7		2035.9		4095.3		100.78		104.754		5972.4		4961.2		14.77		1.72				6341.5		6131.2		103.4299973904

		20022		2082.5		4363.6		2037.8		4137		102.194		105.485		6014.8		4989.4		14.87		1.72				6446.1		6174.8		104.3936645721

		20023		2090.5		4424.1		2038.8		4159.4		102.538		106.371		6031.1		4988.5		15		1.64				6514.6		6198.2		105.1047078184

		20024		2119.2		4474.7		2061.8		4175.4		102.789		107.174		6058		4984.5		15.14		1.33				6593.9		6237.2		105.7189123325

		20031		2175.7		4526.8		2090.5		4190.7		104.079		108.028		6114.4		5032.4		15.24		1.16				6702.5		6281.2		106.7073170732

		20032		2170.8		4576.6		2096.9		4208.4		103.529		108.758		6166.2		5098.7		15.3		1.04				6747.4		6305.3		107.0115617021

		20033		2230		4631.2		2134.3		4237.2		104.488		109.306		6213.6		5159.3		15.41		0.93				6861.2		6371.5		107.6857882759

		20034		2261.3		4676		2161.5		4260		104.623		109.771		6257.2		5220.4		15.45		0.92				6937.3		6421.5		108.0323911859





Sheet2

		Date		Employees		Average Weekly Hours		Aggregate Hours		Real Average Hourly Earnings		Population (16-65)		total time		hours				Total Compensation		Wage Rate
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		19641		48128		38.4		1848102.4		7.79		106662		10452843.33		0.1768037979				360		1.94794401

		19642		48417		38.6		1868883.333		7.85		107099		10495669.33		0.1780623297				367.4		1.9658798038

		19643		48913		38.5		1883163.333		7.89		107556		10540455.33		0.1786605297				374.6		1.9892061057

		19644		49270		38.6		1901822		7.92		108019		10585862		0.1796567913				380.8		2.0022904352

		19651		49822		38.7		1928098.5		7.97		108482		10631268.67		0.1813610924				387.3		2.0087148037

		19652		50389		38.7		1950054.3		7.99		108940		10676087.33		0.1826562709				394.1		2.0209693648

		19653		50957		38.6		1965241.633		8.06		109282		10709636		0.1835021875				402.3		2.0470765185

		19654		51574		38.6		1989050.122		8.12		109616		10742335.33		0.185159936				414.3		2.0829037711

		19661		52224		38.7		2019315.111		8.09		109895		10769742.67		0.1874989192				426.7		2.1130926901

		19662		52925		38.6		2041140.833		8.1		110193		10798914		0.1890135279				437.8		2.1448789467

		19663		53470		38.4		2051465.667		8.13		110492		10828248.67		0.1894549829				449		2.1886790855

		19664		53829		38.3		2061637.933		8.13		110785		10856897.33		0.1898919986				457.2		2.2176541898

		19671		54100		38		2057590.656		8.18		111136		10891328		0.1889200891				463.3		2.2516626359

		19672		54131		37.8		2046139.2		8.21		111548		10931736.67		0.1871742123				469		2.2921216699

		19673		54478		37.8		2059281		8.25		112099		10985734.67		0.1874504584				478.7		2.3245977601

		19674		54919		37.8		2075925.6		8.28		112591		11033885.33		0.1881409438				489.7		2.3589477388

		19681		55287		37.7		2084307.333		8.32		113038		11077756.67		0.1881524748				504.5		2.420468383

		19682		55780		37.7		2102918.567		8.36		113432		11116336		0.189173714				517.6		2.4613411481

		19683		56271		37.7		2121429.267		8.38		113870		11159227.33		0.1901053903				531.4		2.5049150036

		19684		56866		37.6		2136253.544		8.41		114413		11212441.33		0.1905252818				543.8		2.5455779888

		19691		57460		37.6		2160496		8.42		114950		11265067.33		0.1917872248				555.9		2.5730202694

		19692		58049		37.6		2182654.933		8.42		115410		11310212.67		0.1929808923				569.8		2.6105821465

		19693		58520		37.5		2194512.5		8.45		115896		11357840.67		0.193215644				586.6		2.6730310263

		19694		58697		37.5		2199193.422		8.46		116449		11411969.33		0.1927093702				598.2		2.7200881651

		19701		58771		37.3		2190211.689		8.43		117082		11474068.67		0.1908836135				606.1		2.7673124157

		19702		58486		37		2162032.467		8.43		117730		11537540		0.1873911134				616.3		2.8505584879

		19703		58262		36.9		2151822.178		8.46		118403		11603461.33		0.1854465764				622.5		2.8928970357

		19704		57750		36.8		2123275		8.46		119095		11671310		0.1819225948				623.9		2.9383852775

		19711		57956		36.7		2128904.822		8.54		119778		11738244		0.1813648466				641.6		3.01375615

		19712		58205		36.8		2139991.578		8.6		120475		11806550		0.1812546068				653.5		3.0537503358

		19713		58395		36.7		2143084.267		8.64		121153		11872994		0.1805007454				663.5		3.0960051838

		19714		58714		36.9		2164577.178		8.7		121833		11939634		0.1812934281				674.8		3.1174679603

		19721		59383		36.9		2191232.7		8.9		123120		12065792.67		0.1816070241				702.6		3.2064143621

		19722		60070		36.9		2214592.956		8.98		123811		12133510.67		0.1825187298				716.2		3.234002881

		19723		60509		36.8		2228748.167		9		124454		12196459.33		0.1827373098				729.9		3.2749325869

		19724		61325		36.9		2262880.2		9.05		125023		12252286.67		0.1846904387				751.9		3.3227565472

		19731		62259		36.9		2297357.1		9.05		125697		12318306		0.1864994343				781.6		3.402170259

		19732		62841		36.9		2318820.6		9		126405		12387657.33		0.1871879838				801.1		3.4547735172

		19733		63232		36.9		2331165.356		8.95		127045		12450442.67		0.18723554				819.9		3.5171250203

		19734		63822		36.8		2346534.456		8.87		127685		12513162.67		0.1875252898				842.5		3.590401146

		19741		64092		36.6		2345755		8.74		128247		12568206		0.1866419917				860.7		3.6691811378

		19742		64294		36.5		2344587.867		8.71		128877		12629946		0.1856372044				881.9		3.7614286605

		19743		64276		36.5		2343943.622		8.66		129493		12690281.33		0.1847038345				904.6		3.8593078413

		19744		63656		36.2		2302225.333		8.56		130086		12748460.67		0.1805884956				915.7		3.9774560156

		19751		62247		35.9		2234655.333		8.49		130681		12806770.67		0.1744901498				919.4		4.1142810098

		19752		61733		35.9		2214156.933		8.49		131269		12864362		0.1721155649				931.7		4.2079221491

		19753		62200		36		2241261.322		8.46		131974		12933484.67		0.1732913735				957.6		4.2725941442

		19754		62827		36.1		2270160.978		8.44		132584		12993199.33		0.1747191681				987.5		4.3499117885

		19761		63812		36.2		2309982.333		8.48		133189		13052489.33		0.1769763816				1022.3		4.4255749726

		19762		64354		36.1		2321022.244		8.54		133769		13109394.67		0.1770502988				1046		4.5066349653

		19763		64724		36		2332209.456		8.59		134378		13169076.67		0.1770974165				1070.7		4.5909255588

		19764		65138		35.9		2338454.2		8.61		134929		13223042		0.1768469162				1098		4.6954094718

		19771		65969		35.8		2363901.111		8.61		135533		13282234		0.1779746623				1126.9		4.7671198882

		19772		66964		36		2410716		8.62		136140		13341687.33		0.1806904884				1164.3		4.8296854544

		19773		67804		35.9		2434163.6		8.63		136758		13402284		0.1816230428				1196.8		4.9166785667

		19774		68620		35.9		2463446.033		8.68		137314		13456772		0.1830636673				1233.7		5.0080252763

		19781		69330		35.6		2465848.856		8.69		137878		13512011.33		0.1824931016				1269.6		5.1487340634

		19782		70713		35.8		2533894.444		8.7		138447		13567838.67		0.1867574126				1318.3		5.2026634461

		19783		71564		35.8		2564388.611		8.67		139031		13625005.33		0.1882119345				1355.2		5.284690449

		19784		72452		35.7		2588951.467		8.64		139622		13682956		0.1892099534				1400.2		5.4083671241

		19791		73168		35.7		2612109.5		8.6		140224		13741919.33		0.1900833091				1445.2		5.5326930207

		19792		73768		35.5		2618764		8.44		140769		13795329.33		0.189829756				1478.4		5.6454113467

		19793		74109		35.6		2638268.533		8.34		141360		13853280		0.1904436013				1519		5.7575640273

		19794		74411		35.6		2646563.089		8.24		142037		13919658.67		0.1901313209				1561.2		5.8989714112

		19801		74649		35.4		2640086.3		8.07		142614		13976172		0.1888990991				1602.7		6.070634888

		19802		73959		35.1		2595972.6		7.97		143142		14027916		0.1850576094				1625.1		6.2600814816

		19803		73657		35		2580450.233		7.98		143690		14081620		0.183249529				1657.4		6.4229101527

		19804		74337		35.3		2621629.956		7.95		144135		14125230		0.1855990986				1722.1		6.5688141687

		19811		74778		35.3		2639651.633		7.92		144625		14173250		0.1862418029				1774.5		6.7224779884

		19812		75142		35.3		2650019.622		7.91		145070		14216892.67		0.1863993549				1808		6.8225909914

		19813		75436		35.1		2650306.422		7.85		145499		14258902		0.1858703021				1846.2		6.9659869692

		19814		75066		35		2629800.522		7.84		145925		14300682.67		0.1838933555				1874.2		7.1267762871

		19821		74485		34.7		2584617.933		7.89		146311		14338445.33		0.1802578922				1898		7.3434451404

		19822		74020		34.8		2575907.6		7.86		146699		14376534.67		0.1791744436				1917.2		7.4428135543

		19823		73430		34.8		2552916.333		7.83		147069		14412762		0.177128876				1937		7.5874010243

		19824		72835		34.6		2522530.378		7.86		147456		14450688		0.174561265				1951.1		7.7346937703

		19831		72976		34.7		2529834.667		7.97		147806		14484955.33		0.1746525695				1979.2		7.823436155

		19832		73658		34.9		2568197.311		7.95		148146		14518340.67		0.1768933082				2018.5		7.8595986039

		19833		74568		34.9		2604908.8		7.94		148497		14552706		0.1789982427				2059.9		7.9077624522

		19834		75858		35.1		2665156.111		7.96		148843		14586646.67		0.1827120497				2114.6		7.9342444192

		19841		77046		35.2		2709462.722		7.96		149449		14646002		0.1849967467				2184.6		8.0628531342

		19842		78004		35.1		2740540.533		7.99		149775		14677917.33		0.1867118115				2235.2		8.1560552493

		19843		78820		35.1		2763966.356		7.94		150102		14709963.33		0.1878975694				2281.5		8.2544420088

		19844		79597		35		2785895		7.92		150474		14746419.33		0.188920099				2320.3		8.3287417509

		19851		80191		34.9		2795992.867		7.91		150731		14771670.67		0.1892807476				2366		8.4621102862

		19852		80782		34.9		2819280.167		7.91		151037		14801593.33		0.1904713975				2403.3		8.524516393

		19853		81197		34.8		2825655.6		7.93		151344		14831679.33		0.1905148795				2441.1		8.639057074

		19854		81731		34.8		2846974.778		7.9		151721		14868625.33		0.191475319				2489.2		8.743315955

		19861		82069		34.9		2861484.089		7.9		152569		14951794.67		0.1913806437				2522.7		8.816054612

		19862		82372		34.7		2861065.711		7.98		152888		14983024		0.1909538229				2545.3		8.8963353418

		19863		82809		34.6		2867951.7		7.97		153258		15019284		0.190951293				2581.4		9.0008489334

		19864		83288		34.6		2884529.522		7.97		153646		15057275.33		0.191570484				2631.1		9.1214181721

		19871		83844		34.8		2914987.989		7.91		154107		15102453.33		0.1930142027				2678.6		9.1890601612

		19872		84567		34.7		2937305.378		7.86		154486		15139595.33		0.194014788				2721.1		9.2639329243

		19873		85252		34.8		2963927.867		7.84		154825		15172850		0.1953441751				2767.3		9.3365969895

		19874		86056		34.7		2989011.733		7.84		155160		15205680		0.1965720529				2833.9		9.4810601401

		19881		86721		34.6		3000546.6		7.83		155502		15239196		0.1968966473				2883.1		9.6085826496

		19882		87491		34.6		3027177.067		7.83		155839		15272222		0.1982145798				2945.5		9.7301873488

		19883		88151		34.6		3047074.711		7.79		156206		15308155.33		0.1990491111				2994.2		9.8264738609

		19884		88848		34.6		3074140.8		7.8		156456		15332720.67		0.2004954545				3045.9		9.9081343314

		19891		89566		34.6		3096009.589		7.78		156817		15368033.33		0.2014577612				3092.8		9.9896331426

		19892		89998		34.5		3101919.578		7.71		157060		15391880		0.2015296103				3122.1		10.0650578504

		19893		90171		34.5		3107882.311		7.73		157381		15423338		0.2015051678				3158.3		10.1622252195

		19894		90598		34.4		3119602.611		7.74		157628		15447511.33		0.2019485563				3207.7		10.282399395

		19901		91179		34.4		3133518.3		7.7		159447		15625838.67		0.2005344075				3272.8		10.4444898247

		19902		91247		34.3		3132813.667		7.7		159722		15652788.67		0.2001441234				3330.5		10.6310184837

		19903		91124		34.2		3119489.678		7.64		160045		15684442.67		0.1988906934				3370.2		10.8036901797

		19904		90751		34.2		3100659.167		7.56		160454		15724492		0.1971866034				3379.2		10.8983278006

		19911		90265		34.1		3075016.311		7.57		160720		15750527.33		0.1952325942				3394.4		11.0386406337

		19912		89756		34		3054684.522		7.59		161026		15780580.67		0.1935723777				3426.9		11.2185071006

		19913		89687		34.1		3058338.067		7.59		161364		15813672		0.1933983497				3461.5		11.3182386125

		19914		89643		34.1		3059803.022		7.57		161789		15855289.33		0.1929831086				3498.5		11.4337425476

		19921		89588		34.1		3054950.8		7.57		162075		15883317.33		0.1923370752				3566.8		11.6754744463

		19922		89809		34.2		3071467.8		7.56		162369		15912162		0.1930264285				3617		11.776128664

		19923		89975		34.2		3080132.756		7.54		162801		15954498		0.1930573282				3659.9		11.8822800507

		19924		90379		34.2		3090961.8		7.53		163262		15999643.33		0.1931894191				3761		12.1677336808

		19931		90964		34.2		3114012.344		7.53		163609		16033714.67		0.1942165249				3666.6		11.7745197994

		19932		91507		34.3		3141740.333		7.53		163956		16067688		0.1955315745				3780.5		12.0331395956

		19933		92103		34.4		3165273.1		7.53		164385		16109730		0.1964820702				3821.2		12.0722600524

		19934		92841		34.4		3193730.4		7.53		164864		16156704.67		0.1976721408				3911.4		12.2471201702

		19941		93595		34.4		3216536.711		7.55		165234		16192932		0.198638314				3873.2		12.0415227557

		19942		94566		34.5		3262515.5		7.54		165582		16227068.67		0.2010539036				3973.4		12.1789459698

		19943		95503		34.5		3294865		7.51		165951		16263230.67		0.2025959704				4009		12.1674180884

		19944		96368		34.5		3324696		7.52		166439		16311054.67		0.2038308416				4062.8		12.2200646315

		19951		97181		34.4		3346254.289		7.52		166583		16325101.33		0.2049760195				4118.6		12.3080903132

		19952		97608		34.3		3344712.222		7.51		166904		16356559.33		0.2044875181				4153.2		12.4172117789

		19953		98093		34.3		3364589.9		7.54		167306		16396020.67		0.2052077128				4197.5		12.4755174472

		19954		98604		34.3		3378841.822		7.55		167753		16439826.67		0.2055278252				4238.7		12.5448311087

		19961		99078		34.1		3381862.4		7.54		168093		16473114		0.2052958779				4291.7		12.690344823

		19962		99833		34.3		3424260.467		7.55		168607		16523486		0.207235959				4359		12.7297559342

		19963		100544		34.3		3451999.222		7.57		169081		16569970.67		0.208328626				4419.1		12.8015671957

		19964		101224		34.4		3482117.067		7.58		169576		16618415.33		0.2095336407				4477.8		12.8594183189

		19971		101934		34.4		3509927.4		7.61		170458		16704884		0.2101138445				4556.4		12.9814650867

		19972		102769		34.5		3545542		7.66		170924		16750552		0.2116671737				4617.9		13.0245248822

		19973		103421		34.6		3574930.756		7.7		171343		16791646.67		0.2128993556				4693.4		13.1286458965

		19974		104305		34.6		3605476.167		7.76		171851		16841398		0.2140841376				4790.8		13.2875652982

		19981		105019		34.6		3630156.767		7.83		172234		16878899.33		0.2150707043				4894.1		13.4817869148

		19982		105719		34.5		3643781.533		7.88		172728		16927376.67		0.215259671				4977.6		13.6605335828

		19983		106319		34.5		3664473.022		7.91		173183		16971966.67		0.2159132818				5062.2		13.8142646149

		19984		106998		34.5		3691442.5		7.94		173785		17030962.67		0.2167489044				5146.4		13.941433464

		19991		107650		34.4		3699583.122		7.98		174508		17101751.33		0.2163277345				5242.8		14.1713264092

		19992		108361		34.4		3727629.867		8		174988		17148824		0.2173694165				5297.3		14.2109066324

		19993		108963		34.4		3748338.667		8.01		175480		17197040		0.2179641768				5371.2		14.3295483071

		19994		109744		34.4		3775193.6		8		176101		17257865.33		0.2187520605				5496.5		14.5595182191

		20001		110360		34.4		3792716.789		8		178274		17470884.67		0.2170878499				5694.1		15.013248594

		20002		110877		34.3		3806788.444		8.02		178789		17521354.67		0.2172656462				5727.2		15.0447025997

		20003		111233		34.2		3807887.778		8.03		179400		17581167.33		0.2165890186				5837.4		15.3297584916

		20004		111527		34.2		3810517.222		8.06		179978		17637811.33		0.2160425208				5871.9		15.4097190956

		20011		111572		34.1		3804593.833		8.06		180499		17688934.67		0.2150832656				5935.6		15.6011397288

		20012		111141		34		3778805.333		8.07		181074		17745284.67		0.2129470112				5936		15.70866842

		20013		110566		33.9		3748176.1		8.12		181771		17813558		0.2104114237				5940.8		15.849842274

		20014		109588		33.8		3704074.4		8.2		182338		17869124		0.207289087				5949.3		16.0615024363

		20021		109046		33.8		3685766.067		8.22		182898		17924004		0.2056329639				5972.4		16.2039583941

		20022		108895		33.9		3691551.8		8.21		183448		17977904		0.2053382753				6014.8		16.2934189356

		20023		108736		33.9		3682537.156		8.23		184092		18041016		0.2041202755				6031.1		16.3775672709

		20024		108654		33.8		3672516.467		8.27		184609		18091682		0.2029947501				6058		16.4955012576

		20031		108428		33.8		3661240.878		8.24		185983		18226366.67		0.2008760684				6114.4		16.700348881

		20032		108309		33.7		3646414.222		8.27		186586		18285460.67		0.1994160436				6166.2		16.9103114035

		20033		108260		33.6		3637524.8		8.28		187224		18347919.33		0.1982527138				6213.6		17.0819453932

		20034		108457		33.7		3651385.667		8.3		187864		18410704.67		0.19832949				6257.2		17.1365080839





Sheet3

				Normalized hours		Nominal wage		nominal hourly earning for production workers		3-month Treasury Bill Rate		Real Consumption of nondurables and services		Price index for C		Real non-durables		Price index for non-durables		Population

				(Sheet2/H)		(Sheet2/K)		(Sheet1/I)		(Sheet1/J)		(Sheet1/N)		(Sheet1/O)		(Sheet1/D)		(Sheet1/F)		(Sheet2/F)

		Date		hours		Wage1		Wage2		TB3		NDSV		PNDSV		NDRB		PNDRB		POP

		19641		0.176803798		1.94794401		2.5		3.53		1740.7		19.8253576148		727.4		23.926		106662

		19642		0.17806233		1.965879803		2.52		3.48		1768.6		19.885785367		740.8		23.936		107099

		19643		0.17866053		1.989206105		2.54		3.5		1796.4		19.9732798931		754.2		23.996		107556

		19644		0.179656791		2.002290435		2.56		3.68		1813.6		20.0374944861		756.7		24.085		108019

		19651		0.181361092		2.008714804		2.59		3.89		1832.4		20.115695263		765.4		24.172		108482

		19652		0.182656271		2.020969365		2.61		3.87		1855.9		20.2435476049		774		24.381		108940

		19653		0.183502188		2.047076518		2.64		3.87		1882.1		20.3549226927		785.2		24.528		109282

		19654		0.185159936		2.082903771		2.67		4.17		1927.6		20.4762398838		812.5		24.611		109616

		19661		0.187498919		2.11309269		2.69		4.61		1945.3		20.6703336246		819.9		24.92		109895

		19662		0.189013528		2.144878946		2.72		4.59		1966.1		20.8432938304		827.1		25.141		110193

		19663		0.189454983		2.188679086		2.75		5.04		1981.6		21.0133225676		832.7		25.341		110492

		19664		0.189891999		2.217654189		2.78		5.21		1994		21.1584754263		829.5		25.526		110785

		19671		0.188920089		2.251662636		2.8		4.51		2014.7		21.2289670919		835.9		25.582		111136

		19672		0.187174212		2.29212167		2.83		3.66		2033		21.3231677324		839.9		25.673		111548

		19673		0.187450458		2.32459776		2.87		4.3		2050.5		21.4923189466		840.5		25.935		112099

		19674		0.188140944		2.358947739		2.91		4.75		2064.7		21.6641642854		845.2		26.13		112591

		19681		0.188152475		2.420468383		2.95		5.05		2098.8		21.926815323		863.7		26.409		113038

		19682		0.189173714		2.461341148		3		5.52		2130.6		22.1580775368		874.7		26.67		113432

		19683		0.19010539		2.504915004		3.04		5.2		2160.7		22.4001481002		888.3		26.951		113870

		19684		0.190525282		2.545577988		3.09		5.59		2176.8		22.6341418596		888.1		27.25		114413

		19691		0.191787225		2.573020269		3.14		6.09		2198.6		22.8781952151		896.6		27.479		114950

		19692		0.192980892		2.610582146		3.19		6.2		2217.3		23.1813466829		901.1		27.869		115410

		19693		0.193215644		2.673031026		3.24		7.02		2231.8		23.4832870329		902.6		28.278		115896

		19694		0.19270937		2.720088165		3.29		7.35		2255.3		23.7662395247		908		28.624		116449

		19701		0.190883614		2.767312416		3.33		7.21		2277.2		24.0822062182		917.4		29.012		117082

		19702		0.187391113		2.850558488		3.38		6.68		2286.5		24.3734966105		919.3		29.35		117730

		19703		0.185446576		2.892897036		3.43		6.33		2309.7		24.6049270468		925.4		29.572		118403

		19704		0.181922595		2.938385277		3.48		5.35		2327.8		24.9119340149		932.7		29.847		119095

		19711		0.181364847		3.01375615		3.54		3.84		2342.6		25.1131221719		935.8		29.949		119778

		19712		0.181254607		3.053750336		3.6		4.25		2360.6		25.400321952		939.3		30.245		120475

		19713		0.180500745		3.096005184		3.65		5.01		2374.1		25.685522935		939.3		30.521		121153

		19714		0.181293428		3.117467961		3.7		4.23		2404.6		25.8754054728		947.1		30.722		121833

		19721		0.181607024		3.206414362		3.82		3.44		2433.7		26.1453753544		953.1		31.046		123120

		19722		0.18251873		3.234002882		3.87		3.77		2475.4		26.3270582532		976.5		31.172		123811

		19723		0.18273731		3.274932587		3.92		4.22		2508.8		26.5784438776		990.3		31.455		124454

		19724		0.184690439		3.322756547		3.99		4.86		2554.8		26.8553311414		1007.3		31.817		125023

		19731		0.186499434		3.402170259		4.04		5.7		2581.3		27.2188432185		1018.4		32.438		125697

		19732		0.187187984		3.454773517		4.1		6.6		2589.6		27.7610441767		1009.7		33.377		126405

		19733		0.18723554		3.517125021		4.17		8.32		2605		28.330134357		1015.6		34.222		127045

		19734		0.18752529		3.590401147		4.23		7.5		2609.1		28.9716760569		1011.9		35.317		127685

		19741		0.186641992		3.669181138		4.29		7.62		2596.5		29.886385519		998.6		36.958		128247

		19742		0.185637204		3.761428661		4.39		8.15		2609.4		30.6967118878		995.1		38.215		128877

		19743		0.184703834		3.859307841		4.49		8.19		2621.2		31.4436136121		997.1		39.276		129493

		19744		0.180588496		3.977456015		4.58		7.36		2624.1		32.1329217637		983.1		40.36		130086

		19751		0.17449015		4.114281009		4.63		5.75		2643		32.73174423		987.2		40.974		130681

		19752		0.172115565		4.207922148		4.69		5.39		2682.7		33.149438998		1008.5		41.214		131269

		19753		0.173291374		4.272594144		4.76		6.33		2700.7		33.8171585145		1016.8		42.078		131974

		19754		0.174719168		4.349911789		4.84		5.63		2723.2		34.3676556992		1019.9		42.674		132584

		19761		0.176976382		4.425574972		4.92		4.92		2761.8		34.7671808241		1040.1		42.831		133189

		19762		0.177050299		4.506634964		5		5.16		2786.9		35.0712260935		1054		42.955		133769

		19763		0.177097417		4.59092556		5.1		5.15		2816.4		35.6163897174		1063		43.522		134378

		19764		0.176846916		4.695409472		5.19		4.67		2853.6		36.1508270255		1072.2		44.076		134929

		19771		0.177974662		4.767119888		5.29		4.63		2874.1		36.8323997077		1078.5		44.868		135533

		19772		0.180690488		4.829685454		5.39		4.84		2883.5		37.5099705219		1076.5		45.727		136140

		19773		0.181623043		4.916678567		5.47		5.5		2912.3		38.0661332967		1078.3		46.253		136758

		19774		0.183063667		5.008025276		5.58		6.11		2952.1		38.6402899631		1098		46.798		137314

		19781		0.182493101		5.148734064		5.68		6.39		2986.5		39.2767453541		1104.8		47.462		137878

		19782		0.186757413		5.202663445		5.82		6.48		3023.9		40.110453388		1116.9		48.618		138447

		19783		0.188211934		5.284690449		5.92		7.31		3045.2		40.8380401944		1128.9		49.489		139031

		19784		0.189209953		5.408367125		6.05		8.57		3068.5		41.6392374124		1142.5		50.371		139622

		19791		0.190083309		5.532693021		6.17		9.38		3093.7		42.4119985778		1148.2		51.733		140224

		19792		0.189829756		5.645411347		6.26		9.38		3107.2		43.5729917611		1143.6		53.402		140769

		19793		0.190443601		5.757564027		6.39		9.67		3127		44.7617524784		1155.9		55.011		141360

		19794		0.190131321		5.898971411		6.51		11.84		3149.7		45.89008477		1165.3		56.443		142037

		19801		0.188899099		6.070634888		6.62		13.35		3151.7		47.2443443221		1162.3		58.472		142614

		19802		0.185057609		6.260081482		6.76		9.62		3125		48.368		1147.3		59.84		143142

		19803		0.183249529		6.422910152		6.9		9.15		3147.7		49.4678654255		1145.2		61.081		143690

		19804		0.185599099		6.56881417		7.07		13.61		3184.1		50.7019251908		1151.4		62.405		144135

		19811		0.186241803		6.722477988		7.23		14.39		3182.4		52.1713172448		1162.1		64.172		144625

		19812		0.186399355		6.822590991		7.36		14.91		3202.8		52.9911327588		1165.6		64.874		145070

		19813		0.185870302		6.965986969		7.51		15.05		3203.2		53.8773726274		1165.6		65.479		145499

		19814		0.183893356		7.126776287		7.61		11.75		3208.6		54.7154522222		1167.4		65.993		145925

		19821		0.180257892		7.343445139		7.73		12.81		3219.1		55.4223230095		1168.8		66.4		146311

		19822		0.179174444		7.442813554		7.81		12.42		3231.5		55.9461550364		1170.6		66.512		146699

		19823		0.177128876		7.587401023		7.91		9.32		3257.1		56.9003100918		1177.2		67.368		147069

		19824		0.174561265		7.734693771		7.98		7.91		3305.4		57.5724571913		1188.6		67.541		147456

		19831		0.174652569		7.823436156		8.08		8.11		3339.6		58.0548568691		1194.5		67.504		147806

		19832		0.176893308		7.859598604		8.15		8.4		3382.5		58.6164079823		1206.4		68.313		148146

		19833		0.178998243		7.907762452		8.22		9.14		3432.5		59.4522942462		1224.3		68.81		148497

		19834		0.18271205		7.934244419		8.31		8.8		3470		59.8530259366		1236.5		68.917		148843

		19841		0.184996747		8.062853134		8.38		9.17		3484.3		60.5946675085		1243.2		69.693		149449

		19842		0.186711811		8.156055248		8.45		9.8		3528.4		61.2373880512		1265.4		69.848		149775

		19843		0.187897569		8.25444201		8.52		10.32		3561.5		61.7324161168		1269.5		70.085		150102

		19844		0.188920099		8.328741751		8.57		8.8		3599.6		62.1374597177		1276.7		70.39		150474

		19851		0.189280748		8.462110287		8.63		8.18		3651.9		62.8193543087		1283.9		70.919		150731

		19852		0.190471397		8.524516394		8.7		7.46		3684		63.338762215		1294.2		71.411		151037

		19853		0.190514879		8.639057074		8.76		7.11		3729.2		63.7992062641		1302		71.64		151344

		19854		0.191475319		8.743315956		8.82		7.17		3761.3		64.3500917236		1312.3		72.201		151721

		19861		0.191380644		8.816054612		8.86		6.9		3783.8		64.9188646334		1329.2		72.012		152569

		19862		0.190953823		8.896335341		8.89		6.14		3808.9		64.9295072068		1343.8		70.738		152888

		19863		0.190951293		9.000848933		8.92		5.52		3832.8		65.4012732206		1346.6		71.056		153258

		19864		0.191570484		9.121418171		8.98		5.35		3871.5		65.88402428		1359.4		71.287		153646

		19871		0.193014203		9.189060162		9.04		5.54		3915.8		66.6300628224		1364.8		72.709		154107

		19872		0.194014788		9.263932925		9.09		5.66		3952.1		67.2123681081		1377		73.444		154486

		19873		0.195344175		9.336596991		9.15		6.04		3978.4		67.9092097326		1379.4		74.144		154825

		19874		0.196572053		9.481060139		9.25		5.86		4008.9		68.5300207039		1386.7		74.628		155160

		19881		0.196896647		9.60858265		9.29		5.72		4055.1		69.2338043451		1399.2		74.977		155502

		19882		0.19821458		9.73018735		9.39		6.21		4088		70.0733855186		1413.7		75.77		155839

		19883		0.199049111		9.826473861		9.46		7.01		4136		70.9671179884		1429		76.73		156206

		19884		0.200495455		9.908134331		9.57		7.73		4173.9		71.702724071		1445.2		77.348		156456

		19891		0.201457761		9.989633143		9.67		8.54		4196.1		72.6221968018		1449.5		78.317		156817

		19892		0.20152961		10.06505785		9.74		8.41		4210.4		73.6960858826		1450.9		80.109		157060

		19893		0.201505168		10.16222522		9.83		7.84		4241.6		74.2149188985		1465.4		80.228		157381

		19894		0.201948556		10.28239939		9.94		7.65		4285		74.8868144691		1479.3		80.714		157628

		19901		0.200534408		10.44448982		10.05		7.76		4296.7		76.1095724626		1483.2		82.547		159447

		19902		0.200144123		10.63101848		10.15		7.75		4335.9		77.038215826		1486.4		83.153		159722

		19903		0.198890693		10.80369018		10.24		7.48		4363.4		78.1271485539		1491		84.679		160045

		19904		0.197186603		10.8983278		10.31		6.99		4346.6		79.2228408411		1475.3		86.525		160454

		19911		0.195232594		11.03864063		10.38		6.02		4342.3		79.8056329595		1474		86.377		160720

		19912		0.193572378		11.2185071		10.47		5.56		4382.4		80.2824936108		1485.6		86.635		161026

		19913		0.19339835		11.31823861		10.55		5.38		4395.3		80.8773007531		1486.5		86.844		161364

		19914		0.192983109		11.43374255		10.6		4.54		4401.7		81.5593975055		1475.9		87.26		161789

		19921		0.192337075		11.67547445		10.66		3.89		4461.2		82.2805523178		1500.6		87.464		162075

		19922		0.193026428		11.77612866		10.73		3.68		4486.6		82.8310970445		1498.7		87.862		162369

		19923		0.193057328		11.88228005		10.8		3.08		4524.7		83.4729374323		1508.6		88.418		162801

		19924		0.193189419		12.16773368		10.86		3.07		4571.3		84.0658018507		1532.6		88.677		163262

		19931		0.194216525		11.7745198		10.94		2.96		4584.4		84.5541401274		1530.5		88.996		163609

		19932		0.195531575		12.03313959		11		2.97		4609.8		85.1164909541		1544.4		88.981		163956

		19933		0.19648207		12.07226005		11.07		3		4659.5		85.391136388		1559.6		88.758		164385

		19934		0.197672141		12.24712017		11.14		3.06		4690.3		85.834594802		1566.8		89.157		164864

		19941		0.198638314		12.04152276		11.22		3.24		4733.9		86.1847525296		1582		89.009		165234

		19942		0.201053904		12.17894597		11.28		3.99		4764.9		86.6502969632		1597		89.235		165582

		19943		0.20259597		12.16741809		11.35		4.48		4796.4		87.4447502293		1610.6		90.022		165951

		19944		0.203830842		12.22006463		11.44		5.28		4826.9		87.8700615302		1626		90.153		166439

		19951		0.204976019		12.30809031		11.51		5.74		4849.3		88.3096529396		1628		90.213		166583

		19952		0.204487518		12.41721178		11.59		5.6		4887.4		88.8816139461		1636.2		90.564		166904

		19953		0.205207713		12.47551745		11.68		5.37		4915.8		89.3547337158		1642.2		90.782		167306

		19954		0.205527825		12.54483111		11.77		5.26		4941.4		89.8085562796		1648		90.958		167753

		19961		0.205295878		12.69034482		11.86		4.93		4983.7		90.4287978811		1657.5		91.718		168093

		19962		0.207235959		12.72975594		11.97		5.02		5022.4		91.1854890092		1677		92.568		168607

		19963		0.208328626		12.80156719		12.08		5.1		5053		91.6485256283		1686.5		92.577		169081

		19964		0.209533641		12.85941832		12.19		4.98		5086.6		92.3957063657		1700.7		93.403		169576

		19971		0.210113845		12.98146509		12.31		5.06		5128.6		92.929844402		1710.8		93.833		170458

		19972		0.211667174		13.02452488		12.41		5.05		5158.3		93.2632844154		1711.4		93.678		170924

		19973		0.212899356		13.1286459		12.54		5.05		5221.7		93.6419173832		1736.2		93.801		171343

		19974		0.214084138		13.2875653		12.69		5.09		5264.6		94.069824868		1743		94.026		171851

		19981		0.215070704		13.48178692		12.82		5.05		5327.4		94.2561099223		1765.4		93.578		172234

		19982		0.215259671		13.66053358		12.94		4.98		5389.2		94.5298003414		1787.2		93.521		172728

		19983		0.215913282		13.81426461		13.05		4.82		5441.8		94.9924657283		1799.7		93.973		173183

		19984		0.216748904		13.94143346		13.16		4.25		5479.2		95.4883924661		1825.5		94.213		173785

		19991		0.216327735		14.17132641		13.28		4.41		5545.6		95.868796884		1849.2		94.566		174508

		19992		0.217369417		14.21090663		13.41		4.45		5606.4		96.6538242009		1867.9		95.801		174988

		19993		0.217964177		14.32954831		13.55		4.65		5656		97.3196605375		1873.7		96.751		175480

		19994		0.21875206		14.55951822		13.65		5.04		5730.7		98.0630638491		1915.7		97.575		176101

		20001		0.21708785		15.01324859		13.78		5.52		5788.3		99.1137294197		1917.2		98.816		178274

		20002		0.217265646		15.0447026		13.93		5.71		5852.2		99.6872970849		1944		99.717		178789

		20003		0.216589019		15.32975849		14.06		6.02		5904.3		100.3082499195		1955		100.562		179400

		20004		0.216042521		15.40971909		14.21		6.02		5959.5		100.8608104707		1972.7		100.905		179978

		20011		0.215083266		15.60113973		14.34		4.82		5964.1		101.8158649251		1974.5		101.22		180499

		20012		0.212947011		15.70866842		14.48		3.66		5982.4		102.6678256218		1969.1		102.152		181074

		20013		0.210411424		15.84984227		14.58		3.17		6012.7		102.9071798028		1983.4		101.933		181771

		20014		0.207289087		16.06150244		14.69		1.91		6063.6		103.1070651098		2006.2		100.815		182338

		20021		0.205632964		16.2039584		14.77		1.72		6131.2		103.4299973904		2035.9		100.78		182898

		20022		0.205338275		16.29341894		14.87		1.72		6174.8		104.3936645721		2037.8		102.194		183448

		20023		0.204120275		16.37756727		15		1.64		6198.2		105.1047078184		2038.8		102.538		184092

		20024		0.20299475		16.49550126		15.14		1.33		6237.2		105.7189123325		2061.8		102.789		184609

		20031		0.200876068		16.70034888		15.24		1.16		6281.2		106.7073170732		2090.5		104.079		185983

		20032		0.199416044		16.9103114		15.3		1.04		6305.3		107.0115617021		2096.9		103.529		186586

		20033		0.198252714		17.08194539		15.41		0.93		6371.5		107.6857882759		2134.3		104.488		187224

		20034		0.19832949		17.13650809		15.45		0.92		6421.5		108.0323911859		2161.5		104.623		187864





Sheet4

		Quarterly return on NYSE index, including distribution

		CRSP

		caldt		vwretd		ewretd

		19640331		0.06223237		0.08069477

		19640630		0.03783647		0.02432161

		19640930		0.03887881		0.05628165

		19641231		0.01586729		0.01070175

		19650331		0.03397876		0.09462176

		19650630		-0.02220398		-0.04874237

		19650930		0.08148651		0.1098039

		19651231		0.0431411		0.1135039

		19660331		-0.02166479		0.03079208

		19660630		-0.03942806		-0.04595386

		19660930		-0.09182161		-0.1163377

		19661230		0.067911		0.06889415

		19670331		0.1411006		0.2278373

		19670630		0.02242588		0.07097047

		19670929		0.07656536		0.1141158

		19671229		0.009834978		0.02485457

		19680329		-0.0625772		-0.04866897

		19680628		0.128298		0.2046076

		19680930		0.0360294		0.05917689

		19681231		0.02894898		0.07329288

		19690328		-0.02771615		-0.06188327

		19690630		-0.03948366		-0.08831947

		19690930		-0.03786963		-0.04960471

		19691231		0.003631951		-0.02087336

		19700331		-0.02387685		-0.01570245

		19700630		-0.1979345		-0.2623623

		19700930		0.176177		0.247825

		19701231		0.09994381		0.07151724

		19710331		0.1120081		0.1885131

		19710630		0.0003593603		-0.01803943

		19710930		-0.005805251		-0.009250465

		19711231		0.0474254		0.03340938

		19720330		0.06482709		0.09412859

		19720630		0.001292172		-0.03656831

		19720929		0.02914555		-0.01979718

		19721229		0.07208946		0.04951245

		19730330		-0.06958572		-0.1324875

		19730629		-0.07223091		-0.1498556

		19730928		0.07406346		0.1772854

		19731231		-0.1038784		-0.1857599

		19740329		-0.02162974		0.09379039

		19740628		-0.09434282		-0.1583371

		19740930		-0.2454221		-0.201918

		19741231		0.09466695		0.0002141159

		19750331		0.2382237		0.4512168

		19750630		0.1612036		0.1849414

		19750930		-0.1157839		-0.1202341

		19751231		0.08281429		0.06986712

		19760331		0.159982		0.2897781

		19760630		0.02673464		0.01346123

		19760930		0.01859697		0.008317308

		19761231		0.04066806		0.1039008

		19770331		-0.06599212		-0.01310327

		19770630		0.04223701		0.07349849

		19770930		-0.02904499		-0.0171591

		19771230		0.006792157		0.05166462

		19780331		-0.0392456		0.03239483

		19780630		0.08936909		0.1172447

		19780929		0.0892322		0.1229569

		19781229		-0.05849262		-0.1193398

		19790330		0.07983295		0.1466762

		19790629		0.03613681		0.06424489

		19790928		0.07888777		0.09868589

		19791231		0.009651052		0.009438011

		19800331		-0.0555857		-0.1103203

		19800630		0.1474175		0.1921347

		19800930		0.12148		0.1716071

		19801231		0.09138113		0.05306138

		19810331		0.01583586		0.09796091

		19810630		-0.01625425		0.02790482

		19810930		-0.1078787		-0.1414375

		19811231		0.07519482		0.09273928

		19820331		-0.07796902		-0.06095879

		19820630		-0.008486856		-0.007709431

		19820930		0.1152202		0.1256669

		19821231		0.1867997		0.2352836

		19830331		0.1015648		0.1510344

		19830630		0.1173091		0.1651347

		19830930		-0.001264549		-0.005064481

		19831230		-0.001358866		-0.000347396

		19840330		-0.02945014		-0.03670503

		19840629		-0.02412689		-0.03064888

		19840928		0.09627532		0.08357271

		19841231		0.0188139		-0.00367167

		19850329		0.09702454		0.1201955

		19850628		0.07600654		0.04840997

		19850930		-0.04419303		-0.03784551

		19851231		0.1676616		0.1494906

		19860331		0.1417487		0.1490645

		19860630		0.05335332		0.03342524

		19860930		-0.06638956		-0.06684966

		19861231		0.04490061		0.03002336

		19870331		0.203836		0.2085967

		19870630		0.03921753		0.01894235

		19870930		0.06253174		0.05403764

		19871231		-0.2259693		-0.2516958

		19880331		0.07054481		0.1601674

		19880630		0.06494184		0.06049837

		19880930		0.003559258		-0.00664936

		19881230		0.02759233		0.0002800164

		19890331		0.07025323		0.07534406

		19890630		0.08521058		0.07001985

		19890929		0.1013393		0.06495955

		19891229		0.01326392		-0.04722325

		19900330		-0.03271397		-0.02296474

		19900629		0.05434827		0.01206471

		19900928		-0.1349118		-0.1914209

		19901231		0.08510313		0.02985692

		19910328		0.1449878		0.2827014

		19910628		-0.000930726		-0.00198782

		19910930		0.056924		0.05002269

		19911231		0.08061457		0.03394157

		19920331		-0.01883622		0.09508776

		19920630		0.01269168		-0.02788459

		19920930		0.03067576		0.01880123

		19921231		0.05664824		0.0882553

		19930331		0.04681066		0.07910707

		19930630		0.005795098		0.01372486

		19930930		0.03114401		0.05236197

		19931231		0.02006201		0.03694949

		19940331		-0.03832709		-0.02685212

		19940630		-0.000291779		-0.01381143

		19940930		0.04861484		0.04727247

		19941230		-0.008930771		-0.04357041

		19950331		0.09026118		0.05646165

		19950630		0.0834937		0.07642266

		19950929		0.08252522		0.06435293

		19951229		0.0560681		0.0202223

		19960329		0.05863808		0.06885605

		19960628		0.03778843		0.04390819

		19960930		0.02852655		0.01671585

		19961231		0.07372181		0.05817528

		19970331		0.01825007		0.008763549

		19970630		0.1639126		0.135621

		19970930		0.082204		0.1129061

		19971231		0.03146877		-0.02290266

		19980331		0.1263316		0.1009852

		19980630		0.01572392		-0.04553864

		19980930		-0.1280904		-0.1678852

		19981231		0.194656		0.1143392

		19990331		0.01618571		-0.03416282

		19990630		0.07703476		0.1460219

		19990930		-0.08540465		-0.07705433

		19991231		0.1022502		0.02455932

		20000331		0.006653305		0.03414708

		20000630		-0.005072553		0.01100461

		20000929		0.04273164		0.0464483

		20001229		-0.006506457		0.007159189

		20010330		-0.09195659		0.0340044

		20010629		0.05023621		0.09723391

		20010928		-0.1196664		-0.1325427

		20011231		0.09014927		0.1457371

		20020328		0.02036713		0.08087823

		20020628		-0.1063878		-0.03846336

		20020930		-0.1599195		-0.162435

		20021231		0.06767273		0.07367683

		20030331		-0.0367125		-0.03291385

		20030630		0.1613269		0.2148154

		20030930		0.02319941		0.0681998

		20031231		0.1270277		0.1658399





Sheet5

		SP500 monthly index, end of quarter taken

		CRSP

		caldt		spindx		SP500

		19631231		75.02

		19640331		78.98		0.0527859238

		19640630		81.69		0.0343124842

		19640930		84.18		0.030481087

		19641231		84.75		0.0067712046

		19650331		86.16		0.0166371681

		19650630		84.12		-0.0236768802

		19650930		89.96		0.0694246315

		19651231		92.43		0.0274566474

		19660331		89.23		-0.0346207941

		19660630		84.74		-0.0503193993

		19660930		76.56		-0.0965305641

		19661230		80.33		0.0492424242

		19670331		90.2		0.1228681688

		19670630		90.64		0.0048780488

		19670929		96.71		0.0669682259

		19671229		96.47		-0.0024816462

		19680329		90.2		-0.0649942987

		19680628		99.58		0.1039911308

		19680930		102.67		0.0310303274

		19681231		103.86		0.0115905328

		19690328		101.51		-0.0226266127

		19690630		97.71		-0.0374347355

		19690930		93.12		-0.0469757446

		19691231		92.06		-0.0113831615

		19700331		89.63		-0.0263958288

		19700630		72.72		-0.1886645097

		19700930		84.21		0.1580033003

		19701231		92.15		0.0942880893

		19710331		100.31		0.0885512751

		19710630		99.7		-0.0060811484

		19710930		98.34		-0.0136409228

		19711231		102.09		0.0381330079

		19720330		107.2		0.050053874

		19720630		107.14		-0.0005597015

		19720929		110.55		0.0318275154

		19721229		118.05		0.0678426052

		19730330		111.52		-0.0553155443

		19730629		104.26		-0.0651004304

		19730928		108.43		0.0399961634

		19731231		97.55		-0.100341234

		19740329		93.98		-0.0365966171

		19740628		86		-0.0849116833

		19740930		63.54		-0.2611627907

		19741231		68.56		0.079005351

		19750331		83.36		0.2158693116

		19750630		95.19		0.1419145873

		19750930		83.87		-0.1189200546

		19751231		90.19		0.0753547156

		19760331		102.77		0.139483313

		19760630		104.28		0.0146930038

		19760930		105.24		0.0092059839

		19761231		107.46		0.0210946408

		19770331		98.42		-0.0841243253

		19770630		100.48		0.0209307051

		19770930		96.53		-0.0393113057

		19771230		95.1		-0.0148140474

		19780331		89.21		-0.0619348055

		19780630		95.53		0.0708440758

		19780929		102.54		0.07338009

		19781229		96.11		-0.0627072362

		19790330		101.59		0.0570180002

		19790629		102.91		0.0129934049

		19790928		109.32		0.0622874356

		19791231		107.94		-0.0126234907

		19800331		102.09		-0.054196776

		19800630		114.24		0.1190126359

		19800930		125.46		0.0982142857

		19801231		135.76		0.0820978798

		19810331		136		0.0017678256

		19810630		131.21		-0.0352205882

		19810930		116.18		-0.1145491959

		19811231		122.55		0.0548287141

		19820331		111.96		-0.0864137087

		19820630		109.61		-0.0209896392

		19820930		120.42		0.0986223885

		19821231		140.64		0.1679123069

		19830331		152.96		0.0875995449

		19830630		168.11		0.0990455021

		19830930		166.07		-0.0121349117

		19831230		164.93		-0.0068645752

		19840330		159.18		-0.0348632753

		19840629		153.18		-0.0376931775

		19840928		166.1		0.0843452148

		19841231		167.24		0.0068633353

		19850329		180.66		0.0802439608

		19850628		191.85		0.061939555

		19850930		182.08		-0.050925202

		19851231		211.28		0.1603690685

		19860331		238.9		0.1307269973

		19860630		250.84		0.0499790707

		19860930		231.32		-0.0778185297

		19861231		242.17		0.0469047207

		19870331		291.7		0.2045257464

		19870630		304		0.0421666095

		19870930		321.83		0.0586513158

		19871231		247.08		-0.2322654818

		19880331		258.89		0.047798284

		19880630		273.5		0.0564332342

		19880930		271.91		-0.0058135283

		19881230		277.72		0.0213673642

		19890331		294.87		0.0617528446

		19890630		317.98		0.0783735205

		19890929		349.15		0.098025033

		19891229		353.4		0.0121724187

		19900330		339.94		-0.0380871534

		19900629		358.02		0.0531858563

		19900928		306.05		-0.1451594883

		19901231		330.22		0.0789740239

		19910328		375.22		0.1362727878

		19910628		371.16		-0.0108203187

		19910930		387.86		0.0449940726

		19911231		417.09		0.0753622441

		19920331		403.69		-0.0321273586

		19920630		408.14		0.01102331

		19920930		417.8		0.0236683491

		19921231		435.71		0.0428674007

		19930331		451.67		0.0366298685

		19930630		450.53		-0.0025239666

		19930930		458.93		0.0186447073

		19931231		466.45		0.0163859412

		19940331		445.77		-0.0443348698

		19940630		444.27		-0.003364964

		19940930		462.71		0.0415062912

		19941230		459.27		-0.0074344622

		19950331		500.71		0.0902301478

		19950630		544.75		0.0879551038

		19950929		584.41		0.0728040385

		19951229		615.93		0.0539347376

		19960329		645.5		0.0480087023

		19960628		670.63		0.0389310612

		19960930		687.31		0.0248721352

		19961231		740.74		0.0777378476

		19970331		757.12		0.0221130221

		19970630		885.14		0.1690881234

		19970930		947.28		0.0702035836

		19971231		970.43		0.024438392

		19980331		1101.75		0.1353214554

		19980630		1133.84		0.0291263898

		19980930		1017.01		-0.1030392295

		19981231		1229.23		0.2086705145

		19990331		1286.37		0.0464843845

		19990630		1372.71		0.0671191026

		19990930		1282.71		-0.0655637389

		19991231		1469.25		0.1454264799

		20000331		1498.58		0.0199625659

		20000630		1454.6		-0.0293477826

		20000929		1436.51		-0.0124364086

		20001229		1320.28		-0.0809113755

		20010330		1160.33		-0.1211485442

		20010629		1224.42		0.0552342868

		20010928		1040.94		-0.1498505415

		20011231		1148.08		0.1029262013

		20020328		1147.39		-0.0006010034

		20020628		989.81		-0.137337784

		20020930		815.29		-0.1763166668

		20021231		879.82		0.0791497504

		20030331		848.18		-0.0359619013

		20030630		974.5		0.1489306515

		20030930		995.97		0.0220318112

		20031231		1111.92		0.1164191693





Sheet6

		http://www.federalreserve.gov/releases/g19/hist/cc_hist_tc.txt

						48-month new car		24-month personal		all credit card account

		Feb		72		10.2		12.5		17.13

		May		72		9.96		12.44		17.24

		Aug		72		10.02		12.47		17.25

		Nov		72		10.02		12.44		17.23

		Feb		73		10.05		12.51		17.16

		May		73		10.05		12.48		17.22

		Aug		73		10.25		12.66		17.22

		Nov		73		10.49		12.75		17.23

		Feb		74		10.53		12.82		17.24

		May		74		10.63		12.88		17.25

		Aug		74		11.15		13.11		17.17

		Nov		74		11.57		13.16		17.16

		Feb		75		11.51		13.2		17.24

		May		75		11.39		13.11		17.21

		Aug		75		11.31		13.05		17.14

		Nov		75		11.24		12.96		17.06

		Feb		76		11.18		13.02		17.14

		May		76		11.01		12.96		17.02

		Aug		76		11.07		13.02		17.01

		Nov		76		11.02		13.06		17.04

		Feb		77		11.14		12.95		16.89

		May		77		10.81		13		16.87

		Aug		77		10.86		12.87		16.86

		Nov		77		10.86		13.06		16.92

		Feb		78		10.86		12.94		16.9

		May		78		10.84		13.11		16.97

		Aug		78		11.09		13.3		17.1

		Nov		78		11.29		13.42		17.16

		Feb		79		11.6		13.59		17.05

		May		79		11.73		13.65		17.06

		Aug		79		11.88		13.76		17.09

		Nov		79		12.85		14.39		16.93

		Feb		80		13.28		14.69		17.13

		May		80		15.72		16.31		17.31

		Aug		80		13.91		15.33		17.39

		Nov		80		14.29		15.54		17.41

		Feb		81		15.84		17.14		17.58

		May		81		16.04		17.48		17.71

		Aug		81		16.92		18.52		17.78

		Nov		81		17.36		19.21		18.04

		Feb		82		17.05		18.76		18.14

		May		82		17.2		18.9		18.41

		Aug		82		17.08		18.93		18.73

		Nov		82		15.97		17.99		18.75

		Feb		83		14.81		17.47		18.82

		May		83		13.9		16.57		18.79

		Aug		83		13.5		16.28		18.78

		Nov		83		13.46		16.39		18.76

		Feb		84		13.32		16.16		18.74

		May		84		13.53		16.35		18.72

		Aug		84		14.08		16.75		18.81

		Nov		84		13.91		16.63		18.82

		Feb		85		13.37		16.21		18.85

		May		85		13.16		16.09		18.74

		Aug		85		12.72		15.84		18.63

		Nov		85		12.39		15.61		18.57

		Feb		86		12.29		15.52		18.51

		May		86		11.45		14.89		18.33

		Aug		86		11		14.7		18.16

		Nov		86		10.58		14.19		18.1

		Feb		87		10.35		14.1		18.11

		May		87		10.23		14		17.92

		Aug		87		10.37		14.22		17.83

		Nov		87		10.86		14.58		17.82

		Feb		88		10.72		14.46		17.8

		May		88		10.55		14.4		17.78

		Aug		88		10.93		14.81		17.8

		Nov		88		11.22		15.06		17.77

		Feb		89		11.76		15.22		17.81

		May		89		12.44		15.65		18.08

		Aug		89		12.13		15.45		18

		Nov		89		11.94		15.42		18.07

		Feb		90		11.8		15.27		18.13

		May		90		11.82		15.41		18.15

		Aug		90		11.89		15.46		18.19

		Nov		90		11.62		15.69		18.23

		Feb		91		11.6		15.42		18.28

		May		91		11.28		15.16		18.22

		Aug		91		11.06		15.24		18.25

		Nov		91		10.61		14.88		18.2

		Feb		92		9.89		14.39		18.1

		May		92		9.52		14.28		17.98

		Aug		92		9.15		13.94		17.68

		Nov		92		8.6		13.55		17.36

		Feb		93		8.57		13.57		17.23

		May		93		8.17		13.63		17.18

		Aug		93		7.98		13.45		16.59

		Nov		93		7.63		13.22		16.31

		Feb		94		7.54		12.89		16.09

		May		94		7.76		12.96		16.15

		Aug		94		8.41		13.33		16.32

		Nov		94		8.75		13.59		15.69

		Feb		95		9.7		14.1		16.1

		May		95		9.78		14.03		16.14

		Aug		95		9.44		13.84		15.92

		Nov		95		9.36		13.8		15.81

		Feb		96		9.12		13.63		15.8

		May		96		8.93		13.52		15.44

		Aug		96		9.11		13.37		15.66

		Nov		96		9.03		13.62		15.62

		Feb		97		8.92		13.46		15.88

		May		97		9.2		13.81		15.74

		Aug		97		8.99		13.84		15.8

		Nov		97		8.96		14.5		15.76

		Feb		98		8.89		14.06		15.68

		May		98		8.69		13.76		15.65

		Aug		98		8.7		13.48		15.82

		Nov		98		8.62		13.75		15.67

		Feb		99		8.34		13.39		15.39

		May		99		8.31		13.26		15.19

		Aug		99		8.44		13.38		15.07

		Nov		99		8.67		13.52		15.12

		Feb		0		8.88		13.76		15.55

		May		0		9.22		13.89		15.6

		Aug		0		9.62		13.84		15.98

		Nov		0		9.64		14.1		15.99

		Feb		1		9.17		13.7		15.63

		May		1		8.67		13.3		15.06

		Aug		1		8.3		13.25		14.59

		Nov		1		7.86		12.62		14.21

		Feb		2		7.8		12.86		13.62

		May		2		7.74		12.57		13.53

		Aug		2		7.58		12.49		13.36

		Nov		2		7.34		12.24		13.11

		Feb		3		7.11		11.7		12.26

		May		3		7.05		12.19		12.12

		Aug		3		6.75		11.95		12.47

		Nov		3		6.82		11.97		12.34







EViewsFinal/data_ra/data_ra.prg
'==============================================================================
' Can a Representative-Agent Model Represent a Heterogeneous-Agent Economy?
' by Sungbae An, Yongsung Chang, and Sun-Bin Kim
'
' EViews 5.1
' Last updated: 02/13/2007
' File size: 9,440 bytes
'==============================================================================

'------------------------------------------------------------------------------
' Workfile and Data
'------------------------------------------------------------------------------

' set working directory path
%path = @runpath
cd %path

' create a workfile
workfile data_ra q 1964:1 2003:4

' import data: data_euler.xls
read(b4,s=Sheet3) data_euler.xls hours wage1 wage2 TB3 NDSV PNDSV NDRB PNDRB POP
read(b4,s=Sheet4) data_euler.xls vwretd ewretd
read(c5,s=sheet5) data_euler.xls sp500

smpl 1972:1 2003:4
read(c3,s=sheet6) data_euler.xls car48 per24 cred

smpl @all

	'CONSUMPTIONS
	' NDSV: non-durables and services
	' NDRB: non-durables
	'
	'POPULATION
	' POP: working age population (16-64)
	'
	'PRICES
	' PNDSV: price index for NDSV
	' PNDRB: price index for NDRB
	'
	'HOURS
	' hours: (aggregate hours)/(total time)
	'			(aggregate hours) = (number of employees)*(average weekly hours)
	'			(total time) = (working age population)*14*7
	'
	'WAGES
	' wage1: (total compensation)/(aggregate hours)
	' wage2: nominal hourly earnings for production workers
	'
	'INTEREST RATES
	' TB3: 3-month treasury bill rate
	' VWRETD: value weighted return on NYSE index
	' EWRETD: equally weighted return on NYSE index
	' SP500: return on S&P500 index
	' CAR48: 48-month car credit accounts
	' PER24: 24-month personal credit accounts
	' CRED: all credit accounts


'------------------------------------------------------------------------------
' Check Data
'------------------------------------------------------------------------------

' wages
genr wage1gr = d(log(wage1))*400
genr wage2gr = d(log(wage2))*400
group wagegr wage1gr wage2gr			'wage2 looks more reasonable from the wage growth rate
freeze(fig_wagegr) wagegr.line

group rwages

' consumptions
genr ndrbgr = d(log(ndrb/pop))*100
genr ndsvgr = d(log(ndsv/pop))*100
group consgr ndrbgr ndsvgr
freeze(fig_consgr) consgr.line

' gross quarterly interest rates
genr rrtb = 1+tb3/400					'3 month Tbill rate
genr rrca = 1+car48/400					'48-month car credit
genr rrpc = 1+per24/400					'24-month personal
genr rrcc = 1+cred/400					'all credit accounts
genr rrvw = 1+vwretd(+1)				'return on NYSE value weighted
genr rrew = 1+ewretd(+1)				'return on NYSE equally weighted
genr rrsp = 1+sp500(+1)					'retrun on S&P500 index

group rrr1 rrtb rrca rrpc rrcc
group rrr2 rrtb rrvw rrew rrsp
freeze(fig_rrr1) rrr1.line
freeze(fig_rrr2) rrr2.line

' inflation
genr infndsv = d(log(pndsv))*100
genr infndrb = d(log(pndrb))*100
group inflyr infndsv infndrb
freeze(fig_inflyr) inflyr.line

'------------------------------------------------------------------------------
' Set estimation environments
'------------------------------------------------------------------------------


'------------------------------------------------
' Choose wage and interest rate
genr wage = wage2					'wage2
genr winfl = wage/wage(-1)			'gross quarterly wage inflation
genr rr = rrtb						'3-month T-bill
'------------------------------------------------

' set coefficients
coef psi		' utility parameter
coef beta		' discount factor
coef sigma		' EIS consumption
coef gamma		' EIS leisure

' store output in a matrix (NA as initial values)
matrix(10,4) out_inst1_ndrb=NA
matrix(10,4) out_inst1_ndsv=NA
matrix(10,4) out_inst2_ndrb=NA
matrix(10,4) out_inst2_ndsv=NA


'------------------------------------------------------------------------------
' Loops
'------------------------------------------------------------------------------

' loop by definition of consumption (nondurables, nondurables+services)
for %cons ndsv ndrb

	' define variables
	genr cons  = {%cons}/4/pop			'quarterly consumption per capita
	genr price = p{%cons}
	genr infl  = price/price(-1)		'gross quarterly inflation

	genr rwage_{%cons} = wage/p{%cons}	'real wage
	rwages.add rwage_{%cons}
	genr rwage = rwage_{%cons}

	' define instruments set
	group inst1 c cons(-1)/cons(-2) cons(-2)/cons(-3) hours(-1) hours(-2) rwage(-1) rwage(-2) rr(-1) rr(-2)		'(t-1) and (t-2)
	group inst2 c cons/cons(-1) cons(-1)/cons(-2) hours hours(-1) rwage rwage(-1) rr rr(-1)						'(t) and (t-1)


	' loop by instruments
	for %inst inst1 inst2

		'----------------------------------------------------------------------
		' Single Equation Estimations
		'----------------------------------------------------------------------

		'------------------------------------------------------------
		' intra-temporal equation (S)
		'
		'		(W/P)*u_C/u_L - 1 = 0.
		'
		' Hence,
		'		psi*(H^gamma)*(C^sigma) - W/P = 0
		'------------------------------------------------------------

		' starting value by OLS
		param psi(1) 1
		equation OLS_S_{%cons}.ls log(rwage) = log(psi(1)) + sigma(1)*log(cons) + gamma(1)*log(hours)

		' single equation GMM with instrument set
		equation GMM_S_{%inst}_{%cons}.gmm psi(1)*hours^gamma(1)*cons^sigma(1) = rwage @ {%inst}

		' store results
		out_{%inst}_{%cons}(1,1) = @coefs(3)		'sigma
		out_{%inst}_{%cons}(2,1) = @stderrs(3)
		out_{%inst}_{%cons}(3,1) = @coefs(2)		'gamma
		out_{%inst}_{%cons}(4,1) = @stderrs(2)
		out_{%inst}_{%cons}(7,1) = @coefs(1)		'psi
		out_{%inst}_{%cons}(8,1) = @stderrs(1)
		out_{%inst}_{%cons}(9,1) = @regobs*@jstat	'over identification stat
		out_{%inst}_{%cons}(10,1)= 1-@cchisq(@regobs*@jstat,{%inst}.@count-@ncoef) 'p-value

		'------------------------------------------------------------
		' consumption Euler equation (EC)
		'
		'		E_t[beta*(u_C(t+1)/u_C(t))*P(t)/P(t+1)*(1+r)-1]=0
		'
		' Hence,
		'		beta*{[cons(+1)/cons]^(-sigma)}*rr/infl(+1) - 1 = 0
		'------------------------------------------------------------

		' starting value by OLS
		param beta(1) 0.99
		equation OLS_EC_{%inst}_{%cons}.ls  log(rr/infl(+1)) = -log(beta(1)) + sigma(1)*log(cons(+1)/cons)

		' single equation GMM with instrument set
		equation GMM_EC_{%inst}_{%cons}.gmm beta(1)*(cons(+1)/cons)^(-sigma(1))*rr/infl(+1) = 1 @ {%inst}

		' store results
		out_{%inst}_{%cons}(1,2) = @coefs(2)		'sigma
		out_{%inst}_{%cons}(2,2) = @stderrs(2)
		out_{%inst}_{%cons}(5,2) = @coefs(1)		'beta
		out_{%inst}_{%cons}(6,2) = @stderrs(1)
		out_{%inst}_{%cons}(9,2) = @regobs*@jstat	'over identification stat
		out_{%inst}_{%cons}(10,2)= 1-@cchisq(@regobs*@jstat,{%inst}.@count-@ncoef) 'p-value



		'------------------------------------------------------------
		' labor Euler equation (EL)
		'
		'		E_t[beta*(u_L(t+1)/u_L(t))*(W(t)/W(t+1))*(1+r)-1]=0
		'
		' Hence,
		'		beta*{[hours(+1)/hours]^gamma}*rr/winfl(+1) - 1 = 0
		'------------------------------------------------------------

		' starting value by OLS
		param beta(1) 0.99
		equation OLS_EL_{%inst}_{%cons}.ls  log(rr/winfl(+1)) = -log(beta(1)) - gamma(1)*log(hours(+1)/hours)

		' single equation GMM with instrument set
		equation GMM_EL_{%inst}_{%cons}.gmm beta(1)*(hours(+1)/hours)^gamma(1)*rr/winfl(+1) = 1 @ {%inst}

		' store results
		out_{%inst}_{%cons}(3,3) = @coefs(2)		'gamma
		out_{%inst}_{%cons}(4,3) = @stderrs(2)
		out_{%inst}_{%cons}(5,3) = @coefs(1)		'beta
		out_{%inst}_{%cons}(6,3) = @stderrs(1)
		out_{%inst}_{%cons}(9,3) = @regobs*@jstat	'over identification stat
		out_{%inst}_{%cons}(10,3)= 1-@cchisq(@regobs*@jstat,{%inst}.@count-@ncoef) 'p-value



		'----------------------------------------------------------------------
		' System of Equations Estimation
		'----------------------------------------------------------------------

		' define system with inst
		system sys_{%inst}_{%cons}
		' (S)
		sys_{%inst}_{%cons}.append psi(1)*hours^gamma(1)*cons^sigma(1) = rwage
		' (EC)
		sys_{%inst}_{%cons}.append beta(1)*(cons(+1)/cons)^(-sigma(1))*rr/infl(+1) = 1
		' (EL)
		sys_{%inst}_{%cons}.append beta(1)*(hours(+1)/hours)^gamma(1)*rr/winfl(+1) = 1
		' instrumental variables
		sys_{%inst}_{%cons}.append inst {%inst}

		' GMM estimation of the system of equations
		sys_{%inst}_{%cons}.gmm

		' store results
		out_{%inst}_{%cons}(1,4) = sys_{%inst}_{%cons}.@coefs(3)		'sigma
		out_{%inst}_{%cons}(2,4) = sys_{%inst}_{%cons}.@stderrs(3)
		out_{%inst}_{%cons}(3,4) = sys_{%inst}_{%cons}.@coefs(2)		'gamma
		out_{%inst}_{%cons}(4,4) = sys_{%inst}_{%cons}.@stderrs(2)
		out_{%inst}_{%cons}(5,4) = sys_{%inst}_{%cons}.@coefs(4)		'beta
		out_{%inst}_{%cons}(6,4) = sys_{%inst}_{%cons}.@stderrs(4)
		out_{%inst}_{%cons}(7,4) = sys_{%inst}_{%cons}.@coefs(1)		'psi
		out_{%inst}_{%cons}(8,4) = sys_{%inst}_{%cons}.@stderrs(1)
		out_{%inst}_{%cons}(9,4) = sys_{%inst}_{%cons}.@regobs*@jstat	'over identification stat
		out_{%inst}_{%cons}(10,4)= 1-@cchisq(sys_{%inst}_{%cons}.@regobs*sys_{%inst}_{%cons}.@jstat,sys_{%inst}_{%cons}.@neqn*{%inst}.@count-sys_{%inst}_{%cons}.@ncoef) 'p-value

		' export output as text file: table format as in the paper
		out_{%inst}_{%cons}.write(na=NaN) out_{%inst}_{%cons}.txt

	next		'%inst
next			'%cons

' graphs
freeze(fig_rwages) rwages.line

' save the workfile
save data_ra




EViewsFinal/simul/graph.m
% GRAPH.M
% makes a graph table of histograms and kernel densities
% based on outputs from SIMEST_RUN.PRG (EViews prg).
%
% Can a Representative-Agent Model Represent a Heterogeneous-Agent Economy?
% by Sungbae An, Yongsung Chang, and Sun-Bin Kim
%
% Updated: 10/12/2007
% File size: 19,260 bytes

%--------------------------------------------------------------------
% house cleaning
%--------------------------------------------------------------------
clear all;
close all;
diary off;

% simulation type
% Run GRAPH.M for each stype.
stype = 'ra';
%stype = 'hci';
%stype = 'hid';
%stype = 'hii';

% include psi in the table and graph?
ispsi = 0;

switch lower(stype)
case {'hii','hid'}
		iss     = 1;
		np_sys  = 4;
		neq_sys = 3;
		neq     = 4;
otherwise
		iss     = 0;
		np_sys  = 3;
		neq_sys = 2;
		neq     = 3;
end

% J-stat for system?
isjsys=0;
switch lower(stype)
case{'hii'}
	isjsys = 1;
end

% dimension of subplot
msub = num2str(4 + iss + ispsi);
nsub = num2str(3 + iss);

% number of instruments
ninst = 9;

% true parameter values
sig = 1;
gam = 2.5;
bet = 0.9785504;
psi = 151.28;

switch lower(stype)
case {'ra','hci'}
	bet = 1/1.01;
case {'hid'}
	bet = 0.981603;
	psi = 190;
end

% load outputs
nsize = [160;640];			% outputs from 2 different sample size
nfile = length(nsize);

for i=1:nfile
	eval(['out' num2str(i)  ' = load(''./' stype '/' stype '_' num2str(nsize(i)) '_out.txt'') ;']);
	eval(['kd'  num2str(i)  ' = load(''./' stype '/' stype '_' num2str(nsize(i)) '_kd.txt'') ;']);
	eval(['tab'  num2str(i)  ' = load(''./' stype '/' stype '_' num2str(nsize(i)) '_table.txt'') ;']);
end
eval(['range = load(''./range_' stype '.txt'') ;']);

% 5% critical values for J stat
%chi2inv(.95,ninst*neq-npara);
chi2cut_ec  = chi2inv(.95,ninst-2);
chi2cut_el  = chi2inv(.95,ninst-2);
chi2cut_sys = chi2inv(.95,ninst*neq_sys-np_sys);
if psi
chi2cut_s  = chi2inv(.95,ninst-3);
end

%--------------------------------------------------------------------
% histogram
%--------------------------------------------------------------------
out = out1;							% histogram based on out1, sample size of nsize(1)
nbins=60;							% number of bins for histogram

range_sigma = range(1,:);		% (x,y)-ranges
range_gamma = range(2,:);
range_beta  = range(3,:);
range_J     = range(4,:);
if ispsi
range_psi   = range(9,:);
end

chi2_p05 = zeros(2,4);

%----------------------------------------------------------
% Figure: Histogram
%----------------------------------------------------------
hh = figure;
facecolor = 'b';
edgecolor = 'b';

%--------------------------------------
% sigma
%--------------------------------------
yrange = range_sigma(3:4);
xrange = range_sigma(1:2);
xbins = linspace(xrange(1),xrange(2),nbins);

if iss
eval([ 'hh_1 = subplot(' msub ',' nsub ',' num2str(1-(1-iss)) ');']);

[n,xout] = hist(out(:,1),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(sig,yrange);
title('(S)');
ylabel('\sigma');
axis(range_sigma);
end

eval([ 'hh_2 = subplot(' msub ',' nsub ',' num2str(2-(1-iss)) ');']);
[n,xout] = hist(out(:,5),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(sig,yrange);
title('(EC)');
if ~iss
ylabel('\sigma');
end
axis(range_sigma);

eval([ 'hh_3 = subplot(' msub ',' nsub ',' num2str(3-(1-iss)) ');']);
axis off;
title('(EL)');

eval([ 'hh_4 = subplot(' msub ',' nsub ',' num2str(4-(1-iss)) ');']);
[n,xout] = hist(out(:,11),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(sig,yrange);
title('System');
axis(range_sigma);

%--------------------------------------
% gamma
%--------------------------------------
yrange = range_gamma(3:4);
xrange = range_gamma(1:2);
xbins = linspace(xrange(1),xrange(2),nbins);

if iss
eval([ 'hh_5 = subplot(' msub ',' nsub ',' num2str(5-2*(1-iss)) ');']);
[n,xout] = hist(out(:,2),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(gam,yrange);
ylabel('\gamma');
axis(range_gamma);
end

eval([ 'hh_6 = subplot(' msub ',' nsub ',' num2str(6-2*(1-iss)) ');']);
axis off;
if ~iss
ylabel('\gamma','Visible','on');
end

eval([ 'hh_7 = subplot(' msub ',' nsub ',' num2str(7-2*(1-iss)) ');']);
[n,xout] = hist(out(:,8),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(gam,yrange);
axis(range_gamma);

eval([ 'hh_8 = subplot(' msub ',' nsub ',' num2str(8-2*(1-iss)) ');']);
[n,xout] = hist(out(:,12),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(gam,yrange);
axis(range_gamma);


%--------------------------------------
% beta
%--------------------------------------
yrange = range_beta(3:4);
xrange = range_beta(1:2);
xbins = linspace(xrange(1),xrange(2),nbins);

if iss
eval([ 'hh_9 = subplot(' msub ',' nsub ',' num2str(9-3*(1-iss)) ');']);
axis off;
ylabel('\beta','Visible','on');
end

eval([ 'hh_10 = subplot(' msub ',' nsub ',' num2str(10-3*(1-iss)) ');']);
[n,xout] = hist(out(:,6),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(bet,yrange);
axis(range_beta);
if ~iss
ylabel('\beta');
end

eval([ 'hh_11 = subplot(' msub ',' nsub ',' num2str(11-3*(1-iss)) ');']);
[n,xout] = hist(out(:,9),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(bet,yrange);
axis(range_beta);

eval([ 'hh_12 = subplot(' msub ',' nsub ',' num2str(12-3*(1-iss)) ');']);
[n,xout] = hist(out(:,13),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(bet,yrange);
axis(range_beta);

if iss*ispsi
%--------------------------------------
% psi
%--------------------------------------
yrange = range_psi(3:4);
xrange = range_psi(1:2);
xbins = linspace(xrange(1),xrange(2),nbins);

eval([ 'hh_13 = subplot(' msub ',' nsub ',13);']);
[n,xout] = hist(out(:,3),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(psi,yrange);
axis(range_psi);
ylabel('\psi');

eval([ 'hh_16 = subplot(' msub ',' nsub ',16);']);
[n,xout] = hist(out(:,14),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(psi,yrange);
axis(range_psi);

end


%--------------------------------------
% J
%--------------------------------------
yrange = range_J(3:4);
xrange = range_J(1:2);
xbins = linspace(xrange(1),xrange(2),nbins);

if iss
eval([ 'hh_17 = subplot(' msub ',' nsub ',' num2str(17-8*(1-iss)-4*iss*(1-ispsi)) ');']);
[n,xout] = hist(out(:,4),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(chi2cut_s,yrange);
axis(range_J);
ylabel('J');
end

eval([ 'hh_18 = subplot(' msub ',' nsub ',' num2str(18-8*(1-iss)-4*iss*(1-ispsi)) ');']);
[n,xout] = hist(out(:,7),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(chi2cut_ec,yrange);
axis(range_J);
if ~iss
ylabel('J');
end

eval([ 'hh_19 = subplot(' msub ',' nsub ',' num2str(19-8*(1-iss)-4*iss*(1-ispsi)) ');']);
[n,xout] = hist(out(:,10),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(chi2cut_el,yrange);
axis(range_J);

if isjsys
eval([ 'hh_20 = subplot(' msub ',' nsub ',' num2str(20-8*(1-iss)-4*iss*(1-ispsi)) ');']);
[n,xout] = hist(out(:,15),xbins);
%bar(xout,n/sum(n)*100);
bar(xout,n);
h = findobj(gca,'Type','patch');
set(h,'FaceColor',facecolor,'EdgeColor',edgecolor);
hold on;
yline(chi2cut_sys,yrange);
axis(range_J);
end

%--------------------------------------
% nominal prob. of J-stat at 5%
%--------------------------------------
if iss
chi2_p05(1,1) = mean(out1(:,4)>chi2cut_s);
chi2_p05(2,1) = mean(out2(:,4)>chi2cut_s);
end
chi2_p05(1,2) = mean(out1(:,7)>chi2cut_ec);
chi2_p05(2,2) = mean(out2(:,7)>chi2cut_ec);
chi2_p05(1,3) = mean(out1(:,10)>chi2cut_el);
chi2_p05(2,3) = mean(out2(:,10)>chi2cut_el);
chi2_p05(1,4) = mean(out1(:,15)>chi2cut_sys);
chi2_p05(2,4) = mean(out2(:,15)>chi2cut_sys);

%--------------------------------------------------------------------
% kernel density estimation
%--------------------------------------------------------------------
xy1 = kd1;
xy2 = kd2;

range_sigma_d = range(5,:);		% (x,y)-ranges
range_gamma_d = range(6,:);
range_beta_d  = range(7,:);
range_J_d     = range(8,:);
if iss
range_psi_d     = range(10,:);
end

%----------------------------------------------------------
% Figure: density
%----------------------------------------------------------
hd = figure;

%--------------------------------------
% sigma
%--------------------------------------
yrange = range_sigma_d(3:4);

if iss
eval([ 'hd_1 = subplot(' msub ',' nsub ',' num2str(1-(1-iss)) ');']);
mplot([xy1(:,1:2) xy2(:,1:2)]);
title('(S)');
ylabel('\sigma');
hold on;
yline(sig,yrange);
axis(range_sigma_d);
set(gca,'YTickLabel',[]);
end

eval([ 'hd_2 = subplot(' msub ',' nsub ',' num2str(2-(1-iss)) ');']);
mplot([xy1(:,9:10) xy2(:,9:10)]);
title('(EC)');
hold on;
yline(sig,yrange);
if ~iss
ylabel('\sigma');
end
axis(range_sigma_d);
set(gca,'YTickLabel',[]);

eval([ 'hd_3 = subplot(' msub ',' nsub ',' num2str(3-(1-iss)) ');']);
axis off;
title('(EL)');

eval([ 'hd_4 = subplot(' msub ',' nsub ',' num2str(4-(1-iss)) ');']);
mplot([xy1(:,21:22) xy2(:,21:22)]);
title('System');
hold on;
yline(sig,yrange);
axis(range_sigma_d);
set(gca,'YTickLabel',[]);


%--------------------------------------
% gamma
%--------------------------------------
yrange = range_gamma_d(3:4);

if iss
eval([ 'hh_5 = subplot(' msub ',' nsub ',' num2str(5-2*(1-iss)) ');']);
mplot([xy1(:,3:4) xy2(:,3:4)]);
hold on;
yline(gam,yrange);
ylabel('\gamma');
axis(range_gamma_d);
set(gca,'YTickLabel',[] );
end

eval([ 'hh_6 = subplot(' msub ',' nsub ',' num2str(6-2*(1-iss)) ');']);
axis off;
if ~iss
ylabel('\gamma','Visible','on');
end

eval([ 'hh_7 = subplot(' msub ',' nsub ',' num2str(7-2*(1-iss)) ');']);
mplot([xy1(:,15:16) xy2(:,15:16)]);
hold on;
yline(gam,yrange);
axis(range_gamma_d);
set(gca,'YTickLabel',[] );

eval([ 'hh_8 = subplot(' msub ',' nsub ',' num2str(8-2*(1-iss)) ');']);
mplot([xy1(:,23:24) xy2(:,23:24)]);
hold on;
yline(gam,yrange);
axis(range_gamma_d);
set(gca,'YTickLabel',[] );


%--------------------------------------
% beta
%--------------------------------------
yrange = range_beta_d(3:4);

if iss
eval([ 'hh_9 = subplot(' msub ',' nsub ',' num2str(9-3*(1-iss)) ');']);
axis off;
set(gca,'YTickLabel',[] );
ylabel('\beta','Visible','on');
end

eval([ 'hh_10 = subplot(' msub ',' nsub ',' num2str(10-3*(1-iss)) ');']);
mplot([xy1(:,11:12) xy2(:,11:12)]);
hold on;
yline(bet,yrange);
axis(range_beta_d);
set(gca,'YTickLabel',[] );
if ~iss
ylabel('\beta');
end

eval([ 'hh_11 = subplot(' msub ',' nsub ',' num2str(11-3*(1-iss)) ');']);
mplot([xy1(:,17:18) xy2(:,17:18)]);
hold on;
yline(bet,yrange);
axis(range_beta_d);
set(gca,'YTickLabel',[] );

eval([ 'hh_12 = subplot(' msub ',' nsub ',' num2str(12-3*(1-iss)) ');']);
mplot([xy1(:,25:26) xy2(:,25:26)]);
hold on;
yline(bet,yrange);
axis(range_beta_d);
set(gca,'YTickLabel',[] );

if iss*ispsi
%--------------------------------------
% psi
%--------------------------------------
yrange = range_psi_d(3:4);

eval([ 'hh_13 = subplot(' msub ',' nsub ',13);']);
mplot([xy1(:,5:6) xy2(:,5:6)]);
hold on;
yline(psi,yrange);
axis(range_psi_d);
ylabel('\psi');
set(gca,'YTickLabel',[] );

eval([ 'hh_16 = subplot(' msub ',' nsub ',16);']);
mplot([xy1(:,27:28) xy2(:,27:28)]);
hold on;
yline(psi,yrange);
axis(range_psi_d);
set(gca,'YTickLabel',[] );

end

%--------------------------------------
% J
%--------------------------------------
yrange = range_J_d(3:4);

if iss
eval([ 'hh_17 = subplot(' msub ',' nsub ',' num2str(17-8*(1-iss)-4*iss*(1-ispsi)) ');']);
mplot([xy1(:,7:8) xy2(:,7:8)]);
hold on;
yline(chi2cut_s,yrange);
axis(range_J);
ylabel('J');
axis(range_J_d);
set(gca,'YTickLabel',[] );
end

eval([ 'hh_18 = subplot(' msub ',' nsub ',' num2str(18-8*(1-iss)-4*iss*(1-ispsi)) ');']);
mplot([xy1(:,13:14) xy2(:,13:14)]);
hold on;
yline(chi2cut_ec,yrange);
axis(range_J_d);
set(gca,'YTickLabel',[] );
if ~iss
ylabel('J');
end

eval([ 'hh_19 = subplot(' msub ',' nsub ',' num2str(19-8*(1-iss)-4*iss*(1-ispsi)) ');']);
mplot([xy1(:,19:20) xy2(:,19:20)]);
hold on;
yline(chi2cut_el,yrange);
axis(range_J_d);
set(gca,'YTickLabel',[] );

if isjsys
eval([ 'hh_20 = subplot(' msub ',' nsub ',' num2str(20-8*(1-iss)-4*iss*(1-ispsi)) ');']);
mplot([xy1(:,29:30) xy2(:,29:30)]);
hold on;
yline(chi2cut_sys,yrange);
axis(range_J_d);
set(gca,'YTickLabel',[] );
end

%--------------------------------------------------------------------
% save outputs
%--------------------------------------------------------------------

% print setup
set([hh hd],'PaperPositionMode','manual');
set([hh hd],'PaperType','usletter');
set([hh hd],'PaperUnits','inches');
set([hh hd],'PaperPosition',[0 0 8.5 11]);

% print graphs
pfile1 = ['./' stype '/' stype '_hist.eps'];
pfile2 = ['./' stype '/' stype '_kden.eps'];

% eps
print(hh,'-depsc',pfile1);
print(hd,'-depsc',pfile2);


%--------------------------------------------------------------------
% Print table for paper
%--------------------------------------------------------------------
close all;

% reset diary file
eval(['dname = ''./' stype '/' stype '_table.tex'' ;']);
if exist(dname,'file')
	delete(dname);
end
diary(dname);
diary off;

if ~iss

	names = str2mat('$\sigma$',' ','$\gamma$',' ','$\beta$',' ','Prob.');

	% print log
	fmt1='%10.3f ';
	fmt2='%10.4f ';

	fmtl1 = [' %s  &  ' fmt1 '  &            &  ' fmt1 '  \\\\'];
	fmtl2 = [' %s  & (' fmt1 ') &            & (' fmt1 ') \\\\'];
	fmtl3 = [' %s  &            &  ' fmt1 '  &  ' fmt1 '  \\\\'];
	fmtl4 = [' %s  &            & (' fmt1 ') & (' fmt1 ') \\\\'];
	fmtl5 = [' %s  &  ' fmt1 '  &  ' fmt1 '  &  ' fmt1 '  \\\\'];
	fmtl6 = [' %s  & (' fmt2 ') & (' fmt2 ') & (' fmt2 ') \\\\ \\\\'];
	fmtl7 = [' %s  &  ' fmt2 '  &  ' fmt2 '  &    \\\\'];
	fmtl70 = [' %s  &  ' fmt2 '  &  ' fmt2 '  &  ' fmt2 '  \\\\'];

	diary on;
	disp('\begin{tabular}{c...}');
	disp('\hline \hline \\');
	disp('\multicolumn{1}{l}{Equations} & \multicolumn{1}{c}{(EC)} & \multicolumn{1}{c}{(EL)} & \multicolumn{1}{c}{System} \\');
	disp('\hline \\');
	disp('\multicolumn{1}{l}{Small Sample Size:} & & &\\');

	disp(sprintf(fmtl1,names(1,:),tab1(1,2),tab1(1,4)));
	disp(sprintf(fmtl2,names(2,:),tab1(2,2),tab1(2,4)));
	disp(sprintf(fmtl3,names(3,:),tab1(3,3),tab1(3,4)));
	disp(sprintf(fmtl4,names(4,:),tab1(4,3),tab1(4,4)));
	disp(sprintf(fmtl5,names(5,:),tab1(5,2:4)));
	disp(sprintf(fmtl6,names(6,:),tab1(6,2:4)));
if isjsys
	disp(sprintf(fmtl70,names(7,:),100*chi2_p05(1,2:4)));
else
	disp(sprintf(fmtl7,names(7,:),100*chi2_p05(1,2:3)));
end
	disp('\\ \hline \\');
	disp('\multicolumn{1}{l}{Large Sample Size:} & & &\\');
	disp(sprintf(fmtl1,names(1,:),tab2(1,2),tab2(1,4)));
	disp(sprintf(fmtl2,names(2,:),tab2(2,2),tab2(2,4)));
	disp(sprintf(fmtl3,names(3,:),tab2(3,3),tab2(3,4)));
	disp(sprintf(fmtl4,names(4,:),tab2(4,3),tab2(4,4)));
	disp(sprintf(fmtl5,names(5,:),tab2(5,2:4)));
	disp(sprintf(fmtl6,names(6,:),tab2(6,2:4)));
if isjsys
	disp(sprintf(fmtl70,names(7,:),100*chi2_p05(2,2:4)));
else
	disp(sprintf(fmtl7,names(7,:),100*chi2_p05(2,2:3)));
end
	disp('\\ \hline \hline');
	disp('\end{tabular}');

else %if iss

	names = str2mat('$\sigma$',' ','$\gamma$',' ','$\beta$',' ','$\psi$',' ','Prob.');

	% print log
	fmt1='%10.3f ';
	fmt2='%10.4f ';
	fmt3=fmt1;

	fmtl1 = [' %s  &  ' fmt1 '  &  ' fmt1 '  &            &  ' fmt1 '  \\\\'];
	fmtl2 = [' %s  & (' fmt1 ') & (' fmt1 ') &            & (' fmt1 ') \\\\'];
	fmtl3 = [' %s  &  ' fmt1 '  &            &  ' fmt1 '  &  ' fmt1 '  \\\\'];
	fmtl4 = [' %s  & (' fmt1 ') &            & (' fmt1 ') & (' fmt1 ') \\\\'];
	fmtl5 = [' %s  &            &  ' fmt1 '  &  ' fmt1 '  &  ' fmt1 '  \\\\'];
	fmtl6 = [' %s  &            & (' fmt2 ') & (' fmt2 ') & (' fmt2 ') \\\\ \\\\'];
	fmtl7 = [' %s  &  ' fmt1 '  &            &            &  ' fmt3 '  \\\\'];
	fmtl8 = [' %s  & (' fmt1 ') &            &            & (' fmt3 ') \\\\ \\\\'];
	fmtl9 = [' %s  &  ' fmt1 '  &  ' fmt1 '  &  ' fmt1 '  &    \\\\'];
	fmtl90 = [' %s  &  ' fmt1 '  &  ' fmt1 '  &  ' fmt1 '  &  ' fmt1 '  \\\\'];

	diary on;
	disp('\begin{tabular}{c....}');
	disp('\hline \hline \\');
	disp('\multicolumn{1}{l}{Equations} & \multicolumn{1}{c}{(S)} & \multicolumn{1}{c}{(EC)} & \multicolumn{1}{c}{(EL)} & \multicolumn{1}{c}{System} \\');
	disp('\hline \\');
	disp('\multicolumn{1}{l}{Small Sample Size:} & & & &\\');

	disp(sprintf(fmtl1,names(1,:),tab1(1,1),tab1(1,2),tab1(1,4)));
	disp(sprintf(fmtl2,names(2,:),tab1(2,1),tab1(2,2),tab1(2,4)));
	disp(sprintf(fmtl3,names(3,:),tab1(3,1),tab1(3,3),tab1(3,4)));
	disp(sprintf(fmtl4,names(4,:),tab1(4,1),tab1(4,3),tab1(4,4)));
	disp(sprintf(fmtl5,names(5,:),tab1(5,2:4)));
	disp(sprintf(fmtl6,names(6,:),tab1(6,2:4)));
if ispsi
	disp(sprintf(fmtl7,names(7,:),tab1(7,1),tab1(7,4)));
	disp(sprintf(fmtl8,names(8,:),tab1(8,1),tab1(8,4)));
end
if isjsys
	disp(sprintf(fmtl90,names(9,:),100*chi2_p05(1,1:4)));
else
	disp(sprintf(fmtl9,names(9,:),100*chi2_p05(1,1:3)));
end
	disp('\\ \hline \\');
	disp('\multicolumn{1}{l}{Large Sample Size:} & & & &\\');
	disp(sprintf(fmtl1,names(1,:),tab2(1,1),tab2(1,2),tab2(1,4)));
	disp(sprintf(fmtl2,names(2,:),tab2(2,1),tab2(2,2),tab2(2,4)));
	disp(sprintf(fmtl3,names(3,:),tab2(3,1),tab2(3,3),tab2(3,4)));
	disp(sprintf(fmtl4,names(4,:),tab2(4,1),tab2(4,3),tab2(4,4)));
	disp(sprintf(fmtl5,names(5,:),tab2(5,2:4)));
	disp(sprintf(fmtl6,names(6,:),tab2(6,2:4)));
if ispsi
	disp(sprintf(fmtl7,names(7,:),tab2(7,1),tab2(7,4)));
	disp(sprintf(fmtl8,names(8,:),tab2(8,1),tab2(8,4)));
end
if isjsys
	disp(sprintf(fmtl90,names(9,:),100*chi2_p05(2,1:4)));
else
	disp(sprintf(fmtl9,names(9,:),100*chi2_p05(2,1:3)));
end
	disp('\\ \hline \hline');
	disp('\end{tabular}');

end

diary off;




EViewsFinal/simul/mplot.m
function mplot(xy)

plot(xy(:,1),xy(:,2),'-',xy(:,3),xy(:,4),'--','Linewidth',2);




EViewsFinal/simul/range_hci.txt
-.5   1.5    0  300;	% sigma  
0.5   1.5    0  200;	% gamma  
.989  .991   0  300;	% beta   
0     30     0  150;	% J      
-.5   1.5    0  8;	% sigam_d
0.5   1.5    0  6;	% gamma_d
.989  .991   0  4000;	% beta_d 
0     75     0  .15;	% J_d    
20     21    0  150;	% psi
20     21    0  5;	% psi_d    




EViewsFinal/simul/range_hid.txt
-.2   2.5    0  1000;	% sigma  
1.5   4.5    0  400;	% gamma  
.989  .991   0  300;	% beta   
0     50     0  500;	% J      
-.2   2.5    0  15;	% sigam_d
1.5   4.5    0  5;	% gamma_d
.989  .991   0  6000;	% beta_d 
0     100     0  .3;	% J_d    
0 1000     0  250;	% psi
0 1000     0  0.0075;	% psi_d    




EViewsFinal/simul/range_hii.txt
-.5   1.5    0  700;	% sigma  
-1    0.5    0  300;	% gamma  
.989  .991   0  200;	% beta   
0     40     0  300;	% J      
-.5   1.5    0  15;	% sigam_d
-1    0.5    0  8;	% gamma_d
.989  .991   0  5000;	% beta_d 
0     75     0  .2;	% J_d    
0     15     0  300;	% psi
0     10     0  1;	% psi_d    




EViewsFinal/simul/range_ra.txt
-.5   1.5    0  400;	% sigma
2     4      0  200;	% gamma
.989  .991   0  300;	% beta
0     50     0  300;	% J
-.5   1.5    0  6;	% sigam_d
2     4      0  4;	% gamma_d
.989  .991   0  5000;	% beta_d
0     50     0  .15;	% J_d
39.93  39.97   0  200;	% psi
39.93  39.97   0  250;	% psi_d    




EViewsFinal/simul/README.TXT
README.TXT
10/12/2007

1. First execute RUN.BAT. The file should be edited before running on the EViews path.
   It will call SIMEST_RUN.PRG which calls SIMEST.PRG

2. Simulated data are located at ./RA/DATA/ (or ./HCI/DATA/, ./HID/DATA/, ./HII/DATA/)

3. Estimation results from EViews5.1.
   Results are saved in ./RA/ (or ./HCI/, ./HID/, ./HII/)
   Output files are:
        {%0}_{%1}.WF1           EViews workfile
	{%0}_{%1}_OUT.TXT       Each row contains point estimates from each estimation
        {%0}_{%1}_KD.TXT        Each column contains kernel density estimates at 100 points
                                with normal kernel and automatic bandwidth by Silverman.
	{%0}_{%1}_summary.txt   Reports summary statistics
	{%0}_{%1}_table.txt     To be used in MATLAB procedure graph.m

4. GRAPH.M generates tables and graphs to be used in the paper
   Results are saved in ./RA/ (or ./HCI/, ./HID/, ./HII/).
   Output files are:
	{%0}_TABLE.TEX
	{%0}_HIST.EPS
        {%0}_KDEN.EPS




EViewsFinal/simul/run.bat
REM Replace EViews path according to the system configuration.
"C:\Program Files\EViews5\EViews5.exe" simest_run.prg ra  160 40
"C:\Program Files\EViews5\EViews5.exe" simest_run.prg ra  640 160
"C:\Program Files\EViews5\EViews5.exe" simest_run.prg hid 160 40
"C:\Program Files\EViews5\EViews5.exe" simest_run.prg hid 640 160
"C:\Program Files\EViews5\EViews5.exe" simest_run.prg hci 160 40
"C:\Program Files\EViews5\EViews5.exe" simest_run.prg hci 640 160
"C:\Program Files\EViews5\EViews5.exe" simest_run.prg hii 160 40
"C:\Program Files\EViews5\EViews5.exe" simest_run.prg hii 640 160




EViewsFinal/simul/simest.prg
'==============================================================================
' Can a Representative-Agent Model Represent a Heterogeneous-Agent Economy?
' by Sungbae An, Yongsung Chang, and Sun-Bin Kim
'
' EViews 5.1
' Last updated: 11/14/2007
' File size: 15,446 bytes
'==============================================================================

'------------------------------------------------------------------------------
' Simulation Setting
'------------------------------------------------------------------------------

' number of total observations
!n=100000

' parameters for observation loop
' for every iteration, use %1 obs. with %2 obs. rolling
' 500 burning-in obs.
!nobs  = @val(%1)
!nrol  = @val(%2)
!nburn = 500
!niter = @ceiling((!n-!nburn-!nobs)/!nrol)

' select instrument variables
%inst = "inst1"

'------------------------------------------------------------------------------
' Estimation setting
'------------------------------------------------------------------------------
!maxiter = 10000  ' maximum iteration in GMM
!conv = 0.001     ' convergence criterion in GMM, EViews default = 0.0001

'------------------------------------------------------------------------------
' Workfile and Data
'------------------------------------------------------------------------------

' set working directory path
%path = @runpath
cd %path

' create a workfile
workfile .\{%0}\{%0}_{%1} u 1 !n

' import data files
' for detailed data description, see \ra\desc.txt, \hii\desc.txt and Chang and Kim (2007)
read .\{%0}\data\cdata.txt cons
read .\{%0}\data\adata.txt wage
read .\{%0}\data\edata.txt employment
read .\{%0}\data\rdata.txt irate

scalar divi = ((%0="ra") or (%0="hid"))
scalar comp = ((%0="ra") or (%0="hci"))

' adjust series
genr rr=1+irate(+1)-0.025		'already includes depreciation, gross real interest rate
if divi then
genr hours=employment
else
genr hours=employment/3			'1/3 spent on working for employed, 0 for unempolyed.
endif
genr rwage=wage					'real wage
genr winfl=rwage/rwage(-1)		'gross real wage growth

' define instruments sets
' inst1: (t-1) and (t-2)
' inst2: t and (t-1)
group inst1 c cons(-1) cons(-2) rr(-1) rr(-2) hours(-1) hours(-2) wage(-1) wage(-2)
group inst2 c cons cons(-1) rr rr(-1) hours hours(-1) wage wage(-1)

' check if model includes (S)
scalar iss = ((%0="hid") or (%0="hii"))

'------------------------------------------------------------------------------
' Set estimation environments
'------------------------------------------------------------------------------

' set coefficients
coef psi		' utility parameter
coef beta		' discount factor
coef sigma		' EIS consumption
coef gamma		' EIS leisure

' store output in a matrix (NA as initial values)
matrix(!niter,15) out=NA

' save # of iterations for further use
scalar nsim=!niter

' start the clock
tic

'------------------------------------------------------------------------------
' Loops
'------------------------------------------------------------------------------
' loop by observations
for !iter = 1 to !niter

	' select samples for iteration
	!start = !nburn+(!iter-1)*!nrol+1
	!end   = !nburn+(!iter-1)*!nrol+!nobs
	smpl !start !end

	'----------------------------------------------------------------------
	' Single Equation Estimations
	'----------------------------------------------------------------------

if iss then
	'------------------------------------------------------------
	' intra-temporal equation (S)
	'
	'		(W/P)*u_C/u_L - 1 = 0.
	'
	' Hence,
	'		psi*(H^gamma)*(C^sigma) - W/P = 0
	'------------------------------------------------------------

	' starting value by OLS
	equation OLS_S.ls log(rwage) = c(1) + sigma(1)*log(cons) + gamma(1)*log(hours)
	!psi=exp(c(1))
	param psi(1) !psi
	!nerr_s1 = @errorcount

	' single equation GMM with instrument set
	equation GMM_S.gmm(m=!maxiter,c=!conv) psi(1)*hours^gamma(1)*cons^sigma(1) = rwage @ {%inst}
	!nerr_s2 = @errorcount

	' if there exists any error, the esitmation results remain as NA
	if !nerr_s2==!nerr_s1 then
		if GMM_S.@ssr < 1e+10 then
		out(!iter,1) = GMM_S.@coefs(3)					'sigma
		out(!iter,2) = GMM_S.@coefs(2)					'gamma
		out(!iter,3) = GMM_S.@coefs(1)					'psi
		out(!iter,4) = GMM_S.@jstat*GMM_S.@regobs		'J-stat
		endif
	endif
endif


	'------------------------------------------------------------
	' consumption Euler equation (EC)
	'
	'		E_t[beta*(u_C(t+1)/u_C(t))*P(t)/P(t+1)*(1+r)-1]=0
	'
	' Hence,
	'		beta*{[cons(+1)/cons]^(-sigma)}*rr - 1 = 0
	'------------------------------------------------------------

	' starting value by OLS
	param beta(1) 0.98
	equation OLS_EC.ls  log(rr) = -log(beta(1)) + sigma(1)*log(cons(+1)/cons)
	!nerr_ec1 = @errorcount

	' single equation GMM with instrument set
	equation GMM_EC.gmm(m=!maxiter,c=!conv) beta(1)*(cons(+1)/cons)^(-sigma(1))*rr = 1 @ {%inst}
	!nerr_ec2 = @errorcount

	' if there exists any error, the esitmation results remain as NA
	if !nerr_ec2==!nerr_ec1 then
		out(!iter,5) = GMM_EC.@coefs(2)				'sigma
		out(!iter,6) = GMM_EC.@coefs(1)				'beta
		out(!iter,7) = GMM_EC.@regobs*GMM_EC.@jstat	'over identification stat
	endif


	'------------------------------------------------------------
	' labor Euler equation (EL)
	'
	'		E_t[beta*(u_L(t+1)/u_L(t))*(W(t)/W(t+1))*(1+r)-1]=0
	'
	' Hence,
	'		beta*{[hours(+1)/hours]^gamma}*rr/winfl(+1) - 1 = 0
	'------------------------------------------------------------

	' starting value by OLS
	param beta(1) 0.98
	equation OLS_EL.ls  log(rr/winfl(+1)) = -log(beta(1)) - gamma(1)*log(hours(+1)/hours)
	!nerr_el1 = @errorcount

	' single equation GMM with instrument set
	equation GMM_EL.gmm(m=!maxiter,c=!conv) beta(1)*(hours(+1)/hours)^gamma(1)*rr/winfl(+1) = 1 @ {%inst}
	!nerr_el2 = @errorcount

	' if there exists any error, the esitmation results remain as NA
	if !nerr_el2==!nerr_el1 then
		out(!iter,8) = GMM_EL.@coefs(2)			'gamma
		out(!iter,9) = GMM_EL.@coefs(1)			'beta
		out(!iter,10) = GMM_EL.@regobs*GMM_EL.@jstat	'over identification stat
	endif


	'----------------------------------------------------------------------
	' System of Equations Estimation
	'----------------------------------------------------------------------

	' define system with inst
	system GMM_SYS
	' (EC)
	GMM_SYS.append beta(1)*(cons(+1)/cons)^(-sigma(1))*rr = 1
	' (EL)
	GMM_SYS.append beta(1)*(hours(+1)/hours)^gamma(1)*rr/winfl(+1) = 1
if iss then
	' (S)
	GMM_SYS.append psi(1)*hours^gamma(1)*cons^sigma(1) = rwage
endif

	' instrumental variables
	GMM_SYS.append inst {%inst}

	' starting value by OLS
if iss then
	equation OLS_S.ls log(rwage) = c(1) + sigma(1)*log(cons) + gamma(1)*log(hours)
	!psi=exp(c(1))
	param psi(1) !psi
endif
	param beta(1) 0.98
	equation OLS_EC.ls  log(rr) = -log(beta(1)) + sigma(1)*log(cons(+1)/cons)
	param beta(1) 0.98
	equation OLS_EL.ls  log(rr/winfl(+1)) = -log(beta(1)) - gamma(1)*log(hours(+1)/hours)
	!nerr_sys1 = @errorcount

	' GMM estimation of the system of equations
	GMM_SYS.gmm(m=!maxiter,c=!conv)
	!nerr_sys2 = @errorcount

	' if there exists any error, the esitmation results remain as NA
	if (!nerr_sys2==!nerr_sys1) then
		if ((GMM_SYS.@ssr(1)<1e+7) and (GMM_SYS.@ssr(1)>0)) and ((GMM_SYS.@ssr(2)<1e+7) and (GMM_SYS.@ssr(2)>0) ) then
			if iss then
				if (GMM_SYS.@ssr(3)<1e+7 and GMM_SYS.@ssr(3)>0) then
				out(!iter,11) = GMM_SYS.@coefs(2)				'sigma
				out(!iter,12) = GMM_SYS.@coefs(3)				'gamma
				out(!iter,13) = GMM_SYS.@coefs(1)				'beta
				out(!iter,15) = GMM_SYS.@regobs*GMM_SYS.@jstat	'over identification stat
				out(!iter,14) = GMM_SYS.@coefs(4)				'psi
				endif
			else
			out(!iter,11) = GMM_SYS.@coefs(2)				'sigma
			out(!iter,12) = GMM_SYS.@coefs(3)				'gamma
			out(!iter,13) = GMM_SYS.@coefs(1)				'beta
			out(!iter,15) = GMM_SYS.@regobs*GMM_SYS.@jstat	'over identification stat
			endif
		endif
	endif

'	delete GMM_SYS

next	'observation


'------------------------------------------------------------------------------
' descriptive statistics for output
'------------------------------------------------------------------------------

' transform out matrix into a group of series
group outseries

for %sname S_sigma S_gamma S_psi S_J EC_sigma EC_beta EC_J EL_gamma EL_beta EL_J SYS_sigma SYS_gamma SYS_beta SYS_psi SYS_J
	series {%sname}
	outseries.add {%sname}
next

smpl @first !niter
mtos(out,outseries)

' make tables
freeze(outseries_table) outseries
freeze(outseries_stats) outseries.stats(i)
'show desc_stats

' set format
outseries_stats.setformat(@all) f.4


' make tables for paper
'----------------------
table summary_stat

summary_stat(1,2) = "(S)"
summary_stat(1,3) = "(EC)"
summary_stat(1,4) = "(EL)"
summary_stat(1,5) = "System"
summary_stat(2,1) = "sigma"
summary_stat(4,1) = "gamma"
summary_stat(6,1) = "beta"
summary_stat(8,1) = "psi"
summary_stat(10,1) = "J-stat"
summary_stat(11,1) = "p-value"

' (EC)
summary_stat(2,3) = outseries_stats(6,6)
summary_stat(3,3) = "(" + outseries_stats(10,6) + ")"
summary_stat(6,3) = outseries_stats(6,7)
summary_stat(7,3) = "(" + outseries_stats(10,7) + ")"
summary_stat(10,3) = outseries_stats(6,8)
summary_stat(11,3) = 1-@cchisq(@val(outseries_stats(6,8)),1*9-2)

' (EL)
summary_stat(4,4) = outseries_stats(6,9)
summary_stat(5,4) = "(" + outseries_stats(10,9) + ")"
summary_stat(6,4) = outseries_stats(6,10)
summary_stat(7,4) = "(" +outseries_stats(10,10) + ")"
summary_stat(10,4) = outseries_stats(6,11)
summary_stat(11,4) = 1-@cchisq(@val(outseries_stats(6,11)),1*9-2)

' System
summary_stat(2,5) = outseries_stats(6,12)
summary_stat(3,5) = "(" + outseries_stats(10,12) + ")"
summary_stat(4,5) = outseries_stats(6,13)
summary_stat(5,5) = "(" + outseries_stats(10,13) + ")"
summary_stat(6,5) = outseries_stats(6,14)
summary_stat(7,5) = "(" + outseries_stats(10,14) + ")"
summary_stat(10,5) = outseries_stats(6,16)
summary_stat(11,5) = 1-@cchisq(@val(outseries_stats(6,16)),2*9-3)

if iss then
' (S)
summary_stat(2,2) = outseries_stats(6,2)
summary_stat(3,2) = "(" + outseries_stats(10,2) + ")"
summary_stat(4,2) = outseries_stats(6,3)
summary_stat(5,2) = "(" + outseries_stats(10,3) + ")"
summary_stat(8,2) = outseries_stats(6,4)
summary_stat(9,2) = "(" + outseries_stats(10,4) + ")"
summary_stat(10,2) = outseries_stats(6,5)
summary_stat(11,2) = 1-@cchisq(@val(outseries_stats(6,5)),2*9-3)

' psi in System
summary_stat(8,5) = outseries_stats(6,15)
summary_stat(9,5) = "(" + outseries_stats(10,15) + ")"
endif

' set format for p-value
summary_stat.setformat(11) f.4



' to be imported in MATLAB to make table
'----------------------------------------
table summary_stat2

' set format
outseries_stats.setformat(@all) e.4

summary_stat2(1,1) = "% (S)"
summary_stat2(1,2) = "(EC)"
summary_stat2(1,3) = "(EL)"
summary_stat2(1,4) = "System"

' (S)
summary_stat2(2,1) = NA
summary_stat2(3,1) = NA
summary_stat2(4,1) = NA
summary_stat2(5,1) = NA
summary_stat2(6,1) = NA
summary_stat2(7,1) = NA
summary_stat2(8,1) = NA
summary_stat2(9,1) = NA
summary_stat2(10,1) = NA
summary_stat2(11,1) = NA

' (EC)
summary_stat2(2,2) = outseries_stats(6,6)
summary_stat2(3,2) = outseries_stats(10,6)
summary_stat2(4,2) = NA
summary_stat2(5,2) = NA
summary_stat2(6,2) = outseries_stats(6,7)
summary_stat2(7,2) = outseries_stats(10,7)
summary_stat2(8,2) = NA
summary_stat2(9,2) = NA
summary_stat2(10,2) = outseries_stats(6,8)
summary_stat2(11,2) = 1-@cchisq(@val(outseries_stats(6,8)),1*9-2)

' (EL)
summary_stat2(2,3) = NA
summary_stat2(3,3) = NA
summary_stat2(4,3) = outseries_stats(6,9)
summary_stat2(5,3) = outseries_stats(10,9)
summary_stat2(6,3) = outseries_stats(6,10)
summary_stat2(7,3) = outseries_stats(10,10)
summary_stat2(8,3) = NA
summary_stat2(9,3) = NA
summary_stat2(10,3) = outseries_stats(6,11)
summary_stat2(11,3) = 1-@cchisq(@val(outseries_stats(6,11)),1*9-2)

' System
summary_stat2(2,4) = outseries_stats(6,12)
summary_stat2(3,4) = outseries_stats(10,12)
summary_stat2(4,4) = outseries_stats(6,13)
summary_stat2(5,4) = outseries_stats(10,13)
summary_stat2(6,4) = outseries_stats(6,14)
summary_stat2(7,4) = outseries_stats(10,14)
summary_stat2(8,4) = NA
summary_stat2(9,4) = NA
summary_stat2(10,4) = outseries_stats(6,16)
summary_stat2(11,4) = 1-@cchisq(@val(outseries_stats(6,16)),2*9-3)

if iss then
' (S)
summary_stat2(2,1) = outseries_stats(6,2)
summary_stat2(3,1) = outseries_stats(10,2)
summary_stat2(4,1) = outseries_stats(6,3)
summary_stat2(5,1) = outseries_stats(10,3)
summary_stat2(6,1) = NA
summary_stat2(7,1) = NA
summary_stat2(8,1) = outseries_stats(6,4)
summary_stat2(9,1) = outseries_stats(10,4)
summary_stat2(10,1) = outseries_stats(6,5)
summary_stat2(11,1) = 1-@cchisq(@val(outseries_stats(6,5)),2*9-3)

' psi in System
summary_stat2(8,4) = outseries_stats(6,15)
summary_stat2(9,4) = outseries_stats(10,15)
endif

' set format for p-value
summary_stat2.setformat(11) e.4

' set format
outseries_stats.setformat(@all) f.4

'------------------------------------------------------------------------------
' kernel density estimation
'------------------------------------------------------------------------------
group outs_kd

' normal kernel and Silverman's automatic bandwidth at 100 fixed interval
for %sname S_sigma S_gamma S_psi S_J EC_sigma EC_beta EC_J EL_gamma EL_beta EL_J SYS_sigma SYS_gamma SYS_beta SYS_psi SYS_J
	!old_count = @errorcount

	freeze(kd_{%sname}) {%sname}.kdensity(k=n,o=out_kd_{%sname})
	!new_count = @errorcount

	if !new_count > !old_count then
		matrix(100,2) out_kd_{%sname}=NA
	endif

	'prepare output as a text for later use
	group outs_kd_{%sname}

	for %axis x y
		series out_kd_{%sname}_{%axis}
		outs_kd_{%sname}.add out_kd_{%sname}_{%axis}
	next

	smpl 1 100
	mtos(out_kd_{%sname},outs_kd_{%sname})
	outs_kd.add outs_kd_{%sname}

next

stomna(outs_kd,out_kd)
freeze(outs_kd_table) outs_kd

if iss then
graph kd.merge kd_S_sigma kd_S_gamma kd_S_psi kd_S_J kd_EC_sigma kd_EC_beta kd_EC_J kd_EL_gamma kd_EL_beta kd_EL_J kd_SYS_sigma kd_SYS_gamma kd_SYS_beta kd_SYS_psi kd_SYS_J
else
graph kd.merge kd_EC_sigma kd_EC_beta kd_EC_J kd_EL_gamma kd_EL_beta kd_EL_J kd_SYS_sigma kd_SYS_gamma kd_SYS_beta kd_SYS_J
endif

'------------------------------------------------------------------------------
' Closing
'------------------------------------------------------------------------------

' export output as text file
out.write(na=NaN) .\{%0}\{%0}_{%1}_out.txt
out_kd.write(na=NaN) .\{%0}\{%0}_{%1}_kd.txt
summary_stat.save(t=txt) .\{%0}\{%0}_{%1}_summary.txt
summary_stat2.save(n="NaN",t=txt) .\{%0}\{%0}_{%1}_table.txt

smpl @all


' delete intermediate results
delete kd_*
delete out_kd_*
delete outs_kd_*
delete outs_kd
delete outseries
delete ols_*
delete ec_*
delete el_*
delete sys_*
delete gmm_*
delete s_*

delete beta
delete gamma
delete sigma
deletel psi

delete cons
delete wage
delete employment
delete irate
delete rr
delete hours
delete rwage
delete winfl
delete inst1
delete inst2


' elapsed time
scalar elp = @toc

' show elapsed time (in seconds)
show elp

' save the workfile
save .\{%0}\{%0}_{%1}

exit




EViewsFinal/simul/simest_run.prg
' set working directory path
%path = @runpath
cd %path

' run simest.prg in error skipping mode
' first argument (%0) is data specification (ra, hci, hid, or hii)
' second argument(%1) is sample size
' third argument (%2) is rolling size
'
' run each specification in turn, called from run.bat
'
' output: {data spec}_{samplesize}.wf1, {data spec}_{samplesize}.txt, {data spec}_{samplesize}_kd.txt
'         {data spec}_{samplesize}_summary.txt, {data spec}_{samplesize}_table.txt

' called by run.bat
run(v,20000) simest {%0} {%1} {%2}

' run by itself
'run(v,5000) simest ra 160 160




EViewsFinal/simul/yline.m
function yline(x,yrange)

line(x*ones(1,2),yrange,'LineStyle',':','Color','r','LineWidth',2);




EViewsFinal/simul/hci/data/Adata.txt
    7.561638
    7.546157
    7.518929
    7.533950
    7.507613
    7.480189
    7.426025
    7.440310
    7.418765
    7.388223
    7.358695
    7.285941
    7.285546
    7.340264
    7.380944
    7.319745
    7.330318
    7.351045
    7.320545
    7.295529
    7.297995
    7.326344
    7.231638
    7.202633
    7.270169
    7.310521
    7.323516
    7.288260
    7.280947
    7.221811
    7.205114
    7.174203
    7.172895
    7.250822
    7.236682
    7.218661
    7.177654
    7.160397
    7.195339
    7.223207
    7.254466
    7.244748
    7.177936
    7.185120
    7.205228
    7.182779
    7.163238
    7.150790
    7.174042
    7.154118
    7.121616
    7.119276
    7.106477
    7.113277
    7.098524
    7.071113
    7.093003
    7.123147
    7.128451
    7.124810
    7.171785
    7.170351
    7.191891
    7.216173
    7.188120
    7.193240
    7.202478
    7.214163
    7.209695
    7.223321
    7.286948
    7.262904
    7.355755
    7.351173
    7.383403
    7.362643
    7.409162
    7.394461
    7.408949
    7.352171
    7.391139
    7.403991
    7.460883
    7.470214
    7.482525
    7.513379
    7.602838
    7.663387
    7.627314
    7.613491
    7.570353
    7.579317
    7.569905
    7.601271
    7.618728
    7.721087
    7.809519
    7.822705
    7.869242
    7.882502
    7.873598
    7.952551
    7.965665
    7.977610
    7.902316
    7.923845
    7.892388
    7.876365
    7.861148
    7.853028
    7.858296
    7.932207
    7.921277
    7.946090
    7.898719
    7.848503
    7.890856
    7.891510
    7.872808
    7.821955
    7.854132
    7.825687
    7.774026
    7.722083
    7.700250
    7.616756
    7.679688
    7.657495
    7.666774
    7.668400
    7.634913
    7.681549
    7.672387
    7.694006
    7.704241
    7.678344
    7.700205
    7.703628
    7.650334
    7.728023
    7.712346
    7.743999
    7.845806
    7.820311
    7.812543
    7.823088
    7.787070
    7.768749
    7.773729
    7.798718
    7.821772
    7.805895
    7.889241
    7.950725
    7.950364
    7.938481
    7.934939
    7.867790
    7.819270
    7.847207
    7.828952
    7.800846
    7.753995
    7.756679
    7.789543
    7.820444
    7.819519
    7.782588
    7.777397
    7.820290
    7.827160
    7.864222
    7.832978
    7.787608
    7.772917
    7.752427
    7.691849
    7.655116
    7.659852
    7.589899
    7.576986
    7.566670
    7.519001
    7.519543
    7.613814
    7.562364
    7.560498
    7.506812
    7.523775
    7.553355
    7.521535
    7.456849
    7.460527
    7.455227
    7.495638
    7.514548
    7.562515
    7.552010
    7.581470
    7.592292
    7.605044
    7.651508
    7.663679
    7.610935
    7.608330
    7.591316
    7.570411
    7.606500
    7.593269
    7.627599
    7.695645
    7.746654
    7.675149
    7.632614
    7.659063
    7.685294
    7.712371
    7.704618
    7.721481
    7.731776
    7.747048
    7.669839
    7.578907
    7.600996
    7.635035
    7.666950
    7.633091
    7.603286
    7.631728
    7.619324
    7.654625
    7.665071
    7.699993
    7.715739
    7.709486
    7.768923
    7.787972
    7.717567
    7.619485
    7.581318
    7.561322
    7.535590
    7.578770
    7.613664
    7.559648
    7.550531
    7.522864
    7.520375
    7.546890
    7.596325
    7.578010
    7.544649
    7.516700
    7.528603
    7.544240
    7.580039
    7.530835
    7.520224
    7.506814
    7.524801
    7.464779
    7.418454
    7.398273
    7.349193
    7.419187
    7.417873
    7.391295
    7.315364
    7.335606
    7.330408
    7.292341
    7.322772
    7.331230
    7.388747
    7.387197
    7.365564
    7.277067
    7.267077
    7.278525
    7.264777
    7.269097
    7.257239
    7.227081
    7.269279
    7.283898
    7.305044
    7.288330
    7.335261
    7.395895
    7.454042
    7.481691
    7.426084
    7.427128
    7.400057
    7.383965
    7.368254
    7.386462
    7.411403
    7.429148
    7.428109
    7.533486
    7.557219
    7.549243
    7.511899
    7.457611
    7.467221
    7.437600
    7.481456
    7.511108
    7.469300
    7.438824
    7.397101
    7.410609
    7.332832
    7.332638
    7.331199
    7.308136
    7.315385
    7.333155
    7.336282
    7.312470
    7.303457
    7.263459
    7.307145
    7.262437
    7.223951
    7.206860
    7.237220
    7.240651
    7.219735
    7.160930
    7.144984
    7.149682
    7.161914
    7.167661
    7.190669
    7.168882
    7.104416
    7.156465
    7.178609
    7.135700
    7.122686
    7.135444
    7.162312
    7.164903
    7.201405
    7.188637
    7.253072
    7.254673
    7.282683
    7.254221
    7.203402
    7.189098
    7.148681
    7.160175
    7.203007
    7.223469
    7.205864
    7.248503
    7.277010
    7.230022
    7.231057
    7.261632
    7.271918
    7.291623
    7.255468
    7.275901
    7.252756
    7.272786
    7.299976
    7.262964
    7.227485
    7.238084
    7.271642
    7.307136
    7.325152
    7.358147
    7.351994
    7.378577
    7.393060
    7.404658
    7.404832
    7.428888
    7.465499
    7.502523
    7.510028
    7.545266
    7.556204
    7.535457
    7.560579
    7.582610
    7.536676
    7.546292
    7.579939
    7.611513
    7.679242
    7.628143
    7.579787
    7.540249
    7.508217
    7.531895
    7.494808
    7.515770
    7.553382
    7.572852
    7.556639
    7.535693
    7.560239
    7.608862
    7.650088
    7.653561
    7.670281
    7.677081
    7.631137
    7.597074
    7.596930
    7.545959
    7.603462
    7.584938
    7.539744
    7.574034
    7.592166
    7.587856
    7.621645
    7.549039
    7.565707
    7.574934
    7.511867
    7.524677
    7.536769
    7.513186
    7.502963
    7.540536
    7.514289
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    1.113167
    1.111642
    1.112793
    1.116115
    1.115759
    1.116136
    1.120677
    1.123665
    1.131632
    1.132414
    1.132581
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    1.130656
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    1.134862
    1.134813
    1.132921
    1.137340
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    1.128832
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    1.131998
    1.132417
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    1.138207
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    1.134542
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    1.123402
    1.124677
    1.129183
    1.133271
    1.132803
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    1.130784
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    5.271311
    5.264775
    5.285341
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    5.204184
    5.211171
    5.199694
    5.186145
    5.175273
    5.287275
    5.265784
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    5.169681
    5.158439
    5.327864
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    5.221733
    5.237616
    5.276596
    5.317379
    5.368452
    5.382454
    5.439333
    5.472612
    5.517836
    5.526452
    5.535779
    5.563406
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    5.603486
    5.605472
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    5.602746
    5.620991
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    5.641313
    5.651560
    5.671021
    5.689789
    5.645771
    5.593071
    5.578345
    5.582649
    5.556807
    5.588651
    5.528308
    5.532242
    5.588328
    5.567258
    5.564447
    5.554112
    5.545979
    5.482199
    5.490224
    5.461774
    5.491848
    5.489061
    5.479657
    5.503116
    5.509061
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    5.524232
    5.492048
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    5.584110
    5.602563
    5.625150
    5.609296
    5.599878
    5.573023
    5.584824
    5.622671
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    5.609637
    5.607394
    5.628249
    5.611255
    5.604114
    5.599831
    5.595199
    5.589464
    5.639118
    5.625940
    5.657345
    5.643312
    5.676988
    5.692524
    5.715284
    5.719453
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    5.747732
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    5.699518
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    5.728454
    5.750273
    5.784008
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    5.785516
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    5.762230
    5.759747
    5.758069
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    5.820704
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    5.822552
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    5.822561
    5.876695
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    5.893669
    5.898109
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    5.942413
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    5.897584
    5.865429
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    5.881420
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    5.783303
    5.859322
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    5.723246
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    5.704270
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    5.677683
    5.663064
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    5.735659
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    5.658869
    5.656417
    5.667232
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    5.703811
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    5.715841
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    5.662474
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    5.708652
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    5.714561
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    5.672062
    5.728200
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    5.811556
    5.828449
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    5.851658
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    5.888860
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    5.877306
    5.893169
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    5.918320
    5.951101
    5.962056
    5.964958
    5.955984
    5.936236
    5.913629
    5.939865
    5.950002
    5.947977
    5.916879
    5.953173
    5.943808
    5.951926
    5.951575
    5.887448
    5.888210
    5.885657
    5.942622
    5.909149
    5.788056
    5.729549
    5.648945
    5.594836
    5.561208
    5.539513
    5.561518
    5.481918
    5.469048
    5.446134
    5.433618
    5.396069
    5.360255
    5.346273
    5.325928
    5.318457
    5.318475
    5.338637
    5.413522
    5.414177
    5.404437
    5.311593
    5.358278
    5.361482
    5.353472
    5.329345
    5.344128
    5.346327
    5.352568
    5.362606
    5.380985
    5.400973
    5.441784
    5.479781
    5.511400
    5.502291
    5.482519
    5.528062
    5.550141
    5.554829
    5.557650
    5.614265
    5.608204
    5.579118
    5.558939
    5.574433
    5.591643
    5.597101
    5.623543
    5.673139
    5.686318
    5.672005
    5.680730
    5.695084
    5.707252
    5.716491
    5.734800
    5.759331
    5.783497
    5.820079
    5.839019
    5.828079
    5.877086
    5.852848
    5.834086
    5.846808
    5.857806
    5.849147
    5.824073
    5.833928
    5.830963
    5.856658
    5.911148
    5.936678
    5.944415
    5.932713
    5.948298
    5.940759
    5.921653
    5.926400
    5.908925
    5.935133
    5.888282
    5.866642
    5.912714
    5.902044
    5.890318
    5.880991
    5.854106
    5.749704
    5.739562
    5.707629
    5.680023
    5.665777
    5.650704
    5.650922
    5.637843
    5.729241
    5.718429
    5.734622
    5.719137
    5.712125
    5.730206
    5.662145
    5.703994
    5.737370
    5.738956
    5.749154
    5.751098
    5.766830
    5.775508
    5.777344
    5.796865
    5.774155
    5.777734
    5.814711
    5.838332
    5.836654
    5.850030
    5.828577
    5.817301
    5.829244
    5.828946
    5.806387
    5.796545
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    5.804560
    5.803637
    5.796986
    5.801471
    5.793086
    5.769303
    5.736055
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    5.701612
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    5.644675
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    5.696448
    5.607489
    5.581586
    5.562155
    5.531559
    5.536380
    5.561697
    5.473582
    5.505177
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    5.406611
    5.423770
    5.463328
    5.432049
    5.327451
    5.305605
    5.287892
    5.273588
    5.260852
    5.283725
    5.278361
    5.298719
    5.324252
    5.311860
    5.325333
    5.312766
    5.350835
    5.372928
    5.361084
    5.352640
    5.363911
    5.387580
    5.387909
    5.404420
    5.394603
    5.383696
    5.372214
    5.348723
    5.358740
    5.374679
    5.373918
    5.374372
    5.363128
    5.328418
    5.311565
    5.371459
    5.386862
    5.374869
    5.370415
    5.377109
    5.389163
    5.420337
    5.428827
    5.459840
    5.451324
    5.481119
    5.517603
    5.532409
    5.558518
    5.523586
    5.487818
    5.465701
    5.457230
    5.407913
    5.418306
    5.438007
    5.441786
    5.423023
    5.421018
    5.433648
    5.469069
    5.458830
    5.439545
    5.428325
    5.467009
    5.497085
    5.503175
    5.512343
    5.524908
    5.528362
    5.535417
    5.541491
    5.567907
    5.595636
    5.600923
    5.644582
    5.690658
    5.681564
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    5.618089
    5.620128
    5.625157
    5.610657
    5.610699
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    5.618750
    5.624371
    5.625175
    5.628241
    5.618399
    5.564002
    5.529286
    5.500812
    5.465236
    5.460545
    5.450872
    5.534622
    5.508686
    5.556263
    5.540693
    5.521707
    5.510769
    5.524073
    5.520654
    5.529201
    5.561945
    5.582835
    5.576133
    5.572827
    5.580025
    5.577616
    5.598996
    5.597618
    5.602775
    5.645222
    5.656908
    5.682387
    5.701040
    5.732763
    5.747807
    5.783409
    5.780571
    5.780706
    5.823341
    5.792809
    5.797384
    5.856015
    5.858458
    5.879526
    5.877133
    5.880116
    5.873070
    5.863920
    5.859524
    5.863431
    5.842553
    5.849022
    5.853701
    5.877035
    5.881027
    5.899462
    5.907968
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    5.950079
    5.935130
    5.900408
    5.890463
    5.882129
    5.929995
    5.897675
    5.899019
    5.871045
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    5.731873
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    5.743211
    5.762665
    5.784417
    5.767703
    5.742955
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    5.756982
    5.720297
    5.705471
    5.684206
    5.696861
    5.680305
    5.652074
    5.625413
    5.594845
    5.606685
    5.587124
    5.554681
    5.520379
    5.507696
    5.488680
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    5.480002
    5.480054
    5.462965
    5.443190
    5.418784
    5.495147
    5.452988
    5.425989
    5.412336
    5.432414
    5.445082
    5.447016
    5.459223
    5.436338
    5.415533
    5.406533
    5.425775
    5.435808
    5.429074
    5.448582
    5.462706
    5.462374
    5.506618
    5.542025
    5.542952
    5.566669
    5.601605
    5.614816
    5.618581
    5.619008
    5.614119
    5.603865
    5.607125
    5.575249
    5.586006
    5.568717
    5.498513
    5.544418
    5.483925
    5.454868
    5.461869
    5.443296
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    5.451992
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    5.486321
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    5.530131
    5.505543
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    5.555698
    5.531784
    5.514692
    5.510202
    5.506120
    5.500874
    5.514830
    5.490869
    5.457526
    5.447293
    5.474006
    5.468682
    5.494524
    5.486226
    5.467729
    5.436568
    5.457059
    5.439222
    5.439168
    5.459061
    5.485137
    5.504331
    5.526743
    5.526130
    5.545028
    5.539694
    5.543088
    5.562916
    5.591436
    5.585193
    5.592225
    5.587104
    5.581985
    5.577586
    5.621578
    5.631814
    5.637102
    5.637673
    5.674614
    5.713570
    5.735038
    5.732039
    5.722328
    5.687108
    5.661344
    5.687839
    5.615113
    5.607418
    5.608975
    5.652509
    5.655153
    5.655790
    5.649908
    5.659631
    5.689981
    5.684662
    5.714053
    5.646191
    5.610265
    5.576027
    5.575675
    5.578484
    5.577360
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    5.579914
    5.572634
    5.599066
    5.620990
    5.609715
    5.575563
    5.565172
    5.592591
    5.615922
    5.646468
    5.645887
    5.664786
    5.679482
    5.677654
    5.675646
    5.682164
    5.697317
    5.693554
    5.683902
    5.687817
    5.691206
    5.752163
    5.749920
    5.725792
    5.721940
    5.733774
    5.753638
    5.761808
    5.808871
    5.787968
    5.748062
    5.722491
    5.697825
    5.703318
    5.688465
    5.719428
    5.667383
    5.679186
    5.723455
    5.742481
    5.751755
    5.728691
    5.720558
    5.720263
    5.702954
    5.731698
    5.628559
    5.607358
    5.611597
    5.630805
    5.683366
    5.691706
    5.610274
    5.579305
    5.587543
    5.631507
    5.631686
    5.669283
    5.629995
    5.651234
    5.638240
    5.599415
    5.629098
    5.590983
    5.636179
    5.624001
    5.633731
    5.642402
    5.581673
    5.541757
    5.557232
    5.541742
    5.548344
    5.607781
    5.645072
    5.675575
    5.670560
    5.661860
    5.676440
    5.679131
    5.716608
    5.712439
    5.692545
    5.700272
    5.700745
    5.707352
    5.694287
    5.728834
    5.617903
    5.577702
    5.559747
    5.567030
    5.537764
    5.498329
    5.557400
    5.553459
    5.565952
    5.584563
    5.610095
    5.599912
    5.598465
    5.603102
    5.645564
    5.650631
    5.679809
    5.720488
    5.776365
    5.747664
    5.732279
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    5.746785
    5.767830
    5.774054
    5.795347
    5.791385
    5.779660
    5.841070
    5.885300
    5.889052
    5.893116
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    5.870695
    5.942633
    5.931396
    5.921606
    5.906362
    5.876853
    5.879815
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    5.886680
    5.885780
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    5.926234
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    5.924674
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    5.880089
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    0.597750
    0.579255
    0.580810
    0.580470
    0.586310
    0.581745
    0.590080
    0.583525
    0.579925
    0.581230
    0.581455
    0.597650
    0.595805
    0.597550
    0.598225
    0.575720
    0.600505
    0.595335
    0.598880
    0.607615
    0.610645
    0.608695
    0.613720
    0.606830
    0.606250
    0.609935
    0.610105
    0.609570
    0.604725
    0.602545
    0.602260
    0.601580
    0.603740
    0.599245
    0.598905
    0.605575
    0.612170
    0.614405
    0.609335
    0.610860
    0.611255
    0.616415
    0.616340
    0.615920
    0.610035
    0.609255
    0.605385
    0.603335
    0.602240
    0.590780
    0.595560
    0.582420
    0.595750
    0.582600
    0.601865
    0.599395
    0.599470
    0.599570
    0.582955
    0.601470
    0.595645
    0.581240
    0.596200
    0.598315
    0.599060
    0.595535
    0.595900
    0.599960
    0.593695
    0.599390
    0.605615
    0.605050
    0.598865
    0.591215
    0.598505
    0.591750
    0.596835
    0.601040
    0.601800
    0.600635
    0.608555
    0.610260
    0.607540
    0.602350
    0.601090
    0.603930
    0.605770
    0.607050
    0.607760
    0.600890
    0.606700
    0.601080
    0.601445
    0.602225
    0.600735
    0.605500
    0.599530
    0.599910
    0.598470
    0.607140
    0.610325
    0.615185
    0.618595
    0.613365
    0.615070
    0.617970
    0.613590
    0.618010
    0.612785
    0.611690
    0.613470
    0.614170
    0.613130
    0.608695
    0.613450
    0.611235
    0.610700
    0.609175
    0.607880
    0.604885
    0.602140
    0.610430
    0.601535
    0.582890
    0.587460
    0.593630
    0.603455
    0.602425
    0.600890
    0.587815
    0.599175
    0.604635
    0.600685
    0.597865
    0.605185
    0.596280
    0.609910
    0.607285
    0.598060
    0.595320
    0.605010
    0.607905
    0.604200
    0.602725
    0.604250
    0.602465
    0.606370
    0.608430
    0.603325
    0.601045
    0.602315
    0.603995
    0.602145
    0.607455
    0.599715
    0.586745
    0.585150
    0.594025
    0.590065
    0.605290
    0.606925
    0.589805
    0.591995
    0.586920
    0.602455
    0.598795
    0.602670
    0.605635
    0.606795
    0.602500
    0.600830
    0.602570
    0.599615
    0.587490
    0.605945
    0.609800
    0.610995
    0.615210
    0.614330
    0.613165
    0.606910
    0.608440
    0.601655
    0.591580
    0.596510
    0.589845
    0.594760
    0.595540
    0.593120
    0.596430
    0.595120
    0.591910
    0.593630
    0.590010
    0.590680
    0.591180
    0.590645
    0.602210
    0.587115
    0.602725
    0.608365
    0.605225
    0.604420
    0.606100
    0.611370
    0.606795
    0.597700
    0.598640
    0.586535
    0.591120
    0.590885
    0.588505
    0.592225
    0.596530
    0.590785
    0.596505
    0.590895
    0.591830
    0.588980
    0.584080
    0.593040
    0.598405
    0.599985
    0.603610
    0.596495
    0.603720
    0.591065
    0.600685
    0.599535
    0.608210
    0.605560
    0.607240
    0.607325
    0.611210
    0.601545
    0.597240
    0.596975
    0.596265
    0.594180
    0.598380
    0.587840
    0.585600
    0.585760
    0.600775
    0.592055
    0.585750
    0.594815
    0.597100
    0.596370
    0.591290
    0.599005
    0.586055
    0.598295
    0.602125
    0.604040
    0.601635
    0.596865
    0.600145
    0.588330
    0.600035
    0.596710
    0.603250
    0.600040
    0.599295
    0.606040
    0.605020
    0.607070
    0.610415
    0.606125
    0.609900
    0.609670
    0.616780
    0.615120
    0.609960
    0.614735
    0.617210
    0.611030
    0.615425
    0.611875
    0.614960
    0.613755
    0.614405
    0.616060
    0.614890
    0.605825
    0.603545
    0.608010
    0.604090
    0.605405
    0.601800
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    0.609570
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    0.602960
    0.603540
    0.605735
    0.599575
    0.600760
    0.601515
    0.602135
    0.604515
    0.606070
    0.607275
    0.610285
    0.603555
    0.600435
    0.600585
    0.602825
    0.602225
    0.603375
    0.601270
    0.607215
    0.605450
    0.609650
    0.607610
    0.606695
    0.600130
    0.606315
    0.608960
    0.609000
    0.612590
    0.601215
    0.608675
    0.611190
    0.601520
    0.607165
    0.605760
    0.605085
    0.606460
    0.606835
    0.605465
    0.605050
    0.605725
    0.585610
    0.586575
    0.589805
    0.586055
    0.604045
    0.608300
    0.587970
    0.590835
    0.589925
    0.606480
    0.586670
    0.604920
    0.590095
    0.606170
    0.607690
    0.609875
    0.592290
    0.605110
    0.603090
    0.590445
    0.581095
    0.586720
    0.582625
    0.590885
    0.591180
    0.587900
    0.588750
    0.584715
    0.587215
    0.587005
    0.587335
    0.590075
    0.594275
    0.593120
    0.588940
    0.604285
    0.601225
    0.595295
    0.597065
    0.601790
    0.602395
    0.603170
    0.599825
    0.607085
    0.604035
    0.586380
    0.586190
    0.585020
    0.586735
    0.588320
    0.585360
    0.601200
    0.584265
    0.591445
    0.597085
    0.594215
    0.591290
    0.596065
    0.594370
    0.591420
    0.588450
    0.598455
    0.582965
    0.603125
    0.598785
    0.599445
    0.601130
    0.607275
    0.597190
    0.584650
    0.601170
    0.600675
    0.603815
    0.605175
    0.609005
    0.603745
    0.598420
    0.602505
    0.597635
    0.600265
    0.604145
    0.606785
    0.606665
    0.600560
    0.598900
    0.593150
    0.581620
    0.599270
    0.597075
    0.602205
    0.603355
    0.599795
    0.603590
    0.604920
    0.611505
    0.612840
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    0.605560
    0.609885
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    0.608535
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    0.604950
    0.613675
    0.610875
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    0.589765
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    0.607420
    0.605990
    0.605525
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    0.582950
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    0.587040
    0.588535
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    0.595855
    0.587520
    0.594115
    0.590835
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    0.592340
    0.591115
    0.594885
    0.588215
    0.592775
    0.585200
    0.589980
    0.591945
    0.593420
    0.598275
    0.603140
    0.606605
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    0.607630
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    0.610765
    0.607580
    0.605635
    0.604500
    0.610305
    0.603180
    0.603730
    0.597350
    0.604835
    0.602795
    0.602995
    0.610320
    0.604395
    0.604685
    0.599250
    0.597895
    0.598860
    0.598600
    0.586525
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    0.586845
    0.589225
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    0.584735
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    0.592325
    0.596020
    0.590365
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    0.597040
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    0.602605
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    0.604760
    0.599755
    0.605535
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    0.606825
    0.608235
    0.608960
    0.611505
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    0.614840
    0.613320
    0.605250
    0.602140
    0.600735
    0.602990
    0.599270
    0.606560
    0.605450
    0.610900
    0.604155
    0.606145
    0.600025
    0.604270
    0.608065
    0.598400
    0.598965
    0.601550
    0.596460
    0.594990
    0.598545
    0.587070
    0.592830
    0.593475
    0.588015
    0.593935
    0.591585
    0.588960
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    0.605290
    0.604525
    0.605770
    0.611935
    0.609495
    0.613770
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    0.597685
    0.603135
    0.599005
    0.596520
    0.603460
    0.600380
    0.601655
    0.594480
    0.601775
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    0.597800
    0.597275
    0.597550
    0.586825
    0.586110
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    0.601965
    0.588555
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    0.604105
    0.608070
    0.611830
    0.615455
    0.608820
    0.605755
    0.597610
    0.607685
    0.615185
    0.611750
    0.611290
    0.608165
    0.607040
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    0.599955
    0.595580
    0.606060
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    0.602205
    0.604080
    0.599195
    0.600690
    0.606160
    0.611635
    0.609985
    0.613885
    0.611040
    0.610800
    0.609185
    0.612005
    0.611135
    0.601310
    0.599875
    0.604945
    0.608420
    0.604380
    0.603720
    0.596140
    0.594535
    0.602690
    0.605575
    0.610750
    0.604290
    0.600145
    0.598930
    0.601900
    0.602310
    0.601495
    0.604060
    0.603235
    0.600665
    0.595430
    0.596095
    0.604060
    0.589610
    0.593420
    0.605145
    0.584235
    0.585970
    0.590935
    0.588535
    0.589145
    0.586545
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    0.596045
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    0.604975
    0.603935
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    0.606815
    0.605575
    0.604075
    0.606610
    0.605250
    0.607935
    0.608785
    0.607745
    0.603450
    0.604010
    0.601160
    0.600905
    0.607455
    0.604110
    0.584220
    0.594175
    0.605865
    0.590675
    0.605535
    0.606555
    0.607080
    0.608805
    0.601470
    0.605355
    0.601570
    0.587725
    0.587755
    0.580665
    0.589635
    0.585885
    0.591495
    0.601910
    0.598355
    0.592300
    0.593790
    0.597385
    0.598375
    0.601485
    0.603910
    0.597840
    0.592215
    0.590735
    0.596175
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    0.603890
    0.598695
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    0.590880
    0.590760
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    0.591135
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    0.590405
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    0.612175
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    0.604960
    0.600315
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    0.592330
    0.597125
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    0.588435
    0.591275
    0.603825
    0.586485
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    0.608270
    0.608080
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    0.588440
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    0.604340
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    0.602865
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    0.599550
    0.606865
    0.606335
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    0.607980
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    0.611660
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    0.605610
    0.605125
    0.604990
    0.606490
    0.610365
    0.599390
    0.600305
    0.605080
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    0.603460
    0.599735
    0.599300
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    0.602355
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    0.606130
    0.601870
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    0.611605
    0.605065
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    0.608105
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    0.608250
    0.613480
    0.611295
    0.606400
    0.607260
    0.611340
    0.603460
    0.608160
    0.606605
    0.602310
    0.592130
    0.598720
    0.588250
    0.600665
    0.600885
    0.602815
    0.595500
    0.599665
    0.588190
    0.600935
    0.603510
    0.582045
    0.584070
    0.589230
    0.590400
    0.596460
    0.590885
    0.589480
    0.587570
    0.594825
    0.590275
    0.590355
    0.595445
    0.600245
    0.602275
    0.600175
    0.604075
    0.604480
    0.602525
    0.601150
    0.600070
    0.601190
    0.585800
    0.602830
    0.593275
    0.597995
    0.595640
    0.599365
    0.602725
    0.598725
    0.603230
    0.604170
    0.605330
    0.601940
    0.609245
    0.603125
    0.605675
    0.602230
    0.610020
    0.601410
    0.600675
    0.602975
    0.602895
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    0.602010
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    0.601665
    0.602205
    0.598480
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    0.598630
    0.600915
    0.600275
    0.591950
    0.597280
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    0.600195
    0.600155
    0.606110
    0.610310
    0.600765
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    0.586920
    0.601630
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    0.601850
    0.609255
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    0.605970
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    0.604115
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    0.600290
    0.600570
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    0.597710
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    0.605715
    0.603415
    0.607775
    0.609630
    0.597135
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    0.605100
    0.597395
    0.596525
    0.603050
    0.599865
    0.597875
    0.601735
    0.598975
    0.606270
    0.607095
    0.604960
    0.610585
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    0.611035
    0.604070
    0.599165
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    0.598665
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    0.606445
    0.605985
    0.605605
    0.602880
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    0.604595
    0.605270
    0.602865
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    0.602415
    0.606030
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    0.584190
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    0.600540
    0.586070
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    0.608645
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    0.609260
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    0.601995
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    0.600000
    0.600570
    0.585390
    0.585345
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    0.604015
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    0.602500
    0.599630
    0.598590
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    0.585680
    0.588630
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    0.579735
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    0.606745
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    0.585300
    0.585460
    0.599570
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    0.584595
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    0.603805
    0.601720
    0.584130
    0.587320
    0.601755
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    0.604605
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    0.598620
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    0.607395
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    0.610020
    0.614530
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    0.608350
    0.603170
    0.595550
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    0.602655
    0.587730
    0.587520
    0.593720
    0.596225
    0.593130
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    0.602080
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    0.606955
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    0.587810
    0.594600
    0.598105
    0.595405
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    0.597430
    0.599310
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    0.617525
    0.618865
    0.611945
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    0.600375
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    0.601185
    0.598990
    0.603080
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    0.597390
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    0.607605
    0.603110
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    0.591680
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    0.593160
    0.588290
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    0.602820
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    0.610420
    0.605860
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    0.598955
    0.598600
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    0.607745
    0.610560
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    0.606300
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    0.618445
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    0.606485
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    0.606000
    0.606585
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    0.598870
    0.600050
    0.603840
    0.607615
    0.611190
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    0.608190
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    0.597585
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    0.607145
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    0.606485
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    0.598335
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    0.601530
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    0.606350
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    0.586990
    0.587210
    0.584575
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    0.593115
    0.602980
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    0.035978
    0.036024
    0.036177
    0.036005
    0.036190
    0.036202
    0.036481
    0.036491
    0.036337
    0.036266
    0.036059
    0.035965
    0.036067
    0.035848
    0.035440
    0.035672
    0.035833
    0.036066
    0.036321
    0.035970
    0.035875
    0.035855
    0.036017
    0.035965
    0.036136
    0.035511
    0.035530
    0.035530
    0.035473
    0.035433
    0.035291
    0.035196
    0.034903
    0.034800
    0.034590
    0.034372
    0.034447
    0.034264
    0.034568
    0.034759
    0.034323
    0.034021
    0.034144
    0.034013
    0.034288
    0.034330
    0.034503
    0.034346
    0.034717
    0.034720
    0.034804
    0.034882
    0.034910
    0.034543
    0.034395
    0.034611
    0.034498
    0.034798
    0.034870
    0.034749
    0.034531
    0.034850
    0.035138
    0.035021
    0.034660
    0.034524
    0.034692
    0.034921
    0.034753
    0.034723
    0.034470
    0.034519
    0.034441
    0.034843
    0.035093
    0.034490
    0.034846
    0.034542
    0.034468
    0.034046
    0.034291
    0.034406
    0.034140
    0.034367
    0.034382
    0.033959
    0.034400
    0.034343
    0.034576
    0.034519
    0.034062
    0.033838
    0.033728
    0.034305
    0.034595
    0.035305
    0.035269
    0.035136
    0.035000
    0.035176
    0.034971
    0.035117
    0.034839
    0.034554
    0.034640
    0.034085
    0.034513
    0.034903
    0.034882
    0.035182
    0.034931
    0.034811
    0.034551
    0.034748
    0.034782
    0.034720
    0.034940
    0.034956
    0.034691
    0.034096
    0.033890
    0.033865
    0.033868
    0.034166
    0.034520
    0.034752
    0.034592
    0.035430
    0.035191
    0.034984
    0.035093
    0.035285
    0.035366
    0.034764
    0.034269
    0.034313
    0.034308
    0.034349
    0.033860
    0.034068
    0.033580
    0.033819
    0.034095
    0.034063
    0.034031
    0.034729
    0.035308
    0.035440
    0.035334
    0.035578
    0.035125
    0.034884
    0.034256
    0.034386
    0.034491
    0.035266
    0.035077
    0.035183
    0.036077
    0.036185
    0.036256
    0.036435
    0.036302
    0.036174
    0.035865
    0.036010
    0.035669
    0.035914
    0.035611
    0.036047
    0.035390
    0.034870
    0.034569
    0.034366
    0.034447
    0.034266
    0.034055
    0.034332
    0.034723
    0.034379
    0.034676
    0.034649
    0.034373
    0.034293
    0.033863
    0.033727
    0.033854
    0.033998
    0.033820
    0.033423
    0.033625
    0.033987
    0.034235
    0.034607
    0.034600
    0.034734
    0.034426
    0.034617
    0.034663
    0.034383
    0.034536
    0.034501
    0.034323
    0.034544
    0.033716
    0.034144
    0.033995
    0.033766
    0.034174
    0.034393
    0.035147
    0.035064
    0.035069
    0.034634
    0.034497
    0.034146
    0.034374
    0.034170
    0.034068
    0.034295
    0.034578
    0.034281
    0.034210
    0.035191
    0.035186
    0.035628
    0.035808
    0.035651
    0.034901
    0.035268
    0.035126
    0.035367
    0.035788
    0.036302
    0.036534
    0.036759
    0.036462
    0.036035
    0.035860
    0.035754
    0.035811
    0.036120
    0.036819
    0.036787
    0.037086
    0.036240
    0.035808
    0.035207
    0.034958
    0.035044
    0.035689
    0.036184
    0.036207
    0.035634
    0.035819
    0.035864
    0.036088
    0.035639
    0.035570
    0.035459
    0.034932
    0.034780
    0.035043
    0.035082
    0.035493
    0.035447
    0.035293
    0.034813
    0.034823
    0.035013
    0.034916
    0.034932
    0.035075
    0.034884
    0.034613
    0.034922
    0.035013
    0.035020
    0.035123
    0.035480
    0.035474
    0.035432
    0.035305
    0.035275
    0.035532
    0.035343
    0.035686
    0.035515
    0.035208
    0.035695
    0.035575
    0.035438
    0.035318
    0.035383
    0.035732
    0.035055
    0.035124
    0.035217
    0.035598
    0.035136
    0.034888
    0.035083
    0.034944
    0.034817
    0.035024
    0.034661
    0.035183
    0.034380
    0.035027
    0.034863
    0.034849
    0.034967
    0.034769
    0.034847
    0.034741
    0.034478
    0.033628
    0.033723
    0.033964
    0.034024
    0.033848
    0.034105
    0.033877
    0.033747
    0.033889




FortranFinal/FortranFinal.sln

Microsoft Visual Studio Solution File, Format Version 9.00
# Visual Studio 2005
Project("{6989167D-11E4-40FE-8C1A-2192A86A7E90}") = "HII", "HII\HII.vfproj", "{6341E648-075D-47E1-BED9-ED0F25929E41}"
EndProject
Project("{6989167D-11E4-40FE-8C1A-2192A86A7E90}") = "HII_SS", "HII_SS\HII_SS.vfproj", "{C6562360-D70B-4505-953D-DEA0021DD9E1}"
EndProject
Project("{6989167D-11E4-40FE-8C1A-2192A86A7E90}") = "HCI", "HCI\HCI.vfproj", "{ECB1FD1D-D405-48A1-A04B-89340016E5A6}"
EndProject
Project("{6989167D-11E4-40FE-8C1A-2192A86A7E90}") = "HID", "HID\HID.vfproj", "{CE7745A1-AE7A-40B5-8F25-D888FB8E1B58}"
EndProject
Project("{6989167D-11E4-40FE-8C1A-2192A86A7E90}") = "HID_SS", "HID_SS\HID_SS.vfproj", "{E81CE5C0-A5F6-4AB4-853A-148006B0F691}"
EndProject
Project("{6989167D-11E4-40FE-8C1A-2192A86A7E90}") = "RA", "RA\RA.vfproj", "{902ADE72-DCFB-4EE4-B806-33DC4057BECF}"
EndProject
Global
	GlobalSection(SolutionConfigurationPlatforms) = preSolution
		Debug|Win32 = Debug|Win32
		Release|Win32 = Release|Win32
	EndGlobalSection
	GlobalSection(ProjectConfigurationPlatforms) = postSolution
		{6341E648-075D-47E1-BED9-ED0F25929E41}.Debug|Win32.ActiveCfg = Debug|Win32
		{6341E648-075D-47E1-BED9-ED0F25929E41}.Debug|Win32.Build.0 = Debug|Win32
		{6341E648-075D-47E1-BED9-ED0F25929E41}.Release|Win32.ActiveCfg = Release|Win32
		{6341E648-075D-47E1-BED9-ED0F25929E41}.Release|Win32.Build.0 = Release|Win32
		{C6562360-D70B-4505-953D-DEA0021DD9E1}.Debug|Win32.ActiveCfg = Debug|Win32
		{C6562360-D70B-4505-953D-DEA0021DD9E1}.Debug|Win32.Build.0 = Debug|Win32
		{C6562360-D70B-4505-953D-DEA0021DD9E1}.Release|Win32.ActiveCfg = Release|Win32
		{C6562360-D70B-4505-953D-DEA0021DD9E1}.Release|Win32.Build.0 = Release|Win32
		{ECB1FD1D-D405-48A1-A04B-89340016E5A6}.Debug|Win32.ActiveCfg = Debug|Win32
		{ECB1FD1D-D405-48A1-A04B-89340016E5A6}.Debug|Win32.Build.0 = Debug|Win32
		{ECB1FD1D-D405-48A1-A04B-89340016E5A6}.Release|Win32.ActiveCfg = Release|Win32
		{ECB1FD1D-D405-48A1-A04B-89340016E5A6}.Release|Win32.Build.0 = Release|Win32
		{CE7745A1-AE7A-40B5-8F25-D888FB8E1B58}.Debug|Win32.ActiveCfg = Debug|Win32
		{CE7745A1-AE7A-40B5-8F25-D888FB8E1B58}.Debug|Win32.Build.0 = Debug|Win32
		{CE7745A1-AE7A-40B5-8F25-D888FB8E1B58}.Release|Win32.ActiveCfg = Release|Win32
		{CE7745A1-AE7A-40B5-8F25-D888FB8E1B58}.Release|Win32.Build.0 = Release|Win32
		{E81CE5C0-A5F6-4AB4-853A-148006B0F691}.Debug|Win32.ActiveCfg = Debug|Win32
		{E81CE5C0-A5F6-4AB4-853A-148006B0F691}.Debug|Win32.Build.0 = Debug|Win32
		{E81CE5C0-A5F6-4AB4-853A-148006B0F691}.Release|Win32.ActiveCfg = Release|Win32
		{E81CE5C0-A5F6-4AB4-853A-148006B0F691}.Release|Win32.Build.0 = Release|Win32
		{902ADE72-DCFB-4EE4-B806-33DC4057BECF}.Debug|Win32.ActiveCfg = Debug|Win32
		{902ADE72-DCFB-4EE4-B806-33DC4057BECF}.Debug|Win32.Build.0 = Debug|Win32
		{902ADE72-DCFB-4EE4-B806-33DC4057BECF}.Release|Win32.ActiveCfg = Release|Win32
		{902ADE72-DCFB-4EE4-B806-33DC4057BECF}.Release|Win32.Build.0 = Release|Win32
	EndGlobalSection
	GlobalSection(SolutionProperties) = preSolution
		HideSolutionNode = FALSE
	EndGlobalSection
EndGlobal
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FortranFinal/HCI/Input/ExpectationParameters.txt
   4.509031304665606
  -0.587477370216564
  -0.329799206298567




FortranFinal/HCI/Input/ModelParameters.txt
1.0D0		gamac: power to consumption
0.4D0		gamal: labor supply elasticity
0.939D0		rhox
0.287D0		sigex
0.95D0		rhop
0.007D0		sigep




FortranFinal/HCI/Model/Globals.f90
!	----------------------------------------------------------------------
!	File name: Globals.f90
!
!	Defines global variables.
!	----------------------------------------------------------------------


module Globals

	implicit none

	save
	 
	!	fixed numbers

	integer:: nT
	integer, parameter:: nT_sim = 3500, nT_fin = 100500, neq = 1, np = 3, Max_Iter = 10000, Max_Iter_LS = 100, t_LS = 500
	real(8), parameter:: tol_Iter = 1.0D-6, tol_LS = 1.0D-6, sfac = 0.25D0


	!	model parameters

	real(8), parameter:: pi = 3.14159265358979D0
	real(8), parameter:: alpha = 0.36D0, delta = 0.025D0, irate = 0.01D0, bta = 1.0D0/(1.0D0+irate), Ess = 0.6D0, hbar = 1.0D0/3.0D0
	real(8) B, gamac, gamal, rhop, sigep, rhox, sigex, sigx, sigp
	
	
	!	steady state variables
	
	real(8) Kss, Hss, Lss, Xss, Yss, EINss, EOUTss


	!	storage of similation results

	real(8) Kdata(nT_fin+1), logKdata(nT_fin+1), Pdata(nT_fin), logPdata(nT_fin), Cdata(nT_fin), Xdata(nT_fin), Ldata(nT_fin), Ydata(nT_fin), Idata(nT_fin), Wdata(nT_fin), Rdata(nT_fin), Adata(nT_fin), Edata(nT_fin), EINdata(nT_fin), EOUTdata(nT_fin), hEINdata(nT_fin), hEOUTdata(nT_fin), phiQ(nT_fin), psiQ(nT_fin)

	
	!	parameters of the conditional expectation function

	real(8) coef(np), coefNew(np)


	!	control for final simulation

	logical final


	!	parameters for numerical integration 

	integer, parameter:: key = 2, limit = 500, lenw = 4500
	real(8), parameter:: epsabs = 1.0D-6, epsrel = 0.0D0
	integer:: neval, ier, last, iwork(limit), neval_inner, ier_inner, last_inner, iwork_inner(limit)
	real(8):: abserr, work(lenw), abserr_inner, work_inner(lenw), critical_x
	

	!	integer for indexing

	integer:: t


end module




FortranFinal/HCI/Model/InitializationModule.f90
module InitializationModule

	use Globals

contains


subroutine InitializeModelParameters()

	implicit none

	!	read model parameters

	open(1, file='Input\ModelParameters.txt', status = 'old')
	read(1, *) gamac
	read(1, *) gamal
	read(1, *) rhox
	read(1, *) sigex
	read(1, *) rhop
	read(1, *) sigep
	close(1)

	sigx = sigex/dsqrt(1.0D0-rhox**2.0)
	sigp = sigep/dsqrt(1.0D0-rhop**2.0)

end subroutine



subroutine InitializeExpectationParameters()

	implicit none


	!	read initial coefficients of parameterized expectation

	open(1, file='Input\ExpectationParameters.txt', status = 'old')
	read(1, *) coef
	close(1)

end subroutine


end module




FortranFinal/HCI/Model/IntegrandsModule.f90
!	----------------------------------------------------------------------
!	Module name: IntegrandsModule.f90
!	
!	Collection of functions that are used in numerical integrations.
!	----------------------------------------------------------------------


module IntegrandsModule

	use Globals

	implicit none
	
	real(8), external:: normcdf
	

contains


real(8) function normpdf(x)

	real(8), intent(in):: x
	
	normpdf = (1.0D0/(dsqrt(2.0D0*pi)*sigx))*dexp(-0.5D0*(x/sigx)**2.0D0)

end function



real(8) function expx_normpdf(x)

	real(8), intent(in):: x
	
	expx_normpdf = dexp(x)*normpdf(x)

end function



real(8) function einfunc(x)

	real(8), intent(in):: x
	
	call dqag(einfunc_x, critical_x-rhox*x, 10.0D0*sigex, epsabs, epsrel, key, einfunc, abserr_inner, neval_inner, ier_inner, limit, lenw, last_inner, iwork_inner, work_inner)


	contains
	
	real(8) function einfunc_x(eps)
	
		real(8), intent(in):: eps
		
		einfunc_x = normpdf(x)*(1.0d0/(dsqrt(2.0d0*pi)*sigex))*dexp(-0.5d0*(eps/sigex)**2.0d0)
		
	end function
	
	
end function



real(8) function eoutfunc(x)

	real(8), intent(in):: x
	
	call dqag(eoutfunc_x, -10.0D0*sigex, critical_x-rhox*x, epsabs, epsrel, key, eoutfunc, abserr_inner, neval_inner, ier_inner, limit, lenw, last_inner, iwork_inner, work_inner)


	contains
	
	real(8) function eoutfunc_x(eps)
	
		real(8), intent(in):: eps
		
		eoutfunc_x = normpdf(x)*(1.0d0/(dsqrt(2.0d0*pi)*sigex))*dexp(-0.5d0*(eps/sigex)**2.0d0)
		
	end function
	
	
end function


real(8) function invnorm_ESS(x)

	real(8), intent(in):: x
	
	invnorm_ESS = normcdf(x) - (1.0D0-ESS)
	
end function


end module



FortranFinal/HCI/Model/main.f90
!	----------------------------------------------------------------------
!	Main Program: HCI
!
!	Model:	   Complete market with worker heterogeneity 
!	Algorithm: Parameterized Expectation Algorithm a la Marcet (1999)
!	----------------------------------------------------------------------


program HCI


	use Globals
	use InitializationModule
	use SimulationModule

	
	implicit none

	integer:: iter
	real(8):: err
	character(8):: startdate, finishdate
	character(10):: starttime, finishtime


	!	set the starting time

	call date_and_time(startdate, starttime)


	!	initialize the model parameters

	call InitializeModelParameters()
	call InitializeExpectationParameters()

	
	!	solve for the steady state equilibrium

	call SteadyState()


	!	generate shocks

	call GenerateShocks()


	!	iteration starts

	final = .false.
	nT = nT_sim
	iter = 0
	err = 10000.0D0

	do while (err > tol_Iter .and. iter < Max_Iter)

		iter = iter + 1

		call Simulation()

		call Regression()

		err = maxval(dabs(coefNew - coef))
		coef = sfac*coefNew + (1.0D0-sfac)*coef

		if (mod(iter,10) == 0) then
			print*, iter, err
		end if

	end do


	!	final simulation

	final = .true.
	nT = nT_fin
	call Simulation()


	!	save results

	call SaveTimeSeries()


	!	set the finishing time

	call date_and_time(finishdate, finishtime)


	!	print the starting and finishing times

	write(*, '(/)') 
	write(*, '(12A)') "The program started at  ", startdate(1:4),"-",startdate(5:6),"-",startdate(7:8)," ", starttime(1:2),":",starttime(3:4),":",starttime(5:6)
	write(*, '(12A)') "The program finished at ", finishdate(1:4),"-",finishdate(5:6),"-",finishdate(7:8)," ", finishtime(1:2),":",finishtime(3:4),":",finishtime(5:6)


end program HCI



FortranFinal/HCI/Model/Regression.f90
Subroutine Regression()

	use Globals
	use LeastSquareModule

	implicit none
	
	real(8):: coef0(np), psiQ0(nT), dpsiQ0(nT,3), dep0(nT)
	real(8):: COVB(np,np), tstat(np), r_sq, adjr_sq, chisq, err_LS
	integer:: icoef, iter_LS


	!	nonlinear least square regression: linearized model

	iter_LS = 0
	err_LS = 1000.D0
	coefNew = coef
	
	do while (err_LS > tol_LS .and. iter_LS < Max_Iter_LS)

		iter_LS = iter_LS + 1

		coef0 = coefNew

		do t = t_LS, nT-1

			!	psi(beta0)

			psiQ0(t) = coef0(1)*exp(coef0(2)*logKdata(t) + coef0(3)*logPdata(t))

			!	regressors

			dpsiQ0(t,1) = psiQ0(t)/coef0(1)
			dpsiQ0(t,2) = psiQ0(t)*logKdata(t)
			dpsiQ0(t,3) = psiQ0(t)*logPdata(t)


			!	dependent variable

			dep0(t) = phiQ(t) - psiQ0(t) + dot_product(dpsiQ0(t,:), coef0)

		end do

		
		!	regression: OLS

		call lsfit(dpsiQ0(t_LS:nT-1,:), dep0(t_LS:nT-1), coefNew, COVB, tstat, r_sq, adjr_sq, chisq)

		if (final) then
			write(0, '(//A/)')    "Summary statistics for Nonlinear Regression      "
			write(0, '(A,F20.4)') "R^2 (in percent):                                ", r_sq*100.0D0
			write(0, '(A,F20.4)') "Adjusted R^2 (in percent):                       ", adjr_sq*100.0D0
			write(0, '(A,F20.4)') "Mean of the response (dependent) variable:       ", sum(dep0(t_LS:nT-1))/(nT-t_LS)
			write(0, '(A6,3(A15))') " ", "Estimate", "St. err", "t-stat"
			do icoef = 1, np
				write(0, '(A2,I2,A2,4F15.6)') "C(",icoef,")", coefNew(icoef), dsqrt(COVB(icoef,icoef)), tstat(icoef)
			end do
			write(0, '(/)')
		end if
		

		!	convergence check

		err_LS = maxval(dabs(coefNew - coef0))

	end do


end subroutine




FortranFinal/HCI/Model/SaveResults.f90
subroutine SaveTimeSeries()

	use Globals

	implicit none


	!	save simulated time series data


	open(0, file='Input\ExpectationParameters.txt', status='unknown')
	open(1, file='Output\phi.txt', status='unknown')
	open(2, file='Output\psi.txt', status='unknown')
	open(3, file='Output\Kdata.txt', status='unknown')
	open(4, file='Output\Pdata.txt', status='unknown')
	open(5, file='Output\Cdata.txt', status='unknown')
	open(6, file='Output\Ldata.txt', status='unknown')
	open(7, file='Output\Ydata.txt', status='unknown')
	open(8, file='Output\Idata.txt', status='unknown')
	open(9, file='Output\Wdata.txt', status='unknown')
	open(10, file='Output\Rdata.txt', status='unknown')
	open(11, file='Output\Xdata.txt', status='unknown')
	open(12, file='Output\Adata.txt', status='unknown')
	open(13, file='Output\Edata.txt', status='unknown')
	open(14, file='Output\EINdata.txt', status='unknown')
	open(15, file='Output\EOUTdata.txt', status='unknown')
	open(16, file='Output\hEINdata.txt', status='unknown')
	open(17, file='Output\hEOUTdata.txt', status='unknown')

	write(0, '(f20.15)') coef
	write(1, '(f12.6)') (phiQ(t), t=t_LS,nT-1)
	write(2, '(f12.6)') (psiQ(t), t=t_LS,nT-1)
	write(3, '(f12.6)') Kdata
	write(4, '(f12.6)') Pdata
	write(5, '(f12.6)') Cdata
	write(6, '(f12.6)') Ldata
	write(7, '(f12.6)') Ydata
	write(8, '(f12.6)') Idata
	write(9, '(f12.6)') Wdata
	write(10, '(f12.6)') Rdata
	write(11, '(f12.6)') Xdata
	write(12, '(f12.6)') Adata
	write(13, '(f12.6)') Edata
	write(14, '(f12.6)') EINdata
	write(15, '(f12.6)') EOUTdata
	write(16, '(f12.6)') hEINdata
	write(17, '(f12.6)') hEOUTdata


end subroutine




FortranFinal/HCI/Model/SimulationModule.f90
!	----------------------------------------------------------------------
!	Module name: SimulationModule.f90
!
!	collection of subroutines for similating parameterized expectation 
!	and artificial data.
!	----------------------------------------------------------------------


module SimulationModule

	use Globals
	use IntegrandsModule

	implicit none

contains


subroutine Simulation()


	!	initial capital

	Kdata(1) = Kss
	logKdata(1) = dlog(Kss)


	!	generate time series of consumption and capital

	do t = 1, nT

		!	consumption using parametric expectation psi

		psiQ(t) = coef(1)*exp(coef(2)*logKdata(t) + coef(3)*logPdata(t))
		Cdata(t) = (bta*psiQ(t))**(-1.0D0/gamac)

		!	efficiency units of labor

		Xdata(t) = xss
		call FindReserv(Xdata(t))
		call dqag(expx_normpdf, Xdata(t), 10.0D0*sigx, epsabs, epsrel, key, Ldata(t), abserr, neval, ier, limit, lenw, last, iwork, work)
		Ldata(t) = hbar*Ldata(t)


		!	next period capital

		Kdata(t+1) = Pdata(t)*Kdata(t)**alpha*Ldata(t)**(1.0D0-alpha) + (1.0D0-delta)*Kdata(t) - Cdata(t)

		if (Kdata(t+1) < 0.0D0) then
			print*, 'consumption too large'
			stop
		endif

		logKdata(t+1) = log(Kdata(t+1))

	end do

		
	!	calculate phi: the expression inside the conditional expectation
	!	which will be used to update psi

	do t = 1, nT-1
	
		phiQ(t) = Cdata(t+1)**(-gamac)*(alpha*Pdata(t+1)*(Kdata(t+1)/Ldata(t+1))**(alpha-1.0D0) + 1.0D0-delta)
	
	end do


	!	additional variables after convergence of the coefficients

	if (final) then

		do t = 1, nT
			
			call dqag(normpdf, Xdata(t), 10.0D0*sigx, epsabs, epsrel, key, Edata(t), abserr, neval, ier, limit, lenw, last, iwork, work)
			Ydata(t) = Pdata(t)*Kdata(t)**alpha*Ldata(t)**(1.0D0-alpha)
			Idata(t) = Ydata(t) - Cdata(t)
			Wdata(t) = (1.0D0-alpha)*Pdata(t)*(Kdata(t)/Ldata(t))**alpha
			Rdata(t) = alpha*Pdata(t)*(Kdata(t)/Ldata(t))**(alpha-1.0D0)
			Adata(t) = Ydata(t)/(hbar*Edata(t))

			if (t >= 2) then

				critical_x = xdata(t)
				call dqag(einfunc, -10.0D0*sigx, Xdata(t-1), epsabs, epsrel, key, EINdata(t), abserr, neval, ier, limit, lenw, last, iwork, work)
				call dqag(eoutfunc, Xdata(t-1), 10.0D0*sigx, epsabs, epsrel, key, EOUTdata(t), abserr, neval, ier, limit, lenw, last, iwork, work)
				hEINdata(t) = EINdata(t)/Edata(t)
				hEOUTdata(t) = EOUTdata(t)/Edata(t)

			end if


			if (mod(t, 2000) == 0) then
				write(*,'(A,I6)')   "time = ", t	
				write(*,'(A,F8.5)') "p = ", Pdata(t)
				write(*,'(A,F8.5)') "K = ", Kdata(t)
				write(*,'(A,F8.5)') "L = ", Ldata(t)
				write(*,'(A,F8.5)') "w = ", Wdata(t)
				write(*,'(A,F8.5)') "r = ", Rdata(t)-delta
				write(*,'(/)')
			end if

		end do

	end if

end subroutine



subroutine FindReserv(xR)

	real(8), parameter:: tol_xR = 1.0D-6
	real(8) fval, fder, xR
	integer iter_xR


	!	iteration to find hour

	do iter_xR = 1, 200
	
		call EvaluateF(xR, fval, fder)
		xR = xR - fval/fder

		if(dabs(fval) < tol_xR) then
			exit
		end if

	end do

	if (iter_xR >= 200) print *, "Can't find xR"

end subroutine




subroutine EvaluateF(xR, fval, fder)

	real(8) fval, fder, xR, xlabor, mpl

	call dqag(expx_normpdf, xR, 10.0D0*sigx, epsabs, epsrel, key, xlabor, abserr, neval, ier, limit, lenw, last, iwork, work)
	xlabor = hbar*xlabor

	mpl = (1.0D0-alpha)*Pdata(t)*(kdata(t)/xlabor)**alpha
	fval = (Cdata(t)**(-gamac))*hbar*mpl*dexp(xR) - B*hbar**(1.0D0+1.0D0/gamal)/(1.0D0+1.0D0/gamal)
	fder = (Cdata(t)**(-gamac))*hbar*mpl*dexp(xR)*(1.0D0 + alpha*hbar*normpdf(xR)*dexp(xR)/xlabor)

end subroutine




subroutine GenerateShocks()

	use Globals

	integer:: pseed
	real(8) nshock
	real(8),external:: sunif, snorm


	!	set the seed number for random number generator

	pseed = 1


	!	normal random numbers for aggregate productivity shocks

	do t = 1, nT_fin
		logPdata(t) = sigep*snorm(pseed)
	end do	


	! generate Pdata

	do t = 2, nT_fin
		logPdata(t) = min(max(rhop*logPdata(t-1) + logPdata(t), -3.0*sigp), 3.0*sigp)
	end do

	Pdata = dexp(logPdata)

end subroutine


end module




FortranFinal/HCI/Model/SteadyState.f90
!	----------------------------------------------------------------------
!	File name: SteadyState.f90
!
!	Solve for capital, efficiency units, B in the steady state.
!	----------------------------------------------------------------------


subroutine SteadyState()

	use Globals
	use IntegrandsModule
	use OptimizationMod
	

	implicit none
	

	!   find the reservation productivity that satisfies E = 60% in the steady state

	xss = bisect(invnorm_ESS, -3.0D0, 3.0D0, 1.0D-6)
	xss = sigx*xss


	!   calculate total efficiency units (L) with xss in the steady state

	call dqag(expx_normpdf, Xss, 10.0D0*sigx, epsabs, epsrel, key, Lss, abserr, neval, ier, limit, lenw, last, iwork, work)
	Hss = hbar*Ess
	Lss = hbar*Lss

	
	!   calculate capital in the steady state by solving the euler equation 
	!	in the steady state
	!
	!   1 = bta*{F_K(K,L)+1-delta}

	Kss = (alpha/(irate+delta))**(1.0D0/(1.0D0-alpha))*Lss


	!   calculate aggreagete variables in the steady state: K/L, Output, Worker Flows

	Yss = Kss**alpha*Lss**(1.0D0-alpha)
	critical_x = xss
	call dqag(einfunc, -10.0D0*sigx, xss, epsabs, epsrel, key, EINss, abserr, neval, ier, limit, lenw, last, iwork, work)
	call dqag(eoutfunc, xss, 10.0D0*sigx, epsabs, epsrel, key, EOUTss, abserr, neval, ier, limit, lenw, last, iwork, work)


	!   find B that is consistent with xss derived from the f.o.c.
	!
	!    F(K,L)-delta*K     1-(1-hbar)^(1-gama)
	!   ----------------*B*--------------------- = exp(xss)
	!     hbar*F_L(K,L)              1-gama

	B = dexp(xss)*hbar/(Yss-delta*Kss)*(1.0D0-alpha)*(Kss/Lss)**alpha		&
		/(hbar**(1.0D0+1.0D0/gamal)/(1.0D0+1.0D0/gamal))


	!	save steady state values

	open(1, file='Output\SteadyState.txt', status='unknown')

	write(1, '(A/)') "Parameter Values:"
	write(1, '(A,F13.10)') "beta     = ", bta
	write(1, '(A,F10.4)') "B        = ", B
	write(1, '(A,F10.4)') "gamma    = ", gamal
	write(1, '(A,F10.4)') "rho_x    = ", rhox
	write(1, '(A,F10.4)') "sig_x    = ", sigex
	write(1, '(/)') 
	write(1, '(A/)') "Aggregate Variables:"
	write(1, '(A,F15.10)') "Aggregate Capital                     = ", Kss
	write(1, '(A,F15.10)') "Aggregate Hours Worked                = ", Hss
	write(1, '(A,F15.10)') "Aggregate Effeciency Units of Hours   = ", Lss
	write(1, '(A,F15.10)') "Aggregate Capital per Effeciency Unit = ", Kss/Lss
	write(1, '(A,F15.10)') "Aggregate Output                      = ", Yss
	write(1, '(/)') 
	write(1, '(A,F15.10)') "Employment/Population                 = ", Ess
	write(1, '(A,F15.10," (",F8.5,")")') "Inflow to Employment                  = ", EINss, EINss/Ess
	write(1, '(A,F15.10," (",F8.5,")")') "Outflow from Employment               = ", EOUTss, EOUTss/Ess


end subroutine
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FortranFinal/HID/Input/CoefficientsIN.txt
   0.09757472008188
   0.96142625006872
   0.08706018994530

  -1.59800773013730
  -0.69366645028332
   1.14737723946350

  -0.12208010599172
   0.39018481815510
   0.91709601894170



FortranFinal/HID/Input/parameters.txt
0.981603D0			beta : discount rate
190.0D0				B	 : weight on disutility from working
0.4D0				gama : labor supply elasticity
0.0D0				avex : average of log idiosyncratic productivity
0.939D0				rhox : persistence of log idiosyncratic productivity
0.287D0				sigex: stdev of innovation to log idiosyncratic productivity
0.0D0				avep : average of log aggregate productivity
0.95D0				rhop : persistence of log aggregate productivity
0.007D0				sigep: stdev of innovation to log aggregate productivity




FortranFinal/HID/Model/Globals.f90
!	----------------------------------------------------------------------
!	File name: Globals.f90
!
!	Defines global variables.
!	----------------------------------------------------------------------


module Globals

	implicit none

	save
	

	!	bounds for individual and aggregate capital 

	real(8), parameter:: amin = -2.0D0, amax = 280.0D0, kss = 12.5430892530D0
	real(8), parameter:: kbnd = 0.1D0, pbnd = 3.0D0
	real(8), parameter:: kmax = kss*(1.0D0 + kbnd), kmin = kss*(1.0D0 - kbnd)
						 

	!	grids for individual asset holdings

	real(8), parameter:: a0 = amin, a1 = -1.5D0, a2 = 0.0D0, a3 = 5.0D0, a4 = 15.0D0, a5 = 40.0D0, a6 = 80.0D0, a7 = amax
	real(8), parameter:: s1 = 0.02D0, s2 = 0.05D0, s3 = 0.1D0, s4 = 0.2D0, s5 = 0.5D0, s6 = 1.0D0, s7 = 2.0D0

	integer, parameter:: na1 = int((a1-a0)/s1) + 1, na2 = na1 + int((a2-a1)/s2), na3 = na2 + int((a3-a2)/s3), na4 = na3 + int((a4-a3)/s4), na5 = na4 + int((a5-a4)/s5), na6 = na5 + int((a6-a5)/s6), na7 = na6 + int((a7-a6)/s7)
	integer, parameter:: na = na7, nx = 17, nk = 11, np = 9


	!	maximum number of iterations

	integer, parameter:: maxiterLOM = 40, MAXITER = 10000, showerr = 10


	!	tolerence for converce check

	real(8), parameter:: tol_value = 1.0D-4, tol_LOM = 1.0D-4, tol_hour = 1.0D-4


	!	number of periods, individuals for simulation

	integer:: Nperiod
	integer, parameter:: Nperiod_Sim = 3500, Nperiod_Fin_Sim = 100500, Nindiv = 50000, Nskip = 500


	!	adjustment factor

	real(8), parameter:: sfac = 0.4D0

	
	!	model parameters

	real(8), parameter:: alpha = 0.36d0, delta = 0.025d0, hbar = 1.0D0/3.0D0
	real(8) bta, B, gama, avex, rhox, sigex, avep, rhop, sigep, sigx, sigp


	!	auxiliary variables

	real(8) irate, wage, income, hour, ap_hour


	!	grid vectors

	real(8) agrid(na), xgrid(nx), exgrid(nx), kgrid(nk), pgrid(np), epgrid(np)


	!	transition probability

	real(8) trX(nx,nx), CtrX(nx,nx), prX(nx), trP(np,np), CtrP(np,np)


	!	simulated time series data

	real(8) Kdata(Nperiod_Fin_Sim+1), Ldata(Nperiod_Fin_Sim), Rdata(Nperiod_Fin_Sim), Wdata(Nperiod_Fin_Sim), Pdata(Nperiod_Fin_Sim), Ydata(Nperiod_Fin_Sim), Idata(Nperiod_Fin_Sim), Cdata(Nperiod_Fin_Sim), Adata(Nperiod_Fin_Sim), Edata(Nperiod_Fin_Sim)


	!	coefficients of equations

	real(8) Kcoef(3), Rcoef(3), Wcoef(3), NewKcoef(3), NewRcoef(3), NewWcoef(3)


	!	indexing variables
		
	integer ia, ix, ik, ip, indiv, time


	!	spaces for value functions and decision rules

	real(8) VF(na,nx,nk,np), AS(na,nx,nk,np), HR(na,nx,nk,np), PF(na,nx,nk,np)


	!	timer
	
	character(8) startdate, finishdate, today
	character(10) starttime, finishtime, solvetime, simultime
	
	
end module




FortranFinal/HID/Model/GridsModule.f90
!	----------------------------------------------------------------------
!	Module name: ConstructGrids.f90
!	----------------------------------------------------------------------

module GridsModule

	use Globals

	implicit none

	integer i
	real(8) step


contains


subroutine IndividualCapitalGrid()

	implicit none


	!	construct unequally spaced asset grids

	!	(0, a1)

	agrid(1) = amin
	do i = 2, na1
		agrid(i) = agrid(i-1) + s1
	end do

	!	(a1, a2)

	do i = na1 + 1, na2
		agrid(i) = agrid(i-1) + s2
	end do

	!	(a2, a3)

	do i = na2 + 1, na3
		agrid(i) = agrid(i-1) + s3
	end do

	!	(a3, a4)

	do i = na3 + 1, na4
		agrid(i) = agrid(i-1) + s4
	end do

	!	(a4, a5)

	do i = na4 + 1, na5
		agrid(i) = agrid(i-1) + s5
	end do

	!	(a5, a6)

	do i = na5 + 1, na6
		agrid(i) = agrid(i-1) + s6
	end do

	!	(a6, a7)

	do i = na6 + 1, na7
		agrid(i) = agrid(i-1) + s7
	end do


	! save grid

	open(1, file='Output\agrid.txt', status='unknown')
	write(1, '(f12.6)') agrid

end subroutine



subroutine IdiosyncraticShockGrid()

	implicit none
	
	real(8) xmax, xmin
	

	! xgrid

	xmax = avex + 3.0*sigx
	xmin = avex - 3.0*sigx
	step = (xmax - xmin)/(nx - 1)

	xgrid(1) = xmin
	do i = 2, nx
		xgrid(i) = xgrid(i-1) + step
	end do

	exgrid = dexp(xgrid)


	! save grids

	open(1, file='Output\xgrid.txt', status='unknown')
	open(2, file='Output\exgrid.txt', status='unknown')

	write(1,'(f12.6)') xgrid
	write(2,'(f12.6)') exgrid


end subroutine



subroutine AggregateCapitalGrid()

	implicit none

	real(8) step


	! step for grid construction

	step = (kmax - kmin)/(nk - 1)

	
	! aggregate capital grid

	kgrid(1) = kmin
	do i = 2, nk
		kgrid(i) = kgrid(i-1) + step
	end do


	! save grid

	open(1, file='Output\kgrid.txt', status='unknown')
	write(1, '(f12.6)') kgrid

end subroutine



subroutine AggregateShockGrid()

	implicit none
	
	real(8) pmax, pmin
	

	! pgrid: more than 2 states

	pmax = avep + pbnd*sigp
	pmin = avep - pbnd*sigp
	step = (pmax - pmin)/(np - 1)

	pgrid(1) = pmin
	do i = 2, np
		pgrid(i) = pgrid(i-1) + step
	end do

	epgrid = dexp(pgrid)


	! save grids

	open(1, file='Output\pgrid.txt', status='unknown')
	open(2, file='Output\epgrid.txt', status='unknown')

	write(1,'(f12.6)') pgrid
	write(2,'(f12.6)') epgrid


end subroutine


end module




FortranFinal/HID/Model/InitializationModule.f90
!	----------------------------------------------------------------------
!	Module name: InitializationModule.f90
!	----------------------------------------------------------------------


module InitializationModule

	use Globals
	use ValueModule

	implicit none


contains


subroutine InitializeParameters()

	implicit none

	open(1, file='Input\Parameters.txt', status = 'old')
	read(1, *) bta
	read(1, *) B
	read(1, *) gama
	read(1, *) avex
	read(1, *) rhox
	read(1, *) sigex
	read(1, *) avep
	read(1, *) rhop
	read(1, *) sigep

	sigx = sigex/dsqrt(1.0D0-rhox**2)
	sigp = sigep/dsqrt(1.0D0-rhop**2)


	!	write parameter values on log file

	open(0, file='Output\Logfile.txt', status='unknown')

	write(0, '(A/)') "Parameter Values:"
	write(0, '(A,F12.9)') "beta     = ", bta
	write(0, '(A,F12.4)') "B        = ", B
	write(0, '(A,F7.4)') "gamma    = ", gama
	write(0, '(A,F7.4)') "ave_x    = ", avex
	write(0, '(A,F7.4)') "rho_x    = ", rhox
	write(0, '(A,F7.4)') "sig_ex   = ", sigex
	write(0, '(A,F7.4)') "ave_p    = ", avep
	write(0, '(A,F7.4)') "rho_p    = ", rhop
	write(0, '(A,F7.4)') "sig_ep   = ", sigep


end subroutine



subroutine InitializeCoefficients()

	open(1, file='Input\CoefficientsIN.txt', status = 'old')
	read(1, *) Kcoef, Rcoef, Wcoef


end subroutine



subroutine InitializeValue()

	implicit none


	! initialize value function and decision rules

	do ip = 1, np
	do ik = 1, nk

		irate = dexp(Rcoef(1) + Rcoef(2)*dlog(kgrid(ik)) + Rcoef(3)*pgrid(ip)) - delta
		wage  = dexp(Wcoef(1) + Wcoef(2)*dlog(kgrid(ik)) + Wcoef(3)*pgrid(ip))

		do ia = 1, na
		do ix = 1, nx

			AS(ia,ix,ik,ip) = agrid(ia)
			HR(ia,ix,ik,ip) = hbar
			VF(ia,ix,ik,ip) = Utility(AS(ia,ix,ik,ip))

		end do
		end do

	end do
	end do

end subroutine


end module




FortranFinal/HID/Model/Main.f90
!	----------------------------------------------------------------------
!	File name : Main.f90
!
!	Main program that solves the model with aggregate fluctuations.
!	----------------------------------------------------------------------


program FluctuationDL


	use Globals
	use InitializationModule
	use GridsModule
	use TransitionModule
	use ValueModule
	use SimulationModule
	use RegressionModule

	implicit none

	integer iterLOM
	real(8) errK, errR, errW, err


	!	open a log file

	open(0, file='Output\Logfile.txt', status = 'unknown')


	!	set the starting time

	call date_and_time(startdate, starttime)


	!	initialize parameters and global variables

	call InitializeParameters()
	call InitializeCoefficients()


	!	construct grids

	call IndividualCapitalGrid()
	call IdiosyncraticShockGrid()
	call AggregateCapitalGrid()
	call AggregateShockGrid()


	!	initialize transition probability matrix

	call IdiosyncraticTransition()
	call AggregateTransition()


	!	initialize aggregate shock for simulation

	call AggregateShockSeries()


	!	initialize value function and decision rule for asset

	call InitializeValue()


	!	iteration on laws of motion

	do iterLOM = 1, maxiterLOM


		!	solve value function

		call date_and_time(today,solvetime)

		write(0, '(//A,I2)') "Coefficients of Equations in Iteration ", iterLOM
		write(0, '(A, 3F10.5)') "Law of Motion for Kapital:", Kcoef
		write(0, '(A, 3F10.5)') "Interest Rate Equation   :", Rcoef
		write(0, '(A, 3F10.5)') "Wage Rate Equation       :", Wcoef
		write(0, '(/A,I2,12A)') "SolveValueFunction in Iteration ", iterLOM, " started at ", today(1:4), "-", today(5:6), "-", today(7:8), " ", solvetime(1:2), ":", solvetime(3:4), ":", solvetime(5:6)
	
		call SolveValueFunction()


		!	generate artificial data through simulation

		call date_and_time(today,simultime)
		
		write(0, '(/A,I2,12A)') "SimulateData in Iteration ", iterLOM, " started at ", today(1:4), "-", today(5:6), "-", today(7:8), " ", simultime(1:2), ":", simultime(3:4), ":", simultime(5:6)

		call SimulateData()


		!	updata laws of motion through regressions of simulated data

		call RegressLOM()

		errK = maxval(dabs(NewKcoef - Kcoef))
		errR = maxval(dabs(NewRcoef - Rcoef))
		errW = maxval(dabs(NewWcoef - Wcoef))
		err  = max(errK, errR, errW)

		Kcoef = sfac*NewKcoef + (1.0D0 - sfac)*Kcoef
		Rcoef = sfac*NewRcoef + (1.0D0 - sfac)*Rcoef
		Wcoef = sfac*NewWcoef + (1.0D0 - sfac)*Wcoef


		!	convergence test

		if (errK < tol_LOM) then
!		if (err < tol_LOM) then
			write(0, '(//A,I2)') "Errors in LOM Iteration ", iterLOM
			write(0, '(A,F10.6,A,F10.6,A,F10.6)')	"errK = ", errK, "    errR = ", errR, "    errW = ", errW
			write(0, '(//A,I2)') "Law of Motion converged at iteration ", iterLOM
			write(0, '(A)') "Converged Coefficients of Equations"
			write(0, '(A, 3F10.5)') "Law of Motion for Kapital:", Kcoef
			write(0, '(A, 3F10.5)') "Interest Rate Equation   :", Rcoef
			write(0, '(A, 3F10.5)') "Wage Rate Equation       :", Wcoef
			exit 
		else
			write(0, '(//A,I2)') "Errors in LOM Iteration ", iterLOM
			write(0, '(A,F10.6,A,F10.6,A,F10.6)') "errK = ", errK, "    errR = ", errR, "    errW = ", errW
		end if

	end do


	!	final simulation

	call date_and_time(today,simultime)
	write(0, '(//12A)') "Final Simulation started at ", today(1:4), "-", today(5:6), "-", today(7:8), " ", simultime(1:2), ":", simultime(3:4), ":", simultime(5:6)
	call FinalSimulation()
	call RegressLOM()


	!	save results

	call SaveValueFunction()
	call SaveCoefficients()
	call SaveSimulatedTimeSeriesData()


	!	set the finishing time

	call date_and_time(finishdate, finishtime)

	
	!	print the starting and finishing times

	write(0, '(/)') 
	write(0, '(12A)') "The program started at  ", startdate(1:4),"-",startdate(5:6),"-",startdate(7:8)," ", starttime(1:2),":",starttime(3:4),":",starttime(5:6)
	write(0, '(12A)') "The program finished at ", finishdate(1:4),"-",finishdate(5:6),"-",finishdate(7:8)," ", finishtime(1:2),":",finishtime(3:4),":",finishtime(5:6)


end program FluctuationDL




FortranFinal/HID/Model/RegressionModule.f90
!	----------------------------------------------------------------------
!	Module name: RegressionModule.f90
!
!	regresses simulated data to get new law of motion for aggregate
!	capital and price equations.
!	----------------------------------------------------------------------


module RegressionModule

	use Globals
	use LeastSquareModule

	implicit none


contains



subroutine RegressLOM()

	implicit none

	integer, parameter:: ncoef = 3
	real(8):: RHS(Nperiod-Nskip,ncoef)
	real(8):: COVB(ncoef,ncoef), tstat(ncoef), r_sq, adjr_sq, chisq
	integer:: icoef
	
	
	!	construct common regressors

	RHS(:,1) = 1.0D0
	RHS(:,2) = dlog(Kdata(Nskip+1:Nperiod))
	RHS(:,3) = dlog(Pdata(Nskip+1:Nperiod))


	!	open the log file

	open(0, file='Output/Logfile.txt', status='unknown')


	!	final regressions with summary statistics

	!	law of motion for aggregate capital

	call lsfit(RHS, dlog(Kdata(Nskip+2:Nperiod+1)), NewKcoef, COVB, tstat, r_sq, adjr_sq, chisq)

	write(0, '(//A/)')    "Summary statistics for K equation                "
	write(0, '(A,F20.4)') "R^2 (in percent):                                ", r_sq*100.0D0
	write(0, '(A,F20.4)') "Adjusted R^2 (in percent):                       ", adjr_sq*100.0D0
	write(0, '(A,F20.4)') "Mean of the response (dependent) variable:       ", sum(Kdata(Nskip+2:Nperiod+1))/(Nperiod-Nskip)
	write(0, '(A6,3(A15))') " ", "Estimate", "St. err", "t-stat"
	do icoef = 1, ncoef
	    write(0, '(A2,I2,A2,4F15.6)') "C(",icoef,")", NewKcoef(icoef), dsqrt(COVB(icoef,icoef)), tstat(icoef)
	end do


	!	interest rate eqeuation

	call lsfit(RHS, dlog(Rdata(Nskip+1:Nperiod)), NewRcoef, COVB, tstat, r_sq, adjr_sq, chisq)

	write(0, '(//A/)')    "Summary statistics for R equation                "
	write(0, '(A,F20.4)') "R^2 (in percent):                                ", r_sq*100.0D0
	write(0, '(A,F20.4)') "Adjusted R^2 (in percent):                       ", adjr_sq*100.0D0
	write(0, '(A,F20.4)') "Mean of the response (dependent) variable:       ", sum(Rdata(Nskip+1:Nperiod))/(Nperiod-Nskip)
	write(0, '(A6,3(A15))') " ", "Estimate", "St. err", "t-stat"
	do icoef = 1, ncoef
	    write(0, '(A2,I2,A2,4F15.6)') "C(",icoef,")", NewRcoef(icoef), dsqrt(COVB(icoef,icoef)), tstat(icoef)
	end do


	!	wage eqeuation

	call lsfit(RHS, dlog(Wdata(Nskip+1:Nperiod)), NewWcoef, COVB, tstat, r_sq, adjr_sq, chisq)

	write(0, '(//A/)')    "Summary statistics for W equation                "
	write(0, '(A,F20.4)') "R^2 (in percent):                                ", r_sq*100.0D0
	write(0, '(A,F20.4)') "Adjusted R^2 (in percent):                       ", adjr_sq*100.0D0
	write(0, '(A,F20.4)') "Mean of the response (dependent) variable:       ", sum(Wdata(Nskip+1:Nperiod))/(Nperiod-Nskip)
	write(0, '(A6,3(A15))') " ", "Estimate", "St. err", "t-stat"
	do icoef = 1, ncoef
	    write(0, '(A2,I2,A2,4F15.6)') "C(",icoef,")", NewWcoef(icoef), dsqrt(COVB(icoef,icoef)), tstat(icoef)
	end do


end subroutine


end module




FortranFinal/HID/Model/SaveResults.f90
!	----------------------------------------------------------------------
!	File name: SaveValueFunction.f90
!	----------------------------------------------------------------------
	
	

subroutine SaveCoefficients()

	use Globals

	open(1, file='Output\CoefficientsOUT.txt', status='unknown')
	write(1, '(3F10.6)') Kcoef
	write(1, '(3F10.6)') Rcoef
	write(1, '(3F10.6)') Wcoef

end subroutine



subroutine SaveSimulatedTimeSeriesData()

	use Globals

	open(1, file='Output\Kdata.txt', status='unknown')
	open(2, file='Output\Rdata.txt', status='unknown')
	open(3, file='Output\Wdata.txt', status='unknown')
	open(4, file='Output\Ldata.txt', status='unknown')
	open(5, file='Output\Edata.txt', status='unknown')
	open(8, file='Output\Ydata.txt', status='unknown')
	open(9, file='Output\Idata.txt', status='unknown')
	open(10, file='Output\Cdata.txt', status='unknown')
	open(11, file='Output\Adata.txt', status='unknown')

	write(1, '(F12.6)') Kdata
	write(2, '(F12.6)') Rdata
	write(3, '(F12.6)') Wdata
	write(4, '(F12.6)') Ldata
	write(5, '(F12.6)') Edata
	write(8, '(F12.6)') Ydata
	write(9, '(F12.6)') Idata
	write(10, '(F12.6)') Cdata
	write(11, '(F12.6)') Adata


end subroutine



subroutine SaveValueFunction()

	use Globals


	open(1, file='Output\VF.txt', status='unknown')
	open(2, file='Output\AS.txt', status='unknown')
	open(3, file='Output\HR.txt', status='unknown')
	

	do ip = 1, np
	do ik = 1, nk
			
		write(1, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(1, '(<nx>F15.6)') ((VF(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(1, '(A,/)')

		write(2, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(2, '(<nx>I6)') ((AS(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(2, '(A,/)')

		write(3, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(3, '(<nx>F8.3)') ((HR(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(3, '(A,/)')

	end do
	end do


end subroutine





FortranFinal/HID/Model/SimulationModule without Panel simulation.f90
!	----------------------------------------------------------------------
!	Module name: SimulationModule.f90
!
!	collection of sub-programs to simulate artificial data
!	----------------------------------------------------------------------



Module SimulationModule

	use Globals
	use LinInterpModule
	use PolyInterpModule
	use Numerical_Libraries
	
	implicit none

	integer, parameter:: xseed = 2
	real(8), dimension(:,:), allocatable:: ASkp, HRkp
	type Individual
		real(8) :: A, AP, H
		integer :: X
	end type Individual
	type(Individual), dimension(:), allocatable :: Worker

contains



!	----------------------------------------------------------------------
!	File name: SimulateData.f90
!
!	generate artificial data for aggregate capital, interest rate, and 
!	wage rate through simulating individuals' decision rules. These data
!	will be used in RegressLOM().
!	----------------------------------------------------------------------


subroutine SimulateData()

	implicit none


	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0


	!	set the seed number for random number generator

	call rnset(xseed)


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv))
	allocate(ASkp(na,nx), HRkp(na,nx))


	!	intialize distribution of workers


	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv


	!	start generating artificial time series data

	do time = 1, Nperiod


		!	interpolate decision rules at (K, p)

		do ix = 1, nx
		do ia = 1, na

			ASkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, AS(ia,ix,:,:))
			HRkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, HR(ia,ix,:,:))

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv

			Worker(indiv)%H  = lininterp1(Worker(indiv)%A, agrid, HRkp(:,Worker(indiv)%X))
			Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASkp(:,Worker(indiv)%X))
			Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
			
			Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H

		end do


		!	generate time series data

		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		

		!	prepare for the simulation in the next period

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Worker%A  = Worker%AP
		call NextIdiosyncraticShock()


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(/)')
		end if

	end do


	!	deallocate memory

	deallocate(Worker)
	deallocate(ASkp, HRkp)


	!	save time sries data

	open(1, file='Output\Kdata.txt', status='replace')
	open(2, file='Output\Rdata.txt', status='replace')
	open(3, file='Output\Wdata.txt', status='replace')
	open(4, file='Output\Ldata.txt', status='replace')

	write(1, '(f12.6)') Kdata
	write(2, '(f12.6)') Rdata
	write(3, '(f12.6)') Wdata
	write(4, '(f12.6)') Ldata

	close(1)
	close(2)
	close(3)
	close(4)


end subroutine




!	----------------------------------------------------------------------
!	File name: FinalSimulation.f90
!
!	generate artificial data for all aggregate variables, which will be 
!	used in ModelStatistics().
!	----------------------------------------------------------------------


subroutine FinalSimulation()

	implicit none


	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0
	Edata = 0.0D0


	!	set the seed number for random number generator

	call rnset(xseed)


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv))
	allocate(ASkp(na,nx), HRkp(na,nx))


	!	intialize distribution of workers


	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv


	!	start generating artificial time series data

	do time = 1, Nperiod


		!	interpolate decision rules at (K, p)

		do ix = 1, nx
		do ia = 1, na

			ASkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, AS(ia,ix,:,:))
			HRkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, HR(ia,ix,:,:))

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv

			Worker(indiv)%H  = lininterp1(Worker(indiv)%A, agrid, HRkp(:,Worker(indiv)%X))
			Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASkp(:,Worker(indiv)%X))
			Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))

			Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H
			Edata(time) = Edata(time) + Worker(indiv)%H

		end do


		!	prepare for the simulation in the next period

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Worker%A  = Worker%AP
		call NextIdiosyncraticShock()


		!	generate time series data for aggregate macro variables

		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		Edata(time) = Edata(time)/Nindiv
		Ydata(time) = Pdata(time)*(Kdata(time)**alpha)*(Ldata(time)**(1.0D0-alpha))
		Idata(time) = Kdata(time+1) - (1.0D0-delta)*Kdata(time)
		Cdata(time) = Ydata(time) - Idata(time)
		Adata(time) = Ydata(time)/Edata(time)


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(/)')
		end if

	end do


	!	deallocate memory

	deallocate(Worker)
	deallocate(ASkp, HRkp)


end subroutine


!	----------------------------------------------------------------------
!	subroutine name: AggregateShockSeries()
!
!	generate time series of aggregate productivity shocks.
!	----------------------------------------------------------------------

subroutine AggregateShockSeries()

	implicit none

	integer, parameter:: pseed = 1


	! set the seed number for random number generator

	call rnset(pseed)


	!	normal random numbers for aggregate productivity shocks

	call drnnor(Nperiod, Pdata)
	call dscal(Nperiod, sigep, Pdata, 1)
		

	! generate Pdata

	do time = 2, Nperiod
		Pdata(time) = min(max(rhop*Pdata(time-1) + Pdata(time), pgrid(1)), pgrid(np))
	end do

	Pdata = dexp(Pdata)


	open(1, file='Output\Pdata.txt', status='replace')
	write(1, '(F12.6)') Pdata

end subroutine


!	----------------------------------------------------------------------
!	subroutine name: NextIdiosyncraticShock()
!
!	generate next period indiosyncratic productivity shocks.
!	----------------------------------------------------------------------


subroutine NextIdiosyncraticShock()

	implicit none

	integer j
	real(8) ushock


	do indiv = 1, Nindiv

		ushock = drnunf()

		do j = 1, nx

			if (ushock <= CtrX(Worker(indiv)%X,j)) then
				Worker(indiv)%X = j
				exit
			end if
		
		end do

	end do

end subroutine


end module




FortranFinal/HID/Model/SimulationModule.f90
!	----------------------------------------------------------------------
!	Module name: SimulationModule.f90
!
!	collection of sub-programs to simulate artificial data
!	----------------------------------------------------------------------



Module SimulationModule

	use Globals
	use LinInterpModule
	use PolyInterpModule
	
	implicit none

	integer:: xseed
	real(8), dimension(:,:), allocatable:: ASkp, HRkp
	type Individual
		real(8) :: A, AP, H, W, C
		integer :: X
	end type Individual
	type(Individual), dimension(:), allocatable :: Worker
	real(8),external:: sunif, snorm

contains



!	----------------------------------------------------------------------
!	File name: SimulateData.f90
!
!	generate artificial data for aggregate capital, interest rate, and 
!	wage rate through simulating individuals' decision rules. These data
!	will be used in RegressLOM().
!	----------------------------------------------------------------------


subroutine SimulateData()


	!	number of inidividuals for simulation

	Nperiod = Nperiod_Sim


	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0


	!	set the seed number for random number generator

	xseed = 2


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv))
	allocate(ASkp(na,nx), HRkp(na,nx))


	!	intialize distribution of workers


	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv


	!	start generating artificial time series data

	do time = 1, Nperiod


		!	interpolate decision rules at (K, p)

		do ix = 1, nx
		do ia = 1, na

			ASkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, AS(ia,ix,:,:))
			HRkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, HR(ia,ix,:,:))

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv

			Worker(indiv)%H  = lininterp1(Worker(indiv)%A, agrid, HRkp(:,Worker(indiv)%X))
			Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASkp(:,Worker(indiv)%X))
			Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
			
			Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H

		end do


		!	generate time series data

		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		

		!	prepare for the simulation in the next period

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Worker%A  = Worker%AP
		call NextIdiosyncraticShock()


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(/)')
		end if

	end do


	!	deallocate memory

	deallocate(Worker)
	deallocate(ASkp, HRkp)


	!	save time sries data

	open(1, file='Output\Kdata.txt', status='replace')
	open(2, file='Output\Rdata.txt', status='replace')
	open(3, file='Output\Wdata.txt', status='replace')
	open(4, file='Output\Ldata.txt', status='replace')

	write(1, '(f12.6)') Kdata
	write(2, '(f12.6)') Rdata
	write(3, '(f12.6)') Wdata
	write(4, '(f12.6)') Ldata

	close(1)
	close(2)
	close(3)
	close(4)


end subroutine




!	----------------------------------------------------------------------
!	File name: FinalSimulation.f90
!
!	generate artificial data for all aggregate variables, which will be 
!	used in ModelStatistics().
!	----------------------------------------------------------------------


subroutine FinalSimulation()


	!	number of inidividuals for simulation

	Nperiod = Nperiod_Fin_Sim


	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0
	Edata = 0.0D0


	!	set the seed number for random number generator

	xseed = 2


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv))
	allocate(ASkp(na,nx), HRkp(na,nx))


	!	intialize distribution of workers


	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv


	!	open a file for panel data set

	open(100, file='Output\Panel.txt', status='unknown')


	!	start generating artificial time series data

	do time = 1, Nperiod


		!	interpolate decision rules at (K, p)

		do ix = 1, nx
		do ia = 1, na

			ASkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, AS(ia,ix,:,:))
			HRkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, HR(ia,ix,:,:))

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv

			Worker(indiv)%H  = lininterp1(Worker(indiv)%A, agrid, HRkp(:,Worker(indiv)%X))
			Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASkp(:,Worker(indiv)%X))
			Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))

			Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H
			Edata(time) = Edata(time) + Worker(indiv)%H

		end do


		!	generate time series data for aggregate macro variables

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		Edata(time) = Edata(time)/Nindiv
		Ydata(time) = Pdata(time)*(Kdata(time)**alpha)*(Ldata(time)**(1.0D0-alpha))
		Idata(time) = Kdata(time+1) - (1.0D0-delta)*Kdata(time)
		Cdata(time) = Ydata(time) - Idata(time)
		Adata(time) = Ydata(time)/Edata(time)


		!	prepare for the simulation in the next period

		Worker%A  = Worker%AP
		call NextIdiosyncraticShock()


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(/)')
		end if

	end do


	!	deallocate memory

	deallocate(Worker)
	deallocate(ASkp, HRkp)
	close(100)


end subroutine


!	----------------------------------------------------------------------
!	subroutine name: AggregateShockSeries()
!
!	generate time series of aggregate productivity shocks.
!	----------------------------------------------------------------------

subroutine AggregateShockSeries()

	implicit none

	integer:: pseed


	! set the seed number for random number generator

	pseed = 1


	!	normal random numbers for aggregate productivity shocks

	do time = 1, Nperiod_Fin_Sim
		Pdata(time) = sigep*snorm(pseed)
	end do	


	! generate Pdata

	do time = 2, Nperiod_Fin_Sim
		Pdata(time) = min(max(rhop*Pdata(time-1) + Pdata(time), pgrid(1)), pgrid(np))
	end do

	Pdata = dexp(Pdata)

	open(1, file='Output\Pdata.txt', status='replace')
	write(1, '(F12.6)') Pdata

end subroutine


!	----------------------------------------------------------------------
!	subroutine name: NextIdiosyncraticShock()
!
!	generate next period indiosyncratic productivity shocks.
!	----------------------------------------------------------------------


subroutine NextIdiosyncraticShock()

	implicit none

	integer j
	real(8) ushock


	do indiv = 1, Nindiv

		ushock = sunif(xseed)

		do j = 1, nx

			if (ushock <= CtrX(Worker(indiv)%X,j)) then
				Worker(indiv)%X = j
				exit
			end if
		
		end do

	end do

end subroutine


end module




FortranFinal/HID/Model/SimulationModule2.f90
!	----------------------------------------------------------------------
!	Module name: SimulationModule.f90
!
!	collection of sub-programs to simulate artificial data
!	----------------------------------------------------------------------



Module SimulationModule2

	use Globals
	use LinInterpModule
	use PolyInterpModule
	use Numerical_Libraries
	
	implicit none

	integer, parameter:: xseed = 2
	real(8), dimension(:,:), allocatable:: ASEkp, ASNkp, VFEkp, VFNkp
	real(8) vf_work, vf_home, PreviousHour
	type Individual
		real(8) :: A, AP, H
		integer :: X
	end type Individual
	type(Individual), dimension(:), allocatable :: Worker

contains



!	----------------------------------------------------------------------
!	File name: SimulateData.f90
!
!	generate artificial data for aggregate capital, interest rate, and 
!	wage rate through simulating individuals' decision rules. These data
!	will be used in RegressLOM().
!	----------------------------------------------------------------------


subroutine SimulateData()

	implicit none


	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0


	!	set the seed number for random number generator

	call rnset(xseed)


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv))
	allocate(ASEkp(na,nx), ASNkp(na,nx), VFEkp(na,nx), VFNkp(na,nx))


	!	intialize distribution of workers


	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv


	!	start generating artificial time series data

	do time = 1, Nperiod


		! interpolate value function and asset decision rule at (Kapital, pt)

		do ix = 1, nx
		do ia = 1, na

			VFEkp(ia,ix) = polyinterp1(Kdata(time), kgrid,	VFE(ia,ix,:,iPdata(time)))
			VFNkp(ia,ix) = polyinterp1(Kdata(time), kgrid,	VFN(ia,ix,:,iPdata(time)))

			ASEkp(ia,ix) = polyinterp1(Kdata(time), kgrid,	agrid(ASE(ia,ix,:,iPdata(time))))
			ASNkp(ia,ix) = polyinterp1(Kdata(time), kgrid,	agrid(ASN(ia,ix,:,iPdata(time))))

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv


			vf_work = lininterp1(Worker(indiv)%A, agrid, VFEkp(:,Worker(indiv)%X))
			vf_home = lininterp1(Worker(indiv)%A, agrid, VFNkp(:,Worker(indiv)%X))


			if (vf_work >= vf_home) then

				Worker(indiv)%H  = hbar
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASEkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
				Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H

			else

				Worker(indiv)%H  = 0.0D0
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASNkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))

			end if


		end do


		!	generate time series data

		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		

		!	prepare for the simulation in the next period

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Worker%A  = Worker%AP
		call NextIdiosyncraticShock()


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(/)')
		end if

	end do


	!	deallocate memory

	deallocate(Worker)
	deallocate(ASEkp, ASNkp, VFEkp, VFNkp)


	!	save time sries data

	open(1, file='Output\Kdata.txt', status='replace')
	open(2, file='Output\Rdata.txt', status='replace')
	open(3, file='Output\Wdata.txt', status='replace')
	open(4, file='Output\Ldata.txt', status='replace')

	write(1, '(f12.6)') Kdata
	write(2, '(f12.6)') Rdata
	write(3, '(f12.6)') Wdata
	write(4, '(f12.6)') Ldata

	close(1)
	close(2)
	close(3)
	close(4)


end subroutine




!	----------------------------------------------------------------------
!	File name: FinalSimulation.f90
!
!	generate artificial data for all aggregate variables, which will be 
!	used in ModelStatistics().
!	----------------------------------------------------------------------


subroutine FinalSimulation()

	implicit none


	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0
	Edata = 0.0D0
	EINdata = 0.0D0
	EOUTdata = 0.0D0


	!	set the seed number for random number generator

	call rnset(xseed)


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv))
	allocate(ASEkp(na,nx), ASNkp(na,nx), VFEkp(na,nx), VFNkp(na,nx))


	!	intialize distribution of workers

	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv
	

	!	start generating artificial time series data

	do time = 1, Nperiod


		! interpolate value function and asset decision rule at (Kapital, pt)

		do ix = 1, nx
		do ia = 1, na

			VFEkp(ia,ix) = polyinterp1(Kdata(time), kgrid,	VFE(ia,ix,:,iPdata(time)))
			VFNkp(ia,ix) = polyinterp1(Kdata(time), kgrid,	VFN(ia,ix,:,iPdata(time)))

			ASEkp(ia,ix) = polyinterp1(Kdata(time), kgrid,	agrid(ASE(ia,ix,:,iPdata(time))))
			ASNkp(ia,ix) = polyinterp1(Kdata(time), kgrid,	agrid(ASN(ia,ix,:,iPdata(time))))

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv


			vf_work = lininterp1(Worker(indiv)%A, agrid, VFEkp(:,Worker(indiv)%X))
			vf_home = lininterp1(Worker(indiv)%A, agrid, VFNkp(:,Worker(indiv)%X))
			PreviousHour = Worker(indiv)%H


			if (vf_work >= vf_home) then

				Worker(indiv)%H  = hbar
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASEkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
				Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H
				Edata(time) = Edata(time) + 1.0D0
				if (PreviousHOur == 0.0D0) EINdata(time) = EINdata(time) + 1

			else

				Worker(indiv)%H  = 0.0D0
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASNkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
				if (PreviousHour == hbar) EOUTdata(time) = EOUTdata(time) + 1

			end if


		end do


		!	prepare for the simulation in the next period

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Worker%A  = Worker%AP
		call NextIdiosyncraticShock()


		!	generate time series data for aggregate macro variables

		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		Edata(time) = Edata(time)/Nindiv
		EINdata(time) = EINdata(time)/Nindiv
		EOUTdata(time) = EOUTdata(time)/Nindiv
		hEINdata(time) = EINdata(time)/Edata(time)
		hEOUTdata(time) = EOUTdata(time)/Edata(time)
		Ydata(time) = Pdata(time)*(Kdata(time)**alpha)*(Ldata(time)**(1.0D0-alpha))
		Idata(time) = Kdata(time+1) - (1.0D0-delta)*Kdata(time)
		Cdata(time) = Ydata(time) - Idata(time)
		Adata(time) = Ydata(time)/(hbar*Edata(time))


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(/)')
		end if

	end do


	!	deallocate memory

	deallocate(Worker)
	deallocate(ASEkp, ASNkp, VFEkp, VFNkp)


end subroutine


!	----------------------------------------------------------------------
!	subroutine name: AggregateShockSeries()
!
!	generate time series of aggregate productivity shocks.
!	----------------------------------------------------------------------


subroutine AggregateShockSeries()

	implicit none

	integer, parameter:: pseed = 1
	integer jp, kp
	real(8) ushock


	! set the seed number for random number generator

	call rnset(pseed)


	! generate Zdata

	jp = np/2 + 1

	do time = 1, Nperiod

		ushock = drnunf()

		do kp = 1, np

			if (ushock <= CtrP(jp,kp)) then
				jp = kp
				exit
			end if

		end do

		iPdata(time) = jp
		Pdata(time) = epgrid(jp)

	end do

	open(1, file='Output\Pdata.txt', status='replace')
	write(1, '(f12.6)') Pdata


end subroutine



!	----------------------------------------------------------------------
!	subroutine name: NextIdiosyncraticShock()
!
!	generate next period indiosyncratic productivity shocks.
!	----------------------------------------------------------------------


subroutine NextIdiosyncraticShock()

	implicit none

	integer j
	real(8) ushock


	do indiv = 1, Nindiv

		ushock = drnunf()

		do j = 1, nx

			if (ushock <= CtrX(Worker(indiv)%X,j)) then
				Worker(indiv)%X = j
				exit
			end if
		
		end do

	end do

end subroutine


end module




FortranFinal/HID/Model/TransitionModule.f90
!	----------------------------------------------------------------------
!	Module name: TransitionModule.f90
!
!	calculates transition probabilities for idiosyncratic shocks and 
!	aggregate productivity shock.
!	----------------------------------------------------------------------


module TransitionModule

	use Globals
	use TauchenMod

	implicit none

	integer i, j

contains


subroutine IdiosyncraticTransition()

	implicit none
	
	real(8) prXp(nx), err


	! transition probability matrix for idiosyncratic shocks

	call TauchenTr(avex, sigx, rhox, xgrid, trX)
	
	open(1, file='Output\trX.txt', status='unknown')
	write(1, '(<nx>f12.6)') ((trX(i,j),j=1,nx),i=1,nx)


	!	cumulative transition matrix of idiosyncratic shocks for random drawing

	CtrX(:,1) = trX(:,1)
	do ix = 2, nx
		CtrX(:,ix) = CtrX(:,ix-1) + trX(:,ix)
	end do

	open(2, file='Output\CtrX.txt', status='unknown')
	write(2, '(<nx>f12.6)') ((CtrX(i,j),j=1,nx),i=1,nx)


	! invariant distribution of shocks for idiosyncratic shocks

	call TauchenNew(avex, sigx, xgrid, prX)

	do while (err < 1.0e-10)

		prXp = matmul(transpose(trX), prX)
		err = maxval(dabs(prXp-prX))
		prX = prXp

	end do


	if (dabs(1.0D0 - sum(prX)) <= 1.0e-6) then
		prX = prX/sum(prX)
	else
		print*, "Fatal Error in InvariantProbability"
		stop
	end if


	! save transition probability matrix and invariant probability

	open(3, file='Output\prX.txt', status='unknown')
	write(3, '(f20.16)') prX


end subroutine



subroutine AggregateTransition()

	implicit none
	

	! transition probability matrix for aggregate shock: more than 2 states case

	call TauchenTr(avep, sigp, rhop, pgrid, trP)

	open(1, file='Output\trP.txt', status='unknown')
	write(1, '(<np>f12.6)') ((trP(i,j),j=1,np),i=1,np)


	!	cumulative transition matrix of aggregate shock for random drawing

	CtrP(:,1) = trP(:,1)
	do ip = 2, np
		CtrP(:,ip) = CtrP(:,ip-1) + trP(:,ip)
	end do

	open(2, file='Output\CtrP.txt', status='unknown')
	write(2, '(<np>f12.6)') ((CtrP(i,j),j=1,np),i=1,np)


end subroutine


end module





FortranFinal/HID/Model/ValueModule.f90
!	----------------------------------------------------------------------
!	module name: ValueModule.f90
!
!	collection of sub-programs to calculate value function and decision 
!	rule for the next period asset holdings.
!	----------------------------------------------------------------------


module ValueModule

	use Globals
	use LinInterpModule
	use PolyInterpModule
	use OptimizationMod

	implicit none

	real(8):: cscoef(na,4), Value
	real(8), external:: csval
	

contains



!	----------------------------------------------------------------------
!	subroutine name: SolveValueFunction()
!	
!	calcualtes value functions and asset holdings for individuals.
!	----------------------------------------------------------------------


subroutine SolveValueFunction()

	implicit none

	real(8) NewVF(na,nx,nk,np), NewAS(na,nx,nk,np), NewHR(na,nx,nk,np),	 errV, errA, errH, lbd, ubd, xmin
	integer iter


	! start iteration

	do iter = 1, MAXITER


		!	evaluate expected value function

		call ExpectedValueFunction()


		!	maximization procedure

		do ip = 1, np
		do ik = 1, nk

			irate = dexp(Rcoef(1) + Rcoef(2)*dlog(kgrid(ik)) + Rcoef(3)*pgrid(ip)) - delta
			wage  = dexp(Wcoef(1) + Wcoef(2)*dlog(kgrid(ik)) + Wcoef(3)*pgrid(ip))

			do ix = 1, nx

				call csint(na, agrid, PF(:,ix,ik,ip), cscoef)

				do ia = 1, na

					if (ia == 1) then
						if (ix == 1) then
							lbd = amin
						else
							lbd = AS(ia,ix-1,ik,ip)
						end if
					else
						lbd = AS(ia-1,ix,ik,ip)
					end if
				
					if (ia == na) then
						ubd = amax
					else
						ubd = AS(ia+1,ix,ik,ip)
					end if

					call fmin(NegValueF, lbd, ubd, xmin)

					NewHR(ia,ix,ik,ip) = hour
					NewAS(ia,ix,ik,ip) = xmin
					NewVF(ia,ix,ik,ip) = Value

				end do

			end do

		end do
		end do


		!	calculate errors

		errV = maxval(dabs(NewVF - VF))
		errA = maxval(dabs(NewAS - AS))
		errH = maxval(dabs(NewHR - HR))


		! update value function and decision rules

		VF  = NewVF
		AS  = NewAS
		HR  = NewHR


		! convergence check

		if (errV < tol_value) then
			write(*, '(A,I5,/)') "Individual Optimization is done at iteration " ,iter
			exit 
		else if (mod(iter,showerr) == 0) then
			write(*, '(A,I5)') "SolveValueFunction iteration ", iter
			write(*, '(A,F10.7,A,F10.7,A,F10.7,/)')	 "errV = ", errV, "   errA = ", errA, "   errH = ", errH
		end if

	end do

	
end subroutine



!	----------------------------------------------------------------------
!	subroutine name: SolveHour(xhour)
!	
!	solve the optimal hours worked given a and a'
!	----------------------------------------------------------------------


real(8) function SolveHour(xhour)

	implicit none

	real(8), parameter:: tiny = 1.0D-20
	real(8) cons, xhour

	cons = max((1.0D0+irate)*agrid(ia) + wage*xhour*exgrid(ix) - ap_hour, tiny)
	SolveHour = wage*exgrid(ix)/cons - B*xhour**(1.0D0/gama)


end function




!	----------------------------------------------------------------------
!	subroutine name: Utility(ja)
!	
!	evaluates instantatneous utility at asset agrid(ja).
!	----------------------------------------------------------------------


real(8) function Utility(ap)

	implicit none

	real(8), parameter:: tiny = 1.0D-20
	real(8) ap, cm, ls, fval1, fval2, hour1, hour2
	integer i_bisc

	ap_hour = ap

	hour1 = HR(ia,ix,ik,ip)
	fval1 = SolveHour(hour1)

	if (dabs(fval1) <= tol_hour) then
	
		hour = HR(ia,ix,ik,ip)
	
	else

		do i_bisc = 1, 100

			if (fval1 > 0.0D0) then
				hour2 = 1.1D0*hour1
			else
				hour2 = 0.9D0*hour1
			end if

			fval2 = SolveHour(hour2)

			if (fval1*fval2 < 0.0D0) then
				hour = bisect(SolveHour, hour1, hour2, tol_hour)
				exit
			else
				hour1 = hour2
				fval1 = fval2
			end if

		end do

		if (i_bisc >= 100) then
			print *, "Hour wasn't found for (ia,ix,ik,ip) = ", ia, ix, ik, ip
		end if

	end if

	cm = max((1.0D0+irate)*agrid(ia) + wage*hour*exgrid(ix) - ap, tiny)
	ls = B*hour**(1.0D0+1.0D0/gama)/(1.0D0+1.0D0/gama)

	Utility = log(cm) - ls


end function



!	----------------------------------------------------------------------
!	subroutine name: ValueF(ap)
!	
!	evaluates value at asset agrid(ap).
!	----------------------------------------------------------------------


real(8) function ValueF(ap)

	implicit none

	real(8) ap

	Value = Utility(ap) + bta*csval(na, ap, agrid, cscoef)
	ValueF = Value


end function


real(8) function NegValueF(ap)

	implicit none

	real(8) ap

	NegValueF = -ValueF(ap)

end function



!	----------------------------------------------------------------------
!	subroutine name: ExpectedValueFunction()
!	
!	calcualtes expected value functions.
!	----------------------------------------------------------------------


subroutine ExpectedValueFunction()

	implicit none

	real(8) kp, VFP(na,nx,np)
	integer ipp, ixp


	PF = 0
	
	do ik = 1, nk
	do ip = 1, np


		!	next period aggregate capital

		kp = dexp(Kcoef(1) + Kcoef(2)*dlog(kgrid(ik)) + Kcoef(3)*pgrid(ip))


		do ipp = 1, np


			!	next period value function: VFP(ia,ixzp,ipp) with kp(ik,ip)

			do ixp = 1, nx
			do ia = 1, na

				VFP(ia,ixp,ipp) = polyinterp1(kp, kgrid, VF(ia,ixp,:,ipp))

			end do
			end do

		end do

		
		!	calculate expected value function: PF(ia,ixp,ik,ip)

		do ix = 1, nx
		do ia = 1, na

			do ipp = 1, np
			do ixp = 1, nx

				PF(ia,ix,ik,ip) = PF(ia,ix,ik,ip) + VFP(ia,ixp,ipp)*trX(ix,ixp)*trP(ip,ipp)

			end do
			end do

		end do
		end do

	end do
	end do

end subroutine


end module
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FortranFinal/HID_SS/Input/parameters.txt
0.981603D0			beta : discount rate
190.0D0				B	 : weight on disutility from working
0.4D0				gama : labor supply elasticity
0.0D0				avex : average of log idiosyncratic productivity
0.939D0				rhox : persistence of log idiosyncratic productivity
0.287D0				sigex: stdev of innovation to log idiosyncratic productivity




FortranFinal/HID_SS/Model/AggregateVariables.f90
!	----------------------------------------------------------------------
!	File name: AggregateCapital.cpp
!
!	Calculates the aggregate capital by numerically integrating 
!	the measure, and then interest rate.
!	----------------------------------------------------------------------


subroutine AggregateVariables()

	use Globals

	implicit none

	real(8) AK, AH, AE, AKE, irateb, wageb, Prod
	integer i, k, kk
	real(8):: cscoef(na,4,nx)
	real(8), external:: csval
	

	!	interpolate HR using cubic spline and calculate efficiency units

	do ix = 1, nx
		
		call csint(na, agrid, HR(:,ix), cscoef(:,:,ix))

		do ia = 1, namu
			HRmu(ia,ix) = csval(na, agridmu(ia), agrid, cscoef(:,:,ix))
		end do

		EFmu(:,ix) = HRmu(:,ix)*exgrid(ix)

	end do


	!	aggregate capital, hours

	AK = dot_product(agridmu, sum(mu, dim=2))
	AH = sum(HRmu*mu)
	AE = sum(EFmu*mu)
	AKE = AK/AE

	
	!	real interest rate, wage

	irateb = alpha*AKE**(alpha-1.0D0) - delta
	wageb  = (1.0D0-alpha)*AKE**alpha


	!	output

	Prod = AK**alpha*AE**(1.0D0-alpha)


	!	print results on screen

	write(*, '(A,F13.10)') "beta     = ", bta
	write(*, '(A,F10.4)') "B        = ", B
	write(*, '(A,F10.4)') "ave_x    = ", avex
	write(*, '(A,F10.4)') "rho_x    = ", rhox
	write(*, '(A,F10.4)') "sig_x    = ", sigex
	write(*, *) " "
	print*, "Aggregate Capital                     = ", AK
	print*, "Aggregate Hours Worked                = ", AH
	print*, "Aggregate Effeciency Units of Hours   = ", AE
	print*, "Aggregate Capital per Effeciency Unit = ", AKE
	print*, "Aggregate Output                      = ", Prod
	print*, ""
	print*, "Discount Factor                       = ", bta
	print*, "Real Interest Rate                    = ", irateb
	print*, "Wage Rate per Effeciency Unit         = ", wageb
	
	
	!	save results on file

	open(1, file='Output\Aggregates.txt', status='unknown')

	write(1, '(A/)') "Parameter Values:"
	write(1, '(A,F13.10)') "beta     = ", bta
	write(1, '(A,F10.4)') "B        = ", B
	write(1, '(A,F10.4)') "gamma    = ", gama
	write(1, '(A,F10.4)') "ave_x    = ", avex
	write(1, '(A,F10.4)') "rho_x    = ", rhox
	write(1, '(A,F10.4)') "sig_x    = ", sigex
	write(1, '(/)') 
	write(1, '(A/)') "Simulated Aggregate Variables:"
	write(1, '(A,F15.10)') "Aggregate Capital                     = ", AK
	write(1, '(A,F15.10)') "Aggregate Hours Worked                = ", AH
	write(1, '(A,F15.10)') "Aggregate Effeciency Units of Hours   = ", AE
	write(1, '(A,F15.10)') "Aggregate Capital per Effeciency Unit = ", AKE
	write(1, '(A,F15.10)') "Aggregate Output                      = ", Prod
	write(1, '(/)') 
	write(1, '(A,F15.10)') "Real Interest Rate                    = ", irateb
	write(1, '(A,F15.10)') "Wage Rate per Effeciency Unit         = ", wageb


	!	set the finishing time

	call date_and_time(finishdate, finishtime)
	

	!	print the starting and finishing times

	write(*, '(/)') 
	write(*, '(12A)') "The program started at  ", startdate(1:4),"-",startdate(5:6),"-",startdate(7:8)," ", starttime(1:2),":",starttime(3:4),":",starttime(5:6)
	write(*, '(12A)') "The program finished at ", finishdate(1:4),"-",finishdate(5:6),"-",finishdate(7:8)," ", finishtime(1:2),":",finishtime(3:4),":",finishtime(5:6)

	write(1, '(/)') 
	write(1, '(12A)') "The program started at  ", startdate(1:4),"-",startdate(5:6),"-",startdate(7:8)," ", starttime(1:2),":",starttime(3:4),":",starttime(5:6)
	write(1, '(12A)') "The program finished at ", finishdate(1:4),"-",finishdate(5:6),"-",finishdate(7:8)," ", finishtime(1:2),":",finishtime(3:4),":",finishtime(5:6)


end subroutine




FortranFinal/HID_SS/Model/Globals.f90
!	----------------------------------------------------------------------
!	File name: Globals.f90
!
!	Defines global variables.
!	----------------------------------------------------------------------


module Globals

	implicit none

	save


	!	variables for solving for an equilibrium of the model

	real(8), parameter:: amin = -2.0D0,	amax = 280.0D0	! rho=0.939, sigx=0.287


	!	grids for individual asset holdings

	real(8), parameter:: a0 = amin, a1 = -1.5D0, a2 = 0.0D0, a3 = 5.0D0, a4 = 15.0D0, a5 = 40.0D0, a6 = 80.0D0, a7 = amax
	real(8), parameter:: s1 = 0.02D0, s2 = 0.05D0, s3 = 0.1D0, s4 = 0.2D0, s5 = 0.5D0, s6 = 1.0D0, s7 = 2.0D0
	integer, parameter:: na1 = int((a1-a0)/s1) + 1, na2 = na1 + int((a2-a1)/s2), na3 = na2 + int((a3-a2)/s3), na4 = na3 + int((a4-a3)/s4), na5 = na4 + int((a5-a4)/s5), na6 = na5 + int((a6-a5)/s6), na7 = na6 + int((a7-a6)/s7)
	integer, parameter:: na = na7, nx = 17


	!	asset grids that will be used for the invariant measure

	real(8), parameter:: smu1 = 0.01D0, smu2 = 0.025D0, smu3 = 0.04D0, smu4 = 0.08D0,	smu5 = 0.1D0, smu6 = 0.2D0, smu7 = 0.5D0
	integer, parameter:: namu1 = int((a1-a0)/smu1) + 1, namu2 = namu1 + int((a2-a1)/smu2), namu3 = namu2 + int((a3-a2)/smu3), namu4 = namu3 + int((a4-a3)/smu4), namu5 = namu4 + int((a5-a4)/smu5), namu6 = namu5 + int((a6-a5)/smu6), namu7 = namu6 + int((a7-a6)/smu7)
	integer, parameter:: namu = namu7


	!	model parameters

	real(8), parameter:: alpha = 0.36d0, delta = 0.025d0, irate = 0.01d0, rd = irate + delta, hbar = 0.2D0
	

	!	model parameters to be read

	real(8):: bta, B, gama, avex, rhox, sigex


	!	auxiliary variables
	
	real(8):: kss, wage, income, sigx, hour, ap_hour
	

	!	storages

	real(8):: agrid(na), xgrid(nx), exgrid(nx), trX(nx,nx), CtrX(nx,nx), prX(nx), CprX(nx), AS(na,nx), VF(na,nx), HR(na,nx), PF(na,nx),	 agridmu(namu), mu(namu,nx), cmu(namu,nx), HRmu(namu,nx),	EFmu(namu,nx)
	integer:: ia, ix


	!	timer

	character(8):: startdate, finishdate
	character(10):: starttime, finishtime


	contains

	subroutine GlobalVariables()

		kss = (alpha/rd)**(1.0D0/(1.0D0-alpha))
		wage = (1.0D0-alpha)*(kss**alpha)
		sigx = sigex/dsqrt(1.0D0-rhox**2)

	end subroutine

end module




FortranFinal/HID_SS/Model/GridsModule.f90
!	----------------------------------------------------------------------
!	Module name: GridsModule.f90
!	----------------------------------------------------------------------


module GridsModule

	use Globals

	implicit none

contains


subroutine CapitalGrid()

	implicit none

	integer i


	!	construct unequally spaced asset grids

	!	(0, a1)

	agrid(1) = amin
	do i = 2, na1
		agrid(i) = agrid(i-1) + s1
	end do

	!	(a1, a2)

	do i = na1 + 1, na2
		agrid(i) = agrid(i-1) + s2
	end do

	!	(a2, a3)

	do i = na2 + 1, na3
		agrid(i) = agrid(i-1) + s3
	end do

	!	(a3, a4)

	do i = na3 + 1, na4
		agrid(i) = agrid(i-1) + s4
	end do

	!	(a4, a5)

	do i = na4 + 1, na5
		agrid(i) = agrid(i-1) + s5
	end do

	!	(a5, a6)

	do i = na5 + 1, na6
		agrid(i) = agrid(i-1) + s6
	end do

	!	(a6, a7)

	do i = na6 + 1, na7
		agrid(i) = agrid(i-1) + s7
	end do


	! save grid

	open(1, file='Output\agrid.txt', status='unknown')
	write(1, '(f12.6)') agrid

end subroutine



subroutine CapitalGridMu()

	implicit none

	integer i


	!	construct unequally spaced asset grids

	!	(0, a1)

	agridmu(1) = amin
	do i = 2, namu1
		agridmu(i) = agridmu(i-1) + smu1
	end do

	!	(a1, a2)

	do i = namu1 + 1, namu2
		agridmu(i) = agridmu(i-1) + smu2
	end do

	!	(a2, a3)

	do i = namu2 + 1, namu3
		agridmu(i) = agridmu(i-1) + smu3
	end do

	!	(a3, a4)

	do i = namu3 + 1, namu4
		agridmu(i) = agridmu(i-1) + smu4
	end do

	!	(a4, a5)

	do i = namu4 + 1, namu5
		agridmu(i) = agridmu(i-1) + smu5
	end do

	!	(a5, a6)

	do i = namu5 + 1, namu6
		agridmu(i) = agridmu(i-1) + smu6
	end do

	!	(a6, a7)

	do i = namu6 + 1, namu7
		agridmu(i) = agridmu(i-1) + smu7
	end do


	! save grid

	open(1, file='Output\agridmu.txt', status='unknown')
	write(1, '(f12.6)') agridmu

end subroutine



subroutine ShockGrid()

	implicit none
	
	integer i
	real(8) xmax, xmin, step
	

	! xgrid

	xmax = avex + 3.0*sigx
	xmin = avex - 3.0*sigx
	step = (xmax - xmin)/(nx - 1)

	xgrid(1) = xmin
	do i = 2, nx
		xgrid(i) = xgrid(i-1) + step
	end do

	exgrid = dexp(xgrid)


	! save grids

	open(1, file='Output\xgrid.txt', status='unknown')
	open(2, file='Output\exgrid.txt', status='unknown')

	write(1,'(f12.6)') xgrid
	write(2,'(f12.6)') exgrid


end subroutine



end module




FortranFinal/HID_SS/Model/InitializationModule.f90
!	----------------------------------------------------------------------
!	Module name: InitializationModule.f90
!	----------------------------------------------------------------------


module InitializationModule

	use Globals
	use TauchenMod
	use ValueModule

	implicit none


contains


subroutine InitializeParameters()

	open(1, file='Input\Parameters.txt', status = 'old')
	read(1, *) bta
	read(1, *) B
	read(1, *) gama
	read(1, *) avex
	read(1, *) rhox
	read(1, *) sigex

	kss = (alpha/rd)**(1.0D0/(1.0D0-alpha))
	wage = (1.0D0-alpha)*(kss**alpha)
	sigx = sigex/dsqrt(1.0D0-rhox**2)

end subroutine



subroutine InitializeTransition()

	implicit none
	
	integer i, j
	real(8) prXp(nx), err


	! transition probability matrix

	call TauchenTr(avex, sigx, rhox, xgrid, trX)
	
	open(1, file='Output\trX.txt', status='unknown')
	write(1, '(<nx>f12.6)') ((trX(i,j),j=1,nx),i=1,nx)


	!	cumulative transition probability matrix for random drawing

	CtrX(:,1) = trX(:,1)
	do ix = 2, nx
		CtrX(:,ix) = CtrX(:,ix-1) + trX(:,ix)
	end do

	open(2, file='Output\CtrX.txt', status='unknown')
	write(2, '(<nx>f12.6)') ((CtrX(i,j),j=1,nx),i=1,nx)


	! invariant distribution of shocks

	call TauchenNew(avex, sigx, xgrid, prX)

	do while (err < 1.0e-10)

		prXp = matmul(transpose(trX), prX)
		err = maxval(dabs(prXp-prX))
		prX = prXp
	
	end do


	if (dabs(1.0D0 - sum(prX)) <= 1.0e-6) then
		prX = prX/sum(prX)
		CprX(1) = prX(1) 
		do ix = 2, nx
			CprX(ix) = CprX(ix-1) + prX(ix)
		end do
	else
		print*, "Fatal Error in InvariantProbability"
		stop
	end if


	! save transition probability matrix and invariant probability

	open(3, file='Output\prX.txt', status='unknown')
	open(4, file='Output\CprX.txt', status='unknown')

	write(3, '(f20.16)') prX
	write(4, '(f20.16)') CprX

end subroutine



subroutine InitializeValue()

	implicit none


	! initialize value function and decision rules given (x,z)

	do ia = 1, na
	do ix = 1, nx

		AS(ia,ix) = agrid(ia)
		HR(ia,ix) = hbar
		VF(ia,ix) = Utility(AS(ia,ix))

	end do
	end do


end subroutine


end module




FortranFinal/HID_SS/Model/Main.f90
!	----------------------------------------------------------------------
!	File name : HID_SS.f90
!
!	Solves heterogeneous agent model with incomplete markets 
!	and divisible labor.
!	----------------------------------------------------------------------


program HID_SS

	use Globals
	use InitializationModule
	use GridsModule
	use ValueModule
	use MeasureModule
	use SaveResultsModule

	implicit none


	!	set the starting time

	call date_and_time(startdate, starttime)


	!	initialize parameters and global variables

	call InitializeParameters()
	

	!	construct grids

	call CapitalGrid()
	call ShockGrid()
	
	
	!	initialize transition probability matrix

	call InitializeTransition()


	!	initialize value function and decision rule for asset

	call InitializeValue()


	!	solve value function

	call SolveValueFunction()


	!	calculate invariant measure
	
	call InvariantMeasure()


	!	calculate aggregate variables

	call AggregateVariables()


	!	save results

	call SaveEquilibrium()


end program HID_SS




FortranFinal/HID_SS/Model/MeasureModule.f90
!	----------------------------------------------------------------------
!	Module name: MeasureModule.f90
!
!	Finds the invariant measure given the individual decision rule and 
!	the transition process of idiosyncratic shocks.
!	----------------------------------------------------------------------


module MeasureModule

	use Globals
	use GridsModule
	use LinInterpModule

	implicit none

	real(8), parameter:: tol_measure = 1.0D-8
	integer, parameter:: maxiter = 1E6
	real(8) Fmu(namu,nx), invAS(namu,nx)


contains



subroutine InitializeMeasure()

	implicit none

	do ix = 1, nx
	do ia = 1, namu

		cmu(ia,ix) = (agridmu(ia)-agridmu(1))/(agridmu(namu)-agridmu(1))*prX(ix)

	end do
	end do

	open(1, file='Output\cmu.txt', status='unknown')
	write(1, '(<nx>f12.6)') ((cmu(ia,ix),ix=1,nx),ia=1,namu)
	close(1)


end subroutine



subroutine InverseAssetDecision()

	implicit none


	do ix = 1, nx
	do ia = 1, namu

		if (agridmu(ia) <= AS(na,ix) .and. agridmu(ia) >= AS(1,ix)) then
			invAS(ia,ix) = lininterp1(agridmu(ia), AS(:,ix), agrid)
		else if (agridmu(ia) > AS(na,ix)) then
			invAS(ia,ix) = agridmu(namu)
		else
			invAS(ia,ix) = agridmu(1)
		end if

	end do
	end do

	open(1, file='Output\invAS.txt', status='unknown')
	write(1, '(<nx>f12.6)') ((invAS(ia,ix),ix=1,nx),ia=1,namu)


end subroutine



subroutine InvariantMeasure()

	implicit none

	real(8):: err
	integer:: iter, jx
	real(8):: break(namu,nx), cscoef(4,namu,nx)


	!	iconstruct asset grids for invariant measure

	call CapitalGridMu()


	!	initialize measure

	call InitializeMeasure()


	!	calcualte inverse function of asset decision rule

	call InverseAssetDecision()


	!	start iteration for distribution (cumulative measure)

	do iter = 1, maxiter


		!	calculate measure before shocks change

		Fmu = 0.0D0

		do ix = 1, nx
		do ia = 1, namu

			do jx = 1, nx
				Fmu(ia,ix) = Fmu(ia,ix)	+ trX(jx,ix)*lininterp1(invAS(ia,jx), agridmu, cmu(:,jx))
			end do

		end do
		end do


		!	calculate the differences between old and new measures

		err = maxval(dabs(Fmu-cmu))


		!	update measures 

		cmu = Fmu


		!	convergence test of the measures

		if (err < tol_measure) then
			print*, "Convergence achieved at InvariantMeasure iteration", iter
			print*, ""
			exit
		else if (mod(iter, 100) == 0) then
			print*, "InvariantMeasure iteration", iter
			print*, "err = ", err
			print*, ""
		end if

	end do


	!	shouldn't reach here

	if (iter > maxiter) then
		print*, "Convergence failed in InvariantMeasure...."
		stop
	end if


	!	measure (density)

	do ia = 1, namu-1

		mu(ia,:) = cmu(ia+1,:) - cmu(ia,:)

	end do
	

end subroutine




end module




FortranFinal/HID_SS/Model/SaveResultsModule.f90
!	----------------------------------------------------------------------
!	Module name: SaveResultsModule.f90
!
!	Save all results
!	----------------------------------------------------------------------


module SaveResultsModule

	use Globals

	implicit none


contains


subroutine SaveEquilibrium()

	implicit none


	!	save value function and decision rules

	open(1, file='Output\VF.txt', status='unknown')
	open(2, file='Output\AS.txt', status='unknown')
	open(3, file='Output\HR.txt', status='unknown')
	open(4, file='Output\HRmu.txt', status='unknown')
	open(5, file='Output\EFmu.txt', status='unknown')

	write(1, '(<nx>f15.6)') ((VF(ia,ix),ix=1,nx),ia=1,na)
	write(2, '(<nx>f12.6)') ((AS(ia,ix),ix=1,nx),ia=1,na)
	write(3, '(<nx>f10.6)') ((HR(ia,ix),ix=1,nx),ia=1,na)
	write(4, '(<nx>f10.6)') ((HRmu(ia,ix),ix=1,nx),ia=1,namu)
	write(5, '(<nx>f10.6)') ((EFmu(ia,ix),ix=1,nx),ia=1,namu)


	!	save the measure 

	mu = 100.0D0*mu
	cmu = 100.0D0*cmu

	open(8, file='Output\mu.txt', status='unknown')
	open(9, file='Output\cmu.txt', status='unknown')
	write(8, '(<nx>f12.6)') ((mu(ia,ix),ix=1,nx),ia=1,namu)
	write(9, '(<nx>f12.6)') ((cmu(ia,ix),ix=1,nx),ia=1,namu)


end subroutine



end module




FortranFinal/HID_SS/Model/ValueModule.f90
!	----------------------------------------------------------------------
!	Module name : ValueModule.f90
!	----------------------------------------------------------------------	*/


module ValueModule

	use Globals
	use LinInterpModule
	use OptimizationMod

	implicit none

	real(8):: cscoef(na,4)
	real, external:: csval
	

contains


subroutine SolveValueFunction()

	implicit none

	integer, parameter:: MAXITER = 10000
	real(8), parameter:: tol_cnvrg = 1.0D-4
	real(8) NewVF(na,nx), NewAS(na,nx), NewHR(na,nx), errV, errA, errH,	 lbd, ubd, xmin
	integer iter


	! start iteration

	do iter = 1, MAXITER


		! evaluate expected value function
	
		PF = matmul(VF, transpose(trX))


		!	maximization procedure

		do ix = 1, nx

			call csint(na, agrid, PF(:,ix), cscoef)

			do ia = 1, na

				if (ia == 1) then
					if (ix == 1) then
						lbd = amin
					else
						lbd = AS(ia,ix-1)
					end if
				else
					lbd = AS(ia-1,ix)
				end if
					
				if (ia == na) then
					ubd = amax
				else
					ubd = AS(ia+1,ix)
				end if

				call fmin(NegValueF, lbd, ubd, xmin)

				NewHR(ia,ix) = hour
				NewAS(ia,ix) = xmin
				NewVF(ia,ix) = ValueF(NewAS(ia,ix))

			end do
	
		end do


		!	calculate errors

		errV = maxval(dabs(NewVF - VF))
		errA = maxval(dabs(NewAS - AS))
		errH = maxval(dabs(NewHR - HR))


		! update value function and decision rules

		VF  = NewVF
		AS  = NewAS
		HR  = NewHR


		! convergence check

		if (errV < tol_cnvrg) then
			write(*, '(A,I5,/)') "Individual Optimization is done at iteration " ,iter
			exit 
		else if (mod(iter,20) == 0) then
			write(*, '(A,I5)') "SolveValueFunction iteration ", iter
			write(*, '(A,F10.7,A,F10.7,A,F10.7,/)')	 "errV = ", errV, "   errA = ", errA, "   errH = ", errH
		end if

	end do


end subroutine



real(8) function SolveHour(xhour)

	implicit none

	real(8), parameter:: tiny = 1.0D-20
	real(8) cons, xhour

	cons = max((1.0D0+irate)*agrid(ia) + wage*xhour*exgrid(ix) - ap_hour, tiny)
	SolveHour = wage*exgrid(ix)/cons - B*xhour**(1.0D0/gama)

end function



real(8) function Utility(ap)

	implicit none

	real(8), parameter:: tiny = 1.0D-20, tol_hour = 1.0D-5
	real(8) ap, cm, ls, fval1, fval2, hour1, hour2
	integer i_bisc
	
	ap_hour = ap

	hour1 = HR(ia,ix)
	fval1 = SolveHour(hour1)

	if (dabs(fval1) <= tol_hour) then
	
		hour = HR(ia,ix)
	
	else

		do i_bisc = 1, 100

			if (fval1 > 0.0D0) then
				hour2 = 1.1D0*hour1
			else
				hour2 = 0.9D0*hour1
			end if

			fval2 = SolveHour(hour2)

			if (fval1*fval2 < 0.0D0) then
				hour = bisect(SolveHour, hour1, hour2, tol_hour)
				exit
			else
				hour1 = hour2
				fval1 = fval2
			end if

		end do

		if (i_bisc >= 100) then
			print *, "Hour wasn't found for (ia, ix) = ", ia, ix, HR(ia,ix) 
		end if

	end if

	cm = max((1.0D0+irate)*agrid(ia) + wage*hour*exgrid(ix) - ap, tiny)
	ls = B*hour**(1.0D0+1.0D0/gama)/(1.0D0+1.0D0/gama)

	Utility = log(cm) - ls

end function



real(8) function ValueF(ap)

	implicit none

	real(8) ap

	ValueF = Utility(ap) + bta*csval(na, ap, agrid, cscoef)

end function


real(8) function NegValueF(ap)

	implicit none

	real(8) ap

	NegValueF = -ValueF(ap)

end function


end module




FortranFinal/HII/HII.u2d
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FortranFinal/HII/Input/CoefficientsIN.txt
   0.10134527389077
   0.96203347983275
   0.08525033036290

  -1.52244995501988
  -0.68568273469474
   1.12533538032483

  -0.16458303665902
   0.38569466302585
   0.92949413476962




FortranFinal/HII/Input/parameters.txt
0.9785504D0			beta : discount rate
151.28D0			B	 : weight on utility from leisure
0.4D0				gama : intertemporal substitution elasticity = 1/gama
0.0D0				avex : average of log idiosyncratic productivity
0.939D0				rhox : persistence of log idiosyncratic productivity
0.287D0				sigex: stdev of innovation to log idiosyncratic productivity
0.0D0				avep : average of log aggregate productivity
0.95D0				rhop : persistence of log aggregate productivity
0.007D0				sigep: stdev of innovation to log aggregate productivity




FortranFinal/HII/Model/Copy of SimulationModule.f90
!	----------------------------------------------------------------------
!	Module name: SimulationModule.f90
!
!	collection of sub-programs to simulate artificial data
!	----------------------------------------------------------------------



Module SimulationModule

	use Globals
	use LinInterpModule
	use PolyInterpModule
	
	implicit none

	integer:: xseed
	real(8), dimension(:,:), allocatable:: ASEax, ASNax, ASEkp, ASNkp, VFEkp, VFNkp
	real(8):: vf_work, vf_home, PreviousHour
	type Individual
		real(8) :: A, AP, H, W, C, Cp, Cg
		integer :: X
	end type Individual
	type(Individual), dimension(:), allocatable :: Worker
	integer:: Nindiv, Nperiod, IER
	integer,allocatable:: Cg_iperm(:)
	real(8),external:: sunif, snorm


contains


!	----------------------------------------------------------------------
!	File name: SimulateData.f90
!
!	generate artificial data for aggregate capital, interest rate, and 
!	wage rate through simulating individuals' decision rules. These data
!	will be used in RegressLOM().
!	----------------------------------------------------------------------


subroutine SimulateData()

	implicit none


	!	number of inidividuals and number of periods for simulation

	Nindiv = Nindiv_Sim
	Nperiod = Nperiod_Sim


	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0


	!	set the seed number for random number generator

	xseed = 2


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv), Cg_iperm(Nindiv))
	allocate(ASEax(nk,np), ASNax(nk,np), ASEkp(na,nx), ASNkp(na,nx), VFEkp(na,nx), VFNkp(na,nx))


	!	intialize distribution of workers


	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv


	!	start generating artificial time series data

	do time = 1, Nperiod


		! interpolate value function and asset decision rule at (Kapital, pt)

		do ix = 1, nx
		do ia = 1, na

			!	interpolate value functions

			VFEkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, VFE(ia,ix,:,:))
			VFNkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, VFN(ia,ix,:,:))

			! temporary matrix for interpolation of decision rules for asset

			do ik = 1, nK
			do ip = 1, np
				ASEax(ik,ip) = agrid(ASE(ia,ix,ik,ip))
				ASNax(ik,ip) = agrid(ASN(ia,ix,ik,ip))
			end do
			end do

			!	interpolate decision rules

			ASEkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, ASEax)
			ASNkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, ASNax)

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv


			vf_work = lininterp1(Worker(indiv)%A, agrid, VFEkp(:,Worker(indiv)%X))
			vf_home = lininterp1(Worker(indiv)%A, agrid, VFNkp(:,Worker(indiv)%X))


			if (vf_work >= vf_home) then

				Worker(indiv)%H  = hbar
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASEkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
				Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H

			else

				Worker(indiv)%H  = 0.0D0
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASNkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))

			end if

		end do


		!	generate time series data

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		

		!	panel data

		do indiv = 1, Nindiv

			Worker(indiv)%W = Wdata(time)*exgrid(Worker(indiv)%X)*Worker(indiv)%H
			Worker(indiv)%C = (1.0D0+Rdata(time)-delta)*Worker(indiv)%A + Worker(indiv)%W - Worker(indiv)%AP

			if (Worker(indiv)%Cp > 0.0D0 .and. Worker(indiv)%C > 0.0D0) then
				Worker(indiv)%Cg = (Worker(indiv)%C - Worker(indiv)%Cp)/Worker(indiv)%Cp
			else
				Worker(indiv)%Cg = -999.9D0
			end if

		end do


		!	data for consumption growths

		call sort(Worker%Cg, Nindiv, Cg_iperm, -1, IER)
		CGdata(time,1) = Worker(Cg_iperm(1))%Cg
		CGdata(time,2) = Worker(Cg_iperm(int(0.01*Nindiv)))%Cg
		CGdata(time,3) = Worker(Cg_iperm(int(0.02*Nindiv)))%Cg
		CGdata(time,4) = Worker(Cg_iperm(int(0.03*Nindiv)))%Cg
		CGdata(time,5) = Worker(Cg_iperm(int(0.04*Nindiv)))%Cg
		CGdata(time,6) = Worker(Cg_iperm(int(0.05*Nindiv)))%Cg
		CGdata(time,7) = Worker(Cg_iperm(int(0.10*Nindiv)))%Cg
		CGdata(time,8) = Worker(Cg_iperm(int(0.15*Nindiv)))%Cg
		CGdata(time,9) = Worker(Cg_iperm(int(0.20*Nindiv)))%Cg


		!	prepare for the simulation in the next period

		Worker%A  = Worker%AP
		Worker%Cp = Worker%C
		call NextIdiosyncraticShock()


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(A,F8.5)') "Cg(1) = ", CGdata(time,1)
			write(*,'(A,F8.5)') "Cg(2) = ", CGdata(time,2)
			write(*,'(A,F8.5)') "Cg(3) = ", CGdata(time,3)
			write(*,'(A,F8.5)') "Cg(4) = ", CGdata(time,4)
			write(*,'(A,F8.5)') "Cg(5) = ", CGdata(time,5)
			write(*,'(A,F8.5)') "Cg(6) = ", CGdata(time,6)
			write(*,'(A,F8.5)') "Cg(7) = ", CGdata(time,7)
			write(*,'(A,F8.5)') "Cg(8) = ", CGdata(time,8)
			write(*,'(A,F8.5)') "Cg(9) = ", CGdata(time,9)
			write(*,'(/)')
		end if

	end do


	!	deallocate memory

	deallocate(Worker, Cg_iperm)
	deallocate(ASEax, ASNax, ASEkp, ASNkp, VFEkp, VFNkp)


	!	save time sries data

	open(1, file='Output/Kdata.txt', status='replace')
	open(2, file='Output/Rdata.txt', status='replace')
	open(3, file='Output/Wdata.txt', status='replace')
	open(4, file='Output/Ldata.txt', status='replace')
	open(5, file='Output/CGdata.txt', status='replace')

	write(1, '(f12.6)') Kdata(1:Nperiod+1)
	write(2, '(f12.6)') Rdata(1:Nperiod)
	write(3, '(f12.6)') Wdata(1:Nperiod)
	write(4, '(f12.6)') Ldata(1:Nperiod)
	write(5, '(<9>f12.6)') ((CGdata(time,ix),ix=1,9),time=1,Nperiod)

	close(1)
	close(2)
	close(3)
	close(4)
	close(5)


end subroutine




!	----------------------------------------------------------------------
!	File name: FinalSimulation.f90
!
!	generate artificial data for all aggregate variables, which will be 
!	used in ModelStatistics().
!	----------------------------------------------------------------------


subroutine FinalSimulation()

	implicit none


	!	number of inidividuals for simulation

	Nindiv = Nindiv_Fin_Sim
	Nperiod = Nperiod_Fin_Sim


	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0
	Edata = 0.0D0
	EINdata = 0.0D0
	EOUTdata = 0.0D0


	!	set the seed number for random number generator

	xseed = 2


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv), Cg_iperm(Nindiv))
	allocate(ASEax(nk,np), ASNax(nk,np), ASEkp(na,nx), ASNkp(na,nx), VFEkp(na,nx), VFNkp(na,nx))


	!	intialize distribution of workers

	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv
	

	!	start generating artificial time series data

	do time = 1, Nperiod


		! interpolate value function and asset decision rule at (Kapital, pt)

		do ix = 1, nx
		do ia = 1, na

			!	interpolate value functions

			VFEkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, VFE(ia,ix,:,:))
			VFNkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, VFN(ia,ix,:,:))

			! temporary matrix for interpolation of decision rules for asset

			do ik = 1, nK
			do ip = 1, np
				ASEax(ik,ip) = agrid(ASE(ia,ix,ik,ip))
				ASNax(ik,ip) = agrid(ASN(ia,ix,ik,ip))
			end do
			end do

			!	interpolate decision rules

			ASEkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, ASEax)
			ASNkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, ASNax)

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv


			vf_work = lininterp1(Worker(indiv)%A, agrid, VFEkp(:,Worker(indiv)%X))
			vf_home = lininterp1(Worker(indiv)%A, agrid, VFNkp(:,Worker(indiv)%X))
			PreviousHour = Worker(indiv)%H


			if (vf_work >= vf_home) then

				Worker(indiv)%H  = hbar
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASEkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
				Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H
				Edata(time) = Edata(time) + 1.0D0
				if (PreviousHOur == 0.0D0) EINdata(time) = EINdata(time) + 1

			else

				Worker(indiv)%H  = 0.0D0
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASNkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
				if (PreviousHour == hbar) EOUTdata(time) = EOUTdata(time) + 1

			end if

		end do


		!	generate time series data for aggregate macro variables

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		Edata(time) = Edata(time)/Nindiv
		EINdata(time) = EINdata(time)/Nindiv
		EOUTdata(time) = EOUTdata(time)/Nindiv
		hEINdata(time) = EINdata(time)/Edata(time)
		hEOUTdata(time) = EOUTdata(time)/Edata(time)
		Ydata(time) = Pdata(time)*(Kdata(time)**alpha)*(Ldata(time)**(1.0D0-alpha))
		Idata(time) = Kdata(time+1) - (1.0D0-delta)*Kdata(time)
		Cdata(time) = Ydata(time) - Idata(time)
		Adata(time) = Ydata(time)/(hbar*Edata(time))


		!	panel data

		do indiv = 1, Nindiv

			Worker(indiv)%W = Wdata(time)*exgrid(Worker(indiv)%X)*Worker(indiv)%H
			Worker(indiv)%C = (1.0D0+Rdata(time)-delta)*Worker(indiv)%A + Worker(indiv)%W - Worker(indiv)%AP
			if (Worker(indiv)%Cp > 0.0D0 .and. Worker(indiv)%C > 0.0D0) then
				Worker(indiv)%Cg = (Worker(indiv)%C - Worker(indiv)%Cp)/Worker(indiv)%Cp
			else
				Worker(indiv)%Cg = -999.9D0
			end if

		end do


		!	data for consumption growths

		call sort(Worker%Cg, Nindiv, Cg_iperm, -1, IER)
		CGdata(time,1) = Worker(Cg_iperm(1))%Cg
		CGdata(time,2) = Worker(Cg_iperm(int(0.01*Nindiv)))%Cg
		CGdata(time,3) = Worker(Cg_iperm(int(0.02*Nindiv)))%Cg
		CGdata(time,4) = Worker(Cg_iperm(int(0.03*Nindiv)))%Cg
		CGdata(time,5) = Worker(Cg_iperm(int(0.04*Nindiv)))%Cg
		CGdata(time,6) = Worker(Cg_iperm(int(0.05*Nindiv)))%Cg
		CGdata(time,7) = Worker(Cg_iperm(int(0.10*Nindiv)))%Cg
		CGdata(time,8) = Worker(Cg_iperm(int(0.15*Nindiv)))%Cg
		CGdata(time,9) = Worker(Cg_iperm(int(0.20*Nindiv)))%Cg


		!	prepare for the simulation in the next period

		Worker%A = Worker%AP
		Worker%Cp = Worker%C
		call NextIdiosyncraticShock()


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(A,F8.5)') "Cg(1) = ", CGdata(time,1)
			write(*,'(A,F8.5)') "Cg(2) = ", CGdata(time,2)
			write(*,'(A,F8.5)') "Cg(3) = ", CGdata(time,3)
			write(*,'(A,F8.5)') "Cg(4) = ", CGdata(time,4)
			write(*,'(A,F8.5)') "Cg(5) = ", CGdata(time,5)
			write(*,'(A,F8.5)') "Cg(6) = ", CGdata(time,6)
			write(*,'(A,F8.5)') "Cg(7) = ", CGdata(time,7)
			write(*,'(A,F8.5)') "Cg(8) = ", CGdata(time,8)
			write(*,'(A,F8.5)') "Cg(9) = ", CGdata(time,9)
			write(*,'(/)')
		end if


	end do


	!	deallocate memory

	deallocate(Worker, Cg_iperm)
	deallocate(ASEax, ASNax, ASEkp, ASNkp, VFEkp, VFNkp)
	close(100)


end subroutine


!	----------------------------------------------------------------------
!	subroutine name: AggregateShockSeries()
!
!	generate time series of aggregate productivity shocks.
!	----------------------------------------------------------------------

subroutine AggregateShockSeries()

	implicit none

	integer:: pseed


	! set the seed number for random number generator

	pseed = 1


	!	normal random numbers for aggregate productivity shocks

	do time = 1, Nperiod_Fin_Sim
		Pdata(time) = sigep*snorm(pseed)
	end do	


	! generate Pdata

	do time = 2, Nperiod_Fin_Sim
		Pdata(time) = min(max(rhop*Pdata(time-1) + Pdata(time), pgrid(1)), pgrid(np))
	end do

	Pdata = dexp(Pdata)

end subroutine


!	----------------------------------------------------------------------
!	subroutine name: NextIdiosyncraticShock()
!
!	generate next period indiosyncratic productivity shocks.
!	----------------------------------------------------------------------


subroutine NextIdiosyncraticShock()

	implicit none

	integer j
	real(8) ushock


	do indiv = 1, Nindiv

		ushock = sunif(xseed)

		do j = 1, nx

			if (ushock <= CtrX(Worker(indiv)%X,j)) then
				Worker(indiv)%X = j
				exit
			end if
		
		end do

	end do

end subroutine


end module




FortranFinal/HII/Model/Globals.f90
!	----------------------------------------------------------------------
!	File name: Globals.f90
!
!	Defines global variables.
!	----------------------------------------------------------------------


module Globals

	implicit none

	save
	
	!	bounds for individual and aggregate capital

	!	sigx=0.225 rhox=0.95

!	real(8), parameter:: amin = -2.0D0,	amax = 250.0D0,			&
!						 kbnd = 0.1D0, kss = 12.6318923164D0,	&
!						 kmax = kss*(1.0D0 + kbnd),	kmin = kss*(1.0D0 - kbnd)

	!	sigx=0.287 rhox=0.939

	real(8), parameter:: amin = -2.0D0,	amax = 310.0D0, kbnd = 0.10D0, kss = 14.4845222458D0, kmax = kss*(1.0D0 + kbnd), kmin = kss*(1.0D0 - kbnd)


	!	number of grids

	real(8), parameter:: a0 = amin, a1 = 2.0D0, a2 = 5.0D0, a3 = 10.0D0, a4 = 20.0D0, a5 = 40.0D0, a6 = 85.0D0, a7 = amax
	real(8), parameter:: s1 = 0.02D0, s2 = 0.03D0, s3 = 0.05D0, s4 = 0.1D0, s5 = 0.2D0, s6 = 0.3D0, s7 = 0.4D0
	integer, parameter:: na1 = int((a1-a0)/s1) + 1, na2 = na1 + int((a2-a1)/s2),	&
						 na3 = na2 + int((a3-a2)/s3), na4 = na3 + int((a4-a3)/s4),	&
						 na5 = na4 + int((a5-a4)/s5), na6 = na5 + int((a6-a5)/s6),	&
						 na7 = na6 + int((a7-a6)/s7)
	integer, parameter:: na = na7, nx = 17, nk = 11, np = 9


	!	maximum number of iterations

	integer, parameter:: maxiterLOM = 40, MAXITER = 10000, showerr = 10


	!	tolerence for converce check

	real(8), parameter:: tol_value = 1.0D-4, tol_LOM = 1.0D-4


	!	number of periods, individuals for simulation

	integer:: Nperiod
	integer, parameter:: Nperiod_Sim = 3500, Nperiod_Fin_Sim = 3500, Nindiv_Sim = 50000, Nindiv_Fin_Sim = 50000, Nskip = 500


	!	adjustment factor

	real(8), parameter:: sfac = 0.5D0

	
	!	model parameters

	real(8), parameter:: alpha = 0.36d0, delta = 0.025d0, hbar = 1.0D0/3.0D0
	real(8) bta, B, gama, avex, rhox, sigex, avep, rhop, sigep, sigx, sigp


	!	auxiliary variables

	real(8) irate, wage, income, hour


	!	grid vectors

	real(8) agrid(na), xgrid(nx), exgrid(nx), kgrid(nk), pgrid(np), epgrid(np)


	!	transition probability

	real(8) trX(nx,nx), CtrX(nx,nx), prX(nx), trP(np,np), CtrP(np,np)


	!	simulated time series data

	real(8) Kdata(Nperiod_Fin_Sim+1), Ldata(Nperiod_Fin_Sim), Rdata(Nperiod_Fin_Sim), Wdata(Nperiod_Fin_Sim), Pdata(Nperiod_Fin_Sim), Ydata(Nperiod_Fin_Sim), Idata(Nperiod_Fin_Sim), Cdata(Nperiod_Fin_Sim), Adata(Nperiod_Fin_Sim), Edata(Nperiod_Fin_Sim), EINdata(Nperiod_Fin_Sim), EOUTdata(Nperiod_Fin_Sim),	hEINdata(Nperiod_Fin_Sim), hEOUTdata(Nperiod_Fin_Sim), CGdata(Nperiod_Fin_Sim,9)


	!	coefficients of equations

	real(8)	 Kcoef(3), Rcoef(3), Wcoef(3), NewKcoef(3), NewRcoef(3), NewWcoef(3)


	!	indexing variables
		
	integer ia, ix, ik, ip, indiv, time
	
	
	!	final simulation
	
	logical final
	

	!	spaces for value functions and decision rules

	integer AS(na,nx,nk,np), ASE(na,nx,nk,np), ASN(na,nx,nk,np)
	real(8) VF(na,nx,nk,np), HR(na,nx,nk,np), PF(na,nx,nk,np),	VFE(na,nx,nk,np), VFN(na,nx,nk,np)


end module




FortranFinal/HII/Model/GridsModule.f90
!	----------------------------------------------------------------------
!	Module name: ConstructGrids.f90
!	----------------------------------------------------------------------

module GridsModule

	use Globals

	implicit none

	integer i
	real(8) step


contains


subroutine IndividualCapitalGrid()

	implicit none


	!	construct unequally spaced asset grids

	!	(0, a1)

	agrid(1) = amin
	do i = 2, na1
		agrid(i) = agrid(i-1) + s1
	end do

	!	(a1, a2)

	do i = na1 + 1, na2
		agrid(i) = agrid(i-1) + s2
	end do

	!	(a2, a3)

	do i = na2 + 1, na3
		agrid(i) = agrid(i-1) + s3
	end do

	!	(a3, a4)

	do i = na3 + 1, na4
		agrid(i) = agrid(i-1) + s4
	end do

	!	(a4, a5)

	do i = na4 + 1, na5
		agrid(i) = agrid(i-1) + s5
	end do

	!	(a5, a6)

	do i = na5 + 1, na6
		agrid(i) = agrid(i-1) + s6
	end do

	!	(a6, a7)

	do i = na6 + 1, na7
		agrid(i) = agrid(i-1) + s7
	end do


	! save grid

	open(1, file='Output/agrid.txt', status='unknown')
	write(1, '(f12.6)') agrid

end subroutine



subroutine AggregateCapitalGrid()

	implicit none

	real(8) step


	! step for grid construction

	step = (kmax - kmin)/(nk - 1)

	
	! aggregate capital grid

	kgrid(1) = kmin
	do i = 2, nk
		kgrid(i) = kgrid(i-1) + step
	end do


	! save grid

	open(1, file='Output/kgrid.txt', status='unknown')
	write(1, '(f12.6)') kgrid

end subroutine



subroutine IdiosyncraticShockGrid()

	implicit none
	
	real(8) xmax, xmin
	

	! xgrid

	xmax = avex + 3.0*sigx
	xmin = avex - 3.0*sigx
	step = (xmax - xmin)/(nx - 1)

	xgrid(1) = xmin
	do i = 2, nx
		xgrid(i) = xgrid(i-1) + step
	end do

	exgrid = dexp(xgrid)


	! save grids

	open(1, file='Output/xgrid.txt', status='unknown')
	open(2, file='Output/exgrid.txt', status='unknown')

	write(1,'(f12.6)') xgrid
	write(2,'(f12.6)') exgrid


end subroutine



subroutine AggregateShockGrid()

	implicit none
	
	real(8) pmax, pmin
	

	! pgrid: more than 2 states

	pmax = avep + 3.0*sigp
	pmin = avep - 3.0*sigp
	step = (pmax - pmin)/(np - 1)

	pgrid(1) = pmin
	do i = 2, np
		pgrid(i) = pgrid(i-1) + step
	end do

	epgrid = dexp(pgrid)


	! save grids

	open(1, file='Output/pgrid.txt', status='unknown')
	open(2, file='Output/epgrid.txt', status='unknown')

	write(1,'(f12.6)') pgrid
	write(2,'(f12.6)') epgrid


end subroutine


end module




FortranFinal/HII/Model/InitializationModule.f90
!	----------------------------------------------------------------------
!	Module name: InitializationModule.f90
!	----------------------------------------------------------------------


module InitializationModule

	use Globals
	use ValueModule

	implicit none


contains


subroutine InitializeParameters()

	implicit none

	open(1, file='Input/parameters.txt', status = 'old')
	read(1, *) bta
	read(1, *) B
	read(1, *) gama
	read(1, *) avex
	read(1, *) rhox
	read(1, *) sigex
	read(1, *) avep
	read(1, *) rhop
	read(1, *) sigep

	sigx = sigex/dsqrt(1.0D0-rhox**2)
	sigp = sigep/dsqrt(1.0D0-rhop**2)


	!	write parameter values on log file

	open(0, file='Output/Logfile.txt', status='unknown')

	write(0, '(A/)') "Parameter Values:"
	write(0, '(A,F12.9)') "beta     = ", bta
	write(0, '(A,F12.4)') "B        = ", B
	write(0, '(A,F7.4)') "gamma    = ", gama
	write(0, '(A,F7.4)') "ave_x    = ", avex
	write(0, '(A,F7.4)') "rho_x    = ", rhox
	write(0, '(A,F7.4)') "sig_ex   = ", sigex
	write(0, '(A,F7.4)') "ave_p    = ", avep
	write(0, '(A,F7.4)') "rho_p    = ", rhop
	write(0, '(A,F7.4)') "sig_ep   = ", sigep


end subroutine



subroutine InitializeCoefficients()

	open(1, file='Input/CoefficientsIN.txt', status = 'old')
	read(1, *) Kcoef, Rcoef, Wcoef


end subroutine



subroutine InitializeValue()

	implicit none


	! initialize value function and decision rules

	do ip = 1, np
	do ik = 1, nk

		irate = dexp(Rcoef(1) + Rcoef(2)*dlog(kgrid(ik)) + Rcoef(3)*pgrid(ip)) - delta
		wage  = dexp(Wcoef(1) + Wcoef(2)*dlog(kgrid(ik)) + Wcoef(3)*pgrid(ip))

		do ia = 1, na
		do ix = 1, nx

			hour = hbar
			income = (1.0+irate)*agrid(ia) + wage*hour*exgrid(ix)
			ASE(ia,ix,ik,ip) = ia
			VFE(ia,ix,ik,ip) = Utility(ia)

			hour = 0.0D0
			income = (1.0+irate)*agrid(ia)
			ASN(ia,ix,ik,ip) = ia
			VFN(ia,ix,ik,ip) = Utility(ia)

			AS(ia,ix,ik,ip) = ia
			VF(ia,ix,ik,ip) = max(VFE(ia,ix,ik,ip),VFN(ia,ix,ik,ip))

		end do
		end do

	end do
	end do

end subroutine


end module




FortranFinal/HII/Model/Main.f90
!	----------------------------------------------------------------------
!	File name : Main.f90
!
!	Main program that solves the model with aggregate fluctuations.
!	----------------------------------------------------------------------


program Fluctuations

	use Globals
	use InitializationModule
	use GridsModule
	use TransitionModule
	use ValueModule
	use SimulationModule
	use RegressionModule

	implicit none

	integer iterLOM
	real(8) errK, errR, errW, err
	character(8) startdate, finishdate, today
	character(10) starttime, finishtime, solvetime, simultime


	!	open a log file

	open(0, file='Output/Logfile.txt', status = 'unknown')


	!	set the starting time

	call date_and_time(startdate,starttime)
	

	!	initialize parameters and global variables

	call InitializeParameters()
	call InitializeCoefficients()


	!	construct grids

	call IndividualCapitalGrid()
	call IdiosyncraticShockGrid()
	call AggregateCapitalGrid()
	call AggregateShockGrid()


	!	initialize transition probability matrix

	call IdiosyncraticTransition()
	call AggregateTransition()


	!	initialize aggregate shock for simulation

	call AggregateShockSeries()


	!	initialize value function and decision rule for asset

	call InitializeValue()


	!	iteration on laws of motion

	final = .false.
	
	do iterLOM = 1, maxiterLOM


		!	solve value function

		call date_and_time(today,solvetime)
		

		write(0, '(//A,I2)') "Coefficients of Equations in Iteration ", iterLOM
		write(0, '(A, 3F10.5)') "Law of Motion for Kapital:", Kcoef
		write(0, '(A, 3F10.5)') "Interest Rate Equation   :", Rcoef
		write(0, '(A, 3F10.5)') "Wage Rate Equation       :", Wcoef
		write(0, '(/A,I2,12A)') "SolveValueFunction in Iteration ", iterLOM, " started at ", today(1:4), "-", today(5:6), "-", today(7:8), " ", solvetime(1:2), ":", solvetime(3:4), ":", solvetime(5:6)
	
		call SolveValueFunction()


		!	generate artificial data through simulation

		call date_and_time(today,simultime)
		
		write(0, '(/A,I2,12A)') "SimulateData in Iteration ", iterLOM, " started at ", today(1:4), "-", today(5:6), "-", today(7:8), " ", simultime(1:2), ":", simultime(3:4), ":", simultime(5:6)

		call SimulateData()
		call SaveSimulatedTimeSeriesData()


		!	updata laws of motion through regressions of simulated data

		call RegressLOM()

		errK = maxval(dabs(NewKcoef - Kcoef))
		errR = maxval(dabs(NewRcoef - Rcoef))
		errW = maxval(dabs(NewWcoef - Wcoef))
		err  = max(errK, errR, errW)

		Kcoef = sfac*NewKcoef + (1.0D0 - sfac)*Kcoef
		Rcoef = sfac*NewRcoef + (1.0D0 - sfac)*Rcoef
		Wcoef = sfac*NewWcoef + (1.0D0 - sfac)*Wcoef


		!	convergence test

		if (err < tol_LOM) then
			write(0, '(//A,I2)') "Errors in LOM Iteration ", iterLOM
			write(0, '(/A,F10.6,A,F10.6,A,F10.6)')			&
				"errK = ", errK, "    errR = ", errR, "    errW = ", errW
			write(0, '(//A,I2)') "Law of Motion converged at iteration ", iterLOM
			write(0, '(/A)') "Converged Coefficients of Equations"
			write(0, '(A, 3F10.5)') "Law of Motion for Kapital:", Kcoef
			write(0, '(A, 3F10.5)') "Interest Rate Equation   :", Rcoef
			write(0, '(A, 3F10.5)') "Wage Rate Equation       :", Wcoef
			exit 
		else
			write(0, '(//A,I2)') "Errors in LOM Iteration ", iterLOM
			write(0, '(A,F10.6,A,F10.6,A,F10.6)')			&
				"errK = ", errK, "    errR = ", errR, "    errW = ", errW
		end if

	end do


	!	final simulation

	final = .true.
	
	call date_and_time(today,simultime)
	
	write(0, '(//12A)') "FinalSimulation started at ", today(1:4), "-", today(5:6), "-", today(7:8), " ", simultime(1:2), ":", simultime(3:4), ":", simultime(5:6)

	call SimulateData()
	call SaveSimulatedTimeSeriesData()
	call RegressLOM()


	!	save results

	call SaveValueFunction2()
	call SaveCoefficients()


	!	set the finishing time

	call date_and_time(finishdate,finishtime)

	
	!	print the starting and finishing times

	write(0, '(/)') 
	write(0, '(12A)') "The program started at  ", startdate(1:4),"-",startdate(5:6),"-",startdate(7:8)," ", starttime(1:2),":",starttime(3:4),":",starttime(5:6)
	write(0, '(12A)') "The program finished at ", finishdate(1:4),"-",finishdate(5:6),"-",finishdate(7:8)," ", finishtime(1:2),":",finishtime(3:4),":",finishtime(5:6)


end program Fluctuations




FortranFinal/HII/Model/RegressionModule.f90
!	----------------------------------------------------------------------
!	Module name: RegressionModule.f90
!
!	regresses simulated data to get new law of motion for aggregate
!	capital and price equations.
!	----------------------------------------------------------------------


module RegressionModule

	use Globals
	use LeastSquareModule

	implicit none


contains


!	----------------------------------------------------------------------
!	File name: RegressLOM.f90
!
!	regresses simulated data to get new law of motion for aggregate
!	capital and price equations and summary statistics.
!	----------------------------------------------------------------------


subroutine RegressLOM()

	implicit none

	integer, parameter:: ncoef = 3
	real(8):: RHS(Nperiod-Nskip,ncoef)
	real(8):: COVB(ncoef,ncoef), tstat(ncoef), r_sq, adjr_sq, chisq
	integer:: icoef
	
	
	!	construct common regressors

	RHS(:,1) = 1.0D0
	RHS(:,2) = dlog(Kdata(Nskip+1:Nperiod))
	RHS(:,3) = dlog(Pdata(Nskip+1:Nperiod))


	!	open the log file

	open(0, file='Output/Logfile.txt', status='unknown')


	!	final regressions with summary statistics

	!	law of motion for aggregate capital

	call lsfit(RHS, dlog(Kdata(Nskip+2:Nperiod+1)), NewKcoef, COVB, tstat, r_sq, adjr_sq, chisq)

	write(0, '(//A/)')    "Summary statistics for K equation                "
	write(0, '(A,F20.4)') "R^2 (in percent):                                ", r_sq*100.0D0
	write(0, '(A,F20.4)') "Adjusted R^2 (in percent):                       ", adjr_sq*100.0D0
	write(0, '(A,F20.4)') "Mean of the response (dependent) variable:       ", sum(Kdata(Nskip+2:Nperiod+1))/(Nperiod-Nskip)
	write(0, '(A6,3(A15))') " ", "Estimate", "St. err", "t-stat"
	do icoef = 1, ncoef
	    write(0, '(A2,I2,A2,4F15.6)') "C(",icoef,")", NewKcoef(icoef), dsqrt(COVB(icoef,icoef)), tstat(icoef)
	end do


	!	interest rate eqeuation

	call lsfit(RHS, dlog(Rdata(Nskip+1:Nperiod)), NewRcoef, COVB, tstat, r_sq, adjr_sq, chisq)

	write(0, '(//A/)')    "Summary statistics for R equation                "
	write(0, '(A,F20.4)') "R^2 (in percent):                                ", r_sq*100.0D0
	write(0, '(A,F20.4)') "Adjusted R^2 (in percent):                       ", adjr_sq*100.0D0
	write(0, '(A,F20.4)') "Mean of the response (dependent) variable:       ", sum(Rdata(Nskip+1:Nperiod))/(Nperiod-Nskip)
	write(0, '(A6,3(A15))') " ", "Estimate", "St. err", "t-stat"
	do icoef = 1, ncoef
	    write(0, '(A2,I2,A2,4F15.6)') "C(",icoef,")", NewRcoef(icoef), dsqrt(COVB(icoef,icoef)), tstat(icoef)
	end do


	!	wage eqeuation

	call lsfit(RHS, dlog(Wdata(Nskip+1:Nperiod)), NewWcoef, COVB, tstat, r_sq, adjr_sq, chisq)

	write(0, '(//A/)')    "Summary statistics for W equation                "
	write(0, '(A,F20.4)') "R^2 (in percent):                                ", r_sq*100.0D0
	write(0, '(A,F20.4)') "Adjusted R^2 (in percent):                       ", adjr_sq*100.0D0
	write(0, '(A,F20.4)') "Mean of the response (dependent) variable:       ", sum(Wdata(Nskip+1:Nperiod))/(Nperiod-Nskip)
	write(0, '(A6,3(A15))') " ", "Estimate", "St. err", "t-stat"
	do icoef = 1, ncoef
	    write(0, '(A2,I2,A2,4F15.6)') "C(",icoef,")", NewWcoef(icoef), dsqrt(COVB(icoef,icoef)), tstat(icoef)
	end do


end subroutine


end module



FortranFinal/HII/Model/SaveResults.f90
!	----------------------------------------------------------------------
!	File name: SaveValueFunction.f90
!	----------------------------------------------------------------------
	
	

subroutine SaveCoefficients()

	use Globals

	open(1, file='Output/CoefficientsOUT.txt', status='unknown')
	write(1, '(3F10.6)') Kcoef(1), Kcoef(2), Kcoef(3)
	write(1, '(3F10.6)') Rcoef(1), Rcoef(2), Rcoef(3)
	write(1, '(3F10.6)') Wcoef(1), Wcoef(2), Wcoef(3)

end subroutine



subroutine SaveSimulatedTimeSeriesData()

	use Globals

	open(1, file='Output/Kdata.txt', status='unknown')
	open(2, file='Output/Rdata.txt', status='unknown')
	open(3, file='Output/Wdata.txt', status='unknown')
	open(4, file='Output/Ldata.txt', status='unknown')
	open(5, file='Output/Edata.txt', status='unknown')
	open(6, file='Output/EINdata.txt', status='unknown')
	open(7, file='Output/EOUTdata.txt', status='unknown')
	open(8, file='Output/Ydata.txt', status='unknown')
	open(9, file='Output/Idata.txt', status='unknown')
	open(10, file='Output/Cdata.txt', status='unknown')
	open(11, file='Output/Adata.txt', status='unknown')
	open(12, file='Output/hEINdata.txt', status='unknown')
	open(13, file='Output/hEOUTdata.txt', status='unknown')
	open(14, file='Output/Pdata.txt', status='unknown')
	open(15, file='Output/CGdata.txt', status='unknown')

	write(1, '(F12.6)') Kdata(1:Nperiod+1)
	write(2, '(F12.6)') Rdata(1:Nperiod)
	write(3, '(F12.6)') Wdata(1:Nperiod)
	write(4, '(F12.6)') Ldata(1:Nperiod)
	write(5, '(F12.6)') Edata(1:Nperiod)
	write(6, '(F12.6)') EINdata(1:Nperiod)
	write(7, '(F12.6)') EOUTdata(1:Nperiod)
	write(8, '(F12.6)') Ydata(1:Nperiod)
	write(9, '(F12.6)') Idata(1:Nperiod)
	write(10, '(F12.6)') Cdata(1:Nperiod)
	write(11, '(F12.6)') Adata(1:Nperiod)
	write(12, '(F12.6)') hEINdata(1:Nperiod)
	write(13, '(F12.6)') hEOUTdata(1:Nperiod)
	write(14, '(f12.6)') Pdata(1:Nperiod)
	write(15, '(<9>F12.6)') ((CGdata(time,ix),ix=1,9),time=1,Nperiod)

	close(1)
	close(2)
	close(3)
	close(4)
	close(5)
	close(6)
	close(7)
	close(8)
	close(9)
	close(10)
	close(11)
	close(12)
	close(13)
	close(14)
	close(15)


end subroutine



subroutine SaveValueFunction()

	use Globals


	open(1, file='Output/VF.txt', status='unknown')
	open(2, file='Output/AS.txt', status='unknown')
	open(3, file='Output/HR.txt', status='unknown')
	open(4, file='Output/VFE.txt', status='unknown')
	open(5, file='Output/VFN.txt', status='unknown')
	open(6, file='Output/ASE.txt', status='unknown')
	open(7, file='Output/ASN.txt', status='unknown')
	


	do ip = 1, np
	do ik = 1, nk
			
		write(1, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(1, '(<nx>F15.6)') ((VF(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(1, '(A,/)')

		write(2, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(2, '(<nx>I6)') ((AS(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(2, '(A,/)')

		write(3, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(3, '(<nx>F8.3)') ((HR(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(3, '(A,/)')

		write(4, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(4, '(<nx>F15.6)') ((VFE(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(4, '(A,/)')

		write(5, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(5, '(<nx>F15.6)') ((VFN(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(5, '(A,/)')

		write(6, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(6, '(<nx>F12.6)') ((ASE(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(6, '(A,/)')

		write(7, '(A,I2,A,I2,/)') "ik = ", ik, "     ip = ", ip
		write(7, '(<nx>F12.6)') ((ASN(ia,ix,ik,ip),ix=1,nx),ia=1,na)
		write(7, '(A,/)')

	end do
	end do


end subroutine




subroutine SaveValueFunction2()

	use Globals


	open(1, file='Output/VF.txt', status='unknown')
	open(2, file='Output/AS.txt', status='unknown')
	open(3, file='Output/HR.txt', status='unknown')
	open(4, file='Output/VFE.txt', status='unknown')
	open(5, file='Output/VFN.txt', status='unknown')
	open(6, file='Output/ASE.txt', status='unknown')
	open(7, file='Output/ASN.txt', status='unknown')
	
	write(1, '(<nx>F15.6)') ((((VF(ia,ix,ik,ip),ix=1,nx),ia=1,na),ik=1,nk),ip=1,np)
	write(2, '(<nx>I6)')    ((((AS(ia,ix,ik,ip),ix=1,nx),ia=1,na),ik=1,nk),ip=1,np)
	write(3, '(<nx>F8.3)')  ((((HR(ia,ix,ik,ip),ix=1,nx),ia=1,na),ik=1,nk),ip=1,np)
	write(4, '(<nx>F15.6)') ((((VFE(ia,ix,ik,ip),ix=1,nx),ia=1,na),ik=1,nk),ip=1,np)
	write(5, '(<nx>F15.6)') ((((VFN(ia,ix,ik,ip),ix=1,nx),ia=1,na),ik=1,nk),ip=1,np)
	write(6, '(<nx>I6)')    ((((ASE(ia,ix,ik,ip),ix=1,nx),ia=1,na),ik=1,nk),ip=1,np)
	write(7, '(<nx>I6)')    ((((ASN(ia,ix,ik,ip),ix=1,nx),ia=1,na),ik=1,nk),ip=1,np)


end subroutine




FortranFinal/HII/Model/SimulationModule.f90
!	----------------------------------------------------------------------
!	Module name: SimulationModule.f90
!
!	collection of sub-programs to simulate artificial data
!	----------------------------------------------------------------------



Module SimulationModule

	use Globals
	use LinInterpModule
	use PolyInterpModule
	
	implicit none

	integer:: xseed
	real(8), dimension(:,:), allocatable:: ASEax, ASNax, ASEkp, ASNkp, VFEkp, VFNkp
	real(8):: vf_work, vf_home, PreviousHour
	type Individual
		real(8) :: A, AP, H, W, C, Cp, Cg
		integer :: X
	end type Individual
	type(Individual), dimension(:), allocatable :: Worker
	integer:: Nindiv, IER
	integer,allocatable:: Cg_iperm(:)
	real(8),external:: sunif, snorm


contains


!	----------------------------------------------------------------------
!	File name: FinalSimulation.f90
!
!	generate artificial data for all aggregate variables, which will be 
!	used in ModelStatistics().
!	----------------------------------------------------------------------


subroutine SimulateData()

	implicit none


	!	number of inidividuals for simulation

	if (final) then
		Nindiv = Nindiv_Fin_Sim
		Nperiod = Nperiod_Fin_Sim
		open(100, file='Output/CG_indiv.txt', status = 'unknown')
	else
		Nindiv = Nindiv_Sim
		Nperiod = Nperiod_Sim
	end if		



	!	initialize time series data

	Kdata = 0.0D0
	Ldata = 0.0D0
	Rdata = 0.0D0
	Wdata = 0.0D0
	Edata = 0.0D0
	EINdata = 0.0D0
	EOUTdata = 0.0D0


	!	set the seed number for random number generator

	xseed = 2


	!	allocate space for cross section data generation

	allocate(Worker(Nindiv), Cg_iperm(Nindiv))
	allocate(ASEax(nk,np), ASNax(nk,np), ASEkp(na,nx), ASNkp(na,nx), VFEkp(na,nx), VFNkp(na,nx))


	!	intialize distribution of workers

	do indiv = 1, Nindiv
		Worker(indiv)%A = kss
		Worker(indiv)%H = hbar
		Worker(indiv)%X = mod(indiv, nx) + 1
	end do


	!	initial aggregate capital

	Kdata(1) = sum(Worker%A)/Nindiv
	

	!	start generating artificial time series data

	do time = 1, Nperiod


		! interpolate value function and asset decision rule at (Kapital, pt)

		do ix = 1, nx
		do ia = 1, na

			!	interpolate value functions

			VFEkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, VFE(ia,ix,:,:))
			VFNkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, VFN(ia,ix,:,:))

			! temporary matrix for interpolation of decision rules for asset

			do ik = 1, nK
			do ip = 1, np
				ASEax(ik,ip) = agrid(ASE(ia,ix,ik,ip))
				ASNax(ik,ip) = agrid(ASN(ia,ix,ik,ip))
			end do
			end do

			!	interpolate decision rules

			ASEkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, ASEax)
			ASNkp(ia,ix) = polyinterp2(Kdata(time), dlog(Pdata(time)), kgrid, pgrid, ASNax)

		end do
		end do


		!	cross-section data for asset and hours given (Kapital, pt)

		do indiv = 1, Nindiv


			vf_work = lininterp1(Worker(indiv)%A, agrid, VFEkp(:,Worker(indiv)%X))
			vf_home = lininterp1(Worker(indiv)%A, agrid, VFNkp(:,Worker(indiv)%X))
			PreviousHour = Worker(indiv)%H


			if (vf_work >= vf_home) then

				Worker(indiv)%H  = hbar
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASEkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
				Ldata(time) = Ldata(time) + exgrid(Worker(indiv)%X)*Worker(indiv)%H
				Edata(time) = Edata(time) + 1.0D0
				if (PreviousHOur == 0.0D0) EINdata(time) = EINdata(time) + 1

			else

				Worker(indiv)%H  = 0.0D0
				Worker(indiv)%AP = lininterp1(Worker(indiv)%A, agrid, ASNkp(:, Worker(indiv)%X))
				Worker(indiv)%AP = min(max(Worker(indiv)%AP, agrid(1)), agrid(na))
				if (PreviousHour == hbar) EOUTdata(time) = EOUTdata(time) + 1

			end if

		end do


		!	generate time series data for aggregate macro variables

		Kdata(time+1) = min(max(sum(Worker%AP)/Nindiv, kgrid(1)), kgrid(nk))
		Ldata(time) = Ldata(time)/Nindiv
		Rdata(time) = Pdata(time)*alpha*(Kdata(time)/Ldata(time))**(alpha-1.0D0)
		Wdata(time) = Pdata(time)*(1.0D0-alpha)*(Kdata(time)/Ldata(time))**(alpha)
		Edata(time) = Edata(time)/Nindiv
		EINdata(time) = EINdata(time)/Nindiv
		EOUTdata(time) = EOUTdata(time)/Nindiv
		hEINdata(time) = EINdata(time)/Edata(time)
		hEOUTdata(time) = EOUTdata(time)/Edata(time)
		Ydata(time) = Pdata(time)*(Kdata(time)**alpha)*(Ldata(time)**(1.0D0-alpha))
		Idata(time) = Kdata(time+1) - (1.0D0-delta)*Kdata(time)
		Cdata(time) = Ydata(time) - Idata(time)
		Adata(time) = Ydata(time)/(hbar*Edata(time))


		!	panel data

		if (final) then
		
			do indiv = 1, Nindiv

				Worker(indiv)%W = Wdata(time)*exgrid(Worker(indiv)%X)*Worker(indiv)%H
				Worker(indiv)%C = (1.0D0+Rdata(time)-delta)*Worker(indiv)%A + Worker(indiv)%W - Worker(indiv)%AP
				if (Worker(indiv)%Cp > 0.0D0 .and. Worker(indiv)%C > 0.0D0) then
					Worker(indiv)%Cg = (Worker(indiv)%C - Worker(indiv)%Cp)/Worker(indiv)%Cp
				else
					Worker(indiv)%Cg = -999.9D0
				end if

				if (Worker(indiv)%Cg > 1.0D5) then
					Worker(indiv)%Cg = 1.0D5
				end if
				
			end do


			!	aggregate data for consumption growths

			call sort(Worker%Cg, Nindiv, Cg_iperm, -1, IER)
			CGdata(time,1) = Worker(Cg_iperm(1))%Cg
			CGdata(time,2) = Worker(Cg_iperm(int(0.01*Nindiv)))%Cg
			CGdata(time,3) = Worker(Cg_iperm(int(0.02*Nindiv)))%Cg
			CGdata(time,4) = Worker(Cg_iperm(int(0.03*Nindiv)))%Cg
			CGdata(time,5) = Worker(Cg_iperm(int(0.04*Nindiv)))%Cg
			CGdata(time,6) = Worker(Cg_iperm(int(0.05*Nindiv)))%Cg
			CGdata(time,7) = Worker(Cg_iperm(int(0.10*Nindiv)))%Cg
			CGdata(time,8) = Worker(Cg_iperm(int(0.15*Nindiv)))%Cg
			CGdata(time,9) = Worker(Cg_iperm(int(0.20*Nindiv)))%Cg


			!	inidividual data for consumption growth
			
			if (time > Nskip) then
				write(100, '(<Nindiv>F15.6)') Worker%Cg
			end if
			
		end if
		
		
		!	prepare for the simulation in the next period

		Worker%A = Worker%AP
		Worker%Cp = Worker%C
		call NextIdiosyncraticShock()


		!	show how simulation is going on

		if (mod(time, 100) == 0) then
			write(*,'(A,I6)')   "time = ", time	
			write(*,'(A,F8.5)') "p = ", Pdata(time)
			write(*,'(A,F8.5)') "K = ", Kdata(time)
			write(*,'(A,F8.5)') "Kp = ", Kdata(time+1)
			write(*,'(A,F8.5)') "L = ", Ldata(time)
			write(*,'(A,F8.5)') "w = ", Wdata(time)
			write(*,'(A,F8.5)') "r = ", Rdata(time)-delta
			write(*,'(A,F8.5)') "Cg(1) = ", CGdata(time,1)
			write(*,'(A,F8.5)') "Cg(2) = ", CGdata(time,2)
			write(*,'(A,F8.5)') "Cg(3) = ", CGdata(time,3)
			write(*,'(A,F8.5)') "Cg(4) = ", CGdata(time,4)
			write(*,'(A,F8.5)') "Cg(5) = ", CGdata(time,5)
			write(*,'(A,F8.5)') "Cg(6) = ", CGdata(time,6)
			write(*,'(A,F8.5)') "Cg(7) = ", CGdata(time,7)
			write(*,'(A,F8.5)') "Cg(8) = ", CGdata(time,8)
			write(*,'(A,F8.5)') "Cg(9) = ", CGdata(time,9)
			write(*,'(/)')
		end if


	end do


	!	deallocate memory

	deallocate(Worker, Cg_iperm)
	deallocate(ASEax, ASNax, ASEkp, ASNkp, VFEkp, VFNkp)

	close(100)
	
	
end subroutine


!	----------------------------------------------------------------------
!	subroutine name: AggregateShockSeries()
!
!	generate time series of aggregate productivity shocks.
!	----------------------------------------------------------------------

subroutine AggregateShockSeries()

	implicit none

	integer:: pseed


	! set the seed number for random number generator

	pseed = 1


	!	normal random numbers for aggregate productivity shocks

	do time = 1, Nperiod_Fin_Sim
		Pdata(time) = sigep*snorm(pseed)
	end do	


	! generate Pdata

	do time = 2, Nperiod_Fin_Sim
		Pdata(time) = min(max(rhop*Pdata(time-1) + Pdata(time), pgrid(1)), pgrid(np))
	end do

	Pdata = dexp(Pdata)

end subroutine


!	----------------------------------------------------------------------
!	subroutine name: NextIdiosyncraticShock()
!
!	generate next period indiosyncratic productivity shocks.
!	----------------------------------------------------------------------


subroutine NextIdiosyncraticShock()

	implicit none

	integer j
	real(8) ushock


	do indiv = 1, Nindiv

		ushock = sunif(xseed)

		do j = 1, nx

			if (ushock <= CtrX(Worker(indiv)%X,j)) then
				Worker(indiv)%X = j
				exit
			end if
		
		end do

	end do

end subroutine


end module




FortranFinal/HII/Model/TransitionModule.f90
!	----------------------------------------------------------------------
!	Module name: TransitionModule.f90
!
!	calculates transition probabilities for idiosyncratic shocks and 
!	aggregate productivity shock.
!	----------------------------------------------------------------------


module TransitionModule

	use Globals
	use TauchenMod

	implicit none

	integer i, j

contains


subroutine IdiosyncraticTransition()

	implicit none
	
	real(8) prXp(nx), err


	! transition probability matrix for idiosyncratic shocks

	call TauchenTr(avex, sigx, rhox, xgrid, trX)
	
	open(1, file='Output/trX.txt', status='unknown')
	write(1, '(<nx>f12.6)') ((trX(i,j),j=1,nx),i=1,nx)


	!	cumulative transition matrix of idiosyncratic shocks for random drawing

	CtrX(:,1) = trX(:,1)
	do ix = 2, nx
		CtrX(:,ix) = CtrX(:,ix-1) + trX(:,ix)
	end do

	open(2, file='Output/CtrX.txt', status='unknown')
	write(2, '(<nx>f12.6)') ((CtrX(i,j),j=1,nx),i=1,nx)


	! invariant distribution of shocks for idiosyncratic shocks

	call TauchenNew(avex, sigx, xgrid, prX)

	do while (err < 1.0e-10)

		prXp = matmul(transpose(trX), prX)
		err = maxval(dabs(prXp-prX))
		prX = prXp

	end do


	if (dabs(1.0D0 - sum(prX)) <= 1.0e-6) then
		prX = prX/sum(prX)
	else
		print*, "Fatal Error in InvariantProbability"
		stop
	end if


	! save transition probability matrix and invariant probability

	open(3, file='Output/prX.txt', status='unknown')
	write(3, '(f20.16)') prX


end subroutine



subroutine AggregateTransition()

	implicit none
	

	! transition probability matrix for aggregate shock: 2 states case

	call TauchenTr(avep, sigp, rhop, pgrid, trP)

	open(1, file='Output/trP.txt', status='unknown')
	write(1, '(<np>f12.6)') ((trP(i,j),j=1,np),i=1,np)


	!	cumulative transition matrix of aggregate shock for random drawing

	CtrP(:,1) = trP(:,1)
	do ip = 2, np
		CtrP(:,ip) = CtrP(:,ip-1) + trP(:,ip)
	end do

	open(2, file='Output/CtrP.txt', status='unknown')
	write(2, '(<np>f12.6)') ((CtrP(i,j),j=1,np),i=1,np)


end subroutine


end module





FortranFinal/HII/Model/ValueModule.f90
!	----------------------------------------------------------------------
!	module name: ValueModule.f90
!
!	collection of sub-programs to calculate value function and decision 
!	rule for the next period asset holdings.
!	----------------------------------------------------------------------


module ValueModule

	use Globals
	use PolyInterpModule
	use LinInterpModule

contains



!	----------------------------------------------------------------------
!	subroutine name: SolveValueFunction()
!	
!	calcualtes value functions and asset holdings for individuals.
!	----------------------------------------------------------------------

subroutine SolveValueFunction()

	implicit none

	real(8) errV
	integer iter, errA
	real(8) NewVF(na,nx,nk,np), NewVFE(na,nx,nk,np), NewVFN(na,nx,nk,np)
	integer NewAS(na,nx,nk,np), NewASE(na,nx,nk,np), NewASN(na,nx,nk,np)



	! start iteration

	do iter = 1, MAXITER


		!	evaluate expected value function

		call ExpectedValueFunction()


		!	maximization procedure

		do ip = 1, np
		do ik = 1, nk

			irate = dexp(Rcoef(1) + Rcoef(2)*dlog(kgrid(ik)) + Rcoef(3)*pgrid(ip)) - delta
			wage  = dexp(Wcoef(1) + Wcoef(2)*dlog(kgrid(ik)) + Wcoef(3)*pgrid(ip))

			do ix = 1, nx
			do ia = 1, na

				hour = hbar
				income = (1.0+irate)*agrid(ia) + wage*hour*exgrid(ix)
				call DecisionRule(NewASE(ia,ix,ik,ip), NewVFE(ia,ix,ik,ip))

				hour = 0.0D0
				income = (1.0+irate)*agrid(ia)
				call DecisionRule(NewASN(ia,ix,ik,ip), NewVFN(ia,ix,ik,ip))

				if (NewVFE(ia,ix,ik,ip) >= NewVFN(ia,ix,ik,ip)) then
					HR(ia,ix,ik,ip) = hbar
					NewAS(ia,ix,ik,ip) = NewASE(ia,ix,ik,ip)
					NewVF(ia,ix,ik,ip) = NewVFE(ia,ix,ik,ip)
				else
					HR(ia,ix,ik,ip) = 0.0D0
					NewAS(ia,ix,ik,ip) = NewASN(ia,ix,ik,ip)
					NewVF(ia,ix,ik,ip) = NewVFN(ia,ix,ik,ip)
				end if

			end do
			end do

		end do
		end do


		!	calculate errors

		errV = maxval(dabs(NewVF - VF))
		errA = maxval(abs(NewAS - AS))


		! update value function and decision rules

		VFE = NewVFE
		VFN = NewVFN
		VF  = NewVF
		ASE = NewASE
		ASN = NewASN
		AS  = NewAS


		! convergence check

		if (errV < tol_value .and. errA == 0) then
			print*, "Individual Optimization is done at iteration " ,iter
			print*, " "
			exit 
		else if (mod(iter,showerr) == 0) then
			print*, "SolveValueFunction iteration ", iter
			print*, "errV = ", errV, "   errA = ", errA
			print*, " "
		end if

	end do

	
end subroutine


!	----------------------------------------------------------------------
!	subroutine name: DecisionRule.f90
!	
!	calcualtes individual's decision rule for asset accumulations.
!	----------------------------------------------------------------------

subroutine DecisionRule(ap2, vf2)

	implicit none

	real(8) vf1, vf2, vf3
	integer ap1, ap2, ap3, ubd
	logical ifstop


	ubd = locate(income, agrid)

	if (hour == hbar) then
		ap1 = max(ASE(ia,ix,ik,ip) - 1, 1)
		ap2 = ASE(ia,ix,ik,ip)
		ap3 = min(ASE(ia,ix,ik,ip) + 1, na)
	else
		ap1 = max(ASN(ia,ix,ik,ip) - 1, 1)
		ap2 = ASN(ia,ix,ik,ip)
		ap3 = min(ASN(ia,ix,ik,ip) + 1, na)
	end if

	if (ap3 > ubd) then
		ap3 = max(ubd, 1)
		ap2 = max(ap3 - 1, 1)
		ap1 = max(ap2 - 1, 1)
	end if


	ifstop = .true.


	do while (ifstop)

		! ap1, ap2 and ap2 are distinct

		if (ap1 < ap2 .and. ap2 < ap3) then

			vf1 = ValueF(ap1)
			vf2 = ValueF(ap2)
			vf3 = ValueF(ap3)

			if (vf1 < vf2 .and. vf2 > vf3) then
				ifstop = .false.
			else if (vf1 < vf2 .and. vf2 < vf3) then
				ap1 = ap2
				ap2 = min(ap1 + 1, ubd)
				ap3 = min(ap2 + 1, ubd)
			else if (vf1 > vf2 .and. vf2 > vf3) then
				ap3 = ap2
				ap2 = max(ap3 - 1, 1)
				ap1 = max(ap2 - 1, 1)
			else
				ap3 = ap2
				ap2 = max(ap3 - 1, 1)
				ap1 = max(ap2 - 1, 1)
			end if

		! ap1 = ap2 < ap2: in this case ap1 = ap2 = 1

		else if (ap1 == ap2 .and. ap2 < ap3) then

			vf2 = ValueF(ap2)
			vf3 = ValueF(ap3)
			
			if (vf2 > vf3) then
				ifstop = .false.
			else 
				ap2 = ap1 + 1
				ap3 = ap2 + 1
			end if

		! ap1 < ap2 = ap2: in this case ap2 = ap3 = ubd

		else if (ap1 < ap2 .and. ap2 == ap3) then

			vf1 = ValueF(ap1)
			vf2 = ValueF(ap2)
			
			if (vf1 < vf2) then
				ifstop = .false.
			else 
				ap2 = ap3 - 1
				ap1 = ap2 - 1
			end if

		! ap1 = ap2 = ap2: either 1 or ubd

		else if (ap1 == ap2 .and. ap2 == ap3) then

			vf2 = ValueF(ap2)
			ifstop = .false.

		end if

	end do


end subroutine


!	----------------------------------------------------------------------
!	subroutine name: Utility(ja)
!	
!	evaluates instantatneous utility at asset agrid(ja).
!	----------------------------------------------------------------------

real(8) function Utility(ja)

	implicit none

	real(8), parameter:: tiny = 1.0D-20
	real(8) cm, uh
	integer ja

	cm = max(income - agrid(ja), tiny)
	uh = hour**(1.0D0+1.0D0/gama)/(1.0D0+1.0D0/gama)

	Utility = log(cm) - B*uh

end function



!	----------------------------------------------------------------------
!	subroutine name: ValueF(ja)
!	
!	evaluates value at asset agrid(ja).
!	----------------------------------------------------------------------

real(8) function ValueF(ja)

	implicit none

	integer ja

	ValueF = Utility(ja) + bta*PF(ja, ix, ik, ip)

end function



!	----------------------------------------------------------------------
!	subroutine name: ExpectedValueFunction()
!	
!	calcualtes expected value functions.
!	----------------------------------------------------------------------


subroutine ExpectedValueFunction()

	implicit none

	real(8) kp, VFP(na,nx,np)
	integer ipp, ixp


	PF = 0
	
	do ik = 1, nk
	do ip = 1, np


		!	next period aggregate capital

		kp = dexp(Kcoef(1) + Kcoef(2)*dlog(kgrid(ik)) + Kcoef(3)*pgrid(ip))


		do ipp = 1, np


			!	next period value function: VFP(ia,ixzp,ipp) with kp(ik,ip)

			do ixp = 1, nx
			do ia = 1, na

				VFP(ia,ixp,ipp) = polyinterp1(kp, kgrid, VF(ia,ixp,:,ipp))

			end do
			end do

		end do

		
		!	calculate expected value function: PF(ia,ixp,ik,ip)

		do ix = 1, nx
		do ia = 1, na

			do ipp = 1, np
			do ixp = 1, nx

				PF(ia,ix,ik,ip) = PF(ia,ix,ik,ip)		&
								 + VFP(ia,ixp,ipp)*trX(ix,ixp)*trP(ip,ipp)

			end do
			end do

		end do
		end do

	end do
	end do

end subroutine


end module
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FortranFinal/HII_SS/Input/parameters Sigx=0.225 Rhox=0.95.txt
0.979852D0			beta : discount rate
170.39D0			B	 : weight on utility from leisure
0.4D0				gama : intertemporal substitution elasticity = 1/gama
0.0D0				avex : average of log idiosyncratic productivity
0.95D0				rhox : persistence of log idiosyncratic productivity
0.225D0				sigex: stdev of innovation to log idiosyncratic productivity




FortranFinal/HII_SS/Input/parameters Sigx=0.287 Rhox=0.939.txt
0.9785504D0			beta : discount rate
151.28D0			B	 : weight on utility from leisure
0.4D0				gama : intertemporal substitution elasticity = 1/gama
0.0D0				avex : average of log idiosyncratic productivity
0.939D0				rhox : persistence of log idiosyncratic productivity
0.287D0				sigex: stdev of innovation to log idiosyncratic productivity




FortranFinal/HII_SS/Input/parameters.txt
0.9785504D0			beta : discount rate
151.28D0			B	 : weight on utility from leisure
0.4D0				gama : intertemporal substitution elasticity = 1/gama
0.0D0				avex : average of log idiosyncratic productivity
0.939D0				rhox : persistence of log idiosyncratic productivity
0.287D0				sigex: stdev of innovation to log idiosyncratic productivity




FortranFinal/HII_SS/Model/AggregateVariables.f90
!	----------------------------------------------------------------------
!	File name: AggregateCapital.cpp
!
!	Calculates the aggregate capital by numerically integrating 
!	the measure, and then interest rate.
!	----------------------------------------------------------------------


subroutine AggregateVariables()

	use Globals

	implicit none

	real(8) AK, AH, AE, AKE, irateb, wageb, Prod, Empl, EIN, EOUT,		&
			EmplQuintile(5), EINQuintile(5), EOUTQuintile(5), WealthMobility(5,5)
	integer i, k, kk


	!	aggregate capital, hours

	AK = dot_product(agrid, sum(mu, dim=2))
	AH = sum(HR*mu)
	AE = dot_product(exgrid, sum(HR*mu, dim=1))
	AKE = AK/AE

	
	!	real interest rate, wage

	irateb = alpha*AKE**(alpha-1.0D0) - delta
	wageb  = (1.0D0-alpha)*AKE**alpha


	!	output

	Prod = AK**alpha*AE**(1.0D0-alpha)


	!	employment rates

	Empl = sum(HR*mu/hbar)

	EmplQuintile(1) = sum(HR(1:asst20,:)*mu(1:asst20,:)/hbar)/sum(mu(1:asst20,:))
	EmplQuintile(2) = sum(HR(asst20+1:asst40,:)*mu(asst20+1:asst40,:)/hbar)/sum(mu(asst20+1:asst40,:))
	EmplQuintile(3) = sum(HR(asst40+1:asst60,:)*mu(asst40+1:asst60,:)/hbar)/sum(mu(asst40+1:asst60,:))
	EmplQuintile(4) = sum(HR(asst60+1:asst80,:)*mu(asst60+1:asst80,:)/hbar)/sum(mu(asst60+1:asst80,:))
	EmplQuintile(5) = sum(HR(asst80+1:na,:)*mu(asst80+1:na,:)/hbar)/sum(mu(asst80+1:na,:))


	!	worker flows in and out of employment

	EIN = 0.0D0
	EOUT = 0.0D0
	EINQuintile = 0.0D0
	EOUTQuintile = 0.0D0

	do k = 1, nx
	do i = 1, na

		do kk = 1, nx
			if (HR(i,k) == hbar .and. HR(AS(i,k),kk) == 0.0D0) then

				EOUT = EOUT + mu(i,k)*trX(k,kk)

				if (i <= asst20) then
					EOUTQuintile(1) = EOUTQuintile(1) + mu(i,k)*trX(k,kk)
				else if (i > asst20 .and. i <= asst40) then
					EOUTQuintile(2) = EOUTQuintile(2) + mu(i,k)*trX(k,kk)
				else if (i > asst40 .and. i <= asst60) then
					EOUTQuintile(3) = EOUTQuintile(3) + mu(i,k)*trX(k,kk)
				else if (i > asst60 .and. i <= asst80) then
					EOUTQuintile(4) = EOUTQuintile(4) + mu(i,k)*trX(k,kk)
				else 
					EOUTQuintile(5) = EOUTQuintile(5) + mu(i,k)*trX(k,kk)
				end if

			else if (HR(i,k) == 0.0D0 .and. HR(AS(i,k),kk) == hbar) then

				EIN = EIN + mu(i,k)*trX(k,kk)

				if (i <= asst20) then
					EINQuintile(1) = EINQuintile(1) + mu(i,k)*trX(k,kk)
				else if (i > asst20 .and. i <= asst40) then
					EINQuintile(2) = EINQuintile(2) + mu(i,k)*trX(k,kk)
				else if (i > asst40 .and. i <= asst60) then
					EINQuintile(3) = EINQuintile(3) + mu(i,k)*trX(k,kk)
				else if (i > asst60 .and. i <= asst80) then
					EINQuintile(4) = EINQuintile(4) + mu(i,k)*trX(k,kk)
				else 
					EINQuintile(5) = EINQuintile(5) + mu(i,k)*trX(k,kk)
				end if

			end if
		end do

	end do
	end do


	!	wealth mobility

	do k = 1, nx
	do i = 1, na

		if (i <= asst20 .and. AS(i,k) <= asst20) then
			WealthMobility(1,1) = WealthMobility(1,1) + mu(i,k)
		else if (i <= asst20 .and. AS(i,k) <= asst40) then
			WealthMobility(1,2) = WealthMobility(1,2) + mu(i,k)
		else if (i <= asst20 .and. AS(i,k) <= asst60) then
			WealthMobility(1,3) = WealthMobility(1,3) + mu(i,k)
		else if (i <= asst20 .and. AS(i,k) <= asst80) then
			WealthMobility(1,4) = WealthMobility(1,4) + mu(i,k)
		else if (i <= asst20 .and. AS(i,k) <= na) then
			WealthMobility(1,5) = WealthMobility(1,5) + mu(i,k)

		else if (i <= asst40 .and. AS(i,k) <= asst20) then
			WealthMobility(2,1) = WealthMobility(2,1) + mu(i,k)
		else if (i <= asst40 .and. AS(i,k) <= asst40) then
			WealthMobility(2,2) = WealthMobility(2,2) + mu(i,k)
		else if (i <= asst40 .and. AS(i,k) <= asst60) then
			WealthMobility(2,3) = WealthMobility(2,3) + mu(i,k)
		else if (i <= asst40 .and. AS(i,k) <= asst80) then
			WealthMobility(2,4) = WealthMobility(2,4) + mu(i,k)
		else if (i <= asst40 .and. AS(i,k) <= na) then
			WealthMobility(2,5) = WealthMobility(2,5) + mu(i,k)

		else if (i <= asst60 .and. AS(i,k) <= asst20) then
			WealthMobility(3,1) = WealthMobility(3,1) + mu(i,k)
		else if (i <= asst60 .and. AS(i,k) <= asst40) then
			WealthMobility(3,2) = WealthMobility(3,2) + mu(i,k)
		else if (i <= asst60 .and. AS(i,k) <= asst60) then
			WealthMobility(3,3) = WealthMobility(3,3) + mu(i,k)
		else if (i <= asst60 .and. AS(i,k) <= asst80) then
			WealthMobility(3,4) = WealthMobility(3,4) + mu(i,k)
		else if (i <= asst60 .and. AS(i,k) <= na) then
			WealthMobility(3,5) = WealthMobility(3,5) + mu(i,k)

		else if (i <= asst80 .and. AS(i,k) <= asst20) then
			WealthMobility(4,1) = WealthMobility(4,1) + mu(i,k)
		else if (i <= asst80 .and. AS(i,k) <= asst40) then
			WealthMobility(4,2) = WealthMobility(4,2) + mu(i,k)
		else if (i <= asst80 .and. AS(i,k) <= asst60) then
			WealthMobility(4,3) = WealthMobility(4,3) + mu(i,k)
		else if (i <= asst80 .and. AS(i,k) <= asst80) then
			WealthMobility(4,4) = WealthMobility(4,4) + mu(i,k)
		else if (i <= asst80 .and. AS(i,k) <= na) then
			WealthMobility(4,5) = WealthMobility(4,5) + mu(i,k)

		else if (i <= na .and. AS(i,k) <= asst20) then
			WealthMobility(5,1) = WealthMobility(5,1) + mu(i,k)
		else if (i <= na .and. AS(i,k) <= asst40) then
			WealthMobility(5,2) = WealthMobility(5,2) + mu(i,k)
		else if (i <= na .and. AS(i,k) <= asst60) then
			WealthMobility(5,3) = WealthMobility(5,3) + mu(i,k)
		else if (i <= na .and. AS(i,k) <= asst80) then
			WealthMobility(5,4) = WealthMobility(5,4) + mu(i,k)
		else if (i <= na .and. AS(i,k) <= na) then
			WealthMobility(5,5) = WealthMobility(5,5) + mu(i,k)
		end if

	end do
	end do

	WealthMobility(1,:) = WealthMobility(1,:)/sum(mu(1:asst20,:))
	WealthMobility(2,:) = WealthMobility(2,:)/sum(mu(asst20+1:asst40,:))
	WealthMobility(3,:) = WealthMobility(3,:)/sum(mu(asst40+1:asst60,:))
	WealthMobility(4,:) = WealthMobility(4,:)/sum(mu(asst60+1:asst80,:))
	WealthMobility(5,:) = WealthMobility(5,:)/sum(mu(asst80+1:na,:))


	!	print results on screen

	write(*, '(A,F13.10)') "beta     = ", bta
	write(*, '(A,F10.4)') "B        = ", B
	write(*, '(A,F10.4)') "ave_x    = ", avex
	write(*, '(A,F10.4)') "rho_x    = ", rhox
	write(*, '(A,F10.4)') "sig_x    = ", sigex
	write(*, *) " "
	print*, "Aggregate Capital                     = ", AK
	print*, "Aggregate Hours Worked                = ", AH
	print*, "Aggregate Effeciency Units of Hours   = ", AE
	print*, "Aggregate Capital per Effeciency Unit = ", AKE
	print*, "Aggregate Output                      = ", Prod
	print*, ""
	print*, "Discount Factor                       = ", bta
	print*, "Real Interest Rate                    = ", irateb
	print*, "Wage Rate per Effeciency Unit         = ", wageb
	print*, ""
	print*, "Employment/Population                 = ", Empl
	print*, "Inflow to Employment                  = ", EIN
	print*, "Outflow from Employment               = ", EOUT
	
	
	!	save results on file

	open(1, file='Output/Aggregates.txt', status='unknown')

	write(1, '(A/)') "Parameter Values:"
	write(1, '(A,F13.10)') "beta     = ", bta
	write(1, '(A,F10.4)') "B        = ", B
	write(1, '(A,F10.4)') "gamma    = ", gama
	write(1, '(A,F10.4)') "ave_x    = ", avex
	write(1, '(A,F10.4)') "rho_x    = ", rhox
	write(1, '(A,F10.4)') "sig_x    = ", sigex
	write(1, '(/)') 
	write(1, '(A/)') "Simulated Aggregate Variables:"
	write(1, '(A,F15.10)') "Aggregate Capital                     = ", AK
	write(1, '(A,F15.10)') "Aggregate Hours Worked                = ", AH
	write(1, '(A,F15.10)') "Aggregate Effeciency Units of Hours   = ", AE
	write(1, '(A,F15.10)') "Aggregate Capital per Effeciency Unit = ", AKE
	write(1, '(A,F15.10)') "Aggregate Output                      = ", Prod
	write(1, '(/)') 
	write(1, '(A,F15.10)') "Real Interest Rate                    = ", irateb
	write(1, '(A,F15.10)') "Wage Rate per Effeciency Unit         = ", wageb
	write(1, '(/)') 
	write(1, '(A,F15.10)') "Employment/Population                 = ", Empl
	write(1, '(A,F15.10," (",F8.5,")")') "Inflow to Employment                  = ", EIN, EIN/Empl
	write(1, '(A,F15.10," (",F8.5,")")') "Outflow from Employment               = ", EOUT, EOUT/Empl
	write(1, '(/)') 
	write(1, '(A/)') "Employment Rates by Asset Quintile"
	write(1, '(A,F15.10)') "Employment Rate of 1st Quintile          = ", EmplQuintile(1)
	write(1, '(A,F15.10)') "Employment Rate of 2nd Quintile          = ", EmplQuintile(2)
	write(1, '(A,F15.10)') "Employment Rate of 3rd Quintile          = ", EmplQuintile(3)
	write(1, '(A,F15.10)') "Employment Rate of 4th Quintile          = ", EmplQuintile(4)
	write(1, '(A,F15.10)') "Employment Rate of 5th Quintile          = ", EmplQuintile(5)
	write(1, '(/)') 
	write(1, '(A/)') "Worker Flows by Asset Quintile"
	write(1, '(A,F15.10," (",F8.5,")")') "Inflows to Employment of 1st Quintile    = ", EINQuintile(1), EINQuintile(1)/sum(HR(1:asst20,:)*mu(1:asst20,:)/hbar)
	write(1, '(A,F15.10," (",F8.5,")")') "Inflows to Employment of 2nd Quintile    = ", EINQuintile(2), EINQuintile(2)/sum(HR(asst20+1:asst40,:)*mu(asst20+1:asst40,:)/hbar)
	write(1, '(A,F15.10," (",F8.5,")")') "Inflows to Employment of 3rd Quintile    = ", EINQuintile(3), EINQuintile(3)/sum(HR(asst40+1:asst60,:)*mu(asst40+1:asst60,:)/hbar)
	write(1, '(A,F15.10," (",F8.5,")")') "Inflows to Employment of 4th Quintile    = ", EINQuintile(4), EINQuintile(4)/sum(HR(asst60+1:asst80,:)*mu(asst60+1:asst80,:)/hbar)
	write(1, '(A,F15.10," (",F8.5,")")') "Inflows to Employment of 5th Quintile    = ", EINQuintile(5), EINQuintile(5)/sum(HR(asst80+1:na,:)*mu(asst80+1:na,:)/hbar)
	write(1, *) " "
	write(1, '(A,F15.10," (",F8.5,")")') "Outflows from Employment of 1st Quintile = ", EOUTQuintile(1), EOUTQuintile(1)/sum(HR(1:asst20,:)*mu(1:asst20,:)/hbar)
	write(1, '(A,F15.10," (",F8.5,")")') "Outflows from Employment of 2nd Quintile = ", EOUTQuintile(2), EOUTQuintile(2)/sum(HR(asst20+1:asst40,:)*mu(asst20+1:asst40,:)/hbar)
	write(1, '(A,F15.10," (",F8.5,")")') "Outflows from Employment of 3rd Quintile = ", EOUTQuintile(3), EOUTQuintile(3)/sum(HR(asst40+1:asst60,:)*mu(asst40+1:asst60,:)/hbar)
	write(1, '(A,F15.10," (",F8.5,")")') "Outflows from Employment of 4th Quintile = ", EOUTQuintile(4), EOUTQuintile(4)/sum(HR(asst60+1:asst80,:)*mu(asst60+1:asst80,:)/hbar)
	write(1, '(A,F15.10," (",F8.5,")")') "Outflows from Employment of 5th Quintile = ", EOUTQuintile(5), EOUTQuintile(5)/sum(HR(asst80+1:na,:)*mu(asst80+1:na,:)/hbar)
	write(1, '(/)') 
	write(1, '(A/)') "Wealth Mobility"
	write(1, '(5F10.5)') ((WealthMobility(i,k),k=1,5),i=1,5)


	!	set the finishing time

	call date_and_time(finishdate,finishtime)


	!	print the starting and finishing times

	write(1, '(/)') 
	write(1, '(12A)') "The program started at  ", startdate(1:4),"-",startdate(5:6),"-",startdate(7:8)," ", starttime(1:2),":",starttime(3:4),":",starttime(5:6)
	write(1, '(12A)') "The program finished at ", finishdate(1:4),"-",finishdate(5:6),"-",finishdate(7:8)," ", finishtime(1:2),":",finishtime(3:4),":",finishtime(5:6)


end subroutine




FortranFinal/HII_SS/Model/Globals.f90
!	----------------------------------------------------------------------
!	File name: Globals.f90
!
!	Defines global variables.
!	----------------------------------------------------------------------


module Globals

	implicit none

	save


	!	variables for solving for an equilibrium of the model

	real(8), parameter:: amin = -2.0D0,			&
!						 amax = 250.0D0	! rho=0.95, sigx=0.225
						 amax = 310.0D0	! rho=0.939, sigx=0.287


	!	grids for individual asset holdings

	real(8), parameter:: a0 = amin, a1 = 2.0D0, a2 = 5.0D0, a3 = 10.0D0,	&
						 a4 = 20.0D0, a5 = 40.0D0, a6 = 85.0D0, a7 = amax
	real(8), parameter:: s1 = 0.02D0, s2 = 0.03D0, s3 = 0.05D0, s4 = 0.1D0,&
						 s5 = 0.2D0, s6 = 0.3D0, s7 = 0.4D0
	integer, parameter:: na1 = int((a1-a0)/s1) + 1, na2 = na1 + int((a2-a1)/s2),	&
						 na3 = na2 + int((a3-a2)/s3), na4 = na3 + int((a4-a3)/s4),	&
						 na5 = na4 + int((a5-a4)/s5), na6 = na5 + int((a6-a5)/s6),	&
						 na7 = na6 + int((a7-a6)/s7)
	integer, parameter:: na = na7, nx = 17


	!	model parameters

	real(8), parameter:: alpha = 0.36d0, delta = 0.025d0, irate = 0.01d0,		&
						 rd = irate + delta, hbar = 1.0D0/3.0D0
	
	!	model parameters to be read

	real(8):: bta, B, gama, avex, rhox, sigex


	!	auxiliary variables
	
	real(8):: kss, wage, income, sigx, hour
	

	!	storages

	real(8):: agrid(na), xgrid(nx), exgrid(nx), trX(nx,nx), CtrX(nx,nx),		&
			  prX(nx), VF(na,nx), VFE(na,nx), VFN(na,nx), HR(na,nx), PF(na,nx), &
			  mu(na,nx), cmu(na,nx)
	integer:: AS(na,nx), ASE(na,nx), ASN(na,nx), ia, ix


	!	timer

	character(8)::  startdate, finishdate
	character(10):: starttime, finishtime


	!	variables for distributions

	real(8):: AsstEarnDensity(na,0:nx), AsstEarnDist(na,0:nx), AsstDensity(na),	&
			  AsstDist(na), EarnDensity(0:nx), EarnDist(0:nx)


	!	asset quintile
	
!	integer, parameter:: asst20 = 60, asst40 = 247, asst60 = 401, asst80 = 514	!	sigx = 0.225, rho = 0.95
	integer, parameter:: asst20 = 85, asst40 = 274, asst60 = 414, asst80 = 526	!	sigx = 0.287, rho = 0.939


	!	variables for reservation wages and labor supply

	real(8):: ReservationWage(na), ReservationX(na), Reserv_cmu(na,na), LS(na)


	contains

	subroutine GlobalVariables()

		kss = (alpha/rd)**(1.0D0/(1.0D0-alpha))
		wage = (1.0D0-alpha)*(kss**alpha)
		sigx = sigex/dsqrt(1.0D0-rhox**2)

	end subroutine

end module




FortranFinal/HII_SS/Model/GridsModule.f90
!	----------------------------------------------------------------------
!	Module name: GridsModule.f90
!	----------------------------------------------------------------------


module GridsModule

	use Globals

	implicit none

contains


subroutine CapitalGrid()

	implicit none

	integer i


	!	construct unequally spaced asset grids

	!	(0, a1)

	agrid(1) = amin
	do i = 2, na1
		agrid(i) = agrid(i-1) + s1
	end do

	!	(a1, a2)

	do i = na1 + 1, na2
		agrid(i) = agrid(i-1) + s2
	end do

	!	(a2, a3)

	do i = na2 + 1, na3
		agrid(i) = agrid(i-1) + s3
	end do

	!	(a3, a4)

	do i = na3 + 1, na4
		agrid(i) = agrid(i-1) + s4
	end do

	!	(a4, a5)

	do i = na4 + 1, na5
		agrid(i) = agrid(i-1) + s5
	end do

	!	(a5, a6)

	do i = na5 + 1, na6
		agrid(i) = agrid(i-1) + s6
	end do

	!	(a6, a7)

	do i = na6 + 1, na7
		agrid(i) = agrid(i-1) + s7
	end do


	! save grid

	open(1, file='Output/agrid.txt', status='unknown')
	write(1, '(f12.6)') agrid

end subroutine



subroutine ShockGrid()

	implicit none
	
	integer i
	real(8) xmax, xmin, step
	

	! xgrid

	xmax = avex + 3.0*sigx
	xmin = avex - 3.0*sigx
	step = (xmax - xmin)/(nx - 1)

	xgrid(1) = xmin
	do i = 2, nx
		xgrid(i) = xgrid(i-1) + step
	end do

	exgrid = dexp(xgrid)


	! save grids

	open(1, file='Output/xgrid.txt', status='unknown')
	open(2, file='Output/exgrid.txt', status='unknown')

	write(1,'(f12.6)') xgrid
	write(2,'(f12.6)') exgrid


end subroutine



end module




FortranFinal/HII_SS/Model/InitializationModule.f90
!	----------------------------------------------------------------------
!	Module name: InitializationModule.f90
!	----------------------------------------------------------------------


module InitializationModule

	use Globals
	use TauchenMod
	use ValueModule

	implicit none


contains


subroutine InitializeParameters()

	open(1, file='Input/parameters.txt', status = 'old')
	read(1, *) bta
	read(1, *) B
	read(1, *) gama
	read(1, *) avex
	read(1, *) rhox
	read(1, *) sigex

end subroutine



subroutine InitializeTransition()

	implicit none
	
	integer i, j
	real(8) prXp(nx), err


	! transition probability matrix

	call TauchenTr(avex, sigx, rhox, xgrid, trX)
	
	open(1, file='Output/trX.txt', status='unknown')
	write(1, '(<nx>f12.6)') ((trX(i,j),j=1,nx),i=1,nx)


	!	cumulative transition probability matrix for random drawing

	CtrX(:,1) = trX(:,1)
	do ix = 2, nx
		CtrX(:,ix) = CtrX(:,ix-1) + trX(:,ix)
	end do

	open(2, file='Output/CtrX.txt', status='unknown')
	write(2, '(<nx>f12.6)') ((CtrX(i,j),j=1,nx),i=1,nx)


	! invariant distribution of shocks

	call TauchenNew(avex, sigx, xgrid, prX)

	do while (err < 1.0e-10)

		prXp = matmul(transpose(trX), prX)
		err = maxval(dabs(prXp-prX))
		prX = prXp
	
	end do


	if (dabs(1.0D0 - sum(prX)) <= 1.0e-6) then
		prX = prX/sum(prX)
	else
		print*, "Fatal Error in InvariantProbability"
		stop
	end if


	! save transition probability matrix and invariant probability

	open(3, file='Output/prX.txt', status='unknown')
	write(3, '(f20.16)') prX

end subroutine



subroutine InitializeValue()

	implicit none


	! initialize value function and decision rules given (x,z)

	do ia = 1, na
	do ix = 1, nx

		hour = hbar
		income = (1.0+irate)*agrid(ia) + wage*hour*exgrid(ix)
		ASE(ia,ix) = ia
		VFE(ia,ix) = Utility(ia)

		hour = 0.0D0
		income = (1.0+irate)*agrid(ia)
		ASN(ia,ix) = ia
		VFN(ia,ix) = Utility(ia)

		AS(ia,ix) = ia
		VF(ia,ix) = max(VFE(ia,ix),VFN(ia,ix))

	end do
	end do

end subroutine



subroutine InitializeMeasure()

	implicit none

	integer i, j

	
	! initialize the measure of workers over space (a,x)

	do ix = 1, nx

		mu(1,ix) = prX(ix)

	end do
		

end subroutine


end module




FortranFinal/HII_SS/Model/Main.f90
!	----------------------------------------------------------------------
!	File name : SteadyStateFixedDiscrete.f90
!
!	Solves heterogeneous agent model in which worker's productivity (x,z)
!	is changing over time.
!	----------------------------------------------------------------------


program SteadyState

	use Globals
	use ReservationWageModule
	use InitializationModule
	use GridsModule
	use ValueModule
	use MeasureModule
	use SaveResultsModule

	implicit none


	!	set the starting time

	call date_and_time(startdate,starttime)


	!	initialize parameters and global variables

	call InitializeParameters()
	call GlobalVariables()


	!	construct grids

	call CapitalGrid()
	call ShockGrid()
	
	
	!	initialize transition probability matrix

	call InitializeTransition()


	!	initialize value function and decision rule for asset

	call InitializeValue()


	!	solve value function

	call SolveValueFunction()


	!	calculate invariant measure
	
	call InitializeMeasure()
	call InvariantMeasure()


	!	calculate aggregate variables

	call AggregateVariables()


	!	distribution
	
	call AssetEarningsDistribution()


	!	find reservation wages

	call FindReservationWages()


	!	find labor supply curve

	call LaborSupply()


	!	save results

	call SaveEquilibrium()
	call SaveDistribution()
	call SaveReservationWages()
	Call SaveLaborSupply()


end program SteadyState




FortranFinal/HII_SS/Model/MeasureModule.f90
!	----------------------------------------------------------------------
!	Module name: MeasureModule.f90
!
!	Finds the invariant measure given the individual decision rule and 
!	the transition process of idiosyncratic shocks.
!	----------------------------------------------------------------------


module MeasureModule

	use Globals

	implicit none


contains

	
subroutine InvariantMeasure()

	use Globals

	implicit none

	real(8), parameter:: tol_measure = 1.0D-8
	integer, parameter:: maxiter = 1E6
	real(8) Newmu(na,nx), Fmu(na,nx), err
	integer iter, i, k


	!	start iteration

	do iter = 1, maxiter


		!	calculate measure before shocks change

		Fmu = 0.0D0

		do k = 1, nx
		do i = 1, na

			Fmu(AS(i,k),k) = Fmu(AS(i,k),k) + mu(i,k)

		end do
		end do

		
		!	next period measures

		Newmu = 0.0D0
		Newmu = matmul(Fmu, trX)
		Newmu = Newmu/sum(Newmu)

		!	calculate the differences between old and new measures

		err = maxval(dabs(Newmu-mu))


		!	update measures 

		mu = Newmu


		!	convergence test of the measures

		if (err < tol_measure) then
			print*, "Convergence achieved at InvariantMeasure iteration", iter
			print*, "err = ", err
			print*, ""
			exit
		else if (mod(iter, 100) == 0) then
			print*, "InvariantMeasure iteration", iter
			print*, "err = ", err
			print*, ""
		end if

	end do


	!	shouldn't reach here

	if (iter > maxiter) then
		print*, "Convergence failed in InvariantMeasure...."
		stop
	end if


	!	cumulative measure

	cmu = 0.0D0
	
	do k = 1, nx
	
		cmu(1,k) = mu(1,k)
	
		do i = 2, na
			cmu(i,k) = cmu(i-1,k) + mu(i,k)
		end do

		if (k >= 2) then
			cmu(:,k) = cmu(:,k-1) + cmu(:,k)
		end if

	end do


end subroutine




subroutine AssetEarningsDistribution()

	implicit none


	!	joint density for asset and earnings 

	AsstEarnDensity = 0.0D0
	
	do ia = 1,na
	do ix = 1,nx
		
		if (HR(ia,ix) == 0.0D0) then
			AsstEarnDensity(ia,0) = AsstEarnDensity(ia,0) + mu(ia,ix)
		else
			AsstEarnDensity(ia,ix) = AsstEarnDensity(ia,ix) + mu(ia,ix)
		end if

	end do
	end do


	!	marginal density for asset

	AsstDensity = sum(AsstEarnDensity,dim=2)


	!	marginal density for earnings

	EarnDensity = sum(AsstEarnDensity,dim=1)


	!	joint distribution for asset and earnings

	AsstEarnDist = AsstEarnDensity

	do ix = 1,nx
		AsstEarnDist(:,ix) = AsstEarnDist(:,ix-1) + AsstEarnDensity(:,ix)
	end do

	do ia = 2,na
		AsstEarnDist(ia,:) = AsstEarnDist(ia-1,:) + AsstEarnDist(ia,:)
	end do


	!	marginal distribution for asset

	AsstDist = AsstDensity

	do ia = 2,na
		AsstDist(ia) = AsstDist(ia-1) + AsstDensity(ia)
	end do


	!	marginal distribution for earnings

	EarnDist = EarnDensity

	do ix = 1,nx
		EarnDist(ix) = EarnDist(ix-1) + EarnDensity(ix)
	end do


end subroutine




end module




FortranFinal/HII_SS/Model/ReservationWageModule.f90
!	----------------------------------------------------------------------
!	File name: ReservationWageModule.f90
!
!	This routine solves for reservation wage for each asset level at 
!	which an individual with the asset is indifferent between working 
!	and nonworking.
!	----------------------------------------------------------------------


module ReservationWageModule

	use Globals
	use OptimizationMod

	implicit none

	real(8) cscoefE(nx,4), cscoefN(nx,4)
	real(8),external:: csval

	contains


	subroutine FindReservationWages()

		ReservationX = 0.0d0

		do ia = 1,na

			!	check if VFE and VFN intersect

			if (HR(ia,nx) == 0.0d0) then
				ReservationX(ia) = xgrid(nx)

			elseif (HR(ia,1) > 0.0d0) then
				ReservationX(ia) = xgrid(1)
	
			else

				!	spline value functions VFE(ka,kx,:) and VFN(ka,kx,:)

				call csint(nx, xgrid, VFE(ia,1:nx), cscoefE)
				call csint(nx, xgrid, VFN(ia,1:nx), cscoefN)

				!	solve for x^* such that VFE(ia,x*) = VFN(ia,x*)

				call fmin(DiffValue, xgrid(1), xgrid(nx), ReservationX(ia))

			end if

		end do

		ReservationWage = dexp(ReservationX)*wage


	end subroutine



	real(8) function DiffValue(x)

		implicit none

		real(8), intent(in):: x


		DiffValue = dabs(csval(nx, x, xgrid, cscoefE) - csval(nx, x, xgrid, cscoefN))

	end function


	subroutine LaborSupply()

		real(8) break_cmu(na,nx), cscoef_cmu(na,4,nx)
		integer ja

		do ia = 1, na

			call csint(nx, xgrid, cmu(ia,:), cscoef_cmu(ia,:,:))

		end do

		do ia = 1, na
		do ja = 1, na

			Reserv_cmu(ia,ja) = 100.0D0*csval(nx, ReservationX(ia), xgrid, cscoef_cmu(ja,:,:))

		end do
		end do

		do ia = 1, na

			LS(ia) = Reserv_cmu(ia,ia)

		end do


	end subroutine


end module




FortranFinal/HII_SS/Model/SaveResultsModule.f90
!	----------------------------------------------------------------------
!	Module name: SaveResultsModule.f90
!
!	Save all results
!	----------------------------------------------------------------------


module SaveResultsModule

	use Globals

	implicit none


contains


subroutine SaveEquilibrium()

	implicit none


	!	save value function and decision rules

	open(1, file='Output/VF.txt', status='unknown')
	open(2, file='Output/AS.txt', status='unknown')
	open(3, file='Output/HR.txt', status='unknown')
	open(4, file='Output/VFE.txt', status='unknown')
	open(5, file='Output/ASE.txt', status='unknown')
	open(6, file='Output/VFN.txt', status='unknown')
	open(7, file='Output/ASN.txt', status='unknown')

	write(1, '(<nx>f15.6)') ((VF(ia,ix),ix=1,nx),ia=1,na)
	write(2, '(<nx>f8.3)') ((agrid(AS(ia,ix)),ix=1,nx),ia=1,na)
	write(3, '(<nx>f8.3)') ((HR(ia,ix),ix=1,nx),ia=1,na)
	write(4, '(<nx>f15.6)') ((VFE(ia,ix),ix=1,nx),ia=1,na)
	write(5, '(<nx>f8.3)') ((agrid(ASE(ia,ix)),ix=1,nx),ia=1,na)
	write(6, '(<nx>f15.6)') ((VFN(ia,ix),ix=1,nx),ia=1,na)
	write(7, '(<nx>f8.3)') ((agrid(ASN(ia,ix)),ix=1,nx),ia=1,na)


	!	save the measure 

	mu = 100.0D0*mu
	cmu = 100.0D0*cmu

	open(8, file='Output/mu.txt', status='unknown')
	open(9, file='Output/cmu.txt', status='unknown')
	write(8, '(<nx>f12.6)') ((mu(ia,ix),ix=1,nx),ia=1,na)
	write(9, '(<nx>f12.6)') ((cmu(ia,ix),ix=1,nx),ia=1,na)


end subroutine


subroutine SaveDistribution()

	open(1, file='Output/AsstEarnDensity.txt', status='unknown')
	open(2, file='Output/AsstDensity.txt', status='unknown')
	open(3, file='Output/EarnDensity.txt', status='unknown')
	open(4, file='Output/AsstEarnDist.txt', status='unknown')
	open(5, file='Output/AsstDist.txt', status='unknown')
	open(6, file='Output/EarnDist.txt', status='unknown')

	write(1, '(<nx+1>F12.6)') ((AsstEarnDensity(ia,ix),ix=0,nx),ia=1,na)
	write(2, '(F12.6)') AsstDensity
	write(3, '(F12.6)') EarnDensity
	write(4, '(<nx+1>F12.6)') ((AsstEarnDist(ia,ix),ix=0,nx),ia=1,na)
	write(5, '(F12.6)') AsstDist
	write(6, '(F12.6)') EarnDist


end subroutine


subroutine SaveReservationWages()

	open(1, file='Output/ReservationX.txt', status='unknown')
	open(2, file='Output/ReservationWages.txt', status='unknown')

	write(1, '(F12.6)') ReservationX
	write(2, '(F12.6)') ReservationWage

end subroutine



subroutine SaveLaborSupply()

	open(1, file='Output/LS.txt', status='unknown')
	write(1, '(F12.6)') LS

end subroutine


end module




FortranFinal/HII_SS/Model/SimulatePanel.f90
!	----------------------------------------------------------------------
!	File name: SimulateData.f90
!
!	generate artificial data for aggregate capital, interest rate, and 
!	wage rate through simulating individuals' decision rules. These data
!	will be used in RegressLOM().
!	----------------------------------------------------------------------


subroutine SimulatePanel()

	use Globals
	use LinInterpModule
	use Numerical_Libraries
	
	implicit none

	integer, parameter:: xseed = 2
	integer, parameter:: Nindiv = 10000, Ntime = 120, Nskip = 500
	real(8) PanelA(Nindiv,Ntime), PanelH(Nindiv,Ntime), PanelC(Nindiv,Ntime),	&
			PanelW(Nindiv,Ntime)
	real(8) YrPanelA(Nindiv,Ntime/4), YrPanelH(Nindiv,Ntime/4),		&
			YrPanelC(Nindiv,Ntime/4),	YrPanelW(Nindiv,Ntime/4)
	real(8) TsK(Ntime), TsE(Ntime), TsL(Ntime), TsW(Ntime), TsC(Ntime)
	real(8) CrA(Nindiv,2), CrH(Nindiv,2)
	integer CrX(Nindiv,Ntime)
	real(8) vf_work, vf_home, Kaggr, Eaggr
	integer indiv, time

	
	!	set the seed number for random number generator

	call rnset(xseed)


	!	intialize distribution of workers

	do indiv = 1, Nindiv

		CrA(indiv,1) = kss
		CrX(indiv,1) = mod(indiv, nx) + 1
		CrH(indiv,1) = hbar

	end do


	!	start generating artificial panel data

	do time = -Nskip, Ntime


		!	cross-section data for asset and hours

		do indiv = 1, Nindiv

			vf_work = lininterp1(CrA(indiv,1), agrid, VFE(:,CrX(indiv,1)))
			vf_home = lininterp1(CrA(indiv,1), agrid, VFN(:,CrX(indiv,1)))

			if (vf_work >= vf_home) then

				CrH(indiv,2) = hbar
				CrA(indiv,2) = lininterp1(CrA(indiv,1), agrid, agrid(ASE(:, CrX(indiv,1))))
				CrA(indiv,2) = min(max(CrA(indiv,2), agrid(1)), agrid(na))

			else

				CrH(indiv,2) = 0.0D0
				CrA(indiv,2) = lininterp1(CrA(indiv,1), agrid, agrid(ASN(:, CrX(indiv,1))))
				CrA(indiv,2) = min(max(CrA(indiv,2), agrid(1)), agrid(na))

			end if

		end do


		!	record panel data (quarterly)

		if (time >= 1) then

			PanelA(:,time) = CrA(:,1)
			PanelH(:,time) = CrH(:,2)
			PanelW(:,time) = wage*CrH(:,2)*exgrid(CrX(:,1))/hbar
			PanelC(:,time) = wage*CrH(:,2)*exgrid(CrX(:,1)) + (1.0D0+irate)*CrA(:,1) - CrA(:,2)


			!	construct yearly panel data

			if (mod(time, 4) == 0.0) then

				YrPanelA(:,time/4) = sum(PanelA(:,time-3:time),dim=2)/4
				YrPanelH(:,time/4) = sum(PanelH(:,time-3:time),dim=2)
				do indiv = 1, Nindiv
					if (YrPanelH(indiv,time/4) > 0) then
						YrPanelW(indiv,time/4) &
						= sum(PanelW(indiv,time-3:time))*hbar/YrPanelH(indiv,time/4)
					else
						YrPanelW(indiv,time/4) = 0.0D0
					end if
				end do
				YrPanelC(:,time/4) = sum(PanelC(:,time-3:time),dim=2)/4

			end if


			!	record time-series data (quarterly)

			TsK(time) = sum(PanelA(:,time))/Nindiv
			TsE(time) = sum(PanelH(:,time)*3.0D0)/Nindiv
			TsL(time) = sum(CrH(:,2)*exgrid(CrX(:,1)))/Nindiv
			TsW(time) = (1.0D0-alpha)*(TsK(time)/TsL(time))**(alpha)
			TsC(time) = sum(PanelC(:,time))/Nindiv


		end if


		!	show aggregate variables 

		if (mod(time,10) == 0) then

			Kaggr = sum(CrA(:,2))/Nindiv
			Eaggr = sum(CrH(:,2)*3.0D0)/Nindiv
			write(*, '(A,I4,A,F8.4,A,F8.4)')	&
			"time = ", time, "   Kaggr = ", Kaggr, "   Eaggr = ", Eaggr

		end if


		!	generate next period idiosyncratic shocks

		call NextIdiosyncraticShock(CrX, Nindiv)


		!	update cross section data one period

		CrA(:,1) = CrA(:,2)
		CrH(:,1) = CrH(:,2)
		CrX(:,1) = CrX(:,2)


	end do


	!	save time sries data

!	open(1, file='Output\PanelA.txt', status='unknown')
!	open(2, file='Output\PanelH.txt', status='unknown')
!	open(3, file='Output\PanelW.txt', status='unknown')
!	open(4, file='Output\PanelC.txt', status='unknown')
!	open(5, file='Output\YrPanelA.txt', status='unknown')
!	open(6, file='Output\YrPanelH.txt', status='unknown')
!	open(7, file='Output\YrPanelW.txt', status='unknown')
!	open(8, file='Output\YrPanelC.txt', status='unknown')
!	open(9, file='Output\TsK.txt', status='unknown')
!	open(10, file='Output\TsE.txt', status='unknown')
!	open(11, file='Output\TsW.txt', status='unknown')
!	open(12, file='Output\TsC.txt', status='unknown')
!	open(13, file='Output\TsL.txt', status='unknown')

!	write(1, '(<Ntime>f12.6)') ((PanelA(indiv,time), time=1,Ntime),indiv=1,Nindiv)
!	write(2, '(<Ntime>f12.6)') ((PanelH(indiv,time), time=1,Ntime),indiv=1,Nindiv)
!	write(3, '(<Ntime>f12.6)') ((PanelW(indiv,time), time=1,Ntime),indiv=1,Nindiv)
!	write(4, '(<Ntime>f12.6)') ((PanelC(indiv,time), time=1,Ntime),indiv=1,Nindiv)
!	write(5, '(<Ntime/4>f12.6)') ((YrPanelA(indiv,time), time=1,Ntime/4),indiv=1,Nindiv)
!	write(6, '(<Ntime/4>f12.6)') ((YrPanelH(indiv,time), time=1,Ntime/4),indiv=1,Nindiv)
!	write(7, '(<Ntime/4>f12.6)') ((YrPanelW(indiv,time), time=1,Ntime/4),indiv=1,Nindiv)
!	write(8, '(<Ntime/4>f12.6)') ((YrPanelC(indiv,time), time=1,Ntime/4),indiv=1,Nindiv)
!	write(9, '(f12.6)') TsK
!	write(10, '(f12.6)') TsE
!	write(11, '(f12.6)') TsW
!	write(12, '(f12.6)') TsC
!	write(13, '(f12.6)') TsL


	!	data set for stata

	open(15, file='Output\sYrPanel.txt', status='unknown')
	write(15, '(4f12.6)') ((YrPanelA(indiv,time), YrPanelH(indiv,time), YrPanelW(indiv,time), YrPanelC(indiv,time), time=1,Ntime/4),indiv=1,Nindiv)
	open(16, file='Output\sQrTS.txt', status='unknown')
	write(16, '(4f12.6)') (TsK(time), TsE(time), TsW(time), TsC(time), time=1,Ntime)


end subroutine




subroutine NextIdiosyncraticShock(CrX, Nindiv)

	use Numerical_Libraries
	use Globals

	integer j, Nindiv, CrX(Nindiv,2)
	real(8) ushock


	do indiv = 1, Nindiv

		ushock = drnunf()

		do j = 1, nx

			if (ushock <= CtrX(CrX(indiv,1),j)) then
				CrX(indiv,2) = j
				exit
			end if
		
		end do

	end do


end subroutine




FortranFinal/HII_SS/Model/ValueModule.f90
!	----------------------------------------------------------------------
!	Module name : ValueModule.f90
!	----------------------------------------------------------------------	*/


module ValueModule

	use Globals
	use LinInterpModule

contains


subroutine SolveValueFunction()

	implicit none

	integer, parameter:: MAXITER = 10000
	real(8), parameter:: tol_cnvrg = 1.0D-3
	real(8) NewVF(na,nx), NewVFE(na,nx), NewVFN(na,nx), errV
	integer NewAS(na,nx), NewASE(na,nx), NewASN(na,nx), iter, errA


	! start iteration

	do iter = 1, MAXITER


		! evaluate expected value function
	
		PF = matmul(VF, transpose(trX))


		!	maximization procedure

		do ix = 1, nx
		do ia = 1, na

			hour = hbar
			income = (1.0+irate)*agrid(ia) + wage*hour*exgrid(ix)
			call DecisionRule(NewASE(ia,ix), NewVFE(ia,ix))

			hour = 0.0D0
			income = (1.0+irate)*agrid(ia)
			call DecisionRule(NewASN(ia,ix), NewVFN(ia,ix))

			if (NewVFE(ia,ix) >= NewVFN(ia,ix)) then
				HR(ia,ix) = hbar
				NewAS(ia,ix) = NewASE(ia,ix)
				NewVF(ia,ix) = NewVFE(ia,ix)
			else
				HR(ia,ix) = 0.0D0
				NewAS(ia,ix) = NewASN(ia,ix)
				NewVF(ia,ix) = NewVFN(ia,ix)
			end if

		end do
		end do


		!	calculate errors

		errV = maxval(dabs(NewVF - VF))
		errA = maxval(abs(NewAS - AS))


		! update value function and decision rules

		VFE = NewVFE
		VFN = NewVFN
		VF  = NewVF
		ASE = NewASE
		ASN = NewASN
		AS  = NewAS


		! convergence check

		if (errV < tol_cnvrg) then
			print*, "Individual Optimization is done at iteration " ,iter
			print*, " "
			exit 
		else if (mod(iter,50) == 0) then
			print*, "SolveValueFunction iteration ", iter
			print*, "errV = ", errV, "   errA = ", errA
			print*, " "
		end if

	end do


end subroutine



subroutine DecisionRule(ap2, vf2)


	implicit none

	real(8) vf1, vf2, vf3
	integer ap1, ap2, ap3, ubd
	logical ifstop


	ubd = locate(income, agrid)

	if (hour == hbar) then
		ap1 = max(ASE(ia,ix) - 1, 1)
		ap2 = ASE(ia,ix)
		ap3 = min(ASE(ia,ix) + 1, na)
	else
		ap1 = max(ASN(ia,ix) - 1, 1)
		ap2 = ASN(ia,ix)
		ap3 = min(ASN(ia,ix) + 1, na)
	end if

	if (ap3 > ubd) then
		ap3 = max(ubd, 1)
		ap2 = max(ap3 - 1, 1)
		ap1 = max(ap2 - 1, 1)
	end if

	ifstop = .true.


	do while (ifstop)

		! ap1, ap2 and ap2 are distinct

		if (ap1 < ap2 .and. ap2 < ap3) then

			vf1 = ValueF(ap1)
			vf2 = ValueF(ap2)
			vf3 = ValueF(ap3)

			if (vf1 < vf2 .and. vf2 > vf3) then
				ifstop = .false.
			else if (vf1 < vf2 .and. vf2 < vf3) then
				ap1 = ap2
				ap2 = min(ap1 + 1, ubd)
				ap3 = min(ap2 + 1, ubd)
			else if (vf1 > vf2 .and. vf2 > vf3) then
				ap3 = ap2
				ap2 = max(ap3 - 1, 1)
				ap1 = max(ap2 - 1, 1)
			else
				ap3 = ap2
				ap2 = max(ap3 - 1, 1)
				ap1 = max(ap2 - 1, 1)
			end if

		! ap1 = ap2 < ap2: in this case ap1 = ap2 = 1

		else if (ap1 == ap2 .and. ap2 < ap3) then

			vf2 = ValueF(ap2)
			vf3 = ValueF(ap3)
			
			if (vf2 > vf3) then
				ifstop = .false.
			else 
				ap2 = ap1 + 1
				ap3 = ap2 + 1
			end if

		! ap1 < ap2 = ap2: in this case ap2 = ap3 = ubd

		else if (ap1 < ap2 .and. ap2 == ap3) then

			vf1 = ValueF(ap1)
			vf2 = ValueF(ap2)
			
			if (vf1 < vf2) then
				ifstop = .false.
			else 
				ap2 = ap3 - 1
				ap1 = ap2 - 1
			end if

		! ap1 = ap2 = ap2: either 1 or ubd

		else if (ap1 == ap2 .and. ap2 == ap3) then

			vf2 = ValueF(ap2)
			ifstop = .false.

		end if

	end do


end subroutine



real(8) function Utility(ja)

	implicit none

	real(8), parameter:: tiny = 1.0D-20
	real(8) cm, uh
	integer ja

	cm = max(income - agrid(ja), tiny)
	uh = hour**(1.0D0+1.0D0/gama)/(1.0D0+1.0D0/gama)

	Utility = log(cm) - B*uh

end function


real(8) function ValueF(ja)

	implicit none

	integer ja

	ValueF = Utility(ja) + bta*PF(ja, ix)

end function


end module
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FortranFinal/RA/Input/parameters.txt
0.4D0
14.4845222458D0
66.0D0




FortranFinal/RA/Model/ConstructGrid.f90
!	----------------------------------------------------------------------
!	File name: CaptialGrid.cpp
!	----------------------------------------------------------------------


subroutine CapitalGrid()

	use Globals
	
	implicit none
	
	real(8) kmax, kmin, step
	integer i


	! max, min, step for grid construction

	kmax = kss*1.1
	kmin = kss*0.9
	step = (kmax - kmin)/(nk-1)

	kgrid(1) = kmin
	do i = 2, nk
		kgrid(i) = kgrid(i-1) + step
	end do

	! save capital grid

	open(1, file='Output\kgrid.txt', status='unknown')
	write(1,'(f12.6)') kgrid


end subroutine



subroutine ShockGrid()

	use Globals
	
	implicit none
	
	integer i
	real(8) pmax, pmin, step
	
	pmax = avep + 3.0D0*sigp
	pmin = avep - 3.0D0*sigp
	step = (pmax - pmin)/(np - 1)

	pgrid(1) = pmin
	do i = 2, np
		pgrid(i) = pgrid(i-1) + step
	end do

	epgrid = dexp(pgrid)

	open(1, file='Output\pgrid.txt', status='unknown')
	write(1,'(f12.6)') pgrid

	open(2, file='Output\epgrid.txt', status='unknown')
	write(2,'(f12.6)') epgrid


end subroutine




FortranFinal/RA/Model/Globals.f90
!	----------------------------------------------------------------------
!	File name: Globals.f90
!
!	Defines global variables.
!	----------------------------------------------------------------------


module Globals

	implicit none

	integer, parameter:: nk = 31, np = 9, NT = 100000
	real(8), parameter:: alpha = 0.36d0, delta = 0.025d0, irate = 0.01d0,	avep = 0.0D0, rhop = 0.95D0, sig = 0.007D0
	real(8), parameter:: rd = irate + delta
	real(8), parameter:: tol_cnvrg = 1.0D-6
	real(8) B, gama, kss, bta, sigp
	real(8) kgrid(nk), VF(nk,np), KS(nk,np), HR(nk,np), pgrid(np), epgrid(np), trP(np,np), hour, kp_hour, cscoef(nk,4), kcscoef(nk,4), hcscoef(nk,4), Value
	integer ik, ip

end module




FortranFinal/RA/Model/Initialize.f90
!	----------------------------------------------------------------------
!	File name: Initialize.f90
!	----------------------------------------------------------------------



subroutine InitializeParameters()

	use Globals

	implicit none

	open(1, file='Input\Parameters.txt', status = 'old')
	read(1, *) gama, kss, B


end subroutine


subroutine InitializeValue()

	use Globals
	use ValueModule

	implicit none


	! initialize value function and decision rules

	do ik = 1, nk
		do ip = 1, np
			KS(ik,ip) = kgrid(ik)
			VF(ik,ip) = Utility(KS(ik,ip))
		end do
	end do

end subroutine 



subroutine SteadyState()

	use Globals

	implicit none

	real(8) :: hss, wss, css


	hss = kss*(alpha/(irate+delta))**(1.0D0/(alpha-1.0D0))
	css = kss**alpha*hss**(1.0D0-alpha) - delta*kss
	wss = (1.0D0-alpha)*(kss/hss)**alpha


	B = wss/css*hss**(-1.0D0/gama)

	write(*, '(A,F12.6)') "B   = ", B
	write(*, '(A,F12.6)') "Hss = ", hss
	write(*, '(A,F12.6)') "Wss = ", Wss

end subroutine




FortranFinal/RA/Model/Main.f90
!	----------------------------------------------------------------------
!	File name : VariableLabor.f90
!
!	coordinates all routines that solve the representative agent model 
!	with variable labor input.
!	----------------------------------------------------------------------


program RA

	use Globals
	use ValueModule
	use SimulationModule
	use TauchenMod
	use OptimizationMod

	implicit none

	integer, parameter:: maxiter = 10000
	integer:: iter, i, j
	real(8):: errV, errK, errH, err
	real(8):: lbd, ubd, xmin, PF(nk,np), NewVF(nk,np), NewKS(nk,np), NewHR(nk,np)


	!	initialize parameters

	call InitializeParameters()


	! steady state capital and corresponding discount factor

	bta = 1.0D0/(1.0D0+irate)
	sigp = sig/dsqrt(1.0D0-rhop**2)


	! initialize capital grids

	call CapitalGrid()
	call ShockGrid()


	!	calculate Tauchen's transition probability matrix 

	call TauchenTr(avep, sigp, rhop, pgrid, trP)

	open(3, file='Output\trP.txt', status='unknown')
	write(3, '(<np>f12.6)') ((trP(i,j),j=1,np),i=1,np)


	! initialize value function and decision rules

	call InitializeValue()
	

	! steady state

	call SteadyState()


	! iterate value function

	do iter = 1, maxiter

		! conditional expectation of value function

		PF = matmul(VF, transpose(trP))


		! maximization procedure


		do ip = 1, np

			call csint(nk, kgrid, PF(:,ip), cscoef)
	
			do ik = 1, nk

				lbd = 0.9*kgrid(ik)
				ubd = 1.1*kgrid(ik)
				call fmin(NegValueF, lbd, ubd, xmin)
	
				NewKS(ik,ip) = xmin
				NewVF(ik,ip) = Value
				NewHR(ik,ip) = hour

			end do
		end do


		! calculate the errors

		errV = maxval(dabs(NewVF - VF))
		errK = maxval(dabs(NewKS - KS))
		errH = maxval(dabs(NewHR - HR))
		err  = max(errV, errK, errH)


		! update value function and decision rules

		VF = NewVF
		KS = NewKS
		HR = NewHR


		! convergence check

		if (errV < tol_cnvrg) then
			write(*, '(A,I6)') "Convergence achieved at iteration  ", iter
			exit 
		else if (mod(iter,100) == 0) then
			write(*, '(A,I6)') "iteration  ", iter
			write(*, '(A,F10.7,A,F10.7,A,F10.7,/)')		&
				"errV = ", errV, "   errK = ", errK, "   errH = ", errH
		end if

	end do


	! save value function and decision rules

	open(1, file='Output\VF.txt', status='unknown')
	open(2, file='Output\KS.txt', status='unknown')
	open(3, file='Output\HR.txt', status='unknown')

	write(1, '(<np>F12.6)') ((VF(ik,ip),ip=1,np),ik=1,nk)
	write(2, '(<np>F12.6)') ((KS(ik,ip),ip=1,np),ik=1,nk)
	write(3, '(<np>F12.6)') ((HR(ik,ip),ip=1,np),ik=1,nk)


	! generate artificial data for statistics and regression

	call SimulateData()


end program RA




FortranFinal/RA/Model/SimulateData.f90
module SimulationModule

	use Globals
	use ValueModule
	use PolyInterpModule

contains


subroutine SimulateData()

	implicit none

	integer t
	real(8) Ydata(NT), Kdata(NT+1), Edata(NT), Cdata(NT), Idata(NT), Pdata(NT), Rdata(NT), Wdata(NT), Adata(NT), KSp(nk), HRp(nk)
	real(8), external:: csval
	

	! generate aggregate shock series

	call GenerateShock(Pdata)


	! start generating data

	Kdata(1) = kss

	do t = 1, NT

		do ik = 1, nk
			KSp(ik) = polyinterp1(dlog(Pdata(t)), pgrid, KS(ik,:))
			HRp(ik) = polyinterp1(dlog(Pdata(t)), pgrid, HR(ik,:))
		end do

		call csint(nk, kgrid, KSp, kcscoef)
		call csint(nk, kgrid, HRp, hcscoef)

		Kdata(t+1) = csval(nk, Kdata(t), kgrid, kcscoef)
		Edata(t) = csval(nk, Kdata(t), kgrid, hcscoef)
		Ydata(t) = Prodf(Kdata(t), Edata(t), Pdata(t))
		Idata(t) = Kdata(t+1) - (1.0D0-delta)*Kdata(t)
		Cdata(t) = Ydata(t) - Idata(t)
		Rdata(t) = Pdata(t)*alpha*(Kdata(t)/Edata(t))**(alpha-1.0D0)
		Wdata(t) = Pdata(t)*(1.0D0-alpha)*(Kdata(t)/Edata(t))**alpha
		Adata(t) = Ydata(t)/Edata(t)
	
	end do


	! save artificial data

	open(1, file='Output\Ydata.txt', status='unknown')
	open(2, file='Output\Kdata.txt', status='unknown')
	open(3, file='Output\Cdata.txt', status='unknown')
	open(4, file='Output\Idata.txt', status='unknown')
	open(5, file='Output\Pdata.txt', status='unknown')
	open(6, file='Output\Edata.txt', status='unknown')
	open(7, file='Output\Rdata.txt', status='unknown')
	open(8, file='Output\Wdata.txt', status='unknown')
	open(9, file='Output\Adata.txt', status='unknown')
	open(0, file='Output\Ldata.txt', status='unknown')

	write(1, '(f12.6)') Ydata
	write(2, '(f12.6)') Kdata
	write(3, '(f12.6)') Cdata
	write(4, '(f12.6)') Idata
	write(5, '(f12.6)') Pdata
	write(6, '(f12.6)') Edata
	write(7, '(f12.6)') Rdata
	write(8, '(f12.6)') Wdata
	write(9, '(f12.6)') Adata
	write(0, '(f12.6)') Edata


end subroutine




subroutine GenerateShock(Pdata)

	implicit none

	integer:: aseed
	integer i, j, k
	real(8) ushock, trprob, Pdata(NT)
	real, external:: snorm


	! set the seed number for random number generator

	aseed = 1


	! generate Pdata using random number generator

	Pdata(1) = sigp*snorm(aseed)
	do i = 2, NT
		Pdata(i) = min(max(rhop*Pdata(i-1) + sig*snorm(aseed), pgrid(1)), pgrid(np))
	end do

	Pdata = dexp(Pdata)


end subroutine


end module




FortranFinal/RA/Model/ValueModule.f90
!	----------------------------------------------------------------------
!	File name : Value.cpp
!	----------------------------------------------------------------------	*/


module ValueModule

	use OptimizationMod
	use Globals

contains


real(8) function Prodf(k, h, p)

	implicit none

	real(8) k, h, p

	Prodf = p*k**alpha*h**(1.0D0-alpha)

end function



real(8) function SolveHour(xhour)

	implicit none

	real(8), parameter:: tiny = 1.0D-20
	real(8) wage, cons, xhour

	wage = epgrid(ip)*(1.0D0-alpha)*(kgrid(ik)/xhour)**alpha
	cons = max(Prodf(kgrid(ik), xhour, epgrid(ip))		&
				+ (1.0D0-delta)*kgrid(ik) - kp_hour, tiny)
	SolveHour = wage/cons - B*xhour**(1.0D0/gama)

end function



real(8) function Utility(kp)

	implicit none

	real(8), parameter:: tiny = 1.0D-20, tol_hour = 1.0D-6
	real(8) kp, cm, ls

	kp_hour = kp
	hour = bisect(SolveHour, 0.0D0, 0.9D0, tol_hour)

	cm = max(Prodf(kgrid(ik), hour, epgrid(ip))			&
				+ (1.0D0-delta)*kgrid(ik) - kp, tiny)
	ls = B*hour**(1.0D0+1.0D0/gama)/(1.0D0+1.0D0/gama)

	Utility = log(cm) - ls

end function


real(8) function ValueF(kp)

	implicit none

	real(8) kp
	real(8), external:: csval
	
	Value = Utility(kp) + bta*csval(nk, kp, kgrid, cscoef)
	ValueF = Value

end function


real(8) function NegValueF(kp)

	implicit none

	real(8) kp

	NegValueF = -ValueF(kp)

end function

end module




FortranFinal/Tools/CSINT.f
      subroutine CSINT(n, x, y, coef)
      integer n
      double precision x(n), y(n), coef(n,4), b(n), c(n), d(n)
c
c  the coefficients b(i), c(i), and d(i), i=1,2,...,n are computed
c  for a cubic interpolating spline
c
c    s(x) = y(i) + b(i)*(x-x(i)) + c(i)*(x-x(i))**2 + d(i)*(x-x(i))**3
c
c    for  x(i) .le. x .le. x(i+1)
c
c  input..
c
c    n = the number of data points or knots (n.ge.2)
c    x = the abscissas of the knots in strictly increasing order
c    y = the ordinates of the knots
c
c  output..
c
c    b, c, d  = arrays of spline coefficients as defined above.
c
c  using  p  to denote differentiation,
c
c    y(i) = s(x(i))
c    b(i) = sp(x(i))
c    c(i) = spp(x(i))/2
c    d(i) = sppp(x(i))/6  (derivative from the right)
c
c  the accompanying function subprogram  seval  can be used
c  to evaluate the spline.
c
c
      integer nm1, ib, i
      double precision t
c
      nm1 = n-1
      if ( n .lt. 2 ) return
      if ( n .lt. 3 ) go to 50
c
c  set up tridiagonal system
c
c  b = diagonal, d = offdiagonal, c = right hand side.
c
      d(1) = x(2) - x(1)
      c(2) = (y(2) - y(1))/d(1)
      do 10 i = 2, nm1
         d(i) = x(i+1) - x(i)
         b(i) = 2.*(d(i-1) + d(i))
         c(i+1) = (y(i+1) - y(i))/d(i)
         c(i) = c(i+1) - c(i)
   10 continue
c
c  end conditions.  third derivatives at  x(1)  and  x(n)
c  obtained from divided differences
c
      b(1) = -d(1)
      b(n) = -d(n-1)
      c(1) = 0.
      c(n) = 0.
      if ( n .eq. 3 ) go to 15
      c(1) = c(3)/(x(4)-x(2)) - c(2)/(x(3)-x(1))
      c(n) = c(n-1)/(x(n)-x(n-2)) - c(n-2)/(x(n-1)-x(n-3))
      c(1) = c(1)*d(1)**2/(x(4)-x(1))
      c(n) = -c(n)*d(n-1)**2/(x(n)-x(n-3))
c
c  forward elimination
c
   15 do 20 i = 2, n
         t = d(i-1)/b(i-1)
         b(i) = b(i) - t*d(i-1)
         c(i) = c(i) - t*c(i-1)
   20 continue
c
c  back substitution
c
      c(n) = c(n)/b(n)
      do 30 ib = 1, nm1
         i = n-ib
         c(i) = (c(i) - d(i)*c(i+1))/b(i)
   30 continue
c
c  c(i) is now the sigma(i) of the text
c
c  compute polynomial coefficients
c
      b(n) = (y(n) - y(nm1))/d(nm1) + d(nm1)*(c(nm1) + 2.*c(n))
      do 40 i = 1, nm1
         b(i) = (y(i+1) - y(i))/d(i) - d(i)*(c(i+1) + 2.*c(i))
         d(i) = (c(i+1) - c(i))/d(i)
         c(i) = 3.*c(i)
   40 continue
      c(n) = 3.*c(n)
      d(n) = d(n-1)
      coef(:,1) = y
      coef(:,2) = b
      coef(:,3) = c
      coef(:,4) = d
      return
c
   50 b(1) = (y(2)-y(1))/(x(2)-x(1))
      c(1) = 0.
      d(1) = 0.
      b(2) = b(1)
      c(2) = 0.
      d(2) = 0.
      coef(:,1) = y
      coef(:,2) = b
      coef(:,3) = c
      coef(:,4) = d
      return
      end



      double precision function CSVAL(n, u, x, coef)
      integer n
      double precision  u, x(n), y(n), coef(n,4)
c
c  this subroutine evaluates the cubic spline function
c
c    seval = y(i) + b(i)*(u-x(i)) + c(i)*(u-x(i))**2 + d(i)*(u-x(i))**3
c
c    where  x(i) .lt. u .lt. x(i+1), using horner's rule
c
c  if  u .lt. x(1) then  i = 1  is used.
c  if  u .ge. x(n) then  i = n  is used.
c
c  input..
c
c    n = the number of data points
c    u = the abscissa at which the spline is to be evaluated
c    x,y = the arrays of data abscissas and ordinates
c    b,c,d = arrays of spline coefficients computed by spline
c
c  if  u  is not in the same interval as the previous call, then a
c  binary search is performed to determine the proper interval.
c
      integer i, j, k
      double precision dx
      data i/1/
      if ( i .ge. n ) i = 1
      if ( u .lt. x(i) ) go to 10
      if ( u .le. x(i+1) ) go to 30
c
c  binary search
c
   10 i = 1
      j = n+1
   20 k = (i+j)/2
      if ( u .lt. x(k) ) j = k
      if ( u .ge. x(k) ) i = k
      if ( j .gt. i+1 ) go to 20
c
c  evaluate spline
c
   30 dx = u - x(i)
      CSVAL = coef(i,1) + dx*(coef(i,2) + dx*(coef(i,3) + dx*coef(i,4)))
      return
      end




FortranFinal/Tools/DADAPT.f
      SUBROUTINE DADAPT(NDIM,A,B,MINPTS,MAXPTS,FUNCTN,EPS,RELERR,LENWRK,
     * WRKSTR,FINEST,IFAIL)
C***BEGIN PROLOGUE ADAPT
C  ADAPTIVE MULTIDIMENSIONAL INTEGRATION SUBROUTINE
C           AUTHOR: A. C. GENZ, Washington State University
C                    19 March 1984
C**************  PARAMETERS FOR ADAPT  ********************************
C***** INPUT PARAMETERS
C  NDIM    NUMBER OF VARIABLES, MUST EXCEED 1, BUT NOT EXCEED 20
C  A       DOUBLE PRECISION ARRAY OF LOWER LIMITS, WITH DIMENSION NDIM
C  B       DOUBLE PRECISION ARRAY OF UPPER LIMITS, WITH DIMENSION NDIM
C  MINPTS  MINIMUM NUMBER OF FUNCTION EVALUATIONS TO BE ALLOWED.
C          ON THE FIRST CALL TO ADAPT MINPTS SHOULD BE SET TO A
C          NON NEGATIVE VALUE. (CAUTION... MINPTS IS ALTERED BY ADAPT)
C          IT IS POSSIBLE TO CONTINUE A CALCULATION TO GREATER ACCURACY
C          BY CALLING ADAPT AGAIN BY DECREASING EPS (DESCRIBED BELOW)
C          AND RESETTING MINPTS TO ANY NEGATIVE VALUE.
C          MINPTS MUST NOT EXCEED MAXPTS.
C  MAXPTS  MAXIMUM NUMBER OF FUNCTION EVALUATIONS TO BE ALLOWED,
C          WHICH MUST BE AT LEAST RULCLS, WHERE
C          RULCLS =  2**NDIM+2*NDIM**2+6*NDIM+1
C
C            FOR NDIM =  2   3   4   5   6   7   8   9   10
C            MAXPTS &gt;=  25  45  73 113 173 269 433 729 1285
C         A suggested value for MAXPTS is 100 times the above values.
C
C  FUNCTN  EXTERNALLY DECLARED USER DEFINED FUNCTION TO BE INTEGRATED.
C          IT MUST HAVE PARAMETERS (NDIM,Z), WHERE Z IS A DOUBLE PRECISION ARRAY
C          OF DIMENSION NDIM.
C  EPS     REQUIRED RELATIVE ACCURACY
C  LENWRK  LENGTH OF ARRAY WRKSTR OF WORKING STORAGE, THE ROUTINE
C          NEEDS (2*NDIM+3)*(1+MAXPTS/RULCLS)/2 FOR LENWRK IF
C          MAXPTS FUNCTION CALLS ARE USED.
C          FOR GUIDANCE, IF YOU SET MAXPTS TO 100*RULCLS (SEE TABLE
C          ABOVE) THEN ACCEPTABLE VALUES FOR LENWRK ARE
C
C            FOR NDIM = 2    3    4    5    6    7    8     9
C            LENWRK =  357  561  1785 3417 6681 13209 26265 52377
C
C***** OUTPUT PARAMETERS
C  MINPTS  ACTUAL NUMBER OF FUNCTION EVALUATIONS USED BY ADAPT
C  WRKSTR  DOUBLE PRECISION ARRAY OF WORKING STORAGE OF DIMENSION (LENWRK).
C  RELERR  ESTIMATED RELATIVE ACCURACY OF FINEST
C  FINEST  ESTIMATED VALUE OF INTEGRAL
C  IFAIL   IFAIL=0 FOR NORMAL EXIT, WHEN ESTIMATED RELATIVE ACCURACY
C                  RELERR IS LESS THAN EPS WITH MAXPTS OR LESS FUNCTION
C                  CALLS MADE.
C          IFAIL=1 IF MAXPTS WAS TOO SMALL FOR ADAPT TO OBTAIN THE
C                  REQUIRED RELATIVE ACCURACY EPS.  IN THIS CASE ADAPT
C                  RETURNS A VALUE OF FINEST WITH ESTIMATED RELATIVE
C                  ACCURACY RELERR.
C          IFAIL=2 IF LENWRK TOO SMALL FOR MAXPTS FUNCTION CALLS.  IN
C                  THIS CASE ADAPT RETURNS A VALUE OF FINEST WITH
C                  ESTIMATED ACCURACY RELERR USING THE WORKING STORAGE
C                  AVAILABLE, BUT RELERR WILL BE GREATER THAN EPS.
C          IFAIL=3 IF NDIM ) 2, NDIM \ 20, MINPTS \ MAXPTS,
C                  OR MAXPTS ) RULCLS.
C***********************************************************************
C***END PROLOGUE ADAPT
      EXTERNAL FUNCTN
C*****  FOR DOUBLE PRECISION CHANGE REAL TO DOUBLE PRECISION IN THE
C        NEXT STATEMENT.
      DOUBLE PRECISION A(NDIM), B(NDIM), CENTER(20),
     * DIFMAX, EPS, ERRMIN, FINEST, HALF,
     * ONE, RELERR, RGNERR, RGNVAL,
     * TWO, WIDTH(20), WRKSTR(LENWRK), ZERO
      INTEGER DIVAXO, DIVAXN, DIVFLG, FUNCLS, IFAIL, INDEX1,
     * INDEX2, J, K, LENWRK, MAXCLS, MAXPTS, MINPTS, NDIM,
     * RGNSTR, RULCLS, SBRGNS, SBTMPP, SUBRGN, SUBTMP
      IFAIL=3
      RELERR=1
      FUNCLS=0
      IF(NDIM.LT.2.OR.NDIM.GT.20) GOTO 300
      IF(MINPTS.GT.MAXPTS) GOTO 300
C
C*****  INITIALISATION OF SUBROUTINE
C
      ZERO=0
      ONE=1
      TWO=2
      HALF=ONE/TWO
      RGNSTR=2*NDIM+3
      ERRMIN = ZERO
      MAXCLS =  2**NDIM+2*NDIM**2+6*NDIM+1
      MAXCLS = MIN0(MAXCLS,MAXPTS)
      DIVAXO=0
C
C*****  END SUBROUTINE INITIALISATION
      IF(MINPTS.LT.0) SBRGNS=WRKSTR(LENWRK-1)
      IF(MINPTS.LT.0) GOTO 280
      DO 30 J=1,NDIM
        WIDTH(J)=(B(J)-A(J))*HALF
   30   CENTER(J)=A(J)+WIDTH(J)
      FINEST=ZERO
      WRKSTR(LENWRK)=ZERO
      DIVFLG=1
      SUBRGN=RGNSTR
      SBRGNS=RGNSTR
   40 CALL BSRL(NDIM,CENTER,WIDTH,FUNCTN,MAXCLS,RULCLS,
     *            ERRMIN,RGNERR,RGNVAL,DIVAXO,DIVAXN)
      FINEST=FINEST+RGNVAL
      WRKSTR(LENWRK)=WRKSTR(LENWRK)+RGNERR
      FUNCLS = FUNCLS + RULCLS
C
C*****  PLACE RESULTS OF BASIC RULE INTO PARTIALLY ORDERED LIST
C*****  ACCORDING TO SUBREGION ERROR
      IF(DIVFLG.EQ.1) GO TO 230
C
C*****  WHEN DIVFLG=0 START AT TOP OF LIST AND MOVE DOWN LIST TREE TO
C       FIND CORRECT POSITION FOR RESULTS FROM FIRST HALF OF RECENTLY
C       DIVIDED SUBREGION
  200 SUBTMP=2*SUBRGN
      IF(SUBTMP.GT.SBRGNS) GO TO 250
       IF(SUBTMP.EQ.SBRGNS) GO TO 210
       SBTMPP=SUBTMP+RGNSTR
       IF(WRKSTR(SUBTMP).LT.WRKSTR(SBTMPP)) SUBTMP=SBTMPP
  210  IF(RGNERR.GE.WRKSTR(SUBTMP)) GO TO 250
        DO 220 K=1,RGNSTR
          INDEX1=SUBRGN-K+1
          INDEX2=SUBTMP-K+1
  220     WRKSTR(INDEX1)=WRKSTR(INDEX2)
        SUBRGN=SUBTMP
      GOTO 200
C
C*****  WHEN DIVFLG=1 START AT BOTTOM RIGHT BRANCH AND MOVE UP LIST
C       TREE TO FIND CORRECT POSITION FOR RESULTS FROM SECOND HALF OF
C       RECENTLY DIVIDED SUBREGION
  230 SUBTMP=(SUBRGN/(RGNSTR*2))*RGNSTR
      IF(SUBTMP.LT.RGNSTR) GO TO 250
      IF(RGNERR.LE.WRKSTR(SUBTMP)) GO TO 250
       DO 240 K=1,RGNSTR
         INDEX1=SUBRGN-K+1
         INDEX2=SUBTMP-K+1
  240    WRKSTR(INDEX1)=WRKSTR(INDEX2)
       SUBRGN=SUBTMP
      GOTO 230
C*****  STORE RESULTS OF BASIC RULE IN CORRECT POSITION IN LIST
  250 WRKSTR(SUBRGN)=RGNERR
      WRKSTR(SUBRGN-1)=RGNVAL
      WRKSTR(SUBRGN-2)=DIVAXN
      DO 260 J=1,NDIM
        SUBTMP=SUBRGN-2*(J+1)
        WRKSTR(SUBTMP+1)=CENTER(J)
  260   WRKSTR(SUBTMP)=WIDTH(J)
      IF(DIVFLG.EQ.1) GO TO 270
C*****  WHEN DIVFLG=0 PREPARE FOR SECOND APPLICATION OF BASIC RULE
      CENTER(DIVAXO)=CENTER(DIVAXO)+TWO*WIDTH(DIVAXO)
      SBRGNS=SBRGNS+RGNSTR
      SUBRGN=SBRGNS
      DIVFLG=1
C*****  LOOP BACK TO APPLY BASIC RULE TO OTHER HALF OF SUBREGION
      GO TO 40
C
C*****  END ORDERING AND STORAGE OF BASIC RULE RESULTS
C*****  MAKE CHECKS FOR POSSIBLE TERMINATION OF ROUTINE
C
C******  FOR DOUBLE PRECISION CHANGE ABS TO DABS IN THE NEXT STATEMENT
  270 RELERR=ONE
      IF(WRKSTR(LENWRK).LE.ZERO) WRKSTR(LENWRK)=ZERO
      IF(DABS(FINEST).NE.ZERO) RELERR=WRKSTR(LENWRK)/DABS(FINEST)
      IF(RELERR.GT.ONE) RELERR=ONE
      IF(SBRGNS+RGNSTR.GT.LENWRK-2) IFAIL=2
      IF(FUNCLS+FUNCLS*RGNSTR/SBRGNS.GT.MAXPTS) IFAIL=1
      IF(RELERR.LT.EPS.AND.FUNCLS.GE.MINPTS) IFAIL=0
      IF(IFAIL.LT.3) GOTO 300
C
C*****  PREPARE TO USE BASIC RULE ON EACH HALF OF SUBREGION WITH LARGEST
C       ERROR
  280 DIVFLG=0
      SUBRGN=RGNSTR
      SUBTMP = 2*SBRGNS/RGNSTR
      MAXCLS = MAXPTS/SUBTMP
      ERRMIN = DABS(FINEST)*EPS/FLOAT(SUBTMP)
      WRKSTR(LENWRK)=WRKSTR(LENWRK)-WRKSTR(SUBRGN)
      FINEST=FINEST-WRKSTR(SUBRGN-1)
      DIVAXO=WRKSTR(SUBRGN-2)
      DO 290 J=1,NDIM
        SUBTMP=SUBRGN-2*(J+1)
        CENTER(J)=WRKSTR(SUBTMP+1)
  290   WIDTH(J)=WRKSTR(SUBTMP)
      WIDTH(DIVAXO)=WIDTH(DIVAXO)*HALF
      CENTER(DIVAXO)=CENTER(DIVAXO)-WIDTH(DIVAXO)
C
C*****  LOOP BACK TO APPLY BASIC RULE
C
      GOTO 40
C
C*****  TERMINATION POINT
C
  300 MINPTS=FUNCLS
      WRKSTR(LENWRK-1)=SBRGNS
      RETURN
      END
      SUBROUTINE BSRL(S,CENTER,HWIDTH,F,MAXVLS,FUNCLS,
     *                  ERRMIN,ERREST,BASEST,DIVAXO,DIVAXN)
      EXTERNAL F
      INTEGER S, DIVAXN, DIVAXO, FUNCLS, INTCLS, I, MINDEG, MAXDEG,
     * MAXORD, MINORD, MAXCLS
      DOUBLE PRECISION ONE, TWO, THREE, FIVE, TEN, DIF, ERRORM, ERRMIN,
     * CENTER(S), HWIDTH(S), SUM0, SUM1, SUM2, DIFMAX, X1, X2,
     * INTVLS(20), Z(20), FULSMS(200), WEGHTS(200), ERREST, BASEST
      MAXDEG = 12
      MINDEG = 4
      MINORD = 0
      ZERO = 0
      ONE = 1
      TWO = 2
      THREE = 3
      FIVE = 5
      TEN = 10
      DO 10 MAXORD = MINDEG,MAXDEG
        CALL SYMRL(S, CENTER, HWIDTH, F, MINORD, MAXORD, INTVLS,
     *   INTCLS, 200, WEGHTS, FULSMS, IFAIL)
        IF (IFAIL.EQ.2) GOTO 20
        ERREST = DABS(INTVLS(MAXORD)-INTVLS(MAXORD-1))
        ERRORM = DABS(INTVLS(MAXORD-1)-INTVLS(MAXORD-2))
        IF (ERREST.NE.ZERO)
     *  ERREST = ERREST*MAX(ONE/TEN,ERREST/MAX(ERREST/TWO,ERRORM))
        IF (ERRORM.LE.FIVE*ERREST) GOTO 20
        IF (2*INTCLS.GT.MAXVLS) GOTO 20
        IF (ERREST.LT.ERRMIN) GOTO 20
   10   CONTINUE
   20 DIFMAX = -1
      X1 = ONE/TWO**2
      X2 = THREE*X1
      DO 30 I = 1,S
       Z(I) = CENTER(I)
   30  CONTINUE
      SUM0 = F(S,Z)
      DO 40 I = 1,S
       Z(I) = CENTER(I) - X1*HWIDTH(I)
       SUM1 = F(S,Z)
       Z(I) = CENTER(I) + X1*HWIDTH(I)
       SUM1 = SUM1 + F(S,Z)
       Z(I) = CENTER(I) - X2*HWIDTH(I)
       SUM2 = F(S,Z)
       Z(I) = CENTER(I) + X2*HWIDTH(I)
       SUM2 = SUM2 + F(S,Z)
       Z(I) = CENTER(I)
       DIF = DABS((SUM1-TWO*SUM0) - (X1/X2)**2*(SUM2-TWO*SUM0))
       IF (DIF.LT.DIFMAX) GOTO 40
        DIFMAX = DIF
        DIVAXN = I
   40  CONTINUE
       IF (SUM0.EQ.SUM0+DIFMAX/TWO) DIVAXN = MOD(DIVAXO,S) + 1
      BASEST = INTVLS(MINORD)
      FUNCLS = INTCLS + 4*S
      RETURN
      END
      SUBROUTINE SYMRL(S, CENTER, HWIDTH, F, MINORD, MAXORD, INTVLS,
     * INTCLS, NUMSMS, WEGHTS, FULSMS, FAIL)
C  MULTIDIMENSIONAL FULLY SYMMETRIC RULE INTEGRATION SUBROUTINE
C
C   THIS SUBROUTINE COMPUTES A SEQUENCE OF FULLY SYMMETRIC RULE
C   APPROXIMATIONS TO A FULLY SYMMETRIC MULTIPLE INTEGRAL.
C   WRITTEN BY A. GENZ, MATHEMATICAL INSTITUTE, UNIVERSITY OF KENT,
C   CANTERBURY, KENT CT2 7NF, ENGLAND
C
C**************  PARAMETERS FOR SYMRL  ********************************
C*****INPUT PARAMETERS
C  S       INTEGER NUMBER OF VARIABLES, MUST EXCEED 0 BUT NOT EXCEED 20
C  F       EXTERNALLY DECLARED USER DEFINED DOUBLE PRECISION FUNCTION INTEGRAND.
C          IT MUST HAVE PARAMETERS (S,X), WHERE X IS A DOUBLE PRECISION ARRAY
C          WITH DIMENSION S.
C  MINORD  INTEGER MINIMUM ORDER PARAMETER.  ON ENTRY MINORD SPECIFIES
C          THE CURRENT HIGHEST ORDER APPROXIMATION TO THE INTEGRAL,
C          AVAILABLE IN THE ARRAY INTVLS.  FOR THE FIRST CALL OF SYMRL
C          MINORD SHOULD BE SET TO 0.  OTHERWISE A PREVIOUS CALL IS
C          ASSUMED THAT COMPUTED INTVLS(1), ... , INTVLS(MINORD).
C          ON EXIT MINORD IS SET TO MAXORD.
C  MAXORD  INTEGER MAXIMUM ORDER PARAMETER, MUST BE GREATER THAN MINORD
C          AND NOT EXCEED 20. THE SUBROUTINE COMPUTES INTVLS(MINORD+1),
C          INTVLS(MINORD+2),..., INTVLS(MAXORD).
C  G       DOUBLE PRECISION ARRAY OF DIMENSION(MAXORD) OF GENERATORS.
C          ALL GENERATORS MUST BE DISTINCT AND NONNEGATIVE.
C  NUMSMS  INTEGER LENGTH OF ARRAY FULSMS, MUST BE AT LEAST THE SUM OF
C          THE NUMBER OF DISTINCT PARTITIONS OF LENGTH AT MOST S
C          OF THE INTEGERS 0,1,...,MAXORD-1.  AN UPPER BOUND FOR NUMSMS
C          WHEN S+MAXORD IS LESS THAN 19 IS 200
C******OUTPUT PARAMETERS
C  INTVLS  DOUBLE PRECISION ARRAY OF DIMENSION(MAXORD).  UPON SUCCESSFUL EXIT
C          INTVLS(1), INTVLS(2),..., INTVLS(MAXORD) ARE APPROXIMATIONS
C          TO THE INTEGRAL.  INTVLS(D+1) WILL BE AN APPROXIMATION OF
C          POLYNOMIAL DEGREE 2D+1.
C  INTCLS  INTEGER TOTAL NUMBER OF F VALUES NEEDED FOR INTVLS(MAXORD)
C  WEGHTS  DOUBLE PRECISION WORKING STORAGE ARRAY WITH DIMENSION (NUMSMS). ON EXIT
C          WEGHTS(J) CONTAINS THE WEIGHT FOR FULSMS(J).
C  FULSMS  DOUBLE PRECISION WORKING STORAGE ARRAY WITH DIMENSION (NUMSMS). ON EXIT
C          FULSMS(J) CONTAINS THE FULLY SYMMETRIC BASIC RULE SUM
C          INDEXED BY THE JTH S-PARTITION OF THE INTEGERS
C          0,1,...,MAXORD-1.
C  FAIL    INTEGER FAILURE OUTPUT PARAMETER
C          FAIL=0 FOR SUCCESSFUL TERMINATION OF THE SUBROUTINE
C          FAIL=1 WHEN NUMSMS IS TOO SMALL FOR THE SUBROUTINE TO
C                  CONTINUE.  IN THIS CASE WEGHTS(1), WEGHTS(2), ...,
C                  WEGHTS(NUMSMS), FULSMS(1), FULSMS(2), ...,
C                  FULSMS(NUMSMS) AND INTVLS(1), INTVLS(2),...,
C                  INTVLS(J) ARE RETURNED, WHERE J IS MAXIMUM VALUE OF
C                  MAXORD COMPATIBLE WITH THE GIVEN VALUE OF NUMSMS.
C          FAIL=2 WHEN PARAMETERS S,MINORD, MAXORD OR G ARE OUT OF
C                  RANGE
C***********************************************************************
      EXTERNAL F
C***  FOR DOUBLE PRECISION CHANGE REAL TO DOUBLE PRECISION
C      IN THE NEXT STATEMENT
      INTEGER D, I, FAIL, K(20), INTCLS, PRTCNT, L, M(20), MAXORD,
     * MINORD, MODOFM, NUMSMS, S, SUMCLS
      DOUBLE PRECISION INTVLS(MAXORD), CENTER(S), HWIDTH(S), GISQRD, GLSQRD,
     * INTMPA, INTMPB, INTVAL, ONE, FULSMS(NUMSMS), WEGHTS(NUMSMS),
     * TWO, MOMTOL, MOMNKN, MOMPRD(20,20), MOMENT(20), ZERO, G(20)
C       PATTERSON GENERATORS
      DATA G(1), G(2) /0.0000000000000000,0.7745966692414833/
      DATA G(3), G(4) /0.9604912687080202,0.4342437493468025/
      DATA G(5), G(6) /0.9938319632127549,0.8884592328722569/
      DATA G(7), G(8) /0.6211029467372263,0.2233866864289668/
      DATA G(9), G(10), G(11), G(12) /0.1, 0.2, 0.3, 0.4/
C
C***  PARAMETER CHECKING AND INITIALISATION
      FAIL = 2
      MAXRDM = 20
      MAXS = 20
      IF (S.GT.MAXS .OR. S.LT.1) RETURN
      IF (MINORD.LT.0 .OR. MINORD.GE.MAXORD) RETURN
      IF (MAXORD.GT.MAXRDM) RETURN
      ZERO = 0
      ONE = 1
      TWO = 2
      MOMTOL = ONE
   10 MOMTOL = MOMTOL/TWO
      IF (MOMTOL+ONE.GT.ONE) GO TO 10
      HUNDRD = 100
      MOMTOL = HUNDRD*TWO*MOMTOL
      D = MINORD
      IF (D.EQ.0) INTCLS = 0
C***  CALCULATE MOMENTS AND MODIFIED MOMENTS
      DO 20 L=1,MAXORD
        FLOATL = L + L - 1
        MOMENT(L) = TWO/FLOATL
   20 CONTINUE
      IF (MAXORD.EQ.1) GO TO 50
      DO 40 L=2,MAXORD
        INTMPA = MOMENT(L-1)
        GLSQRD = G(L-1)**2
        DO 30 I=L,MAXORD
          INTMPB = MOMENT(I)
          MOMENT(I) = MOMENT(I) - GLSQRD*INTMPA
          INTMPA = INTMPB
   30   CONTINUE
        IF (MOMENT(L)**2.LT.(MOMTOL*MOMENT(1))**2) MOMENT(L) = ZERO
   40 CONTINUE
   50 DO 70 L=1,MAXORD
        IF (G(L).LT.ZERO) RETURN
        MOMNKN = ONE
        MOMPRD(L,1) = MOMENT(1)
        IF (MAXORD.EQ.1) GO TO 70
        GLSQRD = G(L)**2
        DO 60 I=2,MAXORD
          IF (I.LE.L) GISQRD = G(I-1)**2
          IF (I.GT.L) GISQRD = G(I)**2
          IF (GLSQRD.EQ.GISQRD) RETURN
          MOMNKN = MOMNKN/(GLSQRD-GISQRD)
          MOMPRD(L,I) = MOMNKN*MOMENT(I)
   60   CONTINUE
   70 CONTINUE
      FAIL = 1
C
C***  BEGIN LOOP FOR EACH D
C      FOR EACH D FIND ALL DISTINCT PARTITIONS M WITH MOD(M))=D
C
   80 PRTCNT = 0
      INTVAL = ZERO
      MODOFM = 0
      CALL NXPRT(PRTCNT, S, M)
   90 IF (PRTCNT.GT.NUMSMS) RETURN
C
C***  CALCULATE WEIGHT FOR PARTITION M AND FULLY SYMMETRIC SUMS
C***     WHEN NECESSARY
C
      IF (D.EQ.MODOFM) WEGHTS(PRTCNT) = ZERO
      IF (D.EQ.MODOFM) FULSMS(PRTCNT) = ZERO
      FULWGT = WHT(S,MOMENT,M,K,MODOFM,D,MAXRDM,MOMPRD)
      SUMCLS = 0
      IF (WEGHTS(PRTCNT).EQ.ZERO .AND. FULWGT.NE.ZERO) FULSMS(PRTCNT) =
     * FLSM(S, CENTER, HWIDTH, MOMENT, M, K, MAXORD, G, F, SUMCLS)
      INTCLS = INTCLS + SUMCLS
      INTVAL = INTVAL + FULWGT*FULSMS(PRTCNT)
      WEGHTS(PRTCNT) = WEGHTS(PRTCNT) + FULWGT
      CALL NXPRT(PRTCNT, S, M)
      IF (M(1).GT.MODOFM) MODOFM = MODOFM + 1
      IF (MODOFM.LE.D) GO TO 90
C
C***  END LOOP FOR EACH D
      IF (D.GT.0) INTVAL = INTVLS(D) + INTVAL
      INTVLS(D+1) = INTVAL
      D = D + 1
      IF (D.LT.MAXORD) GO TO 80
C
C***  SET FAILURE PARAMETER AND RETURN
      FAIL = 0
      MINORD = MAXORD
      RETURN
      END
      DOUBLE PRECISION FUNCTION WHT(S, INTRPS, M, K, MODOFM, D, 
     * MAXRDM, MOMPRD)
C***  SUBROUTINE TO CALCULATE WEIGHT FOR PARTITION M
C
      INTEGER S, M(S), K(S), D, MAXRDM, MI, KI, M1, K1, MODOFM
      DOUBLE PRECISION INTRPS(S), ZERO, MOMPRD(MAXRDM,MAXRDM)
      ZERO = 0
      DO 10 I=1,S
        INTRPS(I) = ZERO
        K(I) = 0
   10 CONTINUE
      M1 = M(1) + 1
      K1 = D - MODOFM + M1
   20 INTRPS(1) = MOMPRD(M1,K1)
      IF (S.EQ.1) GO TO 40
      DO 30 I=2,S
        MI = M(I) + 1
        KI = K(I) + MI
        INTRPS(I) = INTRPS(I) + MOMPRD(MI,KI)*INTRPS(I-1)
        INTRPS(I-1) = ZERO
        K1 = K1 - 1
        K(I) = K(I) + 1
        IF (K1.GE.M1) GO TO 20
        K1 = K1 + K(I)
        K(I) = 0
   30 CONTINUE
   40 WHT = INTRPS(S)
      RETURN
      END
      DOUBLE PRECISION FUNCTION FLSM(S,CENTER,HWIDTH,X,M,MP,MAXORD,G,F,
     * SUMCLS)
C
C***  FUNCTION TO COMPUTE FULLY SYMMETRIC BASIC RULE SUM
C
      INTEGER S, M(S), MP(S), MAXORD, SUMCLS, IXCHNG, LXCHNG, I, L,
     * IHALF, MPI, MPL
      DOUBLE PRECISION G(MAXORD), X(S), INTWGT, ZERO, ONE, TWO, INTSUM,
     * CENTER(S), HWIDTH(S)
      ZERO = 0
      ONE = 1
      TWO = 2
      INTWGT = ONE
      DO 10 I=1,S
        MP(I) = M(I)
        IF (M(I).NE.0) INTWGT = INTWGT/TWO
        INTWGT = INTWGT*HWIDTH(I)
   10 CONTINUE
      SUMCLS = 0
      FLSM = ZERO
C
C*******  COMPUTE CENTRALLY SYMMETRIC SUM FOR PERMUTATION MP
   20 INTSUM = ZERO
      DO 30 I=1,S
        MPI = MP(I) + 1
        X(I) = CENTER(I) + G(MPI)*HWIDTH(I)
   30 CONTINUE
   40 SUMCLS = SUMCLS + 1
      INTSUM = INTSUM + F(S,X)
      DO 50 I=1,S
        MPI = MP(I) + 1
        IF(G(MPI).NE.ZERO) HWIDTH(I) = -HWIDTH(I)
        X(I) = CENTER(I) + G(MPI)*HWIDTH(I)
        IF (X(I).LT.CENTER(I)) GO TO 40
   50 CONTINUE
C*******  END INTEGRATION LOOP FOR MP
C
      FLSM = FLSM + INTWGT*INTSUM
      IF (S.EQ.1) RETURN
C
C*******  FIND NEXT DISTINCT PERMUTATION OF M AND LOOP BACK
C          TO COMPUTE NEXT CENTRALLY SYMMETRIC SUM
      DO 80 I=2,S
        IF (MP(I-1).LE.MP(I)) GO TO 80
        MPI = MP(I)
        IXCHNG = I - 1
        IF (I.EQ.2) GO TO 70
        IHALF = IXCHNG/2
        DO 60 L=1,IHALF
          MPL = MP(L)
          IMNUSL = I - L
          MP(L) = MP(IMNUSL)
          MP(IMNUSL) = MPL
          IF (MPL.LE.MPI) IXCHNG = IXCHNG - 1
          IF (MP(L).GT.MPI) LXCHNG = L
   60   CONTINUE
        IF (MP(IXCHNG).LE.MPI) IXCHNG = LXCHNG
   70   MP(I) = MP(IXCHNG)
        MP(IXCHNG) = MPI
        GO TO 20
   80 CONTINUE
C*****  END LOOP FOR PERMUTATIONS OF M AND ASSOCIATED SUMS
C
      RETURN
      END
      SUBROUTINE NXPRT(PRTCNT, S, M)
C
C***  SUBROUTINE TO COMPUTE THE NEXT S PARTITION
C
      INTEGER S, M(S), PRTCNT, I, MSUM
      IF (PRTCNT.GT.0) GO TO 20
      DO 10 I=1,S
        M(I) = 0
   10 CONTINUE
      PRTCNT = 1
      RETURN
   20 PRTCNT = PRTCNT + 1
      MSUM = M(1)
      IF (S.EQ.1) GO TO 60
      DO 50 I=2,S
        MSUM = MSUM + M(I)
        IF (M(1).LE.M(I)+1) GO TO 40
        M(1) = MSUM - (I-1)*(M(I)+1)
        DO 30 L=2,I
          M(L) = M(I) + 1
   30   CONTINUE
        RETURN
   40   M(I) = 0
   50 CONTINUE
   60 M(1) = MSUM + 1
      RETURN
      END




FortranFinal/Tools/DQAG.f
      SUBROUTINE DQAG(F,A,B,EPSABS,EPSREL,KEY,RESULT,ABSERR,NEVAL,IER,
     1   LIMIT,LENW,LAST,IWORK,WORK)
C***BEGIN PROLOGUE  DQAG
C***DATE WRITTEN   800101   (YYMMDD)
C***REVISION DATE  830518   (YYMMDD)
C***CATEGORY NO.  H2A1A1
C***KEYWORDS  AUTOMATIC INTEGRATOR,GAUSS-KRONROD,GENERAL-PURPOSE,
C             GLOBALLY ADAPTIVE,INTEGRAND EXAMINATOR
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  The routine calculates an approximation result to a given
C            definite integral I = integral of F over (A,B),
C            hopefully satisfying following claim for accuracy
C            ABS(I-RESULT)LE.MAX(EPSABS,EPSREL*ABS(I)).
C***DESCRIPTION
C
C        Computation of a definite integral
C        Standard fortran subroutine
C        Double precision version
C
C            F      - Double precision
C                     Function subprogam defining the integrand
C                     Function F(X). The actual name for F needs to be
C                     Declared E X T E R N A L in the driver program.
C
C            A      - Double precision
C                     Lower limit of integration
C
C            B      - Double precision
C                     Upper limit of integration
C
C            EPSABS - Double precision
C                     Absolute accoracy requested
C            EPSREL - Double precision
C                     Relative accuracy requested
C                     If  EPSABS.LE.0
C                     And EPSREL.LT.MAX(50*REL.MACH.ACC.,0.5D-28),
C                     The routine will end with IER = 6.
C
C            KEY    - Integer
C                     Key for choice of local integration rule
C                     A GAUSS-KRONROD PAIR is used with
C                       7 - 15 POINTS If KEY.LT.2,
C                      10 - 21 POINTS If KEY = 2,
C                      15 - 31 POINTS If KEY = 3,
C                      20 - 41 POINTS If KEY = 4,
C                      25 - 51 POINTS If KEY = 5,
C                      30 - 61 POINTS If KEY.GT.5.
C
C         ON RETURN
C            RESULT - Double precision
C                     Approximation to the integral
C
C            ABSERR - Double precision
C                     Estimate of the modulus of the absolute error,
C                     Which should EQUAL or EXCEED ABS(I-RESULT)
C
C            NEVAL  - Integer
C                     Number of integrand evaluations
C
C            IER    - Integer
C                     IER = 0 Normal and reliable termination of the
C                             routine. It is assumed that the requested
C                             accuracy has been achieved.
C                     IER.GT.0 Abnormal termination of the routine
C                             The estimates for RESULT and ERROR are
C                             Less reliable. It is assumed that the
C                             requested accuracy has not been achieved.
C                      ERROR MESSAGES
C                     IER = 1 Maximum number of subdivisions allowed
C                             has been achieved. One can allow more
C                             subdivisions by increasing the value of
C                             LIMIT (and taking the according dimension
C                             adjustments into account). HOWEVER, If
C                             this yield no improvement it is advised
C                             to analyze the integrand in order to
C                             determine the integration difficulaties.
C                             If the position of a local difficulty can
C                             be determined (I.E.SINGULARITY,
C                             DISCONTINUITY WITHIN THE INTERVAL) One
C                             will probably gain from splitting up the
C                             interval at this point and calling the
C                             INTEGRATOR on the SUBRANGES. If possible,
C                             AN APPROPRIATE SPECIAL-PURPOSE INTEGRATOR
C                             should be used which is designed for
C                             handling the type of difficulty involved.
C                         = 2 The occurrence of roundoff error is
C                             detected, which prevents the requested
C                             tolerance from being achieved.
C                         = 3 Extremely bad integrand behaviour occurs
C                             at some points of the integration
C                             interval.
C                         = 6 The input is invalid, because
C                             (EPSABS.LE.0 AND
C                              EPSREL.LT.MAX(50*REL.MACH.ACC.,0.5D-28))
C                             OR LIMIT.LT.1 OR LENW.LT.LIMIT*4.
C                             RESULT, ABSERR, NEVAL, LAST are set
C                             to zero.
C                             EXCEPT when LENW is invalid, IWORK(1),
C                             WORK(LIMIT*2+1) and WORK(LIMIT*3+1) are
C                             set to zero, WORK(1) is set to A and
C                             WORK(LIMIT+1) to B.
C
C         DIMENSIONING PARAMETERS
C            LIMIT - Integer
C                    Dimensioning parameter for IWORK
C                    Limit determines the maximum number of subintervals
C                    in the partition of the given integration interval
C                    (A,B), LIMIT.GE.1.
C                    If LIMIT.LT.1, the routine will end with IER = 6.
C
C            LENW  - Integer
C                    Dimensioning parameter for work
C                    LENW must be at least LIMIT*4.
C                    IF LENW.LT.LIMIT*4, the routine will end with
C                    IER = 6.
C
C            LAST  - Integer
C                    On return, LAST equals the number of subintervals
C                    produced in the subdiviosion process, which
C                    determines the number of significant elements
C                    actually in the WORK ARRAYS.
C
C         WORK ARRAYS
C            IWORK - Integer
C                    Vector of dimension at least limit, the first K
C                    elements of which contain pointers to the error
C                    estimates over the subintervals, such that
C                    WORK(LIMIT*3+IWORK(1)),... , WORK(LIMIT*3+IWORK(K))
C                    form a decreasing sequence with K = LAST If
C                    LAST.LE.(LIMIT/2+2), and K = LIMIT+1-LAST otherwise
C
C            WORK  - Double precision
C                    Vector of dimension at least LENW
C                    on return
C                    WORK(1), ..., WORK(LAST) contain the left end
C                    points of the subintervals in the partition of
C                     (A,B),
C                    WORK(LIMIT+1), ..., WORK(LIMIT+LAST) contain the
C                     right end points,
C                    WORK(LIMIT*2+1), ..., WORK(LIMIT*2+LAST) contain
C                     the integral approximations over the subintervals,
C                    WORK(LIMIT*3+1), ..., WORK(LIMIT*3+LAST) contain
C                     the error estimates.
C***REFERENCES  (NONE)
C***ROUTINES CALLED  DQAGE,XERROR
C***END PROLOGUE  DQAG
      DOUBLE PRECISION A,ABSERR,B,EPSABS,EPSREL,F,RESULT,WORK
      INTEGER IER,IWORK,KEY,LAST,LENW,LIMIT,LVL,L1,L2,L3,NEVAL
C
      DIMENSION IWORK(LIMIT),WORK(LENW)
C
      EXTERNAL F
C
C         CHECK VALIDITY OF LENW.
C
C***FIRST EXECUTABLE STATEMENT  DQAG
      IER = 6
      NEVAL = 0
      LAST = 0
      RESULT = 0.0D+00
      ABSERR = 0.0D+00
      IF(LIMIT.LT.1.OR.LENW.LT.LIMIT*4) GO TO 10
C
C         PREPARE CALL FOR DQAGE.
C
      L1 = LIMIT+1
      L2 = LIMIT+L1
      L3 = LIMIT+L2
C
      CALL DQAGE(F,A,B,EPSABS,EPSREL,KEY,LIMIT,RESULT,ABSERR,NEVAL,
     1  IER,WORK(1),WORK(L1),WORK(L2),WORK(L3),IWORK,LAST)
C
C         CALL ERROR HANDLER IF NECESSARY.
C
      LVL = 0
10    IF(IER.EQ.6) LVL = 1
      IF(IER.NE.0) CALL XERROR( 'ABNORMAL RETURN FROM DQAG ',26,IER,LVL)
      RETURN
      END
      SUBROUTINE DQAGE(F,A,B,EPSABS,EPSREL,KEY,LIMIT,RESULT,ABSERR,
     1   NEVAL,IER,ALIST,BLIST,RLIST,ELIST,IORD,LAST)
C***BEGIN PROLOGUE  DQAGE
C***DATE WRITTEN   800101   (YYMMDD)
C***REVISION DATE  830518   (YYMMDD)
C***REVISION HISTORY (YYMMDD)
C   000601   Changed DMAX1/DABS to generic MAX/ABS
C***CATEGORY NO.  H2A1A1
C***KEYWORDS  AUTOMATIC INTEGRATOR,GAUSS-KRONROD,GENERAL-PURPOSE,
C             GLOBALLY ADAPTIVE,INTEGRAND EXAMINATOR
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  The routine calculates an approximation result to a given
C            definite integral   I = Integral of F over (A,B),
C            hopefully satisfying following claim for accuracy
C            ABS(I-RESLT).LE.MAX(EPSABS,EPSREL*ABS(I)).
C***DESCRIPTION
C
C        Computation of a definite integral
C        Standard fortran subroutine
C        Double precision version
C
C        PARAMETERS
C         ON ENTRY
C            F      - Double precision
C                     Function subprogram defining the integrand
C                     function F(X). The actual name for F needs to be
C                     declared E X T E R N A L in the driver program.
C
C            A      - Double precision
C                     Lower limit of integration
C
C            B      - Double precision
C                     Upper limit of integration
C
C            EPSABS - Double precision
C                     Absolute accuracy requested
C            EPSREL - Double precision
C                     Relative accuracy requested
C                     If  EPSABS.LE.0
C                     and EPSREL.LT.MAX(50*REL.MACH.ACC.,0.5D-28),
C                     the routine will end with IER = 6.
C
C            KEY    - Integer
C                     Key for choice of local integration rule
C                     A Gauss-Kronrod pair is used with
C                          7 - 15 points if KEY.LT.2,
C                         10 - 21 points if KEY = 2,
C                         15 - 31 points if KEY = 3,
C                         20 - 41 points if KEY = 4,
C                         25 - 51 points if KEY = 5,
C                         30 - 61 points if KEY.GT.5.
C
C            LIMIT  - Integer
C                     Gives an upperbound on the number of subintervals
C                     in the partition of (A,B), LIMIT.GE.1.
C
C         ON RETURN
C            RESULT - Double precision
C                     Approximation to the integral
C
C            ABSERR - Double precision
C                     Estimate of the modulus of the absolute error,
C                     which should equal or exceed ABS(I-RESULT)
C
C            NEVAL  - Integer
C                     Number of integrand evaluations
C
C            IER    - Integer
C                     IER = 0 Normal and reliable termination of the
C                             routine. It is assumed that the requested
C                             accuracy has been achieved.
C                     IER.GT.0 Abnormal termination of the routine
C                             The estimates for result and error are
C                             less reliable. It is assumed that the
C                             requested accuracy has not been achieved.
C            ERROR MESSAGES
C                     IER = 1 Maximum number of subdivisions allowed
C                             has been achieved. One can allow more
C                             subdivisions by increasing the value
C                             of LIMIT.
C                             However, if this yields no improvement it
C                             is rather advised to analyze the integrand
C                             in order to determine the integration
C                             difficulties. If the position of a local
C                             difficulty can be determined(e.g.
C                             SINGULARITY, DISCONTINUITY within the
C                             interval) one will probably gain from
C                             splitting up the interval at this point
C                             and calling the integrator on the
C                             subranges. If possible, an appropriate
C                             special-purpose integrator should be used
C                             which is designed for handling the type of
C                             difficulty involved.
C                         = 2 The occurrence of roundoff error is
C                             detected, which prevents the requested
C                             tolerance from being achieved.
C                         = 3 Extremely bad integrand behaviour occurs
C                             at some points of the integration
C                             interval.
C                         = 6 The input is invalid, because
C                             (EPSABS.LE.0 and
C                              EPSREL.LT.MAX(50*REL.MACH.ACC.,0.5D-28),
C                             RESULT, ABSERR, NEVAL, LAST, RLIST(1) ,
C                             ELIST(1) and IORD(1) are set to zero.
C                             ALIST(1) and BLIST(1) are set to A and B
C                             respectively.
C
C            ALIST   - Double precision
C                      Vector of dimension at least LIMIT, the first
C                       LAST  elements of which are the left
C                      end points of the subintervals in the partition
C                      of the given integration range (A,B)
C
C            BLIST   - Double precision
C                      Vector of dimension at least LIMIT, the first
C                       LAST  elements of which are the right
C                      end points of the subintervals in the partition
C                      of the given integration range (A,B)
C
C            RLIST   - Double precision
C                      Vector of dimension at least LIMIT, the first
C                       LAST  elements of which are the
C                      integral approximations on the subintervals
C
C            ELIST   - Double precision
C                      Vector of dimension at least LIMIT, the first
C                       LAST  elements of which are the moduli of the
C                      absolute error estimates on the subintervals
C
C            IORD    - Integer
C                      Vector of dimension at least LIMIT, the first K
C                      elements of which are pointers to the
C                      error estimates over the subintervals,
C                      such that ELIST(IORD(1)), ...,
C                      ELIST(IORD(K)) form a decreasing sequence,
C                      with K = LAST if LAST.LE.(LIMIT/2+2), and
C                      K = LIMIT+1-LAST otherwise
C
C            LAST    - Integer
C                      Number of subintervals actually produced in the
C                      subdivision process
C***REFERENCES  (NONE)
C***ROUTINES CALLED  D1MACH,DQK15,DQK21,DQK31,DQK41,DQK51,DQK61,DQPSRT
C***END PROLOGUE  DQAGE
C
      DOUBLE PRECISION A,ABSERR,ALIST,AREA,AREA1,AREA12,AREA2,A1,A2,B,
     1  BLIST,B1,B2,DEFABS,DEFAB1,DEFAB2,D1MACH,ELIST,EPMACH,
     2  EPSABS,EPSREL,ERRBND,ERRMAX,ERROR1,ERROR2,ERRO12,ERRSUM,F,
     3  RESABS,RESULT,RLIST,UFLOW
      INTEGER IER,IORD,IROFF1,IROFF2,K,KEY,KEYF,LAST,LIMIT,MAXERR,NEVAL,
     1  NRMAX
C
      DIMENSION ALIST(LIMIT),BLIST(LIMIT),ELIST(LIMIT),IORD(LIMIT),
     1  RLIST(LIMIT)
C
      EXTERNAL F
C
C            LIST OF MAJOR VARIABLES
C            -----------------------
C
C           ALIST     - LIST OF LEFT END POINTS OF ALL SUBINTERVALS
C                       CONSIDERED UP TO NOW
C           BLIST     - LIST OF RIGHT END POINTS OF ALL SUBINTERVALS
C                       CONSIDERED UP TO NOW
C           RLIST(I)  - APPROXIMATION TO THE INTEGRAL OVER
C                      (ALIST(I),BLIST(I))
C           ELIST(I)  - ERROR ESTIMATE APPLYING TO RLIST(I)
C           MAXERR    - POINTER TO THE INTERVAL WITH LARGEST
C                       ERROR ESTIMATE
C           ERRMAX    - ELIST(MAXERR)
C           AREA      - SUM OF THE INTEGRALS OVER THE SUBINTERVALS
C           ERRSUM    - SUM OF THE ERRORS OVER THE SUBINTERVALS
C           ERRBND    - REQUESTED ACCURACY MAX(EPSABS,EPSREL*
C                       ABS(RESULT))
C           *****1    - VARIABLE FOR THE LEFT SUBINTERVAL
C           *****2    - VARIABLE FOR THE RIGHT SUBINTERVAL
C           LAST      - INDEX FOR SUBDIVISION
C
C
C           MACHINE DEPENDENT CONSTANTS
C           ---------------------------
C
C           EPMACH  IS THE LARGEST RELATIVE SPACING.
C           UFLOW  IS THE SMALLEST POSITIVE MAGNITUDE.
C
C***FIRST EXECUTABLE STATEMENT  DQAGE
      EPMACH = D1MACH(4)
      UFLOW = D1MACH(1)
C
C           TEST ON VALIDITY OF PARAMETERS
C           ------------------------------
C
      IER = 0
      NEVAL = 0
      LAST = 0
      RESULT = 0.0D+00
      ABSERR = 0.0D+00
      ALIST(1) = A
      BLIST(1) = B
      RLIST(1) = 0.0D+00
      ELIST(1) = 0.0D+00
      IORD(1) = 0
      IF(EPSABS.LE.0.0D+00.AND.
     1  EPSREL.LT.MAX(0.5D+02*EPMACH,0.5D-28)) IER = 6
      IF(IER.EQ.6) GO TO 999
C
C           FIRST APPROXIMATION TO THE INTEGRAL
C           -----------------------------------
C
      KEYF = KEY
      IF(KEY.LE.0) KEYF = 1
      IF(KEY.GE.7) KEYF = 6
      NEVAL = 0
      IF(KEYF.EQ.1) CALL DQK15(F,A,B,RESULT,ABSERR,DEFABS,RESABS)
      IF(KEYF.EQ.2) CALL DQK21(F,A,B,RESULT,ABSERR,DEFABS,RESABS)
      IF(KEYF.EQ.3) CALL DQK31(F,A,B,RESULT,ABSERR,DEFABS,RESABS)
      IF(KEYF.EQ.4) CALL DQK41(F,A,B,RESULT,ABSERR,DEFABS,RESABS)
      IF(KEYF.EQ.5) CALL DQK51(F,A,B,RESULT,ABSERR,DEFABS,RESABS)
      IF(KEYF.EQ.6) CALL DQK61(F,A,B,RESULT,ABSERR,DEFABS,RESABS)
      LAST = 1
      RLIST(1) = RESULT
      ELIST(1) = ABSERR
      IORD(1) = 1
C
C           TEST ON ACCURACY.
C
      ERRBND = MAX(EPSABS,EPSREL*ABS(RESULT))
      IF(ABSERR.LE.0.5D+02*EPMACH*DEFABS.AND.ABSERR.GT.ERRBND) IER = 2
      IF(LIMIT.EQ.1) IER = 1
      IF(IER.NE.0.OR.(ABSERR.LE.ERRBND.AND.ABSERR.NE.RESABS)
     1  .OR.ABSERR.EQ.0.0D+00) GO TO 60
C
C           INITIALIZATION
C           --------------
C
C
      ERRMAX = ABSERR
      MAXERR = 1
      AREA = RESULT
      ERRSUM = ABSERR
      NRMAX = 1
      IROFF1 = 0
      IROFF2 = 0
C
C           MAIN DO-LOOP
C           ------------
C
      DO 30 LAST = 2,LIMIT
C
C           BISECT THE SUBINTERVAL WITH THE LARGEST ERROR ESTIMATE.
C
        A1 = ALIST(MAXERR)
        B1 = 0.5D+00*(ALIST(MAXERR)+BLIST(MAXERR))
        A2 = B1
        B2 = BLIST(MAXERR)
        IF(KEYF.EQ.1) CALL DQK15(F,A1,B1,AREA1,ERROR1,RESABS,DEFAB1)
        IF(KEYF.EQ.2) CALL DQK21(F,A1,B1,AREA1,ERROR1,RESABS,DEFAB1)
        IF(KEYF.EQ.3) CALL DQK31(F,A1,B1,AREA1,ERROR1,RESABS,DEFAB1)
        IF(KEYF.EQ.4) CALL DQK41(F,A1,B1,AREA1,ERROR1,RESABS,DEFAB1)
        IF(KEYF.EQ.5) CALL DQK51(F,A1,B1,AREA1,ERROR1,RESABS,DEFAB1)
        IF(KEYF.EQ.6) CALL DQK61(F,A1,B1,AREA1,ERROR1,RESABS,DEFAB1)
        IF(KEYF.EQ.1) CALL DQK15(F,A2,B2,AREA2,ERROR2,RESABS,DEFAB2)
        IF(KEYF.EQ.2) CALL DQK21(F,A2,B2,AREA2,ERROR2,RESABS,DEFAB2)
        IF(KEYF.EQ.3) CALL DQK31(F,A2,B2,AREA2,ERROR2,RESABS,DEFAB2)
        IF(KEYF.EQ.4) CALL DQK41(F,A2,B2,AREA2,ERROR2,RESABS,DEFAB2)
        IF(KEYF.EQ.5) CALL DQK51(F,A2,B2,AREA2,ERROR2,RESABS,DEFAB2)
        IF(KEYF.EQ.6) CALL DQK61(F,A2,B2,AREA2,ERROR2,RESABS,DEFAB2)
C
C           IMPROVE PREVIOUS APPROXIMATIONS TO INTEGRAL
C           AND ERROR AND TEST FOR ACCURACY.
C
        NEVAL = NEVAL+1
        AREA12 = AREA1+AREA2
        ERRO12 = ERROR1+ERROR2
        ERRSUM = ERRSUM+ERRO12-ERRMAX
        AREA = AREA+AREA12-RLIST(MAXERR)
        IF(DEFAB1.EQ.ERROR1.OR.DEFAB2.EQ.ERROR2) GO TO 5
        IF(ABS(RLIST(MAXERR)-AREA12).LE.0.1D-04*ABS(AREA12)
     1  .AND.ERRO12.GE.0.99D+00*ERRMAX) IROFF1 = IROFF1+1
        IF(LAST.GT.10.AND.ERRO12.GT.ERRMAX) IROFF2 = IROFF2+1
    5   RLIST(MAXERR) = AREA1
        RLIST(LAST) = AREA2
        ERRBND = MAX(EPSABS,EPSREL*ABS(AREA))
        IF(ERRSUM.LE.ERRBND) GO TO 8
C
C           TEST FOR ROUNDOFF ERROR AND EVENTUALLY SET ERROR FLAG.
C
        IF(IROFF1.GE.6.OR.IROFF2.GE.20) IER = 2
C
C           SET ERROR FLAG IN THE CASE THAT THE NUMBER OF SUBINTERVALS
C           EQUALS LIMIT.
C
        IF(LAST.EQ.LIMIT) IER = 1
C
C           SET ERROR FLAG IN THE CASE OF BAD INTEGRAND BEHAVIOUR
C           AT A POINT OF THE INTEGRATION RANGE.
C
        IF(MAX(ABS(A1),ABS(B2)).LE.(0.1D+01+0.1D+03*
     1  EPMACH)*(ABS(A2)+0.1D+04*UFLOW)) IER = 3
C
C           APPEND THE NEWLY-CREATED INTERVALS TO THE LIST.
C
    8   IF(ERROR2.GT.ERROR1) GO TO 10
        ALIST(LAST) = A2
        BLIST(MAXERR) = B1
        BLIST(LAST) = B2
        ELIST(MAXERR) = ERROR1
        ELIST(LAST) = ERROR2
        GO TO 20
   10   ALIST(MAXERR) = A2
        ALIST(LAST) = A1
        BLIST(LAST) = B1
        RLIST(MAXERR) = AREA2
        RLIST(LAST) = AREA1
        ELIST(MAXERR) = ERROR2
        ELIST(LAST) = ERROR1
C
C           CALL SUBROUTINE DQPSRT TO MAINTAIN THE DESCENDING ORDERING
C           IN THE LIST OF ERROR ESTIMATES AND SELECT THE SUBINTERVAL
C           WITH THE LARGEST ERROR ESTIMATE (TO BE BISECTED NEXT).
C
   20   CALL DQPSRT(LIMIT,LAST,MAXERR,ERRMAX,ELIST,IORD,NRMAX)
C ***JUMP OUT OF DO-LOOP
        IF(IER.NE.0.OR.ERRSUM.LE.ERRBND) GO TO 40
   30 CONTINUE
C
C           COMPUTE FINAL RESULT.
C           ---------------------
C
   40 RESULT = 0.0D+00
      DO 50 K=1,LAST
        RESULT = RESULT+RLIST(K)
   50 CONTINUE
      ABSERR = ERRSUM
   60 IF(KEYF.NE.1) NEVAL = (10*KEYF+1)*(2*NEVAL+1)
      IF(KEYF.EQ.1) NEVAL = 30*NEVAL+15
  999 RETURN
      END
      SUBROUTINE DQK15(F,A,B,RESULT,ABSERR,RESABS,RESASC)
C***BEGIN PROLOGUE  DQK15
C***DATE WRITTEN   800101   (YYMMDD)
C***REVISION DATE  830518   (YYMMDD)
C***REVISION HISTORY (YYMMDD)
C   000601   Changed DMAX1/DMIN1/DABS to generic MAX/MIN/ABS
C***CATEGORY NO.  H2A1A2
C***KEYWORDS  15-POINT GAUSS-KRONROD RULES
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  To compute I = Integral of F over (A,B), with error
C                           estimate
C                       J = integral of ABS(F) over (A,B)
C***DESCRIPTION
C
C           Integration rules
C           Standard fortran subroutine
C           Double precision version
C
C           PARAMETERS
C            ON ENTRY
C              F      - Double precision
C                       Function subprogram defining the integrand
C                       FUNCTION F(X). The actual name for F needs to be
C                       Declared E X T E R N A L in the calling program.
C
C              A      - Double precision
C                       Lower limit of integration
C
C              B      - Double precision
C                       Upper limit of integration
C
C            ON RETURN
C              RESULT - Double precision
C                       Approximation to the integral I
C                       Result is computed by applying the 15-POINT
C                       KRONROD RULE (RESK) obtained by optimal addition
C                       of abscissae to the7-POINT GAUSS RULE(RESG).
C
C              ABSERR - Double precision
C                       Estimate of the modulus of the absolute error,
C                       which should not exceed ABS(I-RESULT)
C
C              RESABS - Double precision
C                       Approximation to the integral J
C
C              RESASC - Double precision
C                       Approximation to the integral of ABS(F-I/(B-A))
C                       over (A,B)
C***REFERENCES  (NONE)
C***ROUTINES CALLED  D1MACH
C***END PROLOGUE  DQK15
C
      DOUBLE PRECISION A,ABSC,ABSERR,B,CENTR,DHLGTH,
     1  D1MACH,EPMACH,F,FC,FSUM,FVAL1,FVAL2,FV1,FV2,HLGTH,RESABS,RESASC,
     2  RESG,RESK,RESKH,RESULT,UFLOW,WG,WGK,XGK
      INTEGER J,JTW,JTWM1
      EXTERNAL F
C
      DIMENSION FV1(7),FV2(7),WG(4),WGK(8),XGK(8)
C
C           THE ABSCISSAE AND WEIGHTS ARE GIVEN FOR THE INTERVAL (-1,1).
C           BECAUSE OF SYMMETRY ONLY THE POSITIVE ABSCISSAE AND THEIR
C           CORRESPONDING WEIGHTS ARE GIVEN.
C
C           XGK    - ABSCISSAE OF THE 15-POINT KRONROD RULE
C                    XGK(2), XGK(4), ...  ABSCISSAE OF THE 7-POINT
C                    GAUSS RULE
C                    XGK(1), XGK(3), ...  ABSCISSAE WHICH ARE OPTIMALLY
C                    ADDED TO THE 7-POINT GAUSS RULE
C
C           WGK    - WEIGHTS OF THE 15-POINT KRONROD RULE
C
C           WG     - WEIGHTS OF THE 7-POINT GAUSS RULE
C
C
C GAUSS QUADRATURE WEIGHTS AND KRONRON QUADRATURE ABSCISSAE AND WEIGHTS
C AS EVALUATED WITH 80 DECIMAL DIGIT ARITHMETIC BY L. W. FULLERTON,
C BELL LABS, NOV. 1981.
C
      DATA WG  (  1) / 0.1294849661 6886969327 0611432679 082 D0 /
      DATA WG  (  2) / 0.2797053914 8927666790 1467771423 780 D0 /
      DATA WG  (  3) / 0.3818300505 0511894495 0369775488 975 D0 /
      DATA WG  (  4) / 0.4179591836 7346938775 5102040816 327 D0 /
C
      DATA XGK (  1) / 0.9914553711 2081263920 6854697526 329 D0 /
      DATA XGK (  2) / 0.9491079123 4275852452 6189684047 851 D0 /
      DATA XGK (  3) / 0.8648644233 5976907278 9712788640 926 D0 /
      DATA XGK (  4) / 0.7415311855 9939443986 3864773280 788 D0 /
      DATA XGK (  5) / 0.5860872354 6769113029 4144838258 730 D0 /
      DATA XGK (  6) / 0.4058451513 7739716690 6606412076 961 D0 /
      DATA XGK (  7) / 0.2077849550 0789846760 0689403773 245 D0 /
      DATA XGK (  8) / 0.0000000000 0000000000 0000000000 000 D0 /
C
      DATA WGK (  1) / 0.0229353220 1052922496 3732008058 970 D0 /
      DATA WGK (  2) / 0.0630920926 2997855329 0700663189 204 D0 /
      DATA WGK (  3) / 0.1047900103 2225018383 9876322541 518 D0 /
      DATA WGK (  4) / 0.1406532597 1552591874 5189590510 238 D0 /
      DATA WGK (  5) / 0.1690047266 3926790282 6583426598 550 D0 /
      DATA WGK (  6) / 0.1903505780 6478540991 3256402421 014 D0 /
      DATA WGK (  7) / 0.2044329400 7529889241 4161999234 649 D0 /
      DATA WGK (  8) / 0.2094821410 8472782801 2999174891 714 D0 /
C
C
C           LIST OF MAJOR VARIABLES
C           -----------------------
C
C           CENTR  - MID POINT OF THE INTERVAL
C           HLGTH  - HALF-LENGTH OF THE INTERVAL
C           ABSC   - ABSCISSA
C           FVAL*  - FUNCTION VALUE
C           RESG   - RESULT OF THE 7-POINT GAUSS FORMULA
C           RESK   - RESULT OF THE 15-POINT KRONROD FORMULA
C           RESKH  - APPROXIMATION TO THE MEAN VALUE OF F OVER (A,B),
C                    I.E. TO I/(B-A)
C
C           MACHINE DEPENDENT CONSTANTS
C           ---------------------------
C
C           EPMACH IS THE LARGEST RELATIVE SPACING.
C           UFLOW IS THE SMALLEST POSITIVE MAGNITUDE.
C
C***FIRST EXECUTABLE STATEMENT  DQK15
      EPMACH = D1MACH(4)
      UFLOW = D1MACH(1)
C
      CENTR = 0.5D+00*(A+B)
      HLGTH = 0.5D+00*(B-A)
      DHLGTH = ABS(HLGTH)
C
C           COMPUTE THE 15-POINT KRONROD APPROXIMATION TO
C           THE INTEGRAL, AND ESTIMATE THE ABSOLUTE ERROR.
C
      FC = F(CENTR)
      RESG = FC*WG(4)
      RESK = FC*WGK(8)
      RESABS = ABS(RESK)
      DO 10 J=1,3
        JTW = J*2
        ABSC = HLGTH*XGK(JTW)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTW) = FVAL1
        FV2(JTW) = FVAL2
        FSUM = FVAL1+FVAL2
        RESG = RESG+WG(J)*FSUM
        RESK = RESK+WGK(JTW)*FSUM
        RESABS = RESABS+WGK(JTW)*(ABS(FVAL1)+ABS(FVAL2))
   10 CONTINUE
      DO 15 J = 1,4
        JTWM1 = J*2-1
        ABSC = HLGTH*XGK(JTWM1)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTWM1) = FVAL1
        FV2(JTWM1) = FVAL2
        FSUM = FVAL1+FVAL2
        RESK = RESK+WGK(JTWM1)*FSUM
        RESABS = RESABS+WGK(JTWM1)*(ABS(FVAL1)+ABS(FVAL2))
   15 CONTINUE
      RESKH = RESK*0.5D+00
      RESASC = WGK(8)*ABS(FC-RESKH)
      DO 20 J=1,7
        RESASC = RESASC+WGK(J)*(ABS(FV1(J)-RESKH)+ABS(FV2(J)-RESKH))
   20 CONTINUE
      RESULT = RESK*HLGTH
      RESABS = RESABS*DHLGTH
      RESASC = RESASC*DHLGTH
      ABSERR = ABS((RESK-RESG)*HLGTH)
      IF(RESASC.NE.0.0D+00.AND.ABSERR.NE.0.0D+00)
     1  ABSERR = RESASC*MIN(0.1D+01,(0.2D+03*ABSERR/RESASC)**1.5D+00)
      IF(RESABS.GT.UFLOW/(0.5D+02*EPMACH)) ABSERR = MAX
     1  ((EPMACH*0.5D+02)*RESABS,ABSERR)
      RETURN
      END
      SUBROUTINE DQK21(F,A,B,RESULT,ABSERR,RESABS,RESASC)
C***BEGIN PROLOGUE  DQK21
C***DATE WRITTEN   800101   (YYMMDD)
C***REVISION DATE  830518   (YYMMDD)
C***REVISION HISTORY (YYMMDD)
C   000601   Changed DMAX1/DMIN1/DABS to generic MAX/MIN/ABS
C***CATEGORY NO.  H2A1A2
C***KEYWORDS  21-POINT GAUSS-KRONROD RULES
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  To compute I = Integral of F over (A,B), with error
C                           estimate
C                       J = Integral of ABS(F) over (A,B)
C***DESCRIPTION
C
C           Integration rules
C           Standard fortran subroutine
C           Double precision version
C
C           PARAMETERS
C            ON ENTRY
C              F      - Double precision
C                       Function subprogram defining the integrand
C                       FUNCTION F(X). The actual name for F needs to be
C                       Declared E X T E R N A L in the driver program.
C
C              A      - Double precision
C                       Lower limit of integration
C
C              B      - Double precision
C                       Upper limit of integration
C
C            ON RETURN
C              RESULT - Double precision
C                       Approximation to the integral I
C                       RESULT is computed by applying the 21-POINT
C                       KRONROD RULE (RESK) obtained by optimal addition
C                       of abscissae to the 10-POINT GAUSS RULE (RESG).
C
C              ABSERR - Double precision
C                       Estimate of the modulus of the absolute error,
C                       which should not exceed ABS(I-RESULT)
C
C              RESABS - Double precision
C                       Approximation to the integral J
C
C              RESASC - Double precision
C                       Approximation to the integral of ABS(F-I/(B-A))
C                       over (A,B)
C***REFERENCES  (NONE)
C***ROUTINES CALLED  D1MACH
C***END PROLOGUE  DQK21
C
      DOUBLE PRECISION A,ABSC,ABSERR,B,CENTR,DHLGTH,
     1  D1MACH,EPMACH,F,FC,FSUM,FVAL1,FVAL2,FV1,FV2,HLGTH,RESABS,RESASC,
     2  RESG,RESK,RESKH,RESULT,UFLOW,WG,WGK,XGK
      INTEGER J,JTW,JTWM1
      EXTERNAL F
C
      DIMENSION FV1(10),FV2(10),WG(5),WGK(11),XGK(11)
C
C           THE ABSCISSAE AND WEIGHTS ARE GIVEN FOR THE INTERVAL (-1,1).
C           BECAUSE OF SYMMETRY ONLY THE POSITIVE ABSCISSAE AND THEIR
C           CORRESPONDING WEIGHTS ARE GIVEN.
C
C           XGK    - ABSCISSAE OF THE 21-POINT KRONROD RULE
C                    XGK(2), XGK(4), ...  ABSCISSAE OF THE 10-POINT
C                    GAUSS RULE
C                    XGK(1), XGK(3), ...  ABSCISSAE WHICH ARE OPTIMALLY
C                    ADDED TO THE 10-POINT GAUSS RULE
C
C           WGK    - WEIGHTS OF THE 21-POINT KRONROD RULE
C
C           WG     - WEIGHTS OF THE 10-POINT GAUSS RULE
C
C
C GAUSS QUADRATURE WEIGHTS AND KRONRON QUADRATURE ABSCISSAE AND WEIGHTS
C AS EVALUATED WITH 80 DECIMAL DIGIT ARITHMETIC BY L. W. FULLERTON,
C BELL LABS, NOV. 1981.
C
      DATA WG  (  1) / 0.0666713443 0868813759 3568809893 332 D0 /
      DATA WG  (  2) / 0.1494513491 5058059314 5776339657 697 D0 /
      DATA WG  (  3) / 0.2190863625 1598204399 5534934228 163 D0 /
      DATA WG  (  4) / 0.2692667193 0999635509 1226921569 469 D0 /
      DATA WG  (  5) / 0.2955242247 1475287017 3892994651 338 D0 /
C
      DATA XGK (  1) / 0.9956571630 2580808073 5527280689 003 D0 /
      DATA XGK (  2) / 0.9739065285 1717172007 7964012084 452 D0 /
      DATA XGK (  3) / 0.9301574913 5570822600 1207180059 508 D0 /
      DATA XGK (  4) / 0.8650633666 8898451073 2096688423 493 D0 /
      DATA XGK (  5) / 0.7808177265 8641689706 3717578345 042 D0 /
      DATA XGK (  6) / 0.6794095682 9902440623 4327365114 874 D0 /
      DATA XGK (  7) / 0.5627571346 6860468333 9000099272 694 D0 /
      DATA XGK (  8) / 0.4333953941 2924719079 9265943165 784 D0 /
      DATA XGK (  9) / 0.2943928627 0146019813 1126603103 866 D0 /
      DATA XGK ( 10) / 0.1488743389 8163121088 4826001129 720 D0 /
      DATA XGK ( 11) / 0.0000000000 0000000000 0000000000 000 D0 /
C
      DATA WGK (  1) / 0.0116946388 6737187427 8064396062 192 D0 /
      DATA WGK (  2) / 0.0325581623 0796472747 8818972459 390 D0 /
      DATA WGK (  3) / 0.0547558965 7435199603 1381300244 580 D0 /
      DATA WGK (  4) / 0.0750396748 1091995276 7043140916 190 D0 /
      DATA WGK (  5) / 0.0931254545 8369760553 5065465083 366 D0 /
      DATA WGK (  6) / 0.1093871588 0229764189 9210590325 805 D0 /
      DATA WGK (  7) / 0.1234919762 6206585107 7958109831 074 D0 /
      DATA WGK (  8) / 0.1347092173 1147332592 8054001771 707 D0 /
      DATA WGK (  9) / 0.1427759385 7706008079 7094273138 717 D0 /
      DATA WGK ( 10) / 0.1477391049 0133849137 4841515972 068 D0 /
      DATA WGK ( 11) / 0.1494455540 0291690566 4936468389 821 D0 /
C
C
C           LIST OF MAJOR VARIABLES
C           -----------------------
C
C           CENTR  - MID POINT OF THE INTERVAL
C           HLGTH  - HALF-LENGTH OF THE INTERVAL
C           ABSC   - ABSCISSA
C           FVAL*  - FUNCTION VALUE
C           RESG   - RESULT OF THE 10-POINT GAUSS FORMULA
C           RESK   - RESULT OF THE 21-POINT KRONROD FORMULA
C           RESKH  - APPROXIMATION TO THE MEAN VALUE OF F OVER (A,B),
C                    I.E. TO I/(B-A)
C
C
C           MACHINE DEPENDENT CONSTANTS
C           ---------------------------
C
C           EPMACH IS THE LARGEST RELATIVE SPACING.
C           UFLOW IS THE SMALLEST POSITIVE MAGNITUDE.
C
C***FIRST EXECUTABLE STATEMENT  DQK21
      EPMACH = D1MACH(4)
      UFLOW = D1MACH(1)
C
      CENTR = 0.5D+00*(A+B)
      HLGTH = 0.5D+00*(B-A)
      DHLGTH = ABS(HLGTH)
C
C           COMPUTE THE 21-POINT KRONROD APPROXIMATION TO
C           THE INTEGRAL, AND ESTIMATE THE ABSOLUTE ERROR.
C
      RESG = 0.0D+00
      FC = F(CENTR)
      RESK = WGK(11)*FC
      RESABS = ABS(RESK)
      DO 10 J=1,5
        JTW = 2*J
        ABSC = HLGTH*XGK(JTW)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTW) = FVAL1
        FV2(JTW) = FVAL2
        FSUM = FVAL1+FVAL2
        RESG = RESG+WG(J)*FSUM
        RESK = RESK+WGK(JTW)*FSUM
        RESABS = RESABS+WGK(JTW)*(ABS(FVAL1)+ABS(FVAL2))
   10 CONTINUE
      DO 15 J = 1,5
        JTWM1 = 2*J-1
        ABSC = HLGTH*XGK(JTWM1)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTWM1) = FVAL1
        FV2(JTWM1) = FVAL2
        FSUM = FVAL1+FVAL2
        RESK = RESK+WGK(JTWM1)*FSUM
        RESABS = RESABS+WGK(JTWM1)*(ABS(FVAL1)+ABS(FVAL2))
   15 CONTINUE
      RESKH = RESK*0.5D+00
      RESASC = WGK(11)*ABS(FC-RESKH)
      DO 20 J=1,10
        RESASC = RESASC+WGK(J)*(ABS(FV1(J)-RESKH)+ABS(FV2(J)-RESKH))
   20 CONTINUE
      RESULT = RESK*HLGTH
      RESABS = RESABS*DHLGTH
      RESASC = RESASC*DHLGTH
      ABSERR = ABS((RESK-RESG)*HLGTH)
      IF(RESASC.NE.0.0D+00.AND.ABSERR.NE.0.0D+00)
     1  ABSERR = RESASC*MIN(0.1D+01,(0.2D+03*ABSERR/RESASC)**1.5D+00)
      IF(RESABS.GT.UFLOW/(0.5D+02*EPMACH)) ABSERR = MAX
     1  ((EPMACH*0.5D+02)*RESABS,ABSERR)
      RETURN
      END
      SUBROUTINE DQK31(F,A,B,RESULT,ABSERR,RESABS,RESASC)
C***BEGIN PROLOGUE  DQK31
C***DATE WRITTEN   800101   (YYMMDD)
C***REVISION DATE  830518   (YYMMDD)
C***REVISION HISTORY (YYMMDD)
C   000601   Changed DMAX1/DMIN1/DABS to generic MAX/MIN/ABS
C***CATEGORY NO.  H2A1A2
C***KEYWORDS  31-POINT GAUSS-KRONROD RULES
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  To compute I = Integral of F over (A,B) with error
C                           estimate
C                       J = Integral of ABS(F) over (A,B)
C***DESCRIPTION
C
C           Integration rules
C           Standard fortran subroutine
C           Double precision version
C
C           PARAMETERS
C            ON ENTRY
C              F      - Double precision
C                       Function subprogram defining the integrand
C                       FUNCTION F(X). The actual name for F needs to be
C                       Declared E X T E R N A L in the calling program.
C
C              A      - Double precision
C                       Lower limit of integration
C
C              B      - Double precision
C                       Upper limit of integration
C
C            ON RETURN
C              RESULT - Double precision
C                       Approximation to the integral I
C                       RESULT is computed by applying the 31-POINT
C                       GAUSS-KRONROD RULE (RESK), obtained by optimal
C                       addition of abscissae to the 15-POINT GAUSS
C                       RULE (RESG).
C
C              ABSERR - Double precison
C                       Estimate of the modulus of the modulus,
C                       which should not exceed ABS(I-RESULT)
C
C              RESABS - Double precision
C                       Approximation to the integral J
C
C              RESASC - Double precision
C                       Approximation to the integral of ABS(F-I/(B-A))
C                       over (A,B)
C***REFERENCES  (NONE)
C***ROUTINES CALLED  D1MACH
C***END PROLOGUE  DQK31
      DOUBLE PRECISION A,ABSC,ABSERR,B,CENTR,DHLGTH,
     1  D1MACH,EPMACH,F,FC,FSUM,FVAL1,FVAL2,FV1,FV2,HLGTH,RESABS,RESASC,
     2  RESG,RESK,RESKH,RESULT,UFLOW,WG,WGK,XGK
      INTEGER J,JTW,JTWM1
      EXTERNAL F
C
      DIMENSION FV1(15),FV2(15),XGK(16),WGK(16),WG(8)
C
C           THE ABSCISSAE AND WEIGHTS ARE GIVEN FOR THE INTERVAL (-1,1).
C           BECAUSE OF SYMMETRY ONLY THE POSITIVE ABSCISSAE AND THEIR
C           CORRESPONDING WEIGHTS ARE GIVEN.
C
C           XGK    - ABSCISSAE OF THE 31-POINT KRONROD RULE
C                    XGK(2), XGK(4), ...  ABSCISSAE OF THE 15-POINT
C                    GAUSS RULE
C                    XGK(1), XGK(3), ...  ABSCISSAE WHICH ARE OPTIMALLY
C                    ADDED TO THE 15-POINT GAUSS RULE
C
C           WGK    - WEIGHTS OF THE 31-POINT KRONROD RULE
C
C           WG     - WEIGHTS OF THE 15-POINT GAUSS RULE
C
C
C GAUSS QUADRATURE WEIGHTS AND KRONRON QUADRATURE ABSCISSAE AND WEIGHTS
C AS EVALUATED WITH 80 DECIMAL DIGIT ARITHMETIC BY L. W. FULLERTON,
C BELL LABS, NOV. 1981.
C
      DATA WG  (  1) / 0.0307532419 9611726835 4628393577 204 D0 /
      DATA WG  (  2) / 0.0703660474 8810812470 9267416450 667 D0 /
      DATA WG  (  3) / 0.1071592204 6717193501 1869546685 869 D0 /
      DATA WG  (  4) / 0.1395706779 2615431444 7804794511 028 D0 /
      DATA WG  (  5) / 0.1662692058 1699393355 3200860481 209 D0 /
      DATA WG  (  6) / 0.1861610000 1556221102 6800561866 423 D0 /
      DATA WG  (  7) / 0.1984314853 2711157645 6118326443 839 D0 /
      DATA WG  (  8) / 0.2025782419 2556127288 0620199967 519 D0 /
C
      DATA XGK (  1) / 0.9980022986 9339706028 5172840152 271 D0 /
      DATA XGK (  2) / 0.9879925180 2048542848 9565718586 613 D0 /
      DATA XGK (  3) / 0.9677390756 7913913425 7347978784 337 D0 /
      DATA XGK (  4) / 0.9372733924 0070590430 7758947710 209 D0 /
      DATA XGK (  5) / 0.8972645323 4408190088 2509656454 496 D0 /
      DATA XGK (  6) / 0.8482065834 1042721620 0648320774 217 D0 /
      DATA XGK (  7) / 0.7904185014 4246593296 7649294817 947 D0 /
      DATA XGK (  8) / 0.7244177313 6017004741 6186054613 938 D0 /
      DATA XGK (  9) / 0.6509967412 9741697053 3735895313 275 D0 /
      DATA XGK ( 10) / 0.5709721726 0853884753 7226737253 911 D0 /
      DATA XGK ( 11) / 0.4850818636 4023968069 3655740232 351 D0 /
      DATA XGK ( 12) / 0.3941513470 7756336989 7207370981 045 D0 /
      DATA XGK ( 13) / 0.2991800071 5316881216 6780024266 389 D0 /
      DATA XGK ( 14) / 0.2011940939 9743452230 0628303394 596 D0 /
      DATA XGK ( 15) / 0.1011420669 1871749902 7074231447 392 D0 /
      DATA XGK ( 16) / 0.0000000000 0000000000 0000000000 000 D0 /
C
      DATA WGK (  1) / 0.0053774798 7292334898 7792051430 128 D0 /
      DATA WGK (  2) / 0.0150079473 2931612253 8374763075 807 D0 /
      DATA WGK (  3) / 0.0254608473 2671532018 6874001019 653 D0 /
      DATA WGK (  4) / 0.0353463607 9137584622 2037948478 360 D0 /
      DATA WGK (  5) / 0.0445897513 2476487660 8227299373 280 D0 /
      DATA WGK (  6) / 0.0534815246 9092808726 5343147239 430 D0 /
      DATA WGK (  7) / 0.0620095678 0067064028 5139230960 803 D0 /
      DATA WGK (  8) / 0.0698541213 1872825870 9520077099 147 D0 /
      DATA WGK (  9) / 0.0768496807 5772037889 4432777482 659 D0 /
      DATA WGK ( 10) / 0.0830805028 2313302103 8289247286 104 D0 /
      DATA WGK ( 11) / 0.0885644430 5621177064 7275443693 774 D0 /
      DATA WGK ( 12) / 0.0931265981 7082532122 5486872747 346 D0 /
      DATA WGK ( 13) / 0.0966427269 8362367850 5179907627 589 D0 /
      DATA WGK ( 14) / 0.0991735987 2179195933 2393173484 603 D0 /
      DATA WGK ( 15) / 0.1007698455 2387559504 4946662617 570 D0 /
      DATA WGK ( 16) / 0.1013300070 1479154901 7374792767 493 D0 /
C
C
C           LIST OF MAJOR VARIABLES
C           -----------------------
C           CENTR  - MID POINT OF THE INTERVAL
C           HLGTH  - HALF-LENGTH OF THE INTERVAL
C           ABSC   - ABSCISSA
C           FVAL*  - FUNCTION VALUE
C           RESG   - RESULT OF THE 15-POINT GAUSS FORMULA
C           RESK   - RESULT OF THE 31-POINT KRONROD FORMULA
C           RESKH  - APPROXIMATION TO THE MEAN VALUE OF F OVER (A,B),
C                    I.E. TO I/(B-A)
C
C           MACHINE DEPENDENT CONSTANTS
C           ---------------------------
C           EPMACH IS THE LARGEST RELATIVE SPACING.
C           UFLOW IS THE SMALLEST POSITIVE MAGNITUDE.
C***FIRST EXECUTABLE STATEMENT  DQK31
      EPMACH = D1MACH(4)
      UFLOW = D1MACH(1)
C
      CENTR = 0.5D+00*(A+B)
      HLGTH = 0.5D+00*(B-A)
      DHLGTH = ABS(HLGTH)
C
C           COMPUTE THE 31-POINT KRONROD APPROXIMATION TO
C           THE INTEGRAL, AND ESTIMATE THE ABSOLUTE ERROR.
C
      FC = F(CENTR)
      RESG = WG(8)*FC
      RESK = WGK(16)*FC
      RESABS = ABS(RESK)
      DO 10 J=1,7
        JTW = J*2
        ABSC = HLGTH*XGK(JTW)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTW) = FVAL1
        FV2(JTW) = FVAL2
        FSUM = FVAL1+FVAL2
        RESG = RESG+WG(J)*FSUM
        RESK = RESK+WGK(JTW)*FSUM
        RESABS = RESABS+WGK(JTW)*(ABS(FVAL1)+ABS(FVAL2))
   10 CONTINUE
      DO 15 J = 1,8
        JTWM1 = J*2-1
        ABSC = HLGTH*XGK(JTWM1)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTWM1) = FVAL1
        FV2(JTWM1) = FVAL2
        FSUM = FVAL1+FVAL2
        RESK = RESK+WGK(JTWM1)*FSUM
        RESABS = RESABS+WGK(JTWM1)*(ABS(FVAL1)+ABS(FVAL2))
   15 CONTINUE
      RESKH = RESK*0.5D+00
      RESASC = WGK(16)*ABS(FC-RESKH)
      DO 20 J=1,15
        RESASC = RESASC+WGK(J)*(ABS(FV1(J)-RESKH)+ABS(FV2(J)-RESKH))
   20 CONTINUE
      RESULT = RESK*HLGTH
      RESABS = RESABS*DHLGTH
      RESASC = RESASC*DHLGTH
      ABSERR = ABS((RESK-RESG)*HLGTH)
      IF(RESASC.NE.0.0D+00.AND.ABSERR.NE.0.0D+00)
     1  ABSERR = RESASC*MIN(0.1D+01,(0.2D+03*ABSERR/RESASC)**1.5D+00)
      IF(RESABS.GT.UFLOW/(0.5D+02*EPMACH)) ABSERR = MAX
     1  ((EPMACH*0.5D+02)*RESABS,ABSERR)
      RETURN
      END
      SUBROUTINE DQK41(F,A,B,RESULT,ABSERR,RESABS,RESASC)
C***BEGIN PROLOGUE  DQK41
C***DATE WRITTEN   800101   (YYMMDD)
C***REVISION DATE  830518   (YYMMDD)
C***REVISION HISTORY (YYMMDD)
C   000601   Changed DMAX1/DMIN1/DABS to generic MAX/MIN/ABS
C***CATEGORY NO.  H2A1A2
C***KEYWORDS  41-POINT GAUSS-KRONROD RULES
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  To compute I = Integral of F over (A,B), with error
C                           estimate
C                       J = Integral of ABS(F) over (A,B)
C***DESCRIPTION
C
C           Integration rules
C           Standard fortran subroutine
C           Double precision version
C
C           PARAMETERS
C            ON ENTRY
C              F      - Double precision
C                       Function subprogram defining the integrand
C                       FUNCTION F(X). The actual name for F needs to be
C                       declared E X T E R N A L in the calling program.
C
C              A      - Double precision
C                       Lower limit of integration
C
C              B      - Double precision
C                       Upper limit of integration
C
C            ON RETURN
C              RESULT - Double precision
C                       Approximation to the integral I
C                       RESULT is computed by applying the 41-POINT
C                       GAUSS-KRONROD RULE (RESK) obtained by optimal
C                       addition of abscissae to the 20-POINT GAUSS
C                       RULE (RESG).
C
C              ABSERR - Double precision
C                       Estimate of the modulus of the absolute error,
C                       which should not exceed ABS(I-RESULT)
C
C              RESABS - Double precision
C                       Approximation to the integral J
C
C              RESASC - Double precision
C                       Approximation to the integal of ABS(F-I/(B-A))
C                       over (A,B)
C***REFERENCES  (NONE)
C***ROUTINES CALLED  D1MACH
C***END PROLOGUE  DQK41
C
      DOUBLE PRECISION A,ABSC,ABSERR,B,CENTR,DHLGTH,
     1  D1MACH,EPMACH,F,FC,FSUM,FVAL1,FVAL2,FV1,FV2,HLGTH,RESABS,RESASC,
     2  RESG,RESK,RESKH,RESULT,UFLOW,WG,WGK,XGK
      INTEGER J,JTW,JTWM1
      EXTERNAL F
C
      DIMENSION FV1(20),FV2(20),XGK(21),WGK(21),WG(10)
C
C           THE ABSCISSAE AND WEIGHTS ARE GIVEN FOR THE INTERVAL (-1,1).
C           BECAUSE OF SYMMETRY ONLY THE POSITIVE ABSCISSAE AND THEIR
C           CORRESPONDING WEIGHTS ARE GIVEN.
C
C           XGK    - ABSCISSAE OF THE 41-POINT GAUSS-KRONROD RULE
C                    XGK(2), XGK(4), ...  ABSCISSAE OF THE 20-POINT
C                    GAUSS RULE
C                    XGK(1), XGK(3), ...  ABSCISSAE WHICH ARE OPTIMALLY
C                    ADDED TO THE 20-POINT GAUSS RULE
C
C           WGK    - WEIGHTS OF THE 41-POINT GAUSS-KRONROD RULE
C
C           WG     - WEIGHTS OF THE 20-POINT GAUSS RULE
C
C
C GAUSS QUADRATURE WEIGHTS AND KRONRON QUADRATURE ABSCISSAE AND WEIGHTS
C AS EVALUATED WITH 80 DECIMAL DIGIT ARITHMETIC BY L. W. FULLERTON,
C BELL LABS, NOV. 1981.
C
      DATA WG  (  1) / 0.0176140071 3915211831 1861962351 853 D0 /
      DATA WG  (  2) / 0.0406014298 0038694133 1039952274 932 D0 /
      DATA WG  (  3) / 0.0626720483 3410906356 9506535187 042 D0 /
      DATA WG  (  4) / 0.0832767415 7670474872 4758143222 046 D0 /
      DATA WG  (  5) / 0.1019301198 1724043503 6750135480 350 D0 /
      DATA WG  (  6) / 0.1181945319 6151841731 2377377711 382 D0 /
      DATA WG  (  7) / 0.1316886384 4917662689 8494499748 163 D0 /
      DATA WG  (  8) / 0.1420961093 1838205132 9298325067 165 D0 /
      DATA WG  (  9) / 0.1491729864 7260374678 7828737001 969 D0 /
      DATA WG  ( 10) / 0.1527533871 3072585069 8084331955 098 D0 /
C
      DATA XGK (  1) / 0.9988590315 8827766383 8315576545 863 D0 /
      DATA XGK (  2) / 0.9931285991 8509492478 6122388471 320 D0 /
      DATA XGK (  3) / 0.9815078774 5025025919 3342994720 217 D0 /
      DATA XGK (  4) / 0.9639719272 7791379126 7666131197 277 D0 /
      DATA XGK (  5) / 0.9408226338 3175475351 9982722212 443 D0 /
      DATA XGK (  6) / 0.9122344282 5132590586 7752441203 298 D0 /
      DATA XGK (  7) / 0.8782768112 5228197607 7442995113 078 D0 /
      DATA XGK (  8) / 0.8391169718 2221882339 4529061701 521 D0 /
      DATA XGK (  9) / 0.7950414288 3755119835 0638833272 788 D0 /
      DATA XGK ( 10) / 0.7463319064 6015079261 4305070355 642 D0 /
      DATA XGK ( 11) / 0.6932376563 3475138480 5490711845 932 D0 /
      DATA XGK ( 12) / 0.6360536807 2651502545 2836696226 286 D0 /
      DATA XGK ( 13) / 0.5751404468 1971031534 2946036586 425 D0 /
      DATA XGK ( 14) / 0.5108670019 5082709800 4364050955 251 D0 /
      DATA XGK ( 15) / 0.4435931752 3872510319 9992213492 640 D0 /
      DATA XGK ( 16) / 0.3737060887 1541956067 2548177024 927 D0 /
      DATA XGK ( 17) / 0.3016278681 1491300432 0555356858 592 D0 /
      DATA XGK ( 18) / 0.2277858511 4164507808 0496195368 575 D0 /
      DATA XGK ( 19) / 0.1526054652 4092267550 5220241022 678 D0 /
      DATA XGK ( 20) / 0.0765265211 3349733375 4640409398 838 D0 /
      DATA XGK ( 21) / 0.0000000000 0000000000 0000000000 000 D0 /
C
      DATA WGK (  1) / 0.0030735837 1852053150 1218293246 031 D0 /
      DATA WGK (  2) / 0.0086002698 5564294219 8661787950 102 D0 /
      DATA WGK (  3) / 0.0146261692 5697125298 3787960308 868 D0 /
      DATA WGK (  4) / 0.0203883734 6126652359 8010231432 755 D0 /
      DATA WGK (  5) / 0.0258821336 0495115883 4505067096 153 D0 /
      DATA WGK (  6) / 0.0312873067 7703279895 8543119323 801 D0 /
      DATA WGK (  7) / 0.0366001697 5820079803 0557240707 211 D0 /
      DATA WGK (  8) / 0.0416688733 2797368626 3788305936 895 D0 /
      DATA WGK (  9) / 0.0464348218 6749767472 0231880926 108 D0 /
      DATA WGK ( 10) / 0.0509445739 2372869193 2707670050 345 D0 /
      DATA WGK ( 11) / 0.0551951053 4828599474 4832372419 777 D0 /
      DATA WGK ( 12) / 0.0591114008 8063957237 4967220648 594 D0 /
      DATA WGK ( 13) / 0.0626532375 5478116802 5870122174 255 D0 /
      DATA WGK ( 14) / 0.0658345971 3361842211 1563556969 398 D0 /
      DATA WGK ( 15) / 0.0686486729 2852161934 5623411885 368 D0 /
      DATA WGK ( 16) / 0.0710544235 5344406830 5790361723 210 D0 /
      DATA WGK ( 17) / 0.0730306903 3278666749 5189417658 913 D0 /
      DATA WGK ( 18) / 0.0745828754 0049918898 6581418362 488 D0 /
      DATA WGK ( 19) / 0.0757044976 8455667465 9542775376 617 D0 /
      DATA WGK ( 20) / 0.0763778676 7208073670 5502835038 061 D0 /
      DATA WGK ( 21) / 0.0766007119 1799965644 5049901530 102 D0 /
C
C
C           LIST OF MAJOR VARIABLES
C           -----------------------
C
C           CENTR  - MID POINT OF THE INTERVAL
C           HLGTH  - HALF-LENGTH OF THE INTERVAL
C           ABSC   - ABSCISSA
C           FVAL*  - FUNCTION VALUE
C           RESG   - RESULT OF THE 20-POINT GAUSS FORMULA
C           RESK   - RESULT OF THE 41-POINT KRONROD FORMULA
C           RESKH  - APPROXIMATION TO MEAN VALUE OF F OVER (A,B), I.E.
C                    TO I/(B-A)
C
C           MACHINE DEPENDENT CONSTANTS
C           ---------------------------
C
C           EPMACH IS THE LARGEST RELATIVE SPACING.
C           UFLOW IS THE SMALLEST POSITIVE MAGNITUDE.
C
C***FIRST EXECUTABLE STATEMENT  DQK41
      EPMACH = D1MACH(4)
      UFLOW = D1MACH(1)
C
      CENTR = 0.5D+00*(A+B)
      HLGTH = 0.5D+00*(B-A)
      DHLGTH = ABS(HLGTH)
C
C           COMPUTE THE 41-POINT GAUSS-KRONROD APPROXIMATION TO
C           THE INTEGRAL, AND ESTIMATE THE ABSOLUTE ERROR.
C
      RESG = 0.0D+00
      FC = F(CENTR)
      RESK = WGK(21)*FC
      RESABS = ABS(RESK)
      DO 10 J=1,10
        JTW = J*2
        ABSC = HLGTH*XGK(JTW)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTW) = FVAL1
        FV2(JTW) = FVAL2
        FSUM = FVAL1+FVAL2
        RESG = RESG+WG(J)*FSUM
        RESK = RESK+WGK(JTW)*FSUM
        RESABS = RESABS+WGK(JTW)*(ABS(FVAL1)+ABS(FVAL2))
   10 CONTINUE
      DO 15 J = 1,10
        JTWM1 = J*2-1
        ABSC = HLGTH*XGK(JTWM1)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTWM1) = FVAL1
        FV2(JTWM1) = FVAL2
        FSUM = FVAL1+FVAL2
        RESK = RESK+WGK(JTWM1)*FSUM
        RESABS = RESABS+WGK(JTWM1)*(ABS(FVAL1)+ABS(FVAL2))
   15 CONTINUE
      RESKH = RESK*0.5D+00
      RESASC = WGK(21)*ABS(FC-RESKH)
      DO 20 J=1,20
        RESASC = RESASC+WGK(J)*(ABS(FV1(J)-RESKH)+ABS(FV2(J)-RESKH))
   20 CONTINUE
      RESULT = RESK*HLGTH
      RESABS = RESABS*DHLGTH
      RESASC = RESASC*DHLGTH
      ABSERR = ABS((RESK-RESG)*HLGTH)
      IF(RESASC.NE.0.0D+00.AND.ABSERR.NE.0.D+00)
     1  ABSERR = RESASC*MIN(0.1D+01,(0.2D+03*ABSERR/RESASC)**1.5D+00)
      IF(RESABS.GT.UFLOW/(0.5D+02*EPMACH)) ABSERR = MAX
     1  ((EPMACH*0.5D+02)*RESABS,ABSERR)
      RETURN
      END
      SUBROUTINE DQK51(F,A,B,RESULT,ABSERR,RESABS,RESASC)
C***BEGIN PROLOGUE  DQK51
C***DATE WRITTEN   800101   (YYMMDD)
C***REVISION DATE  830518   (YYMMDD)
C                  960627   Missing WGK(26) restored (RFB).
C                  000601   Changed DMAX1/DMIN1/DABS to generic MAX/MIN/ABS
C***CATEGORY NO.  H2A1A2
C***KEYWORDS  51-POINT GAUSS-KRONROD RULES
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  To compute I = Integral of F over (A,B) with error
C                           estimate
C                       J = Integral of ABS(F) over (A,B)
C***DESCRIPTION
C
C           Integration rules
C           Standard fortran subroutine
C           Double precision version
C
C           PARAMETERS
C            ON ENTRY
C              F      - Double precision
C                       Function subroutine defining the integrand
C                       function F(X). The actual name for F needs to be
C                       declared E X T E R N A L in the calling program.
C
C              A      - Double precision
C                       Lower limit of integration
C
C              B      - Double precision
C                       Upper limit of integration
C
C            ON RETURN
C              RESULT - Double precision
C                       Approximation to the integral I
C                       RESULT is computed by applying the 51-point
C                       Kronrod rule (RESK) obtained by optimal addition
C                       of abscissae to the 25-point Gauss rule (RESG).
C
C              ABSERR - Double precision
C                       Estimate of the modulus of the absolute error,
C                       which should not exceed ABS(I-RESULT)
C
C              RESABS - Double precision
C                       Approximation to the integral J
C
C              RESASC - Double precision
C                       Approximation to the integral of ABS(F-I/(B-A))
C                       over (A,B)
C***REFERENCES  (NONE)
C***ROUTINES CALLED  D1MACH
C***END PROLOGUE  DQK51
C
      DOUBLE PRECISION A,ABSC,ABSERR,B,CENTR,DHLGTH,
     1  D1MACH,EPMACH,F,FC,FSUM,FVAL1,FVAL2,FV1,FV2,HLGTH,RESABS,RESASC,
     2  RESG,RESK,RESKH,RESULT,UFLOW,WG,WGK,XGK
      INTEGER J,JTW,JTWM1
      EXTERNAL F
C
      DIMENSION FV1(25),FV2(25),XGK(26),WGK(26),WG(13)
C
C           THE ABSCISSAE AND WEIGHTS ARE GIVEN FOR THE INTERVAL (-1,1).
C           BECAUSE OF SYMMETRY ONLY THE POSITIVE ABSCISSAE AND THEIR
C           CORRESPONDING WEIGHTS ARE GIVEN.
C
C           XGK    - ABSCISSAE OF THE 51-POINT KRONROD RULE
C                    XGK(2), XGK(4), ...  ABSCISSAE OF THE 25-POINT
C                    GAUSS RULE
C                    XGK(1), XGK(3), ...  ABSCISSAE WHICH ARE OPTIMALLY
C                    ADDED TO THE 25-POINT GAUSS RULE
C
C           WGK    - WEIGHTS OF THE 51-POINT KRONROD RULE
C
C           WG     - WEIGHTS OF THE 25-POINT GAUSS RULE
C
C
C GAUSS QUADRATURE WEIGHTS AND KRONRON QUADRATURE ABSCISSAE AND WEIGHTS
C AS EVALUATED WITH 80 DECIMAL DIGIT ARITHMETIC BY L. W. FULLERTON,
C BELL LABS, NOV. 1981.
C
      DATA WG  (  1) / 0.0113937985 0102628794 7902964113 235 D0 /
      DATA WG  (  2) / 0.0263549866 1503213726 1901815295 299 D0 /
      DATA WG  (  3) / 0.0409391567 0130631265 5623487711 646 D0 /
      DATA WG  (  4) / 0.0549046959 7583519192 5936891540 473 D0 /
      DATA WG  (  5) / 0.0680383338 1235691720 7187185656 708 D0 /
      DATA WG  (  6) / 0.0801407003 3500101801 3234959669 111 D0 /
      DATA WG  (  7) / 0.0910282619 8296364981 1497220702 892 D0 /
      DATA WG  (  8) / 0.1005359490 6705064420 2206890392 686 D0 /
      DATA WG  (  9) / 0.1085196244 7426365311 6093957050 117 D0 /
      DATA WG  ( 10) / 0.1148582591 4571164833 9325545869 556 D0 /
      DATA WG  ( 11) / 0.1194557635 3578477222 8178126512 901 D0 /
      DATA WG  ( 12) / 0.1222424429 9031004168 8959518945 852 D0 /
      DATA WG  ( 13) / 0.1231760537 2671545120 3902873079 050 D0 /
C
      DATA XGK (  1) / 0.9992621049 9260983419 3457486540 341 D0 /
      DATA XGK (  2) / 0.9955569697 9049809790 8784946893 902 D0 /
      DATA XGK (  3) / 0.9880357945 3407724763 7331014577 406 D0 /
      DATA XGK (  4) / 0.9766639214 5951751149 8315386479 594 D0 /
      DATA XGK (  5) / 0.9616149864 2584251241 8130033660 167 D0 /
      DATA XGK (  6) / 0.9429745712 2897433941 4011169658 471 D0 /
      DATA XGK (  7) / 0.9207471152 8170156174 6346084546 331 D0 /
      DATA XGK (  8) / 0.8949919978 7827536885 1042006782 805 D0 /
      DATA XGK (  9) / 0.8658470652 9327559544 8996969588 340 D0 /
      DATA XGK ( 10) / 0.8334426287 6083400142 1021108693 570 D0 /
      DATA XGK ( 11) / 0.7978737979 9850005941 0410904994 307 D0 /
      DATA XGK ( 12) / 0.7592592630 3735763057 7282865204 361 D0 /
      DATA XGK ( 13) / 0.7177664068 1308438818 6654079773 298 D0 /
      DATA XGK ( 14) / 0.6735663684 7346836448 5120633247 622 D0 /
      DATA XGK ( 15) / 0.6268100990 1031741278 8122681624 518 D0 /
      DATA XGK ( 16) / 0.5776629302 4122296772 3689841612 654 D0 /
      DATA XGK ( 17) / 0.5263252843 3471918259 9623778158 010 D0 /
      DATA XGK ( 18) / 0.4730027314 4571496052 2182115009 192 D0 /
      DATA XGK ( 19) / 0.4178853821 9303774885 1814394594 572 D0 /
      DATA XGK ( 20) / 0.3611723058 0938783773 5821730127 641 D0 /
      DATA XGK ( 21) / 0.3030895389 3110783016 7478909980 339 D0 /
      DATA XGK ( 22) / 0.2438668837 2098843204 5190362797 452 D0 /
      DATA XGK ( 23) / 0.1837189394 2104889201 5969888759 528 D0 /
      DATA XGK ( 24) / 0.1228646926 1071039638 7359818808 037 D0 /
      DATA XGK ( 25) / 0.0615444830 0568507888 6546392366 797 D0 /
      DATA XGK ( 26) / 0.0000000000 0000000000 0000000000 000 D0 /
C
      DATA WGK (  1) / 0.0019873838 9233031592 6507851882 843 D0 /
      DATA WGK (  2) / 0.0055619321 3535671375 8040236901 066 D0 /
      DATA WGK (  3) / 0.0094739733 8617415160 7207710523 655 D0 /
      DATA WGK (  4) / 0.0132362291 9557167481 3656405846 976 D0 /
      DATA WGK (  5) / 0.0168478177 0912829823 1516667536 336 D0 /
      DATA WGK (  6) / 0.0204353711 4588283545 6568292235 939 D0 /
      DATA WGK (  7) / 0.0240099456 0695321622 0092489164 881 D0 /
      DATA WGK (  8) / 0.0274753175 8785173780 2948455517 811 D0 /
      DATA WGK (  9) / 0.0307923001 6738748889 1109020215 229 D0 /
      DATA WGK ( 10) / 0.0340021302 7432933783 6748795229 551 D0 /
      DATA WGK ( 11) / 0.0371162714 8341554356 0330625367 620 D0 /
      DATA WGK ( 12) / 0.0400838255 0403238207 4839284467 076 D0 /
      DATA WGK ( 13) / 0.0428728450 2017004947 6895792439 495 D0 /
      DATA WGK ( 14) / 0.0455029130 4992178890 9870584752 660 D0 /
      DATA WGK ( 15) / 0.0479825371 3883671390 6392255756 915 D0 /
      DATA WGK ( 16) / 0.0502776790 8071567196 3325259433 440 D0 /
      DATA WGK ( 17) / 0.0523628858 0640747586 4366712137 873 D0 /
      DATA WGK ( 18) / 0.0542511298 8854549014 4543370459 876 D0 /
      DATA WGK ( 19) / 0.0559508112 2041231730 8240686382 747 D0 /
      DATA WGK ( 20) / 0.0574371163 6156783285 3582693939 506 D0 /
      DATA WGK ( 21) / 0.0586896800 2239420796 1974175856 788 D0 /
      DATA WGK ( 22) / 0.0597203403 2417405997 9099291932 562 D0 /
      DATA WGK ( 23) / 0.0605394553 7604586294 5360267517 565 D0 /
      DATA WGK ( 24) / 0.0611285097 1705304830 5859030416 293 D0 /
      DATA WGK ( 25) / 0.0614711898 7142531666 1544131965 264 D0 /
      DATA WGK ( 26) / 0.0615808180 6783293507 8759824240 055 D0 /
C
C
C           LIST OF MAJOR VARIABLES
C           -----------------------
C
C           CENTR  - MID POINT OF THE INTERVAL
C           HLGTH  - HALF-LENGTH OF THE INTERVAL
C           ABSC   - ABSCISSA
C           FVAL*  - FUNCTION VALUE
C           RESG   - RESULT OF THE 25-POINT GAUSS FORMULA
C           RESK   - RESULT OF THE 51-POINT KRONROD FORMULA
C           RESKH  - APPROXIMATION TO THE MEAN VALUE OF F OVER (A,B),
C                    I.E. TO I/(B-A)
C
C           MACHINE DEPENDENT CONSTANTS
C           ---------------------------
C
C           EPMACH IS THE LARGEST RELATIVE SPACING.
C           UFLOW IS THE SMALLEST POSITIVE MAGNITUDE.
C
C***FIRST EXECUTABLE STATEMENT  DQK51
      EPMACH = D1MACH(4)
      UFLOW = D1MACH(1)
C
      CENTR = 0.5D+00*(A+B)
      HLGTH = 0.5D+00*(B-A)
      DHLGTH = ABS(HLGTH)
C
C           COMPUTE THE 51-POINT KRONROD APPROXIMATION TO
C           THE INTEGRAL, AND ESTIMATE THE ABSOLUTE ERROR.
C
      FC = F(CENTR)
      RESG = WG(13)*FC
      RESK = WGK(26)*FC
      RESABS = ABS(RESK)
      DO 10 J=1,12
        JTW = J*2
        ABSC = HLGTH*XGK(JTW)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTW) = FVAL1
        FV2(JTW) = FVAL2
        FSUM = FVAL1+FVAL2
        RESG = RESG+WG(J)*FSUM
        RESK = RESK+WGK(JTW)*FSUM
        RESABS = RESABS+WGK(JTW)*(ABS(FVAL1)+ABS(FVAL2))
   10 CONTINUE
      DO 15 J = 1,13
        JTWM1 = J*2-1
        ABSC = HLGTH*XGK(JTWM1)
        FVAL1 = F(CENTR-ABSC)
        FVAL2 = F(CENTR+ABSC)
        FV1(JTWM1) = FVAL1
        FV2(JTWM1) = FVAL2
        FSUM = FVAL1+FVAL2
        RESK = RESK+WGK(JTWM1)*FSUM
        RESABS = RESABS+WGK(JTWM1)*(ABS(FVAL1)+ABS(FVAL2))
   15 CONTINUE
      RESKH = RESK*0.5D+00
      RESASC = WGK(26)*ABS(FC-RESKH)
      DO 20 J=1,25
        RESASC = RESASC+WGK(J)*(ABS(FV1(J)-RESKH)+ABS(FV2(J)-RESKH))
   20 CONTINUE
      RESULT = RESK*HLGTH
      RESABS = RESABS*DHLGTH
      RESASC = RESASC*DHLGTH
      ABSERR = ABS((RESK-RESG)*HLGTH)
      IF(RESASC.NE.0.0D+00.AND.ABSERR.NE.0.0D+00)
     1  ABSERR = RESASC*MIN(0.1D+01,(0.2D+03*ABSERR/RESASC)**1.5D+00)
      IF(RESABS.GT.UFLOW/(0.5D+02*EPMACH)) ABSERR = MAX
     1  ((EPMACH*0.5D+02)*RESABS,ABSERR)
      RETURN
      END
      SUBROUTINE DQK61(F,A,B,RESULT,ABSERR,RESABS,RESASC)
C***BEGIN PROLOGUE  DQK61
C***DATE WRITTEN   800101   (YYMMDD)
C***REVISION DATE  830518   (YYMMDD)
C***REVISION HISTORY (YYMMDD)
C   000601   Changed DMAX1/DMIN1/DABS to generic MAX/MIN/ABS
C***CATEGORY NO.  H2A1A2
C***KEYWORDS  61-POINT GAUSS-KRONROD RULES
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  To compute I = Integral of F over (A,B) with error
C                           estimate
C                       J = Integral of DABS(F) over (A,B)
C***DESCRIPTION
C
C        Integration rule
C        Standard fortran subroutine
C        Double precision version
C
C
C        PARAMETERS
C         ON ENTRY
C           F      - Double precision
C                    Function subprogram defining the integrand
C                    function F(X). The actual name for F needs to be
C                    declared E X T E R N A L in the calling program.
C
C           A      - Double precision
C                    Lower limit of integration
C
C           B      - Double precision
C                    Upper limit of integration
C
C         ON RETURN
C           RESULT - Double precision
C                    Approximation to the integral I
C                    RESULT is computed by applying the 61-point
C                    Kronrod rule (RESK) obtained by optimal addition of
C                    abscissae to the 30-point Gauss rule (RESG).
C
C           ABSERR - Double precision
C                    Estimate of the modulus of the absolute error,
C                    which should equal or exceed DABS(I-RESULT)
C
C           RESABS - Double precision
C                    Approximation to the integral J
C
C           RESASC - Double precision
C                    Approximation to the integral of DABS(F-I/(B-A))
C***REFERENCES  (NONE)
C***ROUTINES CALLED  D1MACH
C***END PROLOGUE  DQK61
C
      DOUBLE PRECISION A,DABSC,ABSERR,B,CENTR,ABS,DHLGTH,
     1  D1MACH,EPMACH,F,FC,FSUM,FVAL1,FVAL2,FV1,FV2,HLGTH,RESABS,RESASC,
     2  RESG,RESK,RESKH,RESULT,UFLOW,WG,WGK,XGK
      INTEGER J,JTW,JTWM1
      EXTERNAL F
C
      DIMENSION FV1(30),FV2(30),XGK(31),WGK(31),WG(15)
C
C           THE ABSCISSAE AND WEIGHTS ARE GIVEN FOR THE
C           INTERVAL (-1,1). BECAUSE OF SYMMETRY ONLY THE POSITIVE
C           ABSCISSAE AND THEIR CORRESPONDING WEIGHTS ARE GIVEN.
C
C           XGK   - ABSCISSAE OF THE 61-POINT KRONROD RULE
C                   XGK(2), XGK(4)  ... ABSCISSAE OF THE 30-POINT
C                   GAUSS RULE
C                   XGK(1), XGK(3)  ... OPTIMALLY ADDED ABSCISSAE
C                   TO THE 30-POINT GAUSS RULE
C
C           WGK   - WEIGHTS OF THE 61-POINT KRONROD RULE
C
C           WG    - WEIGTHS OF THE 30-POINT GAUSS RULE
C
C
C GAUSS QUADRATURE WEIGHTS AND KRONRON QUADRATURE ABSCISSAE AND WEIGHTS
C AS EVALUATED WITH 80 DECIMAL DIGIT ARITHMETIC BY L. W. FULLERTON,
C BELL LABS, NOV. 1981.
C
      DATA WG  (  1) / 0.0079681924 9616660561 5465883474 674 D0 /
      DATA WG  (  2) / 0.0184664683 1109095914 2302131912 047 D0 /
      DATA WG  (  3) / 0.0287847078 8332336934 9719179611 292 D0 /
      DATA WG  (  4) / 0.0387991925 6962704959 6801936446 348 D0 /
      DATA WG  (  5) / 0.0484026728 3059405290 2938140422 808 D0 /
      DATA WG  (  6) / 0.0574931562 1761906648 1721689402 056 D0 /
      DATA WG  (  7) / 0.0659742298 8218049512 8128515115 962 D0 /
      DATA WG  (  8) / 0.0737559747 3770520626 8243850022 191 D0 /
      DATA WG  (  9) / 0.0807558952 2942021535 4694938460 530 D0 /
      DATA WG  ( 10) / 0.0868997872 0108297980 2387530715 126 D0 /
      DATA WG  ( 11) / 0.0921225222 3778612871 7632707087 619 D0 /
      DATA WG  ( 12) / 0.0963687371 7464425963 9468626351 810 D0 /
      DATA WG  ( 13) / 0.0995934205 8679526706 2780282103 569 D0 /
      DATA WG  ( 14) / 0.1017623897 4840550459 6428952168 554 D0 /
      DATA WG  ( 15) / 0.1028526528 9355884034 1285636705 415 D0 /
C
      DATA XGK (  1) / 0.9994844100 5049063757 1325895705 811 D0 /
      DATA XGK (  2) / 0.9968934840 7464954027 1630050918 695 D0 /
      DATA XGK (  3) / 0.9916309968 7040459485 8628366109 486 D0 /
      DATA XGK (  4) / 0.9836681232 7974720997 0032581605 663 D0 /
      DATA XGK (  5) / 0.9731163225 0112626837 4693868423 707 D0 /
      DATA XGK (  6) / 0.9600218649 6830751221 6871025581 798 D0 /
      DATA XGK (  7) / 0.9443744447 4855997941 5831324037 439 D0 /
      DATA XGK (  8) / 0.9262000474 2927432587 9324277080 474 D0 /
      DATA XGK (  9) / 0.9055733076 9990779854 6522558925 958 D0 /
      DATA XGK ( 10) / 0.8825605357 9205268154 3116462530 226 D0 /
      DATA XGK ( 11) / 0.8572052335 4606109895 8658510658 944 D0 /
      DATA XGK ( 12) / 0.8295657623 8276839744 2898119732 502 D0 /
      DATA XGK ( 13) / 0.7997278358 2183908301 3668942322 683 D0 /
      DATA XGK ( 14) / 0.7677774321 0482619491 7977340974 503 D0 /
      DATA XGK ( 15) / 0.7337900624 5322680472 6171131369 528 D0 /
      DATA XGK ( 16) / 0.6978504947 9331579693 2292388026 640 D0 /
      DATA XGK ( 17) / 0.6600610641 2662696137 0053668149 271 D0 /
      DATA XGK ( 18) / 0.6205261829 8924286114 0477556431 189 D0 /
      DATA XGK ( 19) / 0.5793452358 2636169175 6024932172 540 D0 /
      DATA XGK ( 20) / 0.5366241481 4201989926 4169793311 073 D0 /
      DATA XGK ( 21) / 0.4924804678 6177857499 3693061207 709 D0 /
      DATA XGK ( 22) / 0.4470337695 3808917678 0609900322 854 D0 /
      DATA XGK ( 23) / 0.4004012548 3039439253 5476211542 661 D0 /
      DATA XGK ( 24) / 0.3527047255 3087811347 1037207089 374 D0 /
      DATA XGK ( 25) / 0.3040732022 7362507737 2677107199 257 D0 /
      DATA XGK ( 26) / 0.2546369261 6788984643 9805129817 805 D0 /
      DATA XGK ( 27) / 0.2045251166 8230989143 8957671002 025 D0 /
      DATA XGK ( 28) / 0.1538699136 0858354696 3794672743 256 D0 /
      DATA XGK ( 29) / 0.1028069379 6673703014 7096751318 001 D0 /
      DATA XGK ( 30) / 0.0514718425 5531769583 3025213166 723 D0 /
      DATA XGK ( 31) / 0.0000000000 0000000000 0000000000 000 D0 /
C
      DATA WGK (  1) / 0.0013890136 9867700762 4551591226 760 D0 /
      DATA WGK (  2) / 0.0038904611 2709988405 1267201844 516 D0 /
      DATA WGK (  3) / 0.0066307039 1593129217 3319826369 750 D0 /
      DATA WGK (  4) / 0.0092732796 5951776342 8441146892 024 D0 /
      DATA WGK (  5) / 0.0118230152 5349634174 2232898853 251 D0 /
      DATA WGK (  6) / 0.0143697295 0704580481 2451432443 580 D0 /
      DATA WGK (  7) / 0.0169208891 8905327262 7572289420 322 D0 /
      DATA WGK (  8) / 0.0194141411 9394238117 3408951050 128 D0 /
      DATA WGK (  9) / 0.0218280358 2160919229 7167485738 339 D0 /
      DATA WGK ( 10) / 0.0241911620 7808060136 5686370725 232 D0 /
      DATA WGK ( 11) / 0.0265099548 8233310161 0601709335 075 D0 /
      DATA WGK ( 12) / 0.0287540487 6504129284 3978785354 334 D0 /
      DATA WGK ( 13) / 0.0309072575 6238776247 2884252943 092 D0 /
      DATA WGK ( 14) / 0.0329814470 5748372603 1814191016 854 D0 /
      DATA WGK ( 15) / 0.0349793380 2806002413 7499670731 468 D0 /
      DATA WGK ( 16) / 0.0368823646 5182122922 3911065617 136 D0 /
      DATA WGK ( 17) / 0.0386789456 2472759295 0348651532 281 D0 /
      DATA WGK ( 18) / 0.0403745389 5153595911 1995279752 468 D0 /
      DATA WGK ( 19) / 0.0419698102 1516424614 7147541285 970 D0 /
      DATA WGK ( 20) / 0.0434525397 0135606931 6831728117 073 D0 /
      DATA WGK ( 21) / 0.0448148001 3316266319 2355551616 723 D0 /
      DATA WGK ( 22) / 0.0460592382 7100698811 6271735559 374 D0 /
      DATA WGK ( 23) / 0.0471855465 6929915394 5261478181 099 D0 /
      DATA WGK ( 24) / 0.0481858617 5708712914 0779492298 305 D0 /
      DATA WGK ( 25) / 0.0490554345 5502977888 7528165367 238 D0 /
      DATA WGK ( 26) / 0.0497956834 2707420635 7811569379 942 D0 /
      DATA WGK ( 27) / 0.0504059214 0278234684 0893085653 585 D0 /
      DATA WGK ( 28) / 0.0508817958 9874960649 2297473049 805 D0 /
      DATA WGK ( 29) / 0.0512215478 4925877217 0656282604 944 D0 /
      DATA WGK ( 30) / 0.0514261285 3745902593 3862879215 781 D0 /
      DATA WGK ( 31) / 0.0514947294 2945156755 8340433647 099 D0 /
C
C           LIST OF MAJOR VARIABLES
C           -----------------------
C
C           CENTR  - MID POINT OF THE INTERVAL
C           HLGTH  - HALF-LENGTH OF THE INTERVAL
C           DABSC  - ABSCISSA
C           FVAL*  - FUNCTION VALUE
C           RESG   - RESULT OF THE 30-POINT GAUSS RULE
C           RESK   - RESULT OF THE 61-POINT KRONROD RULE
C           RESKH  - APPROXIMATION TO THE MEAN VALUE OF F
C                    OVER (A,B), I.E. TO I/(B-A)
C
C           MACHINE DEPENDENT CONSTANTS
C           ---------------------------
C
C           EPMACH IS THE LARGEST RELATIVE SPACING.
C           UFLOW IS THE SMALLEST POSITIVE MAGNITUDE.
C
C***FIRST EXECUTABLE STATEMENT  DQK61
      EPMACH = D1MACH(4)
      UFLOW = D1MACH(1)
C
      CENTR = 0.5D+00*(B+A)
      HLGTH = 0.5D+00*(B-A)
      DHLGTH = ABS(HLGTH)
C
C           COMPUTE THE 61-POINT KRONROD APPROXIMATION TO THE
C           INTEGRAL, AND ESTIMATE THE ABSOLUTE ERROR.
C
      RESG = 0.0D+00
      FC = F(CENTR)
      RESK = WGK(31)*FC
      RESABS = ABS(RESK)
      DO 10 J=1,15
        JTW = J*2
        DABSC = HLGTH*XGK(JTW)
        FVAL1 = F(CENTR-DABSC)
        FVAL2 = F(CENTR+DABSC)
        FV1(JTW) = FVAL1
        FV2(JTW) = FVAL2
        FSUM = FVAL1+FVAL2
        RESG = RESG+WG(J)*FSUM
        RESK = RESK+WGK(JTW)*FSUM
        RESABS = RESABS+WGK(JTW)*(ABS(FVAL1)+ABS(FVAL2))
   10 CONTINUE
      DO 15 J=1,15
        JTWM1 = J*2-1
        DABSC = HLGTH*XGK(JTWM1)
        FVAL1 = F(CENTR-DABSC)
        FVAL2 = F(CENTR+DABSC)
        FV1(JTWM1) = FVAL1
        FV2(JTWM1) = FVAL2
        FSUM = FVAL1+FVAL2
        RESK = RESK+WGK(JTWM1)*FSUM
        RESABS = RESABS+WGK(JTWM1)*(ABS(FVAL1)+ABS(FVAL2))
  15    CONTINUE
      RESKH = RESK*0.5D+00
      RESASC = WGK(31)*ABS(FC-RESKH)
      DO 20 J=1,30
        RESASC = RESASC+WGK(J)*(ABS(FV1(J)-RESKH)+ABS(FV2(J)-RESKH))
   20 CONTINUE
      RESULT = RESK*HLGTH
      RESABS = RESABS*DHLGTH
      RESASC = RESASC*DHLGTH
      ABSERR = ABS((RESK-RESG)*HLGTH)
      IF(RESASC.NE.0.0D+00.AND.ABSERR.NE.0.0D+00)
     1  ABSERR = RESASC*MIN(0.1D+01,(0.2D+03*ABSERR/RESASC)**1.5D+00)
      IF(RESABS.GT.UFLOW/(0.5D+02*EPMACH)) ABSERR = MAX
     1  ((EPMACH*0.5D+02)*RESABS,ABSERR)
      RETURN
      END
      SUBROUTINE DQPSRT(LIMIT,LAST,MAXERR,ERMAX,ELIST,IORD,NRMAX)
C***BEGIN PROLOGUE  DQPSRT
C***REFER TO  DQAGE,DQAGIE,DQAGPE,DQAWSE
C***ROUTINES CALLED  (NONE)
C***REVISION DATE  810101   (YYMMDD)
C***KEYWORDS  SEQUENTIAL SORTING
C***AUTHOR  PIESSENS, ROBERT, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C           DE DONCKER, ELISE, APPLIED MATH. AND PROGR. DIV. -
C             K. U. LEUVEN
C***PURPOSE  This routine maintains the descending ordering in the
C            list of the local error estimated resulting from the
C            interval subdivision process. At each call two error
C            estimates are inserted using the sequential search
C            method, top-down for the largest error estimate and
C            bottom-up for the smallest error estimate.
C***DESCRIPTION
C
C           Ordering routine
C           Standard fortran subroutine
C           Double precision version
C
C           PARAMETERS (MEANING AT OUTPUT)
C              LIMIT  - Integer
C                       Maximum number of error estimates the list
C                       can contain
C
C              LAST   - Integer
C                       Number of error estimates currently in the list
C
C              MAXERR - Integer
C                       Maxerr points to the NRMAX-th largest error
C                       estimate currently in the list
C
C              ERMAX  - Double precision
C                       NRMAX-th largest error estimate
C                       ERMAX = ELIST(MAXERR)
C
C              ELIST  - Double precision
C                       Vector of dimension LAST containing
C                       the error estimates
C
C              IORD   - Integer
C                       Vector of dimension LAST, the first K elements
C                       of which contain pointers to the error
C                       estimates, such that
C                       ELIST(IORD(1)),...,  ELIST(IORD(K))
C                       form a decreasing sequence, with
C                       K = LAST if LAST.LE.(LIMIT/2+2), and
C                       K = LIMIT+1-LAST otherwise
C
C              NRMAX  - Integer
C                       MAXERR = IORD(NRMAX)
C***END PROLOGUE  DQPSRT
C
      DOUBLE PRECISION ELIST,ERMAX,ERRMAX,ERRMIN
      INTEGER I,IBEG,IDO,IORD,ISUCC,J,JBND,JUPBN,K,LAST,LIMIT,MAXERR,
     1  NRMAX
      DIMENSION ELIST(LAST),IORD(LAST)
C
C           CHECK WHETHER THE LIST CONTAINS MORE THAN
C           TWO ERROR ESTIMATES.
C
C***FIRST EXECUTABLE STATEMENT  DQPSRT
      IF(LAST.GT.2) GO TO 10
      IORD(1) = 1
      IORD(2) = 2
      GO TO 90
C
C           THIS PART OF THE ROUTINE IS ONLY EXECUTED IF, DUE TO A
C           DIFFICULT INTEGRAND, SUBDIVISION INCREASED THE ERROR
C           ESTIMATE. IN THE NORMAL CASE THE INSERT PROCEDURE SHOULD
C           START AFTER THE NRMAX-TH LARGEST ERROR ESTIMATE.
C
   10 ERRMAX = ELIST(MAXERR)
      IF(NRMAX.EQ.1) GO TO 30
      IDO = NRMAX-1
      DO 20 I = 1,IDO
        ISUCC = IORD(NRMAX-1)
C ***JUMP OUT OF DO-LOOP
        IF(ERRMAX.LE.ELIST(ISUCC)) GO TO 30
        IORD(NRMAX) = ISUCC
        NRMAX = NRMAX-1
   20    CONTINUE
C
C           COMPUTE THE NUMBER OF ELEMENTS IN THE LIST TO BE MAINTAINED
C           IN DESCENDING ORDER. THIS NUMBER DEPENDS ON THE NUMBER OF
C           SUBDIVISIONS STILL ALLOWED.
C
   30 JUPBN = LAST
      IF(LAST.GT.(LIMIT/2+2)) JUPBN = LIMIT+3-LAST
      ERRMIN = ELIST(LAST)
C
C           INSERT ERRMAX BY TRAVERSING THE LIST TOP-DOWN,
C           STARTING COMPARISON FROM THE ELEMENT ELIST(IORD(NRMAX+1)).
C
      JBND = JUPBN-1
      IBEG = NRMAX+1
      IF(IBEG.GT.JBND) GO TO 50
      DO 40 I=IBEG,JBND
        ISUCC = IORD(I)
C ***JUMP OUT OF DO-LOOP
        IF(ERRMAX.GE.ELIST(ISUCC)) GO TO 60
        IORD(I-1) = ISUCC
   40 CONTINUE
   50 IORD(JBND) = MAXERR
      IORD(JUPBN) = LAST
      GO TO 90
C
C           INSERT ERRMIN BY TRAVERSING THE LIST BOTTOM-UP.
C
   60 IORD(I-1) = MAXERR
      K = JBND
      DO 70 J=I,JBND
        ISUCC = IORD(K)
C ***JUMP OUT OF DO-LOOP
        IF(ERRMIN.LT.ELIST(ISUCC)) GO TO 80
        IORD(K+1) = ISUCC
        K = K-1
   70 CONTINUE
      IORD(I) = LAST
      GO TO 90
   80 IORD(K+1) = LAST
C
C           SET MAXERR AND ERMAX.
C
   90 MAXERR = IORD(NRMAX)
      ERMAX = ELIST(MAXERR)
      RETURN
      END
      SUBROUTINE XERROR(MESSG,NMESSG,NERR,LEVEL)
C***BEGIN PROLOGUE  XERROR
C***DATE WRITTEN   790801   (YYMMDD)
C***REVISION DATE  820801   (YYMMDD)
C***CATEGORY NO.  R3C
C***KEYWORDS  ERROR,XERROR PACKAGE
C***AUTHOR  JONES, R. E., (SNLA)
C***PURPOSE  Processes an error (diagnostic) message.
C***DESCRIPTION
C     Abstract
C        XERROR processes a diagnostic message, in a manner
C        determined by the value of LEVEL and the current value
C        of the library error control flag, KONTRL.
C        (See subroutine XSETF for details.)
C
C     Description of Parameters
C      --Input--
C        MESSG - the Hollerith message to be processed, containing
C                no more than 72 characters.
C        NMESSG- the actual number of characters in MESSG.
C        NERR  - the error number associated with this message.
C                NERR must not be zero.
C        LEVEL - error category.
C                =2 means this is an unconditionally fatal error.
C                =1 means this is a recoverable error.  (I.e., it is
C                   non-fatal if XSETF has been appropriately called.)
C                =0 means this is a warning message only.
C                =-1 means this is a warning message which is to be
C                   printed at most once, regardless of how many
C                   times this call is executed.
C
C     Examples
C        CALL XERROR('SMOOTH -- NUM WAS ZERO.',23,1,2)
C        CALL XERROR('INTEG  -- LESS THAN FULL ACCURACY ACHIEVED.',
C                    43,2,1)
C        CALL XERROR('ROOTER -- ACTUAL ZERO OF F FOUND BEFORE INTERVAL F
C    1ULLY COLLAPSED.',65,3,0)
C        CALL XERROR('EXP    -- UNDERFLOWS BEING SET TO ZERO.',39,1,-1)
C
C     Latest revision ---  19 MAR 1980
C     Written by Ron Jones, with SLATEC Common Math Library Subcommittee
C***REFERENCES  JONES R.E., KAHANER D.K., "XERROR, THE SLATEC ERROR-
C                 HANDLING PACKAGE", SAND82-0800, SANDIA LABORATORIES,
C                 1982.
C***ROUTINES CALLED  XERRWV
C***END PROLOGUE  XERROR
      CHARACTER*(*) MESSG
C***FIRST EXECUTABLE STATEMENT  XERROR
      CALL XERRWV(MESSG,NMESSG,NERR,LEVEL,0,0,0,0,0.,0.)
      RETURN
      END
      SUBROUTINE XERRWV(MESSG,NMESSG,NERR,LEVEL,NI,I1,I2,NR,R1,R2)
C***BEGIN PROLOGUE  XERRWV
C***DATE WRITTEN   800319   (YYMMDD)
C***REVISION DATE  820801   (YYMMDD)
C***CATEGORY NO.  R3C
C***KEYWORDS  ERROR,XERROR PACKAGE
C***AUTHOR  JONES, R. E., (SNLA)
C***PURPOSE  Processes error message allowing 2 integer and two real
C            values to be included in the message.
C***DESCRIPTION
C     Abstract
C        XERRWV processes a diagnostic message, in a manner
C        determined by the value of LEVEL and the current value
C        of the library error control flag, KONTRL.
C        (See subroutine XSETF for details.)
C        In addition, up to two integer values and two real
C        values may be printed along with the message.
C
C     Description of Parameters
C      --Input--
C        MESSG - the Hollerith message to be processed.
C        NMESSG- the actual number of characters in MESSG.
C        NERR  - the error number associated with this message.
C                NERR must not be zero.
C        LEVEL - error category.
C                =2 means this is an unconditionally fatal error.
C                =1 means this is a recoverable error.  (I.e., it is
C                   non-fatal if XSETF has been appropriately called.)
C                =0 means this is a warning message only.
C                =-1 means this is a warning message which is to be
C                   printed at most once, regardless of how many
C                   times this call is executed.
C        NI    - number of integer values to be printed. (0 to 2)
C        I1    - first integer value.
C        I2    - second integer value.
C        NR    - number of real values to be printed. (0 to 2)
C        R1    - first real value.
C        R2    - second real value.
C
C     Examples
C        CALL XERRWV('SMOOTH -- NUM (=I1) WAS ZERO.',29,1,2,
C    1   1,NUM,0,0,0.,0.)
C        CALL XERRWV('QUADXY -- REQUESTED ERROR (R1) LESS THAN MINIMUM (
C    1R2).,54,77,1,0,0,0,2,ERRREQ,ERRMIN)
C
C     Latest revision ---  19 MAR 1980
C     Written by Ron Jones, with SLATEC Common Math Library Subcommittee
C***REFERENCES  JONES R.E., KAHANER D.K., "XERROR, THE SLATEC ERROR-
C                 HANDLING PACKAGE", SAND82-0800, SANDIA LABORATORIES,
C                 1982.
C***ROUTINES CALLED  FDUMP,I1MACH,J4SAVE,XERABT,XERCTL,XERPRT,XERSAV,
C                    XGETUA
C***END PROLOGUE  XERRWV
      CHARACTER*(*) MESSG
      CHARACTER*20 LFIRST
      CHARACTER*37 FORM
      DIMENSION LUN(5)
C     GET FLAGS
C***FIRST EXECUTABLE STATEMENT  XERRWV
      LKNTRL = J4SAVE(2,0,.FALSE.)
      MAXMES = J4SAVE(4,0,.FALSE.)
C     CHECK FOR VALID INPUT
      IF ((NMESSG.GT.0).AND.(NERR.NE.0).AND.
     1    (LEVEL.GE.(-1)).AND.(LEVEL.LE.2)) GO TO 10
         IF (LKNTRL.GT.0) CALL XERPRT('FATAL ERROR IN...',17)
         CALL XERPRT('XERROR -- INVALID INPUT',23)
         IF (LKNTRL.GT.0) CALL FDUMP
         IF (LKNTRL.GT.0) CALL XERPRT('JOB ABORT DUE TO FATAL ERROR.',
     1  29)
         IF (LKNTRL.GT.0) CALL XERSAV(' ',0,0,0,KDUMMY)
         CALL XERABT('XERROR -- INVALID INPUT',23)
         RETURN
   10 CONTINUE
C     RECORD MESSAGE
      JUNK = J4SAVE(1,NERR,.TRUE.)
      CALL XERSAV(MESSG,NMESSG,NERR,LEVEL,KOUNT)
C     LET USER OVERRIDE
      LFIRST = MESSG
      LMESSG = NMESSG
      LERR = NERR
      LLEVEL = LEVEL
      CALL XERCTL(LFIRST,LMESSG,LERR,LLEVEL,LKNTRL)
C     RESET TO ORIGINAL VALUES
      LMESSG = NMESSG
      LERR = NERR
      LLEVEL = LEVEL
      LKNTRL = MAX0(-2,MIN0(2,LKNTRL))
      MKNTRL = IABS(LKNTRL)
C     DECIDE WHETHER TO PRINT MESSAGE
      IF ((LLEVEL.LT.2).AND.(LKNTRL.EQ.0)) GO TO 100
      IF (((LLEVEL.EQ.(-1)).AND.(KOUNT.GT.MIN0(1,MAXMES)))
     1.OR.((LLEVEL.EQ.0)   .AND.(KOUNT.GT.MAXMES))
     2.OR.((LLEVEL.EQ.1)   .AND.(KOUNT.GT.MAXMES).AND.(MKNTRL.EQ.1))
     3.OR.((LLEVEL.EQ.2)   .AND.(KOUNT.GT.MAX0(1,MAXMES)))) GO TO 100
         IF (LKNTRL.LE.0) GO TO 20
            CALL XERPRT(' ',1)
C           INTRODUCTION
            IF (LLEVEL.EQ.(-1)) CALL XERPRT
     1('WARNING MESSAGE...THIS MESSAGE WILL ONLY BE PRINTED ONCE.',57)
            IF (LLEVEL.EQ.0) CALL XERPRT('WARNING IN...',13)
            IF (LLEVEL.EQ.1) CALL XERPRT
     1      ('RECOVERABLE ERROR IN...',23)
            IF (LLEVEL.EQ.2) CALL XERPRT('FATAL ERROR IN...',17)
   20    CONTINUE
C        MESSAGE
         CALL XERPRT(MESSG,LMESSG)
         CALL XGETUA(LUN,NUNIT)
         ISIZEI = LOG10(FLOAT(I1MACH(9))) + 1.0
         ISIZEF = LOG10(FLOAT(I1MACH(10))**I1MACH(11)) + 1.0
         DO 50 KUNIT=1,NUNIT
            IUNIT = LUN(KUNIT)
            IF (IUNIT.EQ.0) IUNIT = I1MACH(4)
            DO 22 I=1,MIN(NI,2)
               WRITE (FORM,21) I,ISIZEI
   21          FORMAT ('(11X,21HIN ABOVE MESSAGE, I',I1,'=,I',I2,')   ')
               IF (I.EQ.1) WRITE (IUNIT,FORM) I1
               IF (I.EQ.2) WRITE (IUNIT,FORM) I2
   22       CONTINUE
            DO 24 I=1,MIN(NR,2)
               WRITE (FORM,23) I,ISIZEF+10,ISIZEF
   23          FORMAT ('(11X,21HIN ABOVE MESSAGE, R',I1,'=,E',
     1         I2,'.',I2,')')
               IF (I.EQ.1) WRITE (IUNIT,FORM) R1
               IF (I.EQ.2) WRITE (IUNIT,FORM) R2
   24       CONTINUE
            IF (LKNTRL.LE.0) GO TO 40
C              ERROR NUMBER
               WRITE (IUNIT,30) LERR
   30          FORMAT (15H ERROR NUMBER =,I10)
   40       CONTINUE
   50    CONTINUE
C        TRACE-BACK
         IF (LKNTRL.GT.0) CALL FDUMP
  100 CONTINUE
      IFATAL = 0
      IF ((LLEVEL.EQ.2).OR.((LLEVEL.EQ.1).AND.(MKNTRL.EQ.2)))
     1IFATAL = 1
C     QUIT HERE IF MESSAGE IS NOT FATAL
      IF (IFATAL.LE.0) RETURN
      IF ((LKNTRL.LE.0).OR.(KOUNT.GT.MAX0(1,MAXMES))) GO TO 120
C        PRINT REASON FOR ABORT
         IF (LLEVEL.EQ.1) CALL XERPRT
     1   ('JOB ABORT DUE TO UNRECOVERED ERROR.',35)
         IF (LLEVEL.EQ.2) CALL XERPRT
     1   ('JOB ABORT DUE TO FATAL ERROR.',29)
C        PRINT ERROR SUMMARY
         CALL XERSAV(' ',-1,0,0,KDUMMY)
  120 CONTINUE
C     ABORT
      IF ((LLEVEL.EQ.2).AND.(KOUNT.GT.MAX0(1,MAXMES))) LMESSG = 0
      CALL XERABT(MESSG,LMESSG)
      RETURN
      END
      SUBROUTINE XERSAV(MESSG,NMESSG,NERR,LEVEL,ICOUNT)
C***BEGIN PROLOGUE  XERSAV
C***DATE WRITTEN   800319   (YYMMDD)
C***REVISION DATE  820801   (YYMMDD)
C***CATEGORY NO.  Z
C***KEYWORDS  ERROR,XERROR PACKAGE
C***AUTHOR  JONES, R. E., (SNLA)
C***PURPOSE  Records that an error occurred.
C***DESCRIPTION
C     Abstract
C        Record that this error occurred.
C
C     Description of Parameters
C     --Input--
C       MESSG, NMESSG, NERR, LEVEL are as in XERROR,
C       except that when NMESSG=0 the tables will be
C       dumped and cleared, and when NMESSG is less than zero the
C       tables will be dumped and not cleared.
C     --Output--
C       ICOUNT will be the number of times this message has
C       been seen, or zero if the table has overflowed and
C       does not contain this message specifically.
C       When NMESSG=0, ICOUNT will not be altered.
C
C     Written by Ron Jones, with SLATEC Common Math Library Subcommittee
C     Latest revision ---  19 Mar 1980
C***REFERENCES  JONES R.E., KAHANER D.K., "XERROR, THE SLATEC ERROR-
C                 HANDLING PACKAGE", SAND82-0800, SANDIA LABORATORIES,
C                 1982.
C***ROUTINES CALLED  I1MACH,S88FMT,XGETUA
C***END PROLOGUE  XERSAV
      INTEGER LUN(5)
      CHARACTER*(*) MESSG
      CHARACTER*20 MESTAB(10),MES
      DIMENSION NERTAB(10),LEVTAB(10),KOUNT(10)
      SAVE MESTAB,NERTAB,LEVTAB,KOUNT,KOUNTX
C     NEXT TWO DATA STATEMENTS ARE NECESSARY TO PROVIDE A BLANK
C     ERROR TABLE INITIALLY
      DATA KOUNT(1),KOUNT(2),KOUNT(3),KOUNT(4),KOUNT(5),
     1     KOUNT(6),KOUNT(7),KOUNT(8),KOUNT(9),KOUNT(10)
     2     /0,0,0,0,0,0,0,0,0,0/
      DATA KOUNTX/0/
C***FIRST EXECUTABLE STATEMENT  XERSAV
      IF (NMESSG.GT.0) GO TO 80
C     DUMP THE TABLE
         IF (KOUNT(1).EQ.0) RETURN
C        PRINT TO EACH UNIT
         CALL XGETUA(LUN,NUNIT)
         DO 60 KUNIT=1,NUNIT
            IUNIT = LUN(KUNIT)
            IF (IUNIT.EQ.0) IUNIT = I1MACH(4)
C           PRINT TABLE HEADER
            WRITE (IUNIT,10)
   10       FORMAT (32H0          ERROR MESSAGE SUMMARY/
     1      51H MESSAGE START             NERR     LEVEL     COUNT)
C           PRINT BODY OF TABLE
            DO 20 I=1,10
               IF (KOUNT(I).EQ.0) GO TO 30
               WRITE (IUNIT,15) MESTAB(I),NERTAB(I),LEVTAB(I),KOUNT(I)
   15          FORMAT (1X,A20,3I10)
   20       CONTINUE
   30       CONTINUE
C           PRINT NUMBER OF OTHER ERRORS
            IF (KOUNTX.NE.0) WRITE (IUNIT,40) KOUNTX
   40       FORMAT (41H0OTHER ERRORS NOT INDIVIDUALLY TABULATED=,I10)
            WRITE (IUNIT,50)
   50       FORMAT (1X)
   60    CONTINUE
         IF (NMESSG.LT.0) RETURN
C        CLEAR THE ERROR TABLES
         DO 70 I=1,10
   70       KOUNT(I) = 0
         KOUNTX = 0
         RETURN
   80 CONTINUE
C     PROCESS A MESSAGE...
C     SEARCH FOR THIS MESSG, OR ELSE AN EMPTY SLOT FOR THIS MESSG,
C     OR ELSE DETERMINE THAT THE ERROR TABLE IS FULL.
      MES = MESSG
      DO 90 I=1,10
         II = I
         IF (KOUNT(I).EQ.0) GO TO 110
         IF (MES.NE.MESTAB(I)) GO TO 90
         IF (NERR.NE.NERTAB(I)) GO TO 90
         IF (LEVEL.NE.LEVTAB(I)) GO TO 90
         GO TO 100
   90 CONTINUE
C     THREE POSSIBLE CASES...
C     TABLE IS FULL
         KOUNTX = KOUNTX+1
         ICOUNT = 1
         RETURN
C     MESSAGE FOUND IN TABLE
  100    KOUNT(II) = KOUNT(II) + 1
         ICOUNT = KOUNT(II)
         RETURN
C     EMPTY SLOT FOUND FOR NEW MESSAGE
  110    MESTAB(II) = MES
         NERTAB(II) = NERR
         LEVTAB(II) = LEVEL
         KOUNT(II)  = 1
         ICOUNT = 1
         RETURN
      END
      SUBROUTINE XGETUA(IUNITA,N)
C***BEGIN PROLOGUE  XGETUA
C***DATE WRITTEN   790801   (YYMMDD)
C***REVISION DATE  820801   (YYMMDD)
C***CATEGORY NO.  R3C
C***KEYWORDS  ERROR,XERROR PACKAGE
C***AUTHOR  JONES, R. E., (SNLA)
C***PURPOSE  Returns unit number(s) to which error messages are being
C            sent.
C***DESCRIPTION
C     Abstract
C        XGETUA may be called to determine the unit number or numbers
C        to which error messages are being sent.
C        These unit numbers may have been set by a call to XSETUN,
C        or a call to XSETUA, or may be a default value.
C
C     Description of Parameters
C      --Output--
C        IUNIT - an array of one to five unit numbers, depending
C                on the value of N.  A value of zero refers to the
C                default unit, as defined by the I1MACH machine
C                constant routine.  Only IUNIT(1),...,IUNIT(N) are
C                defined by XGETUA.  The values of IUNIT(N+1),...,
C                IUNIT(5) are not defined (for N .LT. 5) or altered
C                in any way by XGETUA.
C        N     - the number of units to which copies of the
C                error messages are being sent.  N will be in the
C                range from 1 to 5.
C
C     Latest revision ---  19 MAR 1980
C     Written by Ron Jones, with SLATEC Common Math Library Subcommittee
C***REFERENCES  JONES R.E., KAHANER D.K., "XERROR, THE SLATEC ERROR-
C                 HANDLING PACKAGE", SAND82-0800, SANDIA LABORATORIES,
C                 1982.
C***ROUTINES CALLED  J4SAVE
C***END PROLOGUE  XGETUA
      DIMENSION IUNITA(5)
C***FIRST EXECUTABLE STATEMENT  XGETUA
      N = J4SAVE(5,0,.FALSE.)
      DO 30 I=1,N
         INDEX = I+4
         IF (I.EQ.1) INDEX = 3
         IUNITA(I) = J4SAVE(INDEX,0,.FALSE.)
   30 CONTINUE
      RETURN
      END
      DOUBLE PRECISION FUNCTION D1MACH(I)
C***BEGIN PROLOGUE  D1MACH
C***DATE WRITTEN   750101   (YYMMDD)
C***REVISION DATE  880330   (YYMMDD)
C***CATEGORY NO.  R1
C***KEYWORDS  MACHINE CONSTANTS
C***AUTHOR  FOX, P. A., (BELL LABS)
C           HALL, A. D., (BELL LABS)
C           SCHRYER, N. L., (BELL LABS)
C***PURPOSE  Returns double precision machine dependent constants
C***DESCRIPTION
C
C     This is the CMLIB version of D1MACH, the double precision machine
C     constants subroutine originally developed for the PORT library.
C
C     D1MACH can be used to obtain machine-dependent parameters
C     for the local machine environment.  It is a function
C     subprogram with one (input) argument, and can be called
C     as follows, for example
C
C          D = D1MACH(I)
C
C     where I=1,...,5.  The (output) value of D above is
C     determined by the (input) value of I.  The results for
C     various values of I are discussed below.
C
C  Double-precision machine constants
C  D1MACH( 1) = B**(EMIN-1), the smallest positive magnitude.
C  D1MACH( 2) = B**EMAX*(1 - B**(-T)), the largest magnitude.
C  D1MACH( 3) = B**(-T), the smallest relative spacing.
C  D1MACH( 4) = B**(1-T), the largest relative spacing.
C  D1MACH( 5) = LOG10(B)
C***REFERENCES  FOX P.A., HALL A.D., SCHRYER N.L.,*FRAMEWORK FOR A
C                 PORTABLE LIBRARY*, ACM TRANSACTIONS ON MATHEMATICAL
C                 SOFTWARE, VOL. 4, NO. 2, JUNE 1978, PP. 177-188.
C***ROUTINES CALLED  XERROR
C***END PROLOGUE  D1MACH
C
      INTEGER SMALL(4)
      INTEGER LARGE(4)
      INTEGER RIGHT(4)
      INTEGER DIVER(4)
      INTEGER LOG10(4)
C
      DOUBLE PRECISION DMACH(5)
C
      EQUIVALENCE (DMACH(1),SMALL(1))
      EQUIVALENCE (DMACH(2),LARGE(1))
      EQUIVALENCE (DMACH(3),RIGHT(1))
      EQUIVALENCE (DMACH(4),DIVER(1))
      EQUIVALENCE (DMACH(5),LOG10(1))
C
C     MACHINE CONSTANTS FOR IEEE ARITHMETIC MACHINES, SUCH AS THE AT&amp;T
C     3B SERIES AND MOTOROLA 68000 BASED MACHINES (E.G. SUN 3 AND AT&amp;T
C     PC 7300), SUN SPARCSTATIONS, SILICON GRAPHCS WORKSTATIONS, HP
C     9000 WORKSTATIONS, IBM RS/6000 WORKSTATIONS IN WHICH THE MOST 
C     SIGNIFICANT BYTE IS STORED FIRST.
C
C === MACHINE = ATT.3B
C === MACHINE = ATT.7300
C === MACHINE = HP.9000
C === MACHINE = IBM.RS6000
C === MACHINE = IEEE.MOST-SIG-BYTE-FIRST
C === MACHINE = SGI
C === MACHINE = SUN
C === MACHINE = 68000
C      DATA SMALL(1),SMALL(2) /    1048576,          0 /
C      DATA LARGE(1),LARGE(2) / 2146435071,         -1 /
C      DATA RIGHT(1),RIGHT(2) / 1017118720,          0 /
C      DATA DIVER(1),DIVER(2) / 1018167296,          0 /
C      DATA LOG10(1),LOG10(2) / 1070810131, 1352628735 /
C
C     MACHINE CONSTANTS FOR IEEE ARITHMETIC MACHINES AND 8087-BASED
C     MICROS, SUCH AS THE IBM PC AND AT&amp;T 6300, IN WHICH THE LEAST
C     SIGNIFICANT BYTE IS STORED FIRST.
C
C === MACHINE = IEEE.LEAST-SIG-BYTE-FIRST
C === MACHINE = 8087
C === MACHINE = IBM.PC
C === MACHINE = ATT.6300
C      DATA SMALL(1),SMALL(2) /          0,    1048576 /
C      DATA LARGE(1),LARGE(2) /         -1, 2146435071 /
C      DATA RIGHT(1),RIGHT(2) /          0, 1017118720 /
C      DATA DIVER(1),DIVER(2) /          0, 1018167296 /
C      DATA LOG10(1),LOG10(2) / 1352628735, 1070810131 /
C
C     MACHINE CONSTANTS FOR SUN WORKSTATIONS.  f77 WITH -r8 OPTION.
C
C === MACHINE = SUN.F77-WITH-R8-OPTION
C      DATA DMACH(1) / 3.3621031431120935062626778173217526D-4932 /
C      DATA DMACH(2) / 1.1897314953572317650857593266280070D+4932 /
C      DATA DMACH(3) / 9.6296497219361792652798897129246366D-035  /
C      DATA DMACH(4) / 1.9259299443872358530559779425849273D-034  /
C      DATA DMACH(5) / 0.30102999566398119521373889472449302      /
C
C     MACHINE CONSTANTS FOR IBM RS/6000 WORKSTATIONS WITH -qautodbl=dblpad.
C
C === MACHINE = IBM.RS6000.XLF-WITH-AUTODBL-OPTION
C      DATA DMACH(1) / 2.2250738585072E-308 /
C      DATA DMACH(2) / 1.7976931348623E308  /
C      DATA DMACH(3) / 0.48148248609680896326399448564623183E-34  /
C      DATA DMACH(4) / 0.48148248609680896326399448564623183E-34  /
C      DATA DMACH(5) / 0.30102999566398119521373889472449302      /
C
C     MACHINE CONSTANTS FOR SGI Origin 2000 with -r8 -d16 options.
C
C === MACHINE = SGI.ORIGIN.F77-WITH-R8-D16-OPTIONS
C      DATA DMACH(1) / 1.8051943758648295760692620811737E-276 /
C      DATA DMACH(2) / 8.9884656743115795386465259539451E+307  /
C      DATA DMACH(3) / 6.1629758220391547297791294162718E-33  /
C      DATA DMACH(4) / 1.2325951644078309459558258832544E-32  /
C      DATA DMACH(5) / 0.30102999566398119521373889472449302  /
C
C     MACHINE CONSTANTS FOR AMDAHL MACHINES.
C
C === MACHINE = AMDAHL
C      DATA SMALL(1),SMALL(2) /    1048576,          0 /
C      DATA LARGE(1),LARGE(2) / 2147483647,         -1 /
C      DATA RIGHT(1),RIGHT(2) /  856686592,          0 /
C      DATA DIVER(1),DIVER(2) /  873463808,          0 /
C      DATA LOG10(1),LOG10(2) / 1091781651, 1352628735 /
C
C     MACHINE CONSTANTS FOR THE BURROUGHS 1700 SYSTEM.
C
C === MACHINE = BURROUGHS.1700
C      DATA SMALL(1) / ZC00800000 /
C      DATA SMALL(2) / Z000000000 /
C      DATA LARGE(1) / ZDFFFFFFFF /
C      DATA LARGE(2) / ZFFFFFFFFF /
C      DATA RIGHT(1) / ZCC5800000 /
C      DATA RIGHT(2) / Z000000000 /
C      DATA DIVER(1) / ZCC6800000 /
C      DATA DIVER(2) / Z000000000 /
C      DATA LOG10(1) / ZD00E730E7 /
C      DATA LOG10(2) / ZC77800DC0 /
C
C     MACHINE CONSTANTS FOR THE BURROUGHS 5700 SYSTEM.
C
C === MACHINE = BURROUGHS.5700
C      DATA SMALL(1) / O1771000000000000 /
C      DATA SMALL(2) / O0000000000000000 /
C      DATA LARGE(1) / O0777777777777777 /
C      DATA LARGE(2) / O0007777777777777 /
C      DATA RIGHT(1) / O1461000000000000 /
C      DATA RIGHT(2) / O0000000000000000 /
C      DATA DIVER(1) / O1451000000000000 /
C      DATA DIVER(2) / O0000000000000000 /
C      DATA LOG10(1) / O1157163034761674 /
C      DATA LOG10(2) / O0006677466732724 /
C
C     MACHINE CONSTANTS FOR THE BURROUGHS 6700/7700 SYSTEMS.
C
C === MACHINE = BURROUGHS.6700
C === MACHINE = BURROUGHS.7700
C      DATA SMALL(1) / O1771000000000000 /
C      DATA SMALL(2) / O7770000000000000 /
C      DATA LARGE(1) / O0777777777777777 /
C      DATA LARGE(2) / O7777777777777777 /
C      DATA RIGHT(1) / O1461000000000000 /
C      DATA RIGHT(2) / O0000000000000000 /
C      DATA DIVER(1) / O1451000000000000 /
C      DATA DIVER(2) / O0000000000000000 /
C      DATA LOG10(1) / O1157163034761674 /
C      DATA LOG10(2) / O0006677466732724 /
C
C     MACHINE CONSTANTS FOR THE CONVEX C1, C2, C3 SERIES (NATIVE MODE)
C
C === MACHINE = CONVEX
C      DATA DMACH(1) / 5.562684646268007D-309 /
C      DATA DMACH(2) / 8.988465674311577D+307 /
C      DATA DMACH(3) / 1.110223024625157D-016 /
C      DATA DMACH(4) / 2.220446049250313D-016 /
C      DATA DMACH(5) / 3.010299956639812D-001 /
C
C     MACHINE CONSTANTS FOR THE CONVEX C1, C2, C3 SERIES (NATIVE MODE)
C     WITH -P8 OPTION
C
C === MACHINE = CONVEX.P8
C      DATA DMACH(1) / 8.500000000000000000000000000000000Q-4933 /
C      DATA DMACH(2) / 5.900000000000000000000000000000000Q+4931 /
C      DATA DMACH(3) / 1.925929944387235853055977942584927Q-0034 /
C      DATA DMACH(4) / 3.851859888774471706111955885169854Q-0034 /
C      DATA DMACH(5) / 3.010299956639811952137388947244930Q-0001 /
C
C     MACHINE CONSTANTS FOR THE CONVEX C1, C2, C3 SERIES (IEEE MODE)
C     WITH OR WITHOUT -P8 OPTION
C
C === MACHINE = CONVEX.IEEE
C === MACHINE = CONVEX.IEEE.P8
C      DATA DMACH(1) / 2.225073858507202D-308 /
C      DATA DMACH(2) / 1.797693134862315D+308 /
C      DATA DMACH(3) / 1.110223024625157D-016 /
C      DATA DMACH(4) / 2.220446049250313D-016 /
C      DATA DMACH(5) / 3.010299956639812D-001 /
C
C     MACHINE CONSTANTS FOR THE CYBER 170/180 SERIES USING NOS (FTN5).
C
C === MACHINE = CYBER.170.NOS
C === MACHINE = CYBER.180.NOS
C      DATA SMALL(1) / O"00604000000000000000" /
C      DATA SMALL(2) / O"00000000000000000000" /
C      DATA LARGE(1) / O"37767777777777777777" /
C      DATA LARGE(2) / O"37167777777777777777" /
C      DATA RIGHT(1) / O"15604000000000000000" /
C      DATA RIGHT(2) / O"15000000000000000000" /
C      DATA DIVER(1) / O"15614000000000000000" /
C      DATA DIVER(2) / O"15010000000000000000" /
C      DATA LOG10(1) / O"17164642023241175717" /
C      DATA LOG10(2) / O"16367571421742254654" /
C
C     MACHINE CONSTANTS FOR THE CDC 180 SERIES USING NOS/VE
C
C === MACHINE = CYBER.180.NOS/VE
C      DATA SMALL(1) / Z"3001800000000000" /
C      DATA SMALL(2) / Z"3001000000000000" /
C      DATA LARGE(1) / Z"4FFEFFFFFFFFFFFE" /
C      DATA LARGE(2) / Z"4FFE000000000000" /
C      DATA RIGHT(1) / Z"3FD2800000000000" /
C      DATA RIGHT(2) / Z"3FD2000000000000" /
C      DATA DIVER(1) / Z"3FD3800000000000" /
C      DATA DIVER(2) / Z"3FD3000000000000" /
C      DATA LOG10(1) / Z"3FFF9A209A84FBCF" /
C      DATA LOG10(2) / Z"3FFFF7988F8959AC" /
C
C     MACHINE CONSTANTS FOR THE CYBER 205
C
C === MACHINE = CYBER.205
C      DATA SMALL(1) / X'9000400000000000' /
C      DATA SMALL(2) / X'8FD1000000000000' /
C      DATA LARGE(1) / X'6FFF7FFFFFFFFFFF' /
C      DATA LARGE(2) / X'6FD07FFFFFFFFFFF' /
C      DATA RIGHT(1) / X'FF74400000000000' /
C      DATA RIGHT(2) / X'FF45000000000000' /
C      DATA DIVER(1) / X'FF75400000000000' /
C      DATA DIVER(2) / X'FF46000000000000' /
C      DATA LOG10(1) / X'FFD04D104D427DE7' /
C      DATA LOG10(2) / X'FFA17DE623E2566A' /
C
C     MACHINE CONSTANTS FOR THE CDC 6000/7000 SERIES.
C
C === MACHINE = CDC.6000
C === MACHINE = CDC.7000
C      DATA SMALL(1) / 00604000000000000000B /
C      DATA SMALL(2) / 00000000000000000000B /
C      DATA LARGE(1) / 37767777777777777777B /
C      DATA LARGE(2) / 37167777777777777777B /
C      DATA RIGHT(1) / 15604000000000000000B /
C      DATA RIGHT(2) / 15000000000000000000B /
C      DATA DIVER(1) / 15614000000000000000B /
C      DATA DIVER(2) / 15010000000000000000B /
C      DATA LOG10(1) / 17164642023241175717B /
C      DATA LOG10(2) / 16367571421742254654B /
C
C     MACHINE CONSTANTS FOR THE CRAY 1, XMP, 2, AND 3.
C
C === MACHINE = CRAY.46-BIT-INTEGER
C === MACHINE = CRAY.64-BIT-INTEGER
C      DATA SMALL(1) / 201354000000000000000B /
C      DATA SMALL(2) / 000000000000000000000B /
C      DATA LARGE(1) / 577767777777777777777B /
C      DATA LARGE(2) / 000007777777777777776B /
C      DATA RIGHT(1) / 376434000000000000000B /
C      DATA RIGHT(2) / 000000000000000000000B /
C      DATA DIVER(1) / 376444000000000000000B /
C      DATA DIVER(2) / 000000000000000000000B /
C      DATA LOG10(1) / 377774642023241175717B /
C      DATA LOG10(2) / 000007571421742254654B /
C
C     MACHINE CONSTANTS FOR THE DATA GENERAL ECLIPSE S/200
C
C     NOTE - IT MAY BE APPROPRIATE TO INCLUDE THE FOLLOWING LINE -
C     STATIC DMACH(5)
C
C === MACHINE = DATA_GENERAL.ECLIPSE.S/200
C      DATA SMALL/20K,3*0/,LARGE/77777K,3*177777K/
C      DATA RIGHT/31420K,3*0/,DIVER/32020K,3*0/
C      DATA LOG10/40423K,42023K,50237K,74776K/
C
C     ELXSI 6400
C
C === MACHINE = ELSXI.6400
C      DATA SMALL(1), SMALL(2) / '00100000'X,'00000000'X /
C      DATA LARGE(1), LARGE(2) / '7FEFFFFF'X,'FFFFFFFF'X /
C      DATA RIGHT(1), RIGHT(2) / '3CB00000'X,'00000000'X /
C      DATA DIVER(1), DIVER(2) / '3CC00000'X,'00000000'X /
C      DATA LOG10(1), DIVER(2) / '3FD34413'X,'509F79FF'X /
C
C     MACHINE CONSTANTS FOR THE HARRIS 220
C     MACHINE CONSTANTS FOR THE HARRIS SLASH 6 AND SLASH 7
C
C === MACHINE = HARRIS.220
C === MACHINE = HARRIS.SLASH6
C === MACHINE = HARRIS.SLASH7
C      DATA SMALL(1),SMALL(2) / '20000000, '00000201 /
C      DATA LARGE(1),LARGE(2) / '37777777, '37777577 /
C      DATA RIGHT(1),RIGHT(2) / '20000000, '00000333 /
C      DATA DIVER(1),DIVER(2) / '20000000, '00000334 /
C      DATA LOG10(1),LOG10(2) / '23210115, '10237777 /
C
C     MACHINE CONSTANTS FOR THE HONEYWELL 600/6000 SERIES.
C     MACHINE CONSTANTS FOR THE HONEYWELL DPS 8/70 SERIES.
C
C === MACHINE = HONEYWELL.600/6000
C === MACHINE = HONEYWELL.DPS.8/70
C      DATA SMALL(1),SMALL(2) / O402400000000, O000000000000 /
C      DATA LARGE(1),LARGE(2) / O376777777777, O777777777777 /
C      DATA RIGHT(1),RIGHT(2) / O604400000000, O000000000000 /
C      DATA DIVER(1),DIVER(2) / O606400000000, O000000000000 /
C      DATA LOG10(1),LOG10(2) / O776464202324, O117571775714 /
C
C      MACHINE CONSTANTS FOR THE HP 2100
C      3 WORD DOUBLE PRECISION OPTION WITH FTN4
C
C === MACHINE = HP.2100.3_WORD_DP
C      DATA SMALL(1), SMALL(2), SMALL(3) / 40000B,       0,       1 /
C      DATA LARGE(1), LARGE(2), LARGE(3) / 77777B, 177777B, 177776B /
C      DATA RIGHT(1), RIGHT(2), RIGHT(3) / 40000B,       0,    265B /
C      DATA DIVER(1), DIVER(2), DIVER(3) / 40000B,       0,    276B /
C      DATA LOG10(1), LOG10(2), LOG10(3) / 46420B,  46502B,  77777B /
C
C      MACHINE CONSTANTS FOR THE HP 2100
C      4 WORD DOUBLE PRECISION OPTION WITH FTN4
C
C === MACHINE = HP.2100.4_WORD_DP
C      DATA SMALL(1), SMALL(2) /  40000B,       0 /
C      DATA SMALL(3), SMALL(4) /       0,       1 /
C      DATA LARGE(1), LARGE(2) /  77777B, 177777B /
C      DATA LARGE(3), LARGE(4) / 177777B, 177776B /
C      DATA RIGHT(1), RIGHT(2) /  40000B,       0 /
C      DATA RIGHT(3), RIGHT(4) /       0,    225B /
C      DATA DIVER(1), DIVER(2) /  40000B,       0 /
C      DATA DIVER(3), DIVER(4) /       0,    227B /
C      DATA LOG10(1), LOG10(2) /  46420B,  46502B /
C      DATA LOG10(3), LOG10(4) /  76747B, 176377B /
C
C     MACHINE CONSTANTS FOR THE IBM 360/370 SERIES,
C     THE XEROX SIGMA 5/7/9, THE SEL SYSTEMS 85/86, AND
C     THE INTERDATA 3230 AND INTERDATA 7/32.
C
C === MACHINE = IBM.360
C === MACHINE = IBM.370
C === MACHINE = XEROX.SIGMA.5
C === MACHINE = XEROX.SIGMA.7
C === MACHINE = XEROX.SIGMA.9
C === MACHINE = SEL.85
C === MACHINE = SEL.86
C === MACHINE = INTERDATA.3230
C === MACHINE = INTERDATA.7/32
C      DATA SMALL(1),SMALL(2) / Z00100000, Z00000000 /
C      DATA LARGE(1),LARGE(2) / Z7FFFFFFF, ZFFFFFFFF /
C      DATA RIGHT(1),RIGHT(2) / Z33100000, Z00000000 /
C      DATA DIVER(1),DIVER(2) / Z34100000, Z00000000 /
C      DATA LOG10(1),LOG10(2) / Z41134413, Z509F79FF /
C
C     MACHINE CONSTANTS FOR THE INTERDATA 8/32
C     WITH THE UNIX SYSTEM FORTRAN 77 COMPILER.
C
C     FOR THE INTERDATA FORTRAN VII COMPILER REPLACE
C     THE Z'S SPECIFYING HEX CONSTANTS WITH Y'S.
C
C === MACHINE = INTERDATA.8/32.UNIX
C      DATA SMALL(1),SMALL(2) / Z'00100000', Z'00000000' /
C      DATA LARGE(1),LARGE(2) / Z'7EFFFFFF', Z'FFFFFFFF' /
C      DATA RIGHT(1),RIGHT(2) / Z'33100000', Z'00000000' /
C      DATA DIVER(1),DIVER(2) / Z'34100000', Z'00000000' /
C      DATA LOG10(1),LOG10(2) / Z'41134413', Z'509F79FF' /
C
C     MACHINE CONSTANTS FOR THE PDP-10 (KA PROCESSOR).
C
C === MACHINE = PDP-10.KA
C      DATA SMALL(1),SMALL(2) / "033400000000, "000000000000 /
C      DATA LARGE(1),LARGE(2) / "377777777777, "344777777777 /
C      DATA RIGHT(1),RIGHT(2) / "113400000000, "000000000000 /
C      DATA DIVER(1),DIVER(2) / "114400000000, "000000000000 /
C      DATA LOG10(1),LOG10(2) / "177464202324, "144117571776 /
C
C     MACHINE CONSTANTS FOR THE PDP-10 (KI PROCESSOR).
C
C === MACHINE = PDP-10.KI
C      DATA SMALL(1),SMALL(2) / "000400000000, "000000000000 /
C      DATA LARGE(1),LARGE(2) / "377777777777, "377777777777 /
C      DATA RIGHT(1),RIGHT(2) / "103400000000, "000000000000 /
C      DATA DIVER(1),DIVER(2) / "104400000000, "000000000000 /
C      DATA LOG10(1),LOG10(2) / "177464202324, "047674776746 /
C
C     MACHINE CONSTANTS FOR PDP-11 FORTRAN SUPPORTING
C     32-BIT INTEGERS (EXPRESSED IN INTEGER AND OCTAL).
C
C === MACHINE = PDP-11.32-BIT
C      DATA SMALL(1),SMALL(2) /    8388608,           0 /
C      DATA LARGE(1),LARGE(2) / 2147483647,          -1 /
C      DATA RIGHT(1),RIGHT(2) /  612368384,           0 /
C      DATA DIVER(1),DIVER(2) /  620756992,           0 /
C      DATA LOG10(1),LOG10(2) / 1067065498, -2063872008 /
C
C      DATA SMALL(1),SMALL(2) / O00040000000, O00000000000 /
C      DATA LARGE(1),LARGE(2) / O17777777777, O37777777777 /
C      DATA RIGHT(1),RIGHT(2) / O04440000000, O00000000000 /
C      DATA DIVER(1),DIVER(2) / O04500000000, O00000000000 /
C      DATA LOG10(1),LOG10(2) / O07746420232, O20476747770 /
C
C     MACHINE CONSTANTS FOR PDP-11 FORTRAN SUPPORTING
C     16-BIT INTEGERS (EXPRESSED IN INTEGER AND OCTAL).
C
C === MACHINE = PDP-11.16-BIT
C      DATA SMALL(1),SMALL(2) /    128,      0 /
C      DATA SMALL(3),SMALL(4) /      0,      0 /
C      DATA LARGE(1),LARGE(2) /  32767,     -1 /
C      DATA LARGE(3),LARGE(4) /     -1,     -1 /
C      DATA RIGHT(1),RIGHT(2) /   9344,      0 /
C      DATA RIGHT(3),RIGHT(4) /      0,      0 /
C      DATA DIVER(1),DIVER(2) /   9472,      0 /
C      DATA DIVER(3),DIVER(4) /      0,      0 /
C      DATA LOG10(1),LOG10(2) /  16282,   8346 /
C      DATA LOG10(3),LOG10(4) / -31493, -12296 /
C
C      DATA SMALL(1),SMALL(2) / O000200, O000000 /
C      DATA SMALL(3),SMALL(4) / O000000, O000000 /
C      DATA LARGE(1),LARGE(2) / O077777, O177777 /
C      DATA LARGE(3),LARGE(4) / O177777, O177777 /
C      DATA RIGHT(1),RIGHT(2) / O022200, O000000 /
C      DATA RIGHT(3),RIGHT(4) / O000000, O000000 /
C      DATA DIVER(1),DIVER(2) / O022400, O000000 /
C      DATA DIVER(3),DIVER(4) / O000000, O000000 /
C      DATA LOG10(1),LOG10(2) / O037632, O020232 /
C      DATA LOG10(3),LOG10(4) / O102373, O147770 /
C
C     MACHINE CONSTANTS FOR THE SEQUENT BALANCE 8000
C
C === MACHINE = SEQUENT.BALANCE.8000
C      DATA SMALL(1),SMALL(2) / $00000000,  $00100000 /
C      DATA LARGE(1),LARGE(2) / $FFFFFFFF,  $7FEFFFFF /
C      DATA RIGHT(1),RIGHT(2) / $00000000,  $3CA00000 /
C      DATA DIVER(1),DIVER(2) / $00000000,  $3CB00000 /
C      DATA LOG10(1),LOG10(2) / $509F79FF,  $3FD34413 /
C
C     MACHINE CONSTANTS FOR THE UNIVAC 1100 SERIES. FTN COMPILER
C
C === MACHINE = UNIVAC.1100
C      DATA SMALL(1),SMALL(2) / O000040000000, O000000000000 /
C      DATA LARGE(1),LARGE(2) / O377777777777, O777777777777 /
C      DATA RIGHT(1),RIGHT(2) / O170540000000, O000000000000 /
C      DATA DIVER(1),DIVER(2) / O170640000000, O000000000000 /
C      DATA LOG10(1),LOG10(2) / O177746420232, O411757177572 /
C
C     MACHINE CONSTANTS FOR VAX 11/780
C     (EXPRESSED IN INTEGER AND HEXADECIMAL)
C    *** THE INTEGER FORMAT SHOULD BE OK FOR UNIX SYSTEMS***
C
C === MACHINE = VAX.11/780
C      DATA SMALL(1), SMALL(2) /        128,           0 /
C      DATA LARGE(1), LARGE(2) /     -32769,          -1 /
C      DATA RIGHT(1), RIGHT(2) /       9344,           0 /
C      DATA DIVER(1), DIVER(2) /       9472,           0 /
C      DATA LOG10(1), LOG10(2) /  546979738,  -805796613 /
C
C    ***THE HEX FORMAT BELOW MAY NOT BE SUITABLE FOR UNIX SYSYEMS***
C      DATA SMALL(1), SMALL(2) / Z00000080, Z00000000 /
C      DATA LARGE(1), LARGE(2) / ZFFFF7FFF, ZFFFFFFFF /
C      DATA RIGHT(1), RIGHT(2) / Z00002480, Z00000000 /
C      DATA DIVER(1), DIVER(2) / Z00002500, Z00000000 /
C      DATA LOG10(1), LOG10(2) / Z209A3F9A, ZCFF884FB /
C
C   MACHINE CONSTANTS FOR VAX 11/780 (G-FLOATING)
C     (EXPRESSED IN INTEGER AND HEXADECIMAL)
C    *** THE INTEGER FORMAT SHOULD BE OK FOR UNIX SYSTEMS***
C
C      DATA SMALL(1), SMALL(2) /         16,           0 /
C      DATA LARGE(1), LARGE(2) /     -32769,          -1 /
C      DATA RIGHT(1), RIGHT(2) /      15552,           0 /
C      DATA DIVER(1), DIVER(2) /      15568,           0 /
C      DATA LOG10(1), LOG10(2) /  1142112243, 2046775455 /
C
C    ***THE HEX FORMAT BELOW MAY NOT BE SUITABLE FOR UNIX SYSYEMS***
C      DATA SMALL(1), SMALL(2) / Z00000010, Z00000000 /
C      DATA LARGE(1), LARGE(2) / ZFFFF7FFF, ZFFFFFFFF /
C      DATA RIGHT(1), RIGHT(2) / Z00003CC0, Z00000000 /
C      DATA DIVER(1), DIVER(2) / Z00003CD0, Z00000000 /
C      DATA LOG10(1), LOG10(2) / Z44133FF3, Z79FF509F /
C
C
C***FIRST EXECUTABLE STATEMENT  D1MACH
C
      D1MACH = DMACH(I)
      RETURN
C
      END
      INTEGER FUNCTION I1MACH(I)
C***BEGIN PROLOGUE  I1MACH
C***DATE WRITTEN   750101   (YYMMDD)
C***REVISION DATE  840405   (YYMMDD)
C***CATEGORY NO.  R1
C***KEYWORDS  MACHINE CONSTANTS
C***AUTHOR  FOX, P. A., (BELL LABS)
C           HALL, A. D., (BELL LABS)
C           SCHRYER, N. L., (BELL LABS)
C***PURPOSE  Returns integer machine dependent constants
C***DESCRIPTION
C
C     This is the CMLIB version of I1MACH, the integer machine
C     constants subroutine originally developed for the PORT library.
C
C     I1MACH can be used to obtain machine-dependent parameters
C     for the local machine environment.  It is a function
C     subroutine with one (input) argument, and can be called
C     as follows, for example
C
C          K = I1MACH(I)
C
C     where I=1,...,16.  The (output) value of K above is
C     determined by the (input) value of I.  The results for
C     various values of I are discussed below.
C
C  I/O unit numbers.
C    I1MACH( 1) = the standard input unit.
C    I1MACH( 2) = the standard output unit.
C    I1MACH( 3) = the standard punch unit.
C    I1MACH( 4) = the standard error message unit.
C
C  Words.
C    I1MACH( 5) = the number of bits per integer storage unit.
C    I1MACH( 6) = the number of characters per integer storage unit.
C
C  Integers.
C    assume integers are represented in the S-digit, base-A form
C
C               sign ( X(S-1)*A**(S-1) + ... + X(1)*A + X(0) )
C
C               where 0 .LE. X(I) .LT. A for I=0,...,S-1.
C    I1MACH( 7) = A, the base.
C    I1MACH( 8) = S, the number of base-A digits.
C    I1MACH( 9) = A**S - 1, the largest magnitude.
C
C  Floating-Point Numbers.
C    Assume floating-point numbers are represented in the T-digit,
C    base-B form
C               sign (B**E)*( (X(1)/B) + ... + (X(T)/B**T) )
C
C               where 0 .LE. X(I) .LT. B for I=1,...,T,
C               0 .LT. X(1), and EMIN .LE. E .LE. EMAX.
C    I1MACH(10) = B, the base.
C
C  Single-Precision
C    I1MACH(11) = T, the number of base-B digits.
C    I1MACH(12) = EMIN, the smallest exponent E.
C    I1MACH(13) = EMAX, the largest exponent E.
C
C  Double-Precision
C    I1MACH(14) = T, the number of base-B digits.
C    I1MACH(15) = EMIN, the smallest exponent E.
C    I1MACH(16) = EMAX, the largest exponent E.
C
C  To alter this function for a particular environment,
C  the desired set of DATA statements should be activated by
C  removing the C from column 1.  Also, the values of
C  I1MACH(1) - I1MACH(4) should be checked for consistency
C  with the local operating system.
C***REFERENCES  FOX P.A., HALL A.D., SCHRYER N.L.,*FRAMEWORK FOR A
C                 PORTABLE LIBRARY*, ACM TRANSACTIONS ON MATHEMATICAL
C                 SOFTWARE, VOL. 4, NO. 2, JUNE 1978, PP. 177-188.
C***ROUTINES CALLED  (NONE)
C***END PROLOGUE  I1MACH
C
      INTEGER IMACH(16),OUTPUT
      EQUIVALENCE (IMACH(4),OUTPUT)
C
C     MACHINE CONSTANTS FOR IEEE ARITHMETIC MACHINES, SUCH AS THE AT&amp;T
C     3B SERIES, MOTOROLA 68000 BASED MACHINES (E.G. SUN 3 AND AT&amp;T
C     PC 7300), SUN SPARCSTATIONS, SILICON GRAPHCS WORKSTATIONS, HP
C     9000 WORKSTATIONS, IBM RS/6000 WORKSTATIONS, AND 8087 BASED 
C     MICROS (E.G. IBM PC AND AT&amp;T 6300).
C
C === MACHINE = ATT.3B
C === MACHINE = ATT.6300
C === MACHINE = ATT.7300
C === MACHINE = HP.9000
C === MACHINE = IBM.PC
C === MACHINE = IBM.RS6000
C === MACHINE = IEEE.MOST-SIG-BYTE-FIRST
C === MACHINE = IEEE.LEAST-SIG-BYTE-FIRST
C === MACHINE = SGI
C === MACHINE = SUN
C === MACHINE = 68000
C === MACHINE = 8087
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    7 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   32 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   24 /
C      DATA IMACH(12) / -125 /
C      DATA IMACH(13) /  128 /
C      DATA IMACH(14) /   53 /
C      DATA IMACH(15) / -1021 /
C      DATA IMACH(16) /  1024 /
C
C     MACHINE CONSTANTS FOR SUN WORKSTATIONS.  f77 WITH -r8 OPTION.
C
C === MACHINE = SUN.F77-WITH-R8-OPTION
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    6 /
C      DATA IMACH( 4) /    0 /
C      DATA IMACH( 5) /   32 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   53 /
C      DATA IMACH(12) / -1021 /
C      DATA IMACH(13) /  1024 /
C      DATA IMACH(14) /   113 /
C      DATA IMACH(15) / -16382 /
C      DATA IMACH(16) /  16384 /
C
C     MACHINE CONSTANTS FOR SGI Origin 2000 with -r8 -d16 options.
C
C === MACHINE = SGI.ORIGIN.F77-WITH-R8-D16-OPTIONS
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    6 /
C      DATA IMACH( 4) /    0 /
C      DATA IMACH( 5) /   32 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   53 /
C      DATA IMACH(12) / -1022 /
C      DATA IMACH(13) /  1024 /
C      DATA IMACH(14) /   107 /
C      DATA IMACH(15) /  -916 /
C      DATA IMACH(16) /  1025 /
C
C     MACHINE CONSTANTS FOR IBM RS/6000 WORKSTATIONS WITH -qautodbl=dblpad.
C
C === MACHINE = IBM.RS6000.XLF-WITH-AUTODBL-OPTION
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    6 /
C      DATA IMACH( 4) /    0 /
C      DATA IMACH( 5) /   32 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   53 /
C      DATA IMACH(12) / -1021 /
C      DATA IMACH(13) /  1024 /
C      DATA IMACH(14) /   114 /
C      DATA IMACH(15) / -1021 /
C      DATA IMACH(16) /  1024 /
C
C     MACHINE CONSTANTS FOR AMDAHL MACHINES.
C
C === MACHINE = AMDAHL
C      DATA IMACH( 1) /   5 /
C      DATA IMACH( 2) /   6 /
C      DATA IMACH( 3) /   7 /
C      DATA IMACH( 4) /   6 /
C      DATA IMACH( 5) /  32 /
C      DATA IMACH( 6) /   4 /
C      DATA IMACH( 7) /   2 /
C      DATA IMACH( 8) /  31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /  16 /
C      DATA IMACH(11) /   6 /
C      DATA IMACH(12) / -64 /
C      DATA IMACH(13) /  63 /
C      DATA IMACH(14) /  14 /
C      DATA IMACH(15) / -64 /
C      DATA IMACH(16) /  63 /
C
C     MACHINE CONSTANTS FOR THE BURROUGHS 1700 SYSTEM.
C
C === MACHINE = BURROUGHS.1700
C      DATA IMACH( 1) /    7 /
C      DATA IMACH( 2) /    2 /
C      DATA IMACH( 3) /    2 /
C      DATA IMACH( 4) /    2 /
C      DATA IMACH( 5) /   36 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   33 /
C      DATA IMACH( 9) / Z1FFFFFFFF /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   24 /
C      DATA IMACH(12) / -256 /
C      DATA IMACH(13) /  255 /
C      DATA IMACH(14) /   60 /
C      DATA IMACH(15) / -256 /
C      DATA IMACH(16) /  255 /
C
C     MACHINE CONSTANTS FOR THE BURROUGHS 5700 SYSTEM.
C
C === MACHINE = BURROUGHS.5700
C      DATA IMACH( 1) /   5 /
C      DATA IMACH( 2) /   6 /
C      DATA IMACH( 3) /   7 /
C      DATA IMACH( 4) /   6 /
C      DATA IMACH( 5) /  48 /
C      DATA IMACH( 6) /   6 /
C      DATA IMACH( 7) /   2 /
C      DATA IMACH( 8) /  39 /
C      DATA IMACH( 9) / O0007777777777777 /
C      DATA IMACH(10) /   8 /
C      DATA IMACH(11) /  13 /
C      DATA IMACH(12) / -50 /
C      DATA IMACH(13) /  76 /
C      DATA IMACH(14) /  26 /
C      DATA IMACH(15) / -50 /
C      DATA IMACH(16) /  76 /
C
C     MACHINE CONSTANTS FOR THE BURROUGHS 6700/7700 SYSTEMS.
C
C === MACHINE = BURROUGHS.6700
C === MACHINE = BURROUGHS.7700
C      DATA IMACH( 1) /   5 /
C      DATA IMACH( 2) /   6 /
C      DATA IMACH( 3) /   7 /
C      DATA IMACH( 4) /   6 /
C      DATA IMACH( 5) /  48 /
C      DATA IMACH( 6) /   6 /
C      DATA IMACH( 7) /   2 /
C      DATA IMACH( 8) /  39 /
C      DATA IMACH( 9) / O0007777777777777 /
C      DATA IMACH(10) /   8 /
C      DATA IMACH(11) /  13 /
C      DATA IMACH(12) / -50 /
C      DATA IMACH(13) /  76 /
C      DATA IMACH(14) /  26 /
C      DATA IMACH(15) / -32754 /
C      DATA IMACH(16) /  32780 /
C
C     MACHINE CONSTANTS FOR THE CONVEX C1, C2, C3 SERIES
C
C === MACHINE = CONVEX
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    0 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   32 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   24 /
C      DATA IMACH(12) / -127 /
C      DATA IMACH(13) /  127 /
C      DATA IMACH(14) /   53 /
C      DATA IMACH(15) / -1023 /
C      DATA IMACH(16) /  1023 /
C
C     MACHINE CONSTANTS FOR THE CONVEX C1, C2, C3 SERIES (NATIVE MODE)
C     WITH -P8 OPTION
C
C === MACHINE = CONVEX.P8
C      DATA IMACH( 1) /     5 /
C      DATA IMACH( 2) /     6 /
C      DATA IMACH( 3) /     0 /
C      DATA IMACH( 4) /     6 /
C      DATA IMACH( 5) /    64 /
C      DATA IMACH( 6) /     8 /
C      DATA IMACH( 7) /     2 /
C      DATA IMACH( 8) /    63 /
C      DATA IMACH( 9) / 9223372036854775807 /
C      DATA IMACH(10) /     2 /
C      DATA IMACH(11) /    53 /
C      DATA IMACH(12) / -1023 /
C      DATA IMACH(13) /  1023 /
C      DATA IMACH(14) /   112 /
C      DATA IMACH(15) / -16383 /
C      DATA IMACH(16) /  16383 /
C
C     MACHINE CONSTANTS FOR THE CONVEX C1, C2, C3 SERIES (IEEE MODE)
C
C === MACHINE = CONVEX.IEEE
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    0 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   32 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   24 /
C      DATA IMACH(12) / -125 /
C      DATA IMACH(13) /  128 /
C      DATA IMACH(14) /   53 /
C      DATA IMACH(15) / -1021 /
C      DATA IMACH(16) /  1024 /
C
C     MACHINE CONSTANTS FOR THE CONVEX C1, C2, C3 SERIES(IEEE MODE)
C     WITH -P8 OPTION
C
C === MACHINE = CONVEX.IEEE.P8
C      DATA IMACH( 1) /     5 /
C      DATA IMACH( 2) /     6 /
C      DATA IMACH( 3) /     0 /
C      DATA IMACH( 4) /     6 /
C      DATA IMACH( 5) /    32 /
C      DATA IMACH( 6) /     4 /
C      DATA IMACH( 7) /     2 /
C      DATA IMACH( 8) /    31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /     2 /
C      DATA IMACH(11) /    53 /
C      DATA IMACH(12) / -1021 /
C      DATA IMACH(13) /  1024 /
C      DATA IMACH(14) /    53 /
C      DATA IMACH(15) / -1021 /
C      DATA IMACH(16) /  1024 /
C
C     MACHINE CONSTANTS FOR THE CYBER 170/180 SERIES USING NOS (FTN5).
C
C === MACHINE = CYBER.170.NOS
C === MACHINE = CYBER.180.NOS
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    7 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   60 /
C      DATA IMACH( 6) /   10 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   48 /
C      DATA IMACH( 9) / O"00007777777777777777" /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   48 /
C      DATA IMACH(12) / -974 /
C      DATA IMACH(13) / 1070 /
C      DATA IMACH(14) /   96 /
C      DATA IMACH(15) / -927 /
C      DATA IMACH(16) / 1070 /
C
C     MACHINE CONSTANTS FOR THE CDC 180 SERIES USING NOS/VE
C
C === MACHINE = CYBER.180.NOS/VE
C      DATA IMACH( 1) /     5 /
C      DATA IMACH( 2) /     6 /
C      DATA IMACH( 3) /     7 /
C      DATA IMACH( 4) /     6 /
C      DATA IMACH( 5) /    64 /
C      DATA IMACH( 6) /     8 /
C      DATA IMACH( 7) /     2 /
C      DATA IMACH( 8) /    63 /
C      DATA IMACH( 9) / 9223372036854775807 /
C      DATA IMACH(10) /     2 /
C      DATA IMACH(11) /    47 /
C      DATA IMACH(12) / -4095 /
C      DATA IMACH(13) /  4094 /
C      DATA IMACH(14) /    94 /
C      DATA IMACH(15) / -4095 /
C      DATA IMACH(16) /  4094 /
C
C     MACHINE CONSTANTS FOR THE CYBER 205
C
C === MACHINE = CYBER.205
C      DATA IMACH( 1) /      5 /
C      DATA IMACH( 2) /      6 /
C      DATA IMACH( 3) /      7 /
C      DATA IMACH( 4) /      6 /
C      DATA IMACH( 5) /     64 /
C      DATA IMACH( 6) /      8 /
C      DATA IMACH( 7) /      2 /
C      DATA IMACH( 8) /     47 /
C      DATA IMACH( 9) / X'00007FFFFFFFFFFF' /
C      DATA IMACH(10) /      2 /
C      DATA IMACH(11) /     47 /
C      DATA IMACH(12) / -28625 /
C      DATA IMACH(13) /  28718 /
C      DATA IMACH(14) /     94 /
C      DATA IMACH(15) / -28625 /
C      DATA IMACH(16) /  28718 /
C
C     MACHINE CONSTANTS FOR THE CDC 6000/7000 SERIES.
C
C === MACHINE = CDC.6000
C === MACHINE = CDC.7000
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    7 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   60 /
C      DATA IMACH( 6) /   10 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   48 /
C      DATA IMACH( 9) / 00007777777777777777B /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   48 /
C      DATA IMACH(12) / -974 /
C      DATA IMACH(13) / 1070 /
C      DATA IMACH(14) /   96 /
C      DATA IMACH(15) / -927 /
C      DATA IMACH(16) / 1070 /
C
C     MACHINE CONSTANTS FOR THE CRAY 1, XMP, 2, AND 3.
C     USING THE 46 BIT INTEGER COMPILER OPTION
C
C === MACHINE = CRAY.46-BIT-INTEGER
C      DATA IMACH( 1) /     5 /
C      DATA IMACH( 2) /     6 /
C      DATA IMACH( 3) /   102 /
C      DATA IMACH( 4) /     6 /
C      DATA IMACH( 5) /    64 /
C      DATA IMACH( 6) /     8 /
C      DATA IMACH( 7) /     2 /
C      DATA IMACH( 8) /    46 /
C      DATA IMACH( 9) /  777777777777777777777B /
C      DATA IMACH(10) /     2 /
C      DATA IMACH(11) /    47 /
C      DATA IMACH(12) / -8189 /
C      DATA IMACH(13) /  8190 /
C      DATA IMACH(14) /    94 /
C      DATA IMACH(15) / -8099 /
C      DATA IMACH(16) /  8190 /
C
C     MACHINE CONSTANTS FOR THE CRAY 1, XMP, 2, AND 3.
C     USING THE 64 BIT INTEGER COMPILER OPTION
C
C === MACHINE = CRAY.64-BIT-INTEGER
C      DATA IMACH( 1) /     5 /
C      DATA IMACH( 2) /     6 /
C      DATA IMACH( 3) /   102 /
C      DATA IMACH( 4) /     6 /
C      DATA IMACH( 5) /    64 /
C      DATA IMACH( 6) /     8 /
C      DATA IMACH( 7) /     2 /
C      DATA IMACH( 8) /    63 /
C      DATA IMACH( 9) /  777777777777777777777B /
C      DATA IMACH(10) /     2 /
C      DATA IMACH(11) /    47 /
C      DATA IMACH(12) / -8189 /
C      DATA IMACH(13) /  8190 /
C      DATA IMACH(14) /    94 /
C      DATA IMACH(15) / -8099 /
C      DATA IMACH(16) /  8190 /C
C     MACHINE CONSTANTS FOR THE DATA GENERAL ECLIPSE S/200
C
C === MACHINE = DATA_GENERAL.ECLIPSE.S/200
C      DATA IMACH( 1) /   11 /
C      DATA IMACH( 2) /   12 /
C      DATA IMACH( 3) /    8 /
C      DATA IMACH( 4) /   10 /
C      DATA IMACH( 5) /   16 /
C      DATA IMACH( 6) /    2 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   15 /
C      DATA IMACH( 9) /32767 /
C      DATA IMACH(10) /   16 /
C      DATA IMACH(11) /    6 /
C      DATA IMACH(12) /  -64 /
C      DATA IMACH(13) /   63 /
C      DATA IMACH(14) /   14 /
C      DATA IMACH(15) /  -64 /
C      DATA IMACH(16) /   63 /
C
C     ELXSI  6400
C
C === MACHINE = ELSXI.6400
C      DATA IMACH( 1) /     5 /
C      DATA IMACH( 2) /     6 /
C      DATA IMACH( 3) /     6 /
C      DATA IMACH( 4) /     6 /
C      DATA IMACH( 5) /    32 /
C      DATA IMACH( 6) /     4 /
C      DATA IMACH( 7) /     2 /
C      DATA IMACH( 8) /    32 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /     2 /
C      DATA IMACH(11) /    24 /
C      DATA IMACH(12) /  -126 /
C      DATA IMACH(13) /   127 /
C      DATA IMACH(14) /    53 /
C      DATA IMACH(15) / -1022 /
C      DATA IMACH(16) /  1023 /
C
C     MACHINE CONSTANTS FOR THE HARRIS 220
C     MACHINE CONSTANTS FOR THE HARRIS SLASH 6 AND SLASH 7
C
C === MACHINE = HARRIS.220
C === MACHINE = HARRIS.SLASH6
C === MACHINE = HARRIS.SLASH7
C      DATA IMACH( 1) /       5 /
C      DATA IMACH( 2) /       6 /
C      DATA IMACH( 3) /       0 /
C      DATA IMACH( 4) /       6 /
C      DATA IMACH( 5) /      24 /
C      DATA IMACH( 6) /       3 /
C      DATA IMACH( 7) /       2 /
C      DATA IMACH( 8) /      23 /
C      DATA IMACH( 9) / 8388607 /
C      DATA IMACH(10) /       2 /
C      DATA IMACH(11) /      23 /
C      DATA IMACH(12) /    -127 /
C      DATA IMACH(13) /     127 /
C      DATA IMACH(14) /      38 /
C      DATA IMACH(15) /    -127 /
C      DATA IMACH(16) /     127 /
C
C     MACHINE CONSTANTS FOR THE HONEYWELL 600/6000 SERIES.
C     MACHINE CONSTANTS FOR THE HONEYWELL DPS 8/70 SERIES.
C
C === MACHINE = HONEYWELL.600/6000
C === MACHINE = HONEYWELL.DPS.8/70
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /   43 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   36 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   35 /
C      DATA IMACH( 9) / O377777777777 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   27 /
C      DATA IMACH(12) / -127 /
C      DATA IMACH(13) /  127 /
C      DATA IMACH(14) /   63 /
C      DATA IMACH(15) / -127 /
C      DATA IMACH(16) /  127 /
C
C     MACHINE CONSTANTS FOR THE HP 2100
C     3 WORD DOUBLE PRECISION OPTION WITH FTN4
C
C === MACHINE = HP.2100.3_WORD_DP
C      DATA IMACH(1) /      5/
C      DATA IMACH(2) /      6 /
C      DATA IMACH(3) /      4 /
C      DATA IMACH(4) /      1 /
C      DATA IMACH(5) /     16 /
C      DATA IMACH(6) /      2 /
C      DATA IMACH(7) /      2 /
C      DATA IMACH(8) /     15 /
C      DATA IMACH(9) /  32767 /
C      DATA IMACH(10)/      2 /
C      DATA IMACH(11)/     23 /
C      DATA IMACH(12)/   -128 /
C      DATA IMACH(13)/    127 /
C      DATA IMACH(14)/     39 /
C      DATA IMACH(15)/   -128 /
C      DATA IMACH(16)/    127 /
C
C     MACHINE CONSTANTS FOR THE HP 2100
C     4 WORD DOUBLE PRECISION OPTION WITH FTN4
C
C === MACHINE = HP.2100.4_WORD_DP
C      DATA IMACH(1) /      5 /
C      DATA IMACH(2) /      6 /
C      DATA IMACH(3) /      4 /
C      DATA IMACH(4) /      1 /
C      DATA IMACH(5) /     16 /
C      DATA IMACH(6) /      2 /
C      DATA IMACH(7) /      2 /
C      DATA IMACH(8) /     15 /
C      DATA IMACH(9) /  32767 /
C      DATA IMACH(10)/      2 /
C      DATA IMACH(11)/     23 /
C      DATA IMACH(12)/   -128 /
C      DATA IMACH(13)/    127 /
C      DATA IMACH(14)/     55 /
C      DATA IMACH(15)/   -128 /
C      DATA IMACH(16)/    127 /
C
C     MACHINE CONSTANTS FOR THE IBM 360/370 SERIES,
C     THE XEROX SIGMA 5/7/9 AND THE SEL SYSTEMS 85/86 AND
C     THE INTERDATA 3230 AND INTERDATA 7/32.
C
C === MACHINE = IBM.360
C === MACHINE = IBM.370
C === MACHINE = XEROX.SIGMA.5
C === MACHINE = XEROX.SIGMA.7
C === MACHINE = XEROX.SIGMA.9
C === MACHINE = SEL.85
C === MACHINE = SEL.86
C === MACHINE = INTERDATA.3230
C === MACHINE = INTERDATA.7/32
C      DATA IMACH( 1) /   5 /
C      DATA IMACH( 2) /   6 /
C      DATA IMACH( 3) /   7 /
C      DATA IMACH( 4) /   6 /
C      DATA IMACH( 5) /  32 /
C      DATA IMACH( 6) /   4 /
C      DATA IMACH( 7) /   2 /
C      DATA IMACH( 8) /  31 /
C      DATA IMACH( 9) / Z7FFFFFFF /
C      DATA IMACH(10) /  16 /
C      DATA IMACH(11) /   6 /
C      DATA IMACH(12) / -64 /
C      DATA IMACH(13) /  63 /
C      DATA IMACH(14) /  14 /
C      DATA IMACH(15) / -64 /
C      DATA IMACH(16) /  63 /
C
C     MACHINE CONSTANTS FOR THE INTERDATA 8/32
C     WITH THE UNIX SYSTEM FORTRAN 77 COMPILER.
C
C     FOR THE INTERDATA FORTRAN VII COMPILER REPLACE
C     THE Z'S SPECIFYING HEX CONSTANTS WITH Y'S.
C
C === MACHINE = INTERDATA.8/32.UNIX
C      DATA IMACH( 1) /   5 /
C      DATA IMACH( 2) /   6 /
C      DATA IMACH( 3) /   6 /
C      DATA IMACH( 4) /   6 /
C      DATA IMACH( 5) /  32 /
C      DATA IMACH( 6) /   4 /
C      DATA IMACH( 7) /   2 /
C      DATA IMACH( 8) /  31 /
C      DATA IMACH( 9) / Z'7FFFFFFF' /
C      DATA IMACH(10) /  16 /
C      DATA IMACH(11) /   6 /
C      DATA IMACH(12) / -64 /
C      DATA IMACH(13) /  62 /
C      DATA IMACH(14) /  14 /
C      DATA IMACH(15) / -64 /
C      DATA IMACH(16) /  62 /
C
C     MACHINE CONSTANTS FOR THE PDP-10 (KA PROCESSOR).
C
C === MACHINE = PDP-10.KA
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    7 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   36 /
C      DATA IMACH( 6) /    5 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   35 /
C      DATA IMACH( 9) / "377777777777 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   27 /
C      DATA IMACH(12) / -128 /
C      DATA IMACH(13) /  127 /
C      DATA IMACH(14) /   54 /
C      DATA IMACH(15) / -101 /
C      DATA IMACH(16) /  127 /
C
C     MACHINE CONSTANTS FOR THE PDP-10 (KI PROCESSOR).
C
C === MACHINE = PDP-10.KI
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    7 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   36 /
C      DATA IMACH( 6) /    5 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   35 /
C      DATA IMACH( 9) / "377777777777 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   27 /
C      DATA IMACH(12) / -128 /
C      DATA IMACH(13) /  127 /
C      DATA IMACH(14) /   62 /
C      DATA IMACH(15) / -128 /
C      DATA IMACH(16) /  127 /
C
C     MACHINE CONSTANTS FOR PDP-11 FORTRANS SUPPORTING
C     32-BIT INTEGER ARITHMETIC.
C
C === MACHINE = PDP-11.32-BIT
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    7 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   32 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   31 /
C      DATA IMACH( 9) / 2147483647 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   24 /
C      DATA IMACH(12) / -127 /
C      DATA IMACH(13) /  127 /
C      DATA IMACH(14) /   56 /
C      DATA IMACH(15) / -127 /
C      DATA IMACH(16) /  127 /
C
C     MACHINE CONSTANTS FOR PDP-11 FORTRANS SUPPORTING
C     16-BIT INTEGER ARITHMETIC. 
C
C === MACHINE = PDP-11.16-BIT
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    7 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   16 /
C      DATA IMACH( 6) /    2 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   15 /
C      DATA IMACH( 9) / 32767 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   24 /
C      DATA IMACH(12) / -127 /
C      DATA IMACH(13) /  127 /
C      DATA IMACH(14) /   56 /
C      DATA IMACH(15) / -127 /
C      DATA IMACH(16) /  127 /
C
C     MACHINE CONSTANTS FOR THE SEQUENT BALANCE 8000.
C
C === MACHINE = SEQUENT.BALANCE.8000
C      DATA IMACH( 1) /     0 /
C      DATA IMACH( 2) /     0 /
C      DATA IMACH( 3) /     7 /
C      DATA IMACH( 4) /     0 /
C      DATA IMACH( 5) /    32 /
C      DATA IMACH( 6) /     1 /
C      DATA IMACH( 7) /     2 /
C      DATA IMACH( 8) /    31 /
C      DATA IMACH( 9) /  2147483647 /
C      DATA IMACH(10) /     2 /
C      DATA IMACH(11) /    24 /
C      DATA IMACH(12) /  -125 /
C      DATA IMACH(13) /   128 /
C      DATA IMACH(14) /    53 /
C      DATA IMACH(15) / -1021 /
C      DATA IMACH(16) /  1024 /
C
C     MACHINE CONSTANTS FOR THE UNIVAC 1100 SERIES. FTN COMPILER
C
C === MACHINE = UNIVAC.1100
C      DATA IMACH( 1) /    5 /
C      DATA IMACH( 2) /    6 /
C      DATA IMACH( 3) /    1 /
C      DATA IMACH( 4) /    6 /
C      DATA IMACH( 5) /   36 /
C      DATA IMACH( 6) /    4 /
C      DATA IMACH( 7) /    2 /
C      DATA IMACH( 8) /   35 /
C      DATA IMACH( 9) / O377777777777 /
C      DATA IMACH(10) /    2 /
C      DATA IMACH(11) /   27 /
C      DATA IMACH(12) / -128 /
C      DATA IMACH(13) /  127 /
C      DATA IMACH(14) /   60 /
C      DATA IMACH(15) /-1024 /
C      DATA IMACH(16) / 1023 /
C
C     MACHINE CONSTANTS FOR THE VAX 11/780
C
C === MACHINE = VAX.11/780
C      DATA IMACH(1) /    5 /
C      DATA IMACH(2) /    6 /
C      DATA IMACH(3) /    5 /
C      DATA IMACH(4) /    6 /
C      DATA IMACH(5) /   32 /
C      DATA IMACH(6) /    4 /
C      DATA IMACH(7) /    2 /
C      DATA IMACH(8) /   31 /
C      DATA IMACH(9) /2147483647 /
C      DATA IMACH(10)/    2 /
C      DATA IMACH(11)/   24 /
C      DATA IMACH(12)/ -127 /
C      DATA IMACH(13)/  127 /
C      DATA IMACH(14)/   56 /
C      DATA IMACH(15)/ -127 /
C      DATA IMACH(16)/  127 /
C
C
C***FIRST EXECUTABLE STATEMENT  I1MACH
C
      I1MACH=IMACH(I)
      RETURN
C
      END
      SUBROUTINE FDUMP
C***BEGIN PROLOGUE  FDUMP
C***DATE WRITTEN   790801   (YYMMDD)
C***REVISION DATE  820801   (YYMMDD)
C***CATEGORY NO.  Z
C***KEYWORDS  ERROR,XERROR PACKAGE
C***AUTHOR  JONES, R. E., (SNLA)
C***PURPOSE  Symbolic dump (should be locally written).
C***DESCRIPTION
C        ***Note*** Machine Dependent Routine
C        FDUMP is intended to be replaced by a locally written
C        version which produces a symbolic dump.  Failing this,
C        it should be replaced by a version which prints the
C        subprogram nesting list.  Note that this dump must be
C        printed on each of up to five files, as indicated by the
C        XGETUA routine.  See XSETUA and XGETUA for details.
C
C     Written by Ron Jones, with SLATEC Common Math Library Subcommittee
C     Latest revision ---  23 May 1979
C***ROUTINES CALLED  (NONE)
C***END PROLOGUE  FDUMP
C***FIRST EXECUTABLE STATEMENT  FDUMP
      RETURN
      END
      FUNCTION J4SAVE(IWHICH,IVALUE,ISET)
C***BEGIN PROLOGUE  J4SAVE
C***REFER TO  XERROR
C     Abstract
C        J4SAVE saves and recalls several global variables needed
C        by the library error handling routines.
C
C     Description of Parameters
C      --Input--
C        IWHICH - Index of item desired.
C                = 1 Refers to current error number.
C                = 2 Refers to current error control flag.
C                 = 3 Refers to current unit number to which error
C                    messages are to be sent.  (0 means use standard.)
C                 = 4 Refers to the maximum number of times any
C                     message is to be printed (as set by XERMAX).
C                 = 5 Refers to the total number of units to which
C                     each error message is to be written.
C                 = 6 Refers to the 2nd unit for error messages
C                 = 7 Refers to the 3rd unit for error messages
C                 = 8 Refers to the 4th unit for error messages
C                 = 9 Refers to the 5th unit for error messages
C        IVALUE - The value to be set for the IWHICH-th parameter,
C                 if ISET is .TRUE. .
C        ISET   - If ISET=.TRUE., the IWHICH-th parameter will BE
C                 given the value, IVALUE.  If ISET=.FALSE., the
C                 IWHICH-th parameter will be unchanged, and IVALUE
C                 is a dummy parameter.
C      --Output--
C        The (old) value of the IWHICH-th parameter will be returned
C        in the function value, J4SAVE.
C
C     Written by Ron Jones, with SLATEC Common Math Library Subcommittee
C    Adapted from Bell Laboratories PORT Library Error Handler
C     Latest revision ---  23 MAY 1979
C***REFERENCES  JONES R.E., KAHANER D.K., "XERROR, THE SLATEC ERROR-
C                 HANDLING PACKAGE", SAND82-0800, SANDIA LABORATORIES,
C                 1982.
C***ROUTINES CALLED  (NONE)
C***END PROLOGUE  J4SAVE
      LOGICAL ISET
      INTEGER IPARAM(9)
      SAVE IPARAM
      DATA IPARAM(1),IPARAM(2),IPARAM(3),IPARAM(4)/0,2,0,10/
      DATA IPARAM(5)/1/
      DATA IPARAM(6),IPARAM(7),IPARAM(8),IPARAM(9)/0,0,0,0/
C***FIRST EXECUTABLE STATEMENT  J4SAVE
      J4SAVE = IPARAM(IWHICH)
      IF (ISET) IPARAM(IWHICH) = IVALUE
      RETURN
      END
      SUBROUTINE XERABT(MESSG,NMESSG)
C***BEGIN PROLOGUE  XERABT
C***DATE WRITTEN   790801   (YYMMDD)
C***REVISION DATE  820801   (YYMMDD)
C***CATEGORY NO.  R3C
C***KEYWORDS  ERROR,XERROR PACKAGE
C***AUTHOR  JONES, R. E., (SNLA)
C***PURPOSE  Aborts program execution and prints error message.
C***DESCRIPTION
C     Abstract
C        ***Note*** machine dependent routine
C        XERABT aborts the execution of the program.
C        The error message causing the abort is given in the calling
C        sequence, in case one needs it for printing on a dayfile,
C        for example.
C
C     Description of Parameters
C        MESSG and NMESSG are as in XERROR, except that NMESSG may
C        be zero, in which case no message is being supplied.
C
C     Written by Ron Jones, with SLATEC Common Math Library Subcommittee
C     Latest revision ---  19 MAR 1980
C***REFERENCES  JONES R.E., KAHANER D.K., "XERROR, THE SLATEC ERROR-
C                 HANDLING PACKAGE", SAND82-0800, SANDIA LABORATORIES,
C                 1982.
C***ROUTINES CALLED  (NONE)
C***END PROLOGUE  XERABT
      CHARACTER*(*) MESSG
C***FIRST EXECUTABLE STATEMENT  XERABT
      STOP
      END
      SUBROUTINE XERCTL(MESSG1,NMESSG,NERR,LEVEL,KONTRL)
C***BEGIN PROLOGUE  XERCTL
C***DATE WRITTEN   790801   (YYMMDD)
C***REVISION DATE  820801   (YYMMDD)
C***CATEGORY NO.  R3C
C***KEYWORDS  ERROR,XERROR PACKAGE
C***AUTHOR  JONES, R. E., (SNLA)
C***PURPOSE  Allows user control over handling of individual errors.
C***DESCRIPTION
C     Abstract
C        Allows user control over handling of individual errors.
C        Just after each message is recorded, but before it is
C        processed any further (i.e., before it is printed or
C        a decision to abort is made), a call is made to XERCTL.
C        If the user has provided his own version of XERCTL, he
C        can then override the value of KONTROL used in processing
C        this message by redefining its value.
C        KONTRL may be set to any value from -2 to 2.
C        The meanings for KONTRL are the same as in XSETF, except
C        that the value of KONTRL changes only for this message.
C        If KONTRL is set to a value outside the range from -2 to 2,
C        it will be moved back into that range.
C
C     Description of Parameters
C
C      --Input--
C        MESSG1 - the first word (only) of the error message.
C        NMESSG - same as in the call to XERROR or XERRWV.
C        NERR   - same as in the call to XERROR or XERRWV.
C        LEVEL  - same as in the call to XERROR or XERRWV.
C        KONTRL - the current value of the control flag as set
C                 by a call to XSETF.
C
C      --Output--
C        KONTRL - the new value of KONTRL.  If KONTRL is not
C                 defined, it will remain at its original value.
C                 This changed value of control affects only
C                 the current occurrence of the current message.
C***REFERENCES  JONES R.E., KAHANER D.K., "XERROR, THE SLATEC ERROR-
C                 HANDLING PACKAGE", SAND82-0800, SANDIA LABORATORIES,
C                 1982.
C***ROUTINES CALLED  (NONE)
C***END PROLOGUE  XERCTL
      CHARACTER*20 MESSG1
C***FIRST EXECUTABLE STATEMENT  XERCTL
      RETURN
      END
      SUBROUTINE XERPRT(MESSG,NMESSG)
C***BEGIN PROLOGUE  XERPRT
C***DATE WRITTEN   790801   (YYMMDD)
C***REVISION DATE  820801   (YYMMDD)
C***CATEGORY NO.  Z
C***KEYWORDS  ERROR,XERROR PACKAGE
C***AUTHOR  JONES, R. E., (SNLA)
C***PURPOSE  Prints error messages.
C***DESCRIPTION
C     Abstract
C        Print the Hollerith message in MESSG, of length NMESSG,
C        on each file indicated by XGETUA.
C     Latest revision ---  19 MAR 1980
C***REFERENCES  JONES R.E., KAHANER D.K., "XERROR, THE SLATEC ERROR-
C                 HANDLING PACKAGE", SAND82-0800, SANDIA LABORATORIES,
C                 1982.
C***ROUTINES CALLED  I1MACH,S88FMT,XGETUA
C***END PROLOGUE  XERPRT
      INTEGER LUN(5)
      CHARACTER*(*) MESSG
C     OBTAIN UNIT NUMBERS AND WRITE LINE TO EACH UNIT
C***FIRST EXECUTABLE STATEMENT  XERPRT
      CALL XGETUA(LUN,NUNIT)
      LENMES = LEN(MESSG)
      DO 20 KUNIT=1,NUNIT
         IUNIT = LUN(KUNIT)
         IF (IUNIT.EQ.0) IUNIT = I1MACH(4)
         DO 10 ICHAR=1,LENMES,72
            LAST = MIN0(ICHAR+71 , LENMES)
            WRITE (IUNIT,'(1X,A)') MESSG(ICHAR:LAST)
   10    CONTINUE
   20 CONTINUE
      RETURN
      END



FortranFinal/Tools/LeastSquareModule.f90
module LeastSquareModule

implicit none

contains

	SUBROUTINE lsfit(xdata,y,a,covar,tstat,r_sq,adjr_sq,chisq)
	USE nrtype; USE nrutil, ONLY : assert_eq,diagmult,nrerror
	IMPLICIT NONE
!	INTEGER(I4B),DIMENSION(:), INTENT(IN) :: x
	REAL(DP), DIMENSION(:), INTENT(IN) :: y
	REAL(DP), DIMENSION(:), INTENT(INOUT) :: a,tstat
	REAL(DP), DIMENSION(:,:), INTENT(INOUT) :: covar
	REAL(DP), INTENT(OUT) :: chisq,r_sq,adjr_sq
	REAL(DP), DIMENSION(:,:), INTENT(IN) :: xdata

	INTEGER(I4B) :: i,j,k,l,ma,mfit,n
	REAL(DP) :: sig2i,wt,ym
	LOGICAL(LGT), DIMENSION(size(a)) :: maska
	REAL(DP), DIMENSION(size(a),1) :: beta
	REAL(DP), DIMENSION(size(y)) :: sig

	sig = 1.0_dp
	maska = .true.
	n=assert_eq(size(y),size(xdata,1),'lsfit: n')
	ma=assert_eq(size(a),size(xdata,2),size(covar,1),size(covar,2),'lsfit: ma')
	mfit=count(maska)
	if (mfit == 0) call nrerror('lsfit: no parameters to be fitted')
	covar(1:mfit,1:mfit)=0.0_dp
	beta(1:mfit,1)=0.0_dp
	do i=1,n
		ym=y(i)
		if (mfit < ma) ym=ym-sum(a(1:ma)*xdata(i,1:ma), mask=.not. maska)
		sig2i=1.0_dp/sig(i)**2
		j=0
		do l=1,ma
			if (maska(l)) then
				j=j+1
				wt=xdata(i,l)*sig2i
				k=count(maska(1:l))
				covar(j,1:k)=covar(j,1:k)+wt*pack(xdata(i,1:l),maska(1:l))
				beta(j,1)=beta(j,1)+ym*wt
			end if
		end do
	end do
	call diagmult(covar(1:mfit,1:mfit),0.5_dp)
	covar(1:mfit,1:mfit)= &
		covar(1:mfit,1:mfit)+transpose(covar(1:mfit,1:mfit))
	call gaussj(covar(1:mfit,1:mfit),beta(1:mfit,1:1))
	a(1:ma)=unpack(beta(1:ma,1),maska,a(1:ma))
	chisq=0.0_dp
	do i=1,n
		chisq=chisq+((y(i)-dot_product(a(1:ma),xdata(i,1:ma)))/sig(i))**2
	end do
	call covsrt(covar,maska)
	covar=chisq/(n-ma+1)*covar
	do i=1,ma
		tstat(i)=a(i)/sqrt(covar(i,i))
	end do
	r_sq = 1.0_dp - chisq/dot_product(y-sum(y)/n,y-sum(y)/n)
	adjr_sq = 1.0_dp - (n-1)/(n-ma+1)*(1.0_dp-r_sq)
	END SUBROUTINE lsfit


	SUBROUTINE covsrt(covar,maska)
	USE nrtype; USE nrutil, ONLY : assert_eq,swap
	IMPLICIT NONE
	REAL(DP), DIMENSION(:,:), INTENT(INOUT) :: covar
	LOGICAL(LGT), DIMENSION(:), INTENT(IN) :: maska
	INTEGER(I4B) :: ma,mfit,j,k
	ma=assert_eq(size(covar,1),size(covar,2),size(maska),'covsrt')
	mfit=count(maska)
	covar(mfit+1:ma,1:ma)=0.0_dp
	covar(1:ma,mfit+1:ma)=0.0_dp
	k=mfit
	do j=ma,1,-1
		if (maska(j)) then
			call swap(covar(1:ma,k),covar(1:ma,j))
			call swap(covar(k,1:ma),covar(j,1:ma))
			k=k-1
		end if
	end do
	END SUBROUTINE covsrt


	SUBROUTINE gaussj(a,b)
	USE nrtype; USE nrutil, ONLY : assert_eq,nrerror,outerand,outerprod,swap
	IMPLICIT NONE
	REAL(DP), DIMENSION(:,:), INTENT(INOUT) :: a,b
	INTEGER(I4B), DIMENSION(size(a,1)) :: ipiv,indxr,indxc
	LOGICAL(LGT), DIMENSION(size(a,1)) :: lpiv
	REAL(DP) :: pivinv
	REAL(DP), DIMENSION(size(a,1)) :: dumc
	INTEGER(I4B), TARGET :: irc(2)
	INTEGER(I4B) :: i,l,n
	INTEGER(I4B), POINTER :: irow,icol
	n=assert_eq(size(a,1),size(a,2),size(b,1),'gaussj')
	irow => irc(1)
	icol => irc(2)
	ipiv=0
	do i=1,n
		lpiv = (ipiv == 0)
		irc=maxloc(abs(a),outerand(lpiv,lpiv))
		ipiv(icol)=ipiv(icol)+1
		if (ipiv(icol) > 1) call nrerror('gaussj: singular matrix (1)')
		if (irow /= icol) then
			call swap(a(irow,:),a(icol,:))
			call swap(b(irow,:),b(icol,:))
		end if
		indxr(i)=irow
		indxc(i)=icol
		if (a(icol,icol) == 0.0_dp) &
			call nrerror('gaussj: singular matrix (2)')
		pivinv=1.0_dp/a(icol,icol)
		a(icol,icol)=1.0_dp
		a(icol,:)=a(icol,:)*pivinv
		b(icol,:)=b(icol,:)*pivinv
		dumc=a(:,icol)
		a(:,icol)=0.0_dp
		a(icol,icol)=pivinv
		a(1:icol-1,:)=a(1:icol-1,:)-outerprod(dumc(1:icol-1),a(icol,:))
		b(1:icol-1,:)=b(1:icol-1,:)-outerprod(dumc(1:icol-1),b(icol,:))
		a(icol+1:,:)=a(icol+1:,:)-outerprod(dumc(icol+1:),a(icol,:))
		b(icol+1:,:)=b(icol+1:,:)-outerprod(dumc(icol+1:),b(icol,:))
	end do
	do l=n,1,-1
		call swap(a(:,indxr(l)),a(:,indxc(l)))
	end do
	END SUBROUTINE gaussj


	SUBROUTINE lsfit_svd(xdata,y,a,v,w,covar,tstat,r_sq,adjr_sq,chisq)
	USE nrtype; USE nrutil, ONLY : assert_eq,vabs
	IMPLICIT NONE
	REAL(DP), DIMENSION(:), INTENT(IN) :: y
	REAL(DP), DIMENSION(:), INTENT(OUT) :: a,w,tstat
	REAL(DP), DIMENSION(:,:), INTENT(OUT) :: v
	REAL(DP), INTENT(OUT) :: chisq,r_sq,adjr_sq
	REAL(DP), DIMENSION(:,:), INTENT(INOUT) :: covar
	REAL(DP), DIMENSION(:,:), INTENT(IN) :: xdata

	REAL(DP), PARAMETER :: TOL=1.0e-5_dp
	INTEGER(I4B) :: i,ma,n
	REAL(DP), DIMENSION(size(y)) :: b,sigi
	REAL(DP), DIMENSION(size(y),size(a)) :: u,usav
	REAL(DP), DIMENSION(size(y)) :: sig

	sig = 1.0_dp
	n=assert_eq(size(y),size(xdata,1),'lsfit_svd: n')
	ma=assert_eq(size(a),size(xdata,2),size(v,1),size(v,2),size(w),'lsfit_svd: ma')
	sigi=1.0_dp/sig
	b=y*sigi
	do i=1,n
		usav(i,:)=xdata(i,1:ma)
	end do
	u=usav*spread(sigi,dim=2,ncopies=ma)
	usav=u
	call svdcmp(u,w,v)
	where (w < TOL*maxval(w)) w=0.0_dp
	call svbksb(u,w,v,b,a)
	chisq=vabs(matmul(usav,a)-b)**2
	call svdvar(v,w,covar)
	covar=chisq/(n-ma+1)*covar
	do i=1,ma
		tstat(i)=a(i)/sqrt(covar(i,i))
	end do
	r_sq = 1.0_dp - chisq/dot_product(y-sum(y)/n,y-sum(y)/n)
	adjr_sq = 1.0_dp - (n-1)/(n-ma+1)*(1.0_dp-r_sq)
	END SUBROUTINE lsfit_svd



	SUBROUTINE svdvar(v,w,cvm)
	USE nrtype; USE nrutil, ONLY : assert_eq
	IMPLICIT NONE
	REAL(DP), DIMENSION(:,:), INTENT(IN) :: v
	REAL(DP), DIMENSION(:), INTENT(IN) :: w
	REAL(DP), DIMENSION(:,:), INTENT(OUT) :: cvm
	INTEGER(I4B) :: ma
	REAL(DP), DIMENSION(size(w)) :: wti
	ma=assert_eq((/size(v,1),size(v,2),size(w),size(cvm,1),size(cvm,2)/),&
		'svdvar')
	where (w /= 0.0_dp)
		wti=1.0_dp/(w*w)
	elsewhere
		wti=0.0_dp
	end where
	cvm=v*spread(wti,dim=1,ncopies=ma)
	cvm=matmul(cvm,transpose(v))
	END SUBROUTINE svdvar



	SUBROUTINE svdcmp(a,w,v)
	USE nrtype; USE nrutil, ONLY : assert_eq,nrerror,outerprod
	IMPLICIT NONE
	REAL(DP), DIMENSION(:,:), INTENT(INOUT) :: a
	REAL(DP), DIMENSION(:), INTENT(OUT) :: w
	REAL(DP), DIMENSION(:,:), INTENT(OUT) :: v
	INTEGER(I4B) :: i,its,j,k,l,m,n,nm
	REAL(DP) :: anorm,c,f,g,h,s,scale,x,y,z
	REAL(DP), DIMENSION(size(a,1)) :: tempm
	REAL(DP), DIMENSION(size(a,2)) :: rv1,tempn
	m=size(a,1)
	n=assert_eq(size(a,2),size(v,1),size(v,2),size(w),'svdcmp_dp')
	g=0.0_dp
	scale=0.0_dp
	do i=1,n
		l=i+1
		rv1(i)=scale*g
		g=0.0_dp
		scale=0.0_dp
		if (i <= m) then
			scale=sum(abs(a(i:m,i)))
			if (scale /= 0.0_dp) then
				a(i:m,i)=a(i:m,i)/scale
				s=dot_product(a(i:m,i),a(i:m,i))
				f=a(i,i)
				g=-sign(sqrt(s),f)
				h=f*g-s
				a(i,i)=f-g
				tempn(l:n)=matmul(a(i:m,i),a(i:m,l:n))/h
				a(i:m,l:n)=a(i:m,l:n)+outerprod(a(i:m,i),tempn(l:n))
				a(i:m,i)=scale*a(i:m,i)
			end if
		end if
		w(i)=scale*g
		g=0.0_dp
		scale=0.0_dp
		if ((i <= m) .and. (i /= n)) then
			scale=sum(abs(a(i,l:n)))
			if (scale /= 0.0_dp) then
				a(i,l:n)=a(i,l:n)/scale
				s=dot_product(a(i,l:n),a(i,l:n))
				f=a(i,l)
				g=-sign(sqrt(s),f)
				h=f*g-s
				a(i,l)=f-g
				rv1(l:n)=a(i,l:n)/h
				tempm(l:m)=matmul(a(l:m,l:n),a(i,l:n))
				a(l:m,l:n)=a(l:m,l:n)+outerprod(tempm(l:m),rv1(l:n))
				a(i,l:n)=scale*a(i,l:n)
			end if
		end if
	end do
	anorm=maxval(abs(w)+abs(rv1))
	do i=n,1,-1
		if (i < n) then
			if (g /= 0.0_dp) then
				v(l:n,i)=(a(i,l:n)/a(i,l))/g
				tempn(l:n)=matmul(a(i,l:n),v(l:n,l:n))
				v(l:n,l:n)=v(l:n,l:n)+outerprod(v(l:n,i),tempn(l:n))
			end if
			v(i,l:n)=0.0_dp
			v(l:n,i)=0.0_dp
		end if
		v(i,i)=1.0_dp
		g=rv1(i)
		l=i
	end do
	do i=min(m,n),1,-1
		l=i+1
		g=w(i)
		a(i,l:n)=0.0_dp
		if (g /= 0.0_dp) then
			g=1.0_dp/g
			tempn(l:n)=(matmul(a(l:m,i),a(l:m,l:n))/a(i,i))*g
			a(i:m,l:n)=a(i:m,l:n)+outerprod(a(i:m,i),tempn(l:n))
			a(i:m,i)=a(i:m,i)*g
		else
			a(i:m,i)=0.0_dp
		end if
		a(i,i)=a(i,i)+1.0_dp
	end do
	do k=n,1,-1
		do its=1,30
			do l=k,1,-1
				nm=l-1
				if ((abs(rv1(l))+anorm) == anorm) exit
				if ((abs(w(nm))+anorm) == anorm) then
					c=0.0_dp
					s=1.0_dp
					do i=l,k
						f=s*rv1(i)
						rv1(i)=c*rv1(i)
						if ((abs(f)+anorm) == anorm) exit
						g=w(i)
						h=pythag(f,g)
						w(i)=h
						h=1.0_dp/h
						c= (g*h)
						s=-(f*h)
						tempm(1:m)=a(1:m,nm)
						a(1:m,nm)=a(1:m,nm)*c+a(1:m,i)*s
						a(1:m,i)=-tempm(1:m)*s+a(1:m,i)*c
					end do
					exit
				end if
			end do
			z=w(k)
			if (l == k) then
				if (z < 0.0_dp) then
					w(k)=-z
					v(1:n,k)=-v(1:n,k)
				end if
				exit
			end if
			if (its == 30) call nrerror('svdcmp_dp: no convergence in svdcmp')
			x=w(l)
			nm=k-1
			y=w(nm)
			g=rv1(nm)
			h=rv1(k)
			f=((y-z)*(y+z)+(g-h)*(g+h))/(2.0_dp*h*y)
			g=pythag(f,1.0_dp)
			f=((x-z)*(x+z)+h*((y/(f+sign(g,f)))-h))/x
			c=1.0_dp
			s=1.0_dp
			do j=l,nm
				i=j+1
				g=rv1(i)
				y=w(i)
				h=s*g
				g=c*g
				z=pythag(f,h)
				rv1(j)=z
				c=f/z
				s=h/z
				f= (x*c)+(g*s)
				g=-(x*s)+(g*c)
				h=y*s
				y=y*c
				tempn(1:n)=v(1:n,j)
				v(1:n,j)=v(1:n,j)*c+v(1:n,i)*s
				v(1:n,i)=-tempn(1:n)*s+v(1:n,i)*c
				z=pythag(f,h)
				w(j)=z
				if (z /= 0.0_dp) then
					z=1.0_dp/z
					c=f*z
					s=h*z
				end if
				f= (c*g)+(s*y)
				x=-(s*g)+(c*y)
				tempm(1:m)=a(1:m,j)
				a(1:m,j)=a(1:m,j)*c+a(1:m,i)*s
				a(1:m,i)=-tempm(1:m)*s+a(1:m,i)*c
			end do
			rv1(l)=0.0_dp
			rv1(k)=f
			w(k)=x
		end do
	end do
	END SUBROUTINE svdcmp



	SUBROUTINE svbksb(u,w,v,b,x)
	USE nrtype; USE nrutil, ONLY : assert_eq
	REAL(DP), DIMENSION(:,:), INTENT(IN) :: u,v
	REAL(DP), DIMENSION(:), INTENT(IN) :: w,b
	REAL(DP), DIMENSION(:), INTENT(OUT) :: x
	INTEGER(I4B) :: mdum,ndum
	REAL(DP), DIMENSION(size(x)) :: tmp
	mdum=assert_eq(size(u,1),size(b),'svbksb_dp: mdum')
	ndum=assert_eq((/size(u,2),size(v,1),size(v,2),size(w),size(x)/),&
		'svbksb_dp: ndum')
	where (w /= 0.0_dp)
		tmp=matmul(b,u)/w
	elsewhere
		tmp=0.0_dp
	end where
	x=matmul(v,tmp)
	END SUBROUTINE svbksb



	FUNCTION pythag(a,b)
	USE nrtype
	IMPLICIT NONE
	REAL(DP), INTENT(IN) :: a,b
	REAL(DP) :: pythag
	REAL(DP) :: absa,absb
	absa=abs(a)
	absb=abs(b)
	if (absa > absb) then
		pythag=absa*sqrt(1.0_dp+(absb/absa)**2)
	else
		if (absb == 0.0_dp) then
			pythag=0.0_dp
		else
			pythag=absb*sqrt(1.0_dp+(absa/absb)**2)
		end if
	end if
	END FUNCTION pythag


end module




FortranFinal/Tools/LinInterpModule.f90
!	-----------------------------------------------------------------
!	File name: LinInterpModule.f90
!
!	collection of linear interpolation routines
!	-----------------------------------------------------------------



module LinInterpModule

contains


! locate x in xgrid 

integer function locate(x, xgrid)

	implicit none

	integer :: n, ju, jm, jl, jndx
	real(8), intent(in) :: x, xgrid(:)
	
	n = size(xgrid)
	jl = 0
	ju = n+1
	do while (ju-jl > 1)
		jm = (ju + jl)/2
		if (x >= xgrid(jm)) then
			jl = jm
		else
			ju = jm
		end if
	end do

	if (x == xgrid(1)) then 
		jndx = 1
	else if (x == xgrid(n)) then
		jndx = n-1
	else 
		jndx = jl
	end if

	locate = jndx

end function


!	one dimensional linear interpolation 

real(8) function lininterp1(x, xgrid, ZZ)

	implicit none

	integer :: nx, xndx
	real(8) :: t, xz
	real(8), intent(in) :: x, xgrid(:), ZZ(:)
	

	nx = size(xgrid)
	xndx = locate(x, xgrid)
	
	if (xndx == 0 .or. xndx == nx) then
		print*, "out of bound in lininterp1:"
	end if

	t = (x - xgrid(xndx))/(xgrid(xndx+1) - xgrid(xndx))
	xz = (1-t)*ZZ(xndx) + t*ZZ(xndx+1)

	lininterp1 = xz

end function


!	two dimensional interpolation

real(8) function lininterp2(x, y, xgrid, ygrid, ZZ)

	implicit none

	integer :: nx, ny, xndx, yndx
	real(8) :: t, u, xyz
	real(8), intent(in) :: x, y, xgrid(:), ygrid(:), ZZ(:,:)
	
	nx = size(ZZ,1)
	ny = size(ZZ,2)
	
	xndx = locate(x, xgrid)
	yndx = locate(y, ygrid)

	if (xndx == 0 .or. xndx == nx) then
		print*, "the first argment is out of range in lininterp2"
	else if (yndx == 0 .or. yndx == ny) then
		print*, "the second argment is out of range in lininterp2"
	end if

	t = (x - xgrid(xndx))/(xgrid(xndx+1) - xgrid(xndx))
	u = (y - ygrid(yndx))/(ygrid(yndx+1) - ygrid(yndx))

	xyz = (1-t)*(1-u)*ZZ(xndx,yndx) + t*(1-u)*ZZ(xndx+1,yndx)	&
		+ t*u*ZZ(xndx+1,yndx+1) + (1-t)*u*ZZ(xndx,yndx+1)

	lininterp2 = xyz

end function


!	3 dimensional linear interpolation
!	using continuous convex combination of neighboring grid points 

real(8) function lininterp3(x, y, z, xgrid, ygrid, zgrid, ZZ)

	implicit none

	integer :: nx, ny, nz, xndx, yndx, zndx
	real(8) :: t, u, v, xyz
	real(8), intent(in) :: x, y, z, xgrid(:), ygrid(:), zgrid(:), ZZ(:,:,:)

	nx = size(ZZ,1)
	ny = size(ZZ,2)
	nz = size(ZZ,3)

	xndx = locate(x, xgrid)
	yndx = locate(y, ygrid)
	zndx = locate(z, zgrid)

	if (xndx == 0 .or. xndx == nx) then
		print*, "the first argment is out of range in lininterp3"
	else if (yndx == 0 .or. yndx == ny) then
		print*, "the second argment is out of range in lininterp3"
	else if (zndx == 0 .or. zndx == nz) then 
		print*, "the third argment is out of range in lininterp3"
	end if

	t = (x - xgrid(xndx))/(xgrid(xndx+1) - xgrid(xndx))
	u = (y - ygrid(yndx))/(ygrid(yndx+1) - ygrid(yndx))
	v = (z - zgrid(zndx))/(zgrid(zndx+1) - zgrid(zndx))

	xyz = t*u*v*ZZ(xndx+1, yndx+1, zndx+1)				&
		+ (1-t)*u*v*ZZ(xndx, yndx+1, zndx+1)			&
		+ t*(1-u)*v*ZZ(xndx+1, yndx, zndx+1)			&
		+ (1-t)*(1-u)*v*ZZ(xndx, yndx, zndx+1)			&
		+ t*u*(1-v)*ZZ(xndx+1, yndx+1, zndx)			&
		+ (1-t)*u*(1-v)*ZZ(xndx, yndx+1, zndx)			&
		+ t*(1-u)*(1-v)*ZZ(xndx+1, yndx, zndx)			&
		+ (1-t)*(1-u)*(1-v)*ZZ(xndx, yndx, zndx)

	lininterp3 = xyz

end function


!	4 dimensional linear interpolation

real(8) function lininterp4(a, b, c, d, agrid, bgrid, cgrid, dgrid,	ZZ)

	implicit none

	integer :: na, nb, nc, nd, andx, bndx, cndx, dndx
	real(8) :: s, t, u, v, val
	real(8), intent(in) :: a, b, c, d, agrid(:), bgrid(:), cgrid(:),	&
						&	dgrid(:), ZZ(:,:,:,:)

	na = size(ZZ,1)
	nb = size(ZZ,2)
	nc = size(ZZ,3)
	nd = size(ZZ,4)
		
	andx = locate(a, agrid)
	bndx = locate(b, bgrid)
	cndx = locate(c, cgrid)
	dndx = locate(d, dgrid)

	if (andx == 0 .or. andx == na) then
		print*, "the first argment is out of range in lininterp4"
	else if (bndx == 0 .or. bndx == nb) then
		print*, "the second argment is out of range in lininterp4"
	else if (cndx == 0 .or. cndx == nc) then
		print*, "the third argment is out of range in lininterp4"
	else if (dndx == 0 .or. dndx == nd) then
		print*, "the fourth argment is out of range in lininterp4"
	end if

	s = (a - agrid(andx))/(agrid(andx+1) - agrid(andx))
	t = (b - bgrid(bndx))/(bgrid(bndx+1) - bgrid(bndx))
	u = (c - cgrid(cndx))/(cgrid(cndx+1) - cgrid(cndx))
	v = (d - dgrid(dndx))/(dgrid(dndx+1) - dgrid(dndx))

	val = v*(u*(t*(s*ZZ(andx+1,bndx+1,cndx+1,dndx+1)		&
		+ (1-s)*ZZ(andx,bndx+1,cndx+1,dndx+1))				&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx+1,dndx+1)			&
		+ (1-s)*ZZ(andx,bndx,cndx+1,dndx+1)))				&
		+ (1-u)*(t*(s*ZZ(andx+1,bndx+1,cndx,dndx+1)			&
		+ (1-s)*ZZ(andx,bndx+1,cndx,dndx+1))				&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx,dndx+1)				&
		+ (1-s)*ZZ(andx,bndx,cndx,dndx+1))))				&
		+ (1-v)*(u*(t*(s*ZZ(andx+1,bndx+1,cndx+1,dndx)		&
		+ (1-s)*ZZ(andx,bndx+1,cndx+1,dndx))				&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx+1,dndx)				&
		+ (1-s)*ZZ(andx,bndx,cndx+1,dndx)))					&
		+ (1-u)*(t*(s*ZZ(andx+1,bndx+1,cndx,dndx)			&
		+ (1-s)*ZZ(andx,bndx+1,cndx,dndx))					&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx,dndx)				&
		+ (1-s)*ZZ(andx,bndx,cndx,dndx))))

	lininterp4 = val

end function


!	5 dimensional linear interpolation

real(8) function lininterp5(a, b, c, d, e, agrid, bgrid, cgrid, dgrid,	&
							&	egrid, ZZ)

	implicit none

	integer :: na, nb, nc, nd, ne, andx, bndx, cndx, dndx, endx
	real(8) :: s, t, u,	v, w, val
	real(8), intent(in) :: a, b, c, d, e, agrid(:), bgrid(:), cgrid(:),		&
						&	dgrid(:), egrid(:), ZZ(:,:,:,:,:)

	na = size(ZZ,1)
	nb = size(ZZ,2)
	nc = size(ZZ,3)
	nd = size(ZZ,4)
	ne = size(ZZ,5)
	
	andx = locate(a, agrid)
	bndx = locate(b, bgrid)
	cndx = locate(c, cgrid)
	dndx = locate(d, dgrid)
	endx = locate(e, egrid)

	if (andx == 0 .or. andx == na) then
		print*, "the first argment is out of range in lininterp5"
	else if (bndx == 0 .or. bndx == nb) then
		print*, "the second argment is out of range in lininterp5"
	else if (cndx == 0 .or. cndx == nc) then
		print*, "the third argment is out of range in lininterp5"
	else if (dndx == 0 .or. dndx == nd) then
		print*, "the fourth argment is out of range in lininterp5"
	else if (endx == 0 .or. endx == ne) then
		print*, "the fifth argment is out of range in lininterp5"
	end if

	s = (a - agrid(andx))/(agrid(andx+1) - agrid(andx))
	t = (b - bgrid(bndx))/(bgrid(bndx+1) - bgrid(bndx))
	u = (c - cgrid(cndx))/(cgrid(cndx+1) - cgrid(cndx))
	v = (d - dgrid(dndx))/(dgrid(dndx+1) - dgrid(dndx))
	w = (e - egrid(endx))/(egrid(endx+1) - egrid(endx))

	val = w*(v*(u*(t*(s*ZZ(andx+1,bndx+1,cndx+1,dndx+1,endx+1)		&
		+ (1-s)*ZZ(andx,bndx+1,cndx+1,dndx+1,endx+1))				&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx+1,dndx+1,endx+1)				&
		+ (1-s)*ZZ(andx,bndx,cndx+1,dndx+1,endx+1)))				&
		+ (1-u)*(t*(s*ZZ(andx+1,bndx+1,cndx,dndx+1,endx+1)			&
		+ (1-s)*ZZ(andx,bndx+1,cndx,dndx+1,endx+1))					&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx,dndx+1,endx+1)				&
		+ (1-s)*ZZ(andx,bndx,cndx,dndx+1,endx+1))))					&
		+ (1-v)*(u*(t*(s*ZZ(andx+1,bndx+1,cndx+1,dndx,endx+1)		&
		+ (1-s)*ZZ(andx,bndx+1,cndx+1,dndx,endx+1))					&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx+1,dndx,endx+1)				&
		+ (1-s)*ZZ(andx,bndx,cndx+1,dndx,endx+1)))					&
		+ (1-u)*(t*(s*ZZ(andx+1,bndx+1,cndx,dndx,endx+1)			&
		+ (1-s)*ZZ(andx,bndx+1,cndx,dndx,endx+1))					&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx,dndx,endx+1)					&
		+ (1-s)*ZZ(andx,bndx,cndx,dndx,endx+1)))))					&
		+ (1-w)*(v*(u*(t*(s*ZZ(andx+1,bndx+1,cndx+1,dndx+1,endx)	&
		+ (1-s)*ZZ(andx,bndx+1,cndx+1,dndx+1,endx))					&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx+1,dndx+1,endx)				&
		+ (1-s)*ZZ(andx,bndx,cndx+1,dndx+1,endx)))					&
		+ (1-u)*(t*(s*ZZ(andx+1,bndx+1,cndx,dndx+1,endx)			&
		+ (1-s)*ZZ(andx,bndx+1,cndx,dndx+1,endx))					&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx,dndx+1,endx)					&
		+ (1-s)*ZZ(andx,bndx,cndx,dndx+1,endx))))					&
		+ (1-v)*(u*(t*(s*ZZ(andx+1,bndx+1,cndx+1,dndx,endx+1)		&
		+ (1-s)*ZZ(andx,bndx+1,cndx+1,dndx,endx))					&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx+1,dndx,endx)					&
		+ (1-s)*ZZ(andx,bndx,cndx+1,dndx,endx)))					&
		+ (1-u)*(t*(s*ZZ(andx+1,bndx+1,cndx,dndx,endx)				&
		+ (1-s)*ZZ(andx,bndx+1,cndx,dndx,endx))						&
		+ (1-t)*(s*ZZ(andx+1,bndx,cndx,dndx,endx)					&
		+ (1-s)*ZZ(andx,bndx,cndx,dndx,endx)))))

	lininterp5 = val

end function


!	for int6lin val = x*(val in int5lin with sixth index fndx+1)
!				+ (1-x)*(val in int5lin with sixth index fndx)

end module



FortranFinal/Tools/normcdf.f
      DOUBLE PRECISION FUNCTION NORMCDF(Y)
      IMPLICIT REAL*8(A-H,O-Z)
      REAL*8 P(6), Q(5), A(9), B(8), C(5), D(4)
      DATA P(1)/-6.58749161529837803157D-04/,
     1     P(2)/-1.60837851487422766278D-02/,
     2     P(3)/-1.25781726111229246204D-01/,
     3     P(4)/-3.60344899949804439429D-01/,
     4     P(5)/-3.05326634961232344035D-01/,
     5     P(6)/-1.63153871373020978498D-02/
      DATA Q(1)/2.33520497626869185443D-03/,
     1     Q(2)/6.05183413124413191178D-02/,
     2     Q(3)/5.27905102951428412248D-01/,
     3     Q(4)/1.87295284992346047209D00/,
     4     Q(5)/2.56852019228982242072D00/
      DATA A(1)/1.23033935479799725272D03/,
     1     A(2)/2.05107837782607146532D03/,
     2     A(3)/1.71204761263407058314D03/,
     3     A(4)/8.81952221241769090411D02/,
     4     A(5)/2.98635138197400131132D02/,
     5     A(6)/6.61191906371416294775D01/,
     6     A(7)/8.88314979438837594118D00/,
     7     A(8)/5.64188496988670089180D-01/,
     8     A(9)/2.15311535474403846343D-08/
      DATA B(1)/1.23033935480374942043D03/,
     1     B(2)/3.43936767414372163696D03/,
     2     B(3)/4.36261909014324715820D03/,
     3     B(4)/3.29079923573345962678D03/,
     4     B(5)/1.62138957456669018874D03/,
     5     B(6)/5.37181101862009857509D02/,
     6     B(7)/1.17693950891312499305D02/,
     7     B(8)/1.57449261107098347253D01/
      DATA C(1)/3.209377589138469472562D03/,
     1     C(2)/3.774852376853020208137D02/,
     2     C(3)/1.138641541510501556495D02/,
     3     C(4)/3.161123743870565596947D00/,
     4     C(5)/1.857777061846031526730D-01/
      DATA D(1)/2.844236833439170622273D03/,
     1     D(2)/1.282616526077372275645D03/,
     2     D(3)/2.440246379344441733056D02/,
     3     D(4)/2.360129095234412093499D01/
      DATA ORPI/.5641895835477562869483D0/,
     1   ROOT2/.70710678118654752440083D0/
C  THIS SUBROUTINE USES CODY'S METHOD TO EVALUATE THE CUMULATIVE
C NORMAL DISTRIBUTION. IT IS PROBABLY ACCURATE TO 19 OR 20
C SIGNIFICANT DIGITS. IT WAS WRITTEN BY JAMES MACKINNON LATE IN
C 1977, BASED ON THE CODY ARTICLE REFERRED TO IN THE DOCUMENTATION
C FOR IMSL SUBROUTINE MDNOR.
      ISW = 1
      IF (Y.LT.-16.D0) Y = -16.D0
      IF (Y.GT.16.D0) Y = 16.D0
      X = -Y*ROOT2
      IF(X.GT.0.D0) GO TO 1
      IF(X.LT.0.D0) GO TO 2
      NORMCDF = .5D0
      RETURN
    2 CONTINUE
      X = - X
      ISW = -1
    1 CONTINUE
      IF(X.LT..477D0) GO TO 10
      IF(X.LE.4.D0) GO TO 20
C  EVALUATE ERFC FOR X.GT.4.0
      X2 = X*X
      XM2 = 1.D0/X2
      XM4 = XM2*XM2
      XM6 = XM4*XM2
      XM8 = XM4*XM4
      XM10 = XM6*XM4
      TOP = P(1) + P(2)*XM2 + P(3)*XM4 + P(4)*XM6 + P(5)*XM8 + P(6)*XM10
      BOT = Q(1) + Q(2)*XM2 + Q(3)*XM4 + Q(4)*XM6 + Q(5)*XM8 + XM10
      CRAP = ORPI + TOP/(BOT*X2)
      ERFC = DEXP(-X2)*CRAP/X
C
      IF(ISW.EQ.-1) ERFC = 2.D0 - ERFC
      NORMCDF = ERFC*.5D0
      RETURN
   20 CONTINUE
C  EVALUATE ERFC FOR .477.LT.X.LE.4.0
      X2 = X*X
      X3 = X2*X
      X4 = X2*X2
      X5 = X3*X2
      X6 = X3*X3
      X7 = X3*X4
      X8 = X4*X4
      TOP = A(1) + A(2)*X + A(3)*X2 + A(4)*X3 + A(5)*X4 + A(6)*X5 +
     1 A(7)*X6 + A(8)*X7 + A(9)*X8
      BOT = B(1) + B(2)*X + B(3)*X2 + B(4)*X3 + B(5)*X4 + B(6)*X5 +
     1 B(7)*X6 + B(8)*X7 + X8
      ERFC = DEXP(-X2)*TOP/BOT
C
      IF(ISW.EQ.-1) ERFC = 2.D0 - ERFC
      NORMCDF = ERFC*.5D0
      RETURN
   10 CONTINUE
C  EVALUATE ERF FOR X.LT..477
      X2 = X*X
      X4 = X2*X2
      X6 = X4*X2
      X8 = X4*X4
      TOP = C(1) + C(2)*X2 + C(3)*X4 + C(4)*X6 + C(5)*X8
      BOT = D(1) + D(2)*X2 + D(3)*X4 + D(4)*X6 + X8
      ERF = X*TOP/BOT
C
      ERF = ERF*ISW
      ERFC = 1.D0 - ERF
      NORMCDF = ERFC*.5D0
      RETURN
      END





FortranFinal/Tools/NRModule.f90
MODULE nrtype
	INTEGER, PARAMETER :: I4B = SELECTED_INT_KIND(9)
	INTEGER, PARAMETER :: I2B = SELECTED_INT_KIND(4)
	INTEGER, PARAMETER :: I1B = SELECTED_INT_KIND(2)
	INTEGER, PARAMETER :: SP = KIND(1.0)
	INTEGER, PARAMETER :: DP = KIND(1.0D0)
	INTEGER, PARAMETER :: SPC = KIND((1.0,1.0))
	INTEGER, PARAMETER :: DPC = KIND((1.0D0,1.0D0))
	INTEGER, PARAMETER :: LGT = KIND(.true.)
	REAL(SP), PARAMETER :: PI=3.141592653589793238462643383279502884197_sp
	REAL(SP), PARAMETER :: PIO2=1.57079632679489661923132169163975144209858_sp
	REAL(SP), PARAMETER :: TWOPI=6.283185307179586476925286766559005768394_sp
	REAL(SP), PARAMETER :: SQRT2=1.41421356237309504880168872420969807856967_sp
	REAL(SP), PARAMETER :: EULER=0.5772156649015328606065120900824024310422_sp
	REAL(DP), PARAMETER :: PI_D=3.141592653589793238462643383279502884197_dp
	REAL(DP), PARAMETER :: PIO2_D=1.57079632679489661923132169163975144209858_dp
	REAL(DP), PARAMETER :: TWOPI_D=6.283185307179586476925286766559005768394_dp
	TYPE sprs2_sp
		INTEGER(I4B) :: n,len
		REAL(SP), DIMENSION(:), POINTER :: val
		INTEGER(I4B), DIMENSION(:), POINTER :: irow
		INTEGER(I4B), DIMENSION(:), POINTER :: jcol
	END TYPE sprs2_sp
	TYPE sprs2_dp
		INTEGER(I4B) :: n,len
		REAL(DP), DIMENSION(:), POINTER :: val
		INTEGER(I4B), DIMENSION(:), POINTER :: irow
		INTEGER(I4B), DIMENSION(:), POINTER :: jcol
	END TYPE sprs2_dp
END MODULE nrtype


MODULE nrutil
	USE nrtype
	IMPLICIT NONE
	INTEGER(I4B), PARAMETER :: NPAR_ARTH=16,NPAR2_ARTH=8
	INTEGER(I4B), PARAMETER :: NPAR_GEOP=4,NPAR2_GEOP=2
	INTEGER(I4B), PARAMETER :: NPAR_CUMSUM=16
	INTEGER(I4B), PARAMETER :: NPAR_CUMPROD=8
	INTEGER(I4B), PARAMETER :: NPAR_POLY=8
	INTEGER(I4B), PARAMETER :: NPAR_POLYTERM=8
	INTERFACE array_copy
		MODULE PROCEDURE array_copy_r, array_copy_d, array_copy_i
	END INTERFACE
	INTERFACE swap
		MODULE PROCEDURE swap_i,swap_r,swap_rv,swap_d,swap_dv,swap_c, &
			swap_cv,swap_cm,swap_z,swap_zv,swap_zm, &
			masked_swap_rs,masked_swap_rv,masked_swap_rm
	END INTERFACE
	INTERFACE reallocate
		MODULE PROCEDURE reallocate_rv,reallocate_rm,&
			reallocate_iv,reallocate_im,reallocate_hv
	END INTERFACE
	INTERFACE imaxloc
		MODULE PROCEDURE imaxloc_r,imaxloc_i
	END INTERFACE
	INTERFACE assert
		MODULE PROCEDURE assert1,assert2,assert3,assert4,assert_v
	END INTERFACE
	INTERFACE assert_eq
		MODULE PROCEDURE assert_eq2,assert_eq3,assert_eq4,assert_eq5,assert_eqn
	END INTERFACE
	INTERFACE arth
		MODULE PROCEDURE arth_r, arth_d, arth_i
	END INTERFACE
	INTERFACE geop
		MODULE PROCEDURE geop_r, geop_d, geop_i, geop_c, geop_dv
	END INTERFACE
	INTERFACE cumsum
		MODULE PROCEDURE cumsum_r,cumsum_i
	END INTERFACE
	INTERFACE poly
		MODULE PROCEDURE poly_rr,poly_rrv,poly_dd,poly_ddv,&
			poly_rc,poly_cc,poly_msk_rrv,poly_msk_ddv
	END INTERFACE
	INTERFACE poly_term
		MODULE PROCEDURE poly_term_rr,poly_term_cc
	END INTERFACE
	INTERFACE outerprod
		MODULE PROCEDURE outerprod_r,outerprod_d
	END INTERFACE
	INTERFACE outerdiff
		MODULE PROCEDURE outerdiff_r,outerdiff_d,outerdiff_i
	END INTERFACE
	INTERFACE scatter_add
		MODULE PROCEDURE scatter_add_r,scatter_add_d
	END INTERFACE
	INTERFACE scatter_max
		MODULE PROCEDURE scatter_max_r,scatter_max_d
	END INTERFACE
	INTERFACE diagadd
		MODULE PROCEDURE diagadd_rv,diagadd_r
	END INTERFACE
	INTERFACE diagmult
		MODULE PROCEDURE diagmult_rv,diagmult_r,diagmult_dv,diagmult_d
	END INTERFACE
	INTERFACE get_diag
		MODULE PROCEDURE get_diag_rv, get_diag_dv
	END INTERFACE
	INTERFACE put_diag
		MODULE PROCEDURE put_diag_rv, put_diag_r
	END INTERFACE
CONTAINS
!BL
	SUBROUTINE array_copy_r(src,dest,n_copied,n_not_copied)
	REAL(SP), DIMENSION(:), INTENT(IN) :: src
	REAL(SP), DIMENSION(:), INTENT(OUT) :: dest
	INTEGER(I4B), INTENT(OUT) :: n_copied, n_not_copied
	n_copied=min(size(src),size(dest))
	n_not_copied=size(src)-n_copied
	dest(1:n_copied)=src(1:n_copied)
	END SUBROUTINE array_copy_r
!BL
	SUBROUTINE array_copy_d(src,dest,n_copied,n_not_copied)
	REAL(DP), DIMENSION(:), INTENT(IN) :: src
	REAL(DP), DIMENSION(:), INTENT(OUT) :: dest
	INTEGER(I4B), INTENT(OUT) :: n_copied, n_not_copied
	n_copied=min(size(src),size(dest))
	n_not_copied=size(src)-n_copied
	dest(1:n_copied)=src(1:n_copied)
	END SUBROUTINE array_copy_d
!BL
	SUBROUTINE array_copy_i(src,dest,n_copied,n_not_copied)
	INTEGER(I4B), DIMENSION(:), INTENT(IN) :: src
	INTEGER(I4B), DIMENSION(:), INTENT(OUT) :: dest
	INTEGER(I4B), INTENT(OUT) :: n_copied, n_not_copied
	n_copied=min(size(src),size(dest))
	n_not_copied=size(src)-n_copied
	dest(1:n_copied)=src(1:n_copied)
	END SUBROUTINE array_copy_i
!BL
!BL
	SUBROUTINE swap_i(a,b)
	INTEGER(I4B), INTENT(INOUT) :: a,b
	INTEGER(I4B) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_i
!BL
	SUBROUTINE swap_r(a,b)
	REAL(SP), INTENT(INOUT) :: a,b
	REAL(SP) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_r
!BL
	SUBROUTINE swap_rv(a,b)
	REAL(SP), DIMENSION(:), INTENT(INOUT) :: a,b
	REAL(SP), DIMENSION(SIZE(a)) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_rv
!BL
	SUBROUTINE swap_d(a,b)
	REAL(DP), INTENT(INOUT) :: a,b
	REAL(DP) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_d
!BL
	SUBROUTINE swap_dv(a,b)
	REAL(DP), DIMENSION(:), INTENT(INOUT) :: a,b
	REAL(DP), DIMENSION(SIZE(a)) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_dv
!BL
	SUBROUTINE swap_c(a,b)
	COMPLEX(SPC), INTENT(INOUT) :: a,b
	COMPLEX(SPC) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_c
!BL
	SUBROUTINE swap_cv(a,b)
	COMPLEX(SPC), DIMENSION(:), INTENT(INOUT) :: a,b
	COMPLEX(SPC), DIMENSION(SIZE(a)) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_cv
!BL
	SUBROUTINE swap_cm(a,b)
	COMPLEX(SPC), DIMENSION(:,:), INTENT(INOUT) :: a,b
	COMPLEX(SPC), DIMENSION(size(a,1),size(a,2)) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_cm
!BL
	SUBROUTINE swap_z(a,b)
	COMPLEX(DPC), INTENT(INOUT) :: a,b
	COMPLEX(DPC) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_z
!BL
	SUBROUTINE swap_zv(a,b)
	COMPLEX(DPC), DIMENSION(:), INTENT(INOUT) :: a,b
	COMPLEX(DPC), DIMENSION(SIZE(a)) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_zv
!BL
	SUBROUTINE swap_zm(a,b)
	COMPLEX(DPC), DIMENSION(:,:), INTENT(INOUT) :: a,b
	COMPLEX(DPC), DIMENSION(size(a,1),size(a,2)) :: dum
	dum=a
	a=b
	b=dum
	END SUBROUTINE swap_zm
!BL
	SUBROUTINE masked_swap_rs(a,b,mask)
	REAL(SP), INTENT(INOUT) :: a,b
	LOGICAL(LGT), INTENT(IN) :: mask
	REAL(SP) :: swp
	if (mask) then
		swp=a
		a=b
		b=swp
	end if
	END SUBROUTINE masked_swap_rs
!BL
	SUBROUTINE masked_swap_rv(a,b,mask)
	REAL(SP), DIMENSION(:), INTENT(INOUT) :: a,b
	LOGICAL(LGT), DIMENSION(:), INTENT(IN) :: mask
	REAL(SP), DIMENSION(size(a)) :: swp
	where (mask)
		swp=a
		a=b
		b=swp
	end where
	END SUBROUTINE masked_swap_rv
!BL
	SUBROUTINE masked_swap_rm(a,b,mask)
	REAL(SP), DIMENSION(:,:), INTENT(INOUT) :: a,b
	LOGICAL(LGT), DIMENSION(:,:), INTENT(IN) :: mask
	REAL(SP), DIMENSION(size(a,1),size(a,2)) :: swp
	where (mask)
		swp=a
		a=b
		b=swp
	end where
	END SUBROUTINE masked_swap_rm
!BL
!BL
	FUNCTION reallocate_rv(p,n)
	REAL(SP), DIMENSION(:), POINTER :: p, reallocate_rv
	INTEGER(I4B), INTENT(IN) :: n
	INTEGER(I4B) :: nold,ierr
	allocate(reallocate_rv(n),stat=ierr)
	if (ierr /= 0) call &
		nrerror('reallocate_rv: problem in attempt to allocate memory')
	if (.not. associated(p)) RETURN
	nold=size(p)
	reallocate_rv(1:min(nold,n))=p(1:min(nold,n))
	deallocate(p)
	END FUNCTION reallocate_rv
!BL
	FUNCTION reallocate_iv(p,n)
	INTEGER(I4B), DIMENSION(:), POINTER :: p, reallocate_iv
	INTEGER(I4B), INTENT(IN) :: n
	INTEGER(I4B) :: nold,ierr
	allocate(reallocate_iv(n),stat=ierr)
	if (ierr /= 0) call &
		nrerror('reallocate_iv: problem in attempt to allocate memory')
	if (.not. associated(p)) RETURN
	nold=size(p)
	reallocate_iv(1:min(nold,n))=p(1:min(nold,n))
	deallocate(p)
	END FUNCTION reallocate_iv
!BL
	FUNCTION reallocate_hv(p,n)
	CHARACTER(1), DIMENSION(:), POINTER :: p, reallocate_hv
	INTEGER(I4B), INTENT(IN) :: n
	INTEGER(I4B) :: nold,ierr
	allocate(reallocate_hv(n),stat=ierr)
	if (ierr /= 0) call &
		nrerror('reallocate_hv: problem in attempt to allocate memory')
	if (.not. associated(p)) RETURN
	nold=size(p)
	reallocate_hv(1:min(nold,n))=p(1:min(nold,n))
	deallocate(p)
	END FUNCTION reallocate_hv
!BL
	FUNCTION reallocate_rm(p,n,m)
	REAL(SP), DIMENSION(:,:), POINTER :: p, reallocate_rm
	INTEGER(I4B), INTENT(IN) :: n,m
	INTEGER(I4B) :: nold,mold,ierr
	allocate(reallocate_rm(n,m),stat=ierr)
	if (ierr /= 0) call &
		nrerror('reallocate_rm: problem in attempt to allocate memory')
	if (.not. associated(p)) RETURN
	nold=size(p,1)
	mold=size(p,2)
	reallocate_rm(1:min(nold,n),1:min(mold,m))=&
		p(1:min(nold,n),1:min(mold,m))
	deallocate(p)
	END FUNCTION reallocate_rm
!BL
	FUNCTION reallocate_im(p,n,m)
	INTEGER(I4B), DIMENSION(:,:), POINTER :: p, reallocate_im
	INTEGER(I4B), INTENT(IN) :: n,m
	INTEGER(I4B) :: nold,mold,ierr
	allocate(reallocate_im(n,m),stat=ierr)
	if (ierr /= 0) call &
		nrerror('reallocate_im: problem in attempt to allocate memory')
	if (.not. associated(p)) RETURN
	nold=size(p,1)
	mold=size(p,2)
	reallocate_im(1:min(nold,n),1:min(mold,m))=&
		p(1:min(nold,n),1:min(mold,m))
	deallocate(p)
	END FUNCTION reallocate_im
!BL
	FUNCTION ifirstloc(mask)
	LOGICAL(LGT), DIMENSION(:), INTENT(IN) :: mask
	INTEGER(I4B) :: ifirstloc
	INTEGER(I4B), DIMENSION(1) :: loc
	loc=maxloc(merge(1,0,mask))
	ifirstloc=loc(1)
	if (.not. mask(ifirstloc)) ifirstloc=size(mask)+1
	END FUNCTION ifirstloc
!BL
	FUNCTION imaxloc_r(arr)
	REAL(SP), DIMENSION(:), INTENT(IN) :: arr
	INTEGER(I4B) :: imaxloc_r
	INTEGER(I4B), DIMENSION(1) :: imax
	imax=maxloc(arr(:))
	imaxloc_r=imax(1)
	END FUNCTION imaxloc_r
!BL
	FUNCTION imaxloc_i(iarr)
	INTEGER(I4B), DIMENSION(:), INTENT(IN) :: iarr
	INTEGER(I4B), DIMENSION(1) :: imax
	INTEGER(I4B) :: imaxloc_i
	imax=maxloc(iarr(:))
	imaxloc_i=imax(1)
	END FUNCTION imaxloc_i
!BL
	FUNCTION iminloc(arr)
	REAL(SP), DIMENSION(:), INTENT(IN) :: arr
	INTEGER(I4B), DIMENSION(1) :: imin
	INTEGER(I4B) :: iminloc
	imin=minloc(arr(:))
	iminloc=imin(1)
	END FUNCTION iminloc
!BL
	SUBROUTINE assert1(n1,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	LOGICAL, INTENT(IN) :: n1
	if (.not. n1) then
		write (*,*) 'nrerror: an assertion failed with this tag:', &
			string
		STOP 'program terminated by assert1'
	end if
	END SUBROUTINE assert1
!BL
	SUBROUTINE assert2(n1,n2,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	LOGICAL, INTENT(IN) :: n1,n2
	if (.not. (n1 .and. n2)) then
		write (*,*) 'nrerror: an assertion failed with this tag:', &
			string
		STOP 'program terminated by assert2'
	end if
	END SUBROUTINE assert2
!BL
	SUBROUTINE assert3(n1,n2,n3,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	LOGICAL, INTENT(IN) :: n1,n2,n3
	if (.not. (n1 .and. n2 .and. n3)) then
		write (*,*) 'nrerror: an assertion failed with this tag:', &
			string
		STOP 'program terminated by assert3'
	end if
	END SUBROUTINE assert3
!BL
	SUBROUTINE assert4(n1,n2,n3,n4,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	LOGICAL, INTENT(IN) :: n1,n2,n3,n4
	if (.not. (n1 .and. n2 .and. n3 .and. n4)) then
		write (*,*) 'nrerror: an assertion failed with this tag:', &
			string
		STOP 'program terminated by assert4'
	end if
	END SUBROUTINE assert4
!BL
	SUBROUTINE assert_v(n,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	LOGICAL, DIMENSION(:), INTENT(IN) :: n
	if (.not. all(n)) then
		write (*,*) 'nrerror: an assertion failed with this tag:', &
			string
		STOP 'program terminated by assert_v'
	end if
	END SUBROUTINE assert_v
!BL
	FUNCTION assert_eq2(n1,n2,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	INTEGER, INTENT(IN) :: n1,n2
	INTEGER :: assert_eq2
	if (n1 == n2) then
		assert_eq2=n1
	else
		write (*,*) 'nrerror: an assert_eq failed with this tag:', &
			string
		STOP 'program terminated by assert_eq2'
	end if
	END FUNCTION assert_eq2
!BL
	FUNCTION assert_eq3(n1,n2,n3,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	INTEGER, INTENT(IN) :: n1,n2,n3
	INTEGER :: assert_eq3
	if (n1 == n2 .and. n2 == n3) then
		assert_eq3=n1
	else
		write (*,*) 'nrerror: an assert_eq failed with this tag:', &
			string
		STOP 'program terminated by assert_eq3'
	end if
	END FUNCTION assert_eq3
!BL
	FUNCTION assert_eq4(n1,n2,n3,n4,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	INTEGER, INTENT(IN) :: n1,n2,n3,n4
	INTEGER :: assert_eq4
	if (n1 == n2 .and. n2 == n3 .and. n3 == n4) then
		assert_eq4=n1
	else
		write (*,*) 'nrerror: an assert_eq failed with this tag:', &
			string
		STOP 'program terminated by assert_eq4'
	end if
	END FUNCTION assert_eq4
!BL
	FUNCTION assert_eq5(n1,n2,n3,n4,n5,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	INTEGER, INTENT(IN) :: n1,n2,n3,n4,n5
	INTEGER :: assert_eq5
	if (n1 == n2 .and. n2 == n3 .and. n3 == n4 .and. n4 == n5) then
		assert_eq5=n1
	else
		write (*,*) 'nrerror: an assert_eq failed with this tag:', &
			string
		STOP 'program terminated by assert_eq5'
	end if
	END FUNCTION assert_eq5
!BL
	FUNCTION assert_eqn(nn,string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	INTEGER, DIMENSION(:), INTENT(IN) :: nn
	INTEGER :: assert_eqn
	if (all(nn(2:) == nn(1))) then
		assert_eqn=nn(1)
	else
		write (*,*) 'nrerror: an assert_eq failed with this tag:', &
			string
		STOP 'program terminated by assert_eqn'
	end if
	END FUNCTION assert_eqn
!BL
	SUBROUTINE nrerror(string)
	CHARACTER(LEN=*), INTENT(IN) :: string
	write (*,*) 'nrerror: ',string
	STOP 'program terminated by nrerror'
	END SUBROUTINE nrerror
!BL
	FUNCTION arth_r(first,increment,n)
	REAL(SP), INTENT(IN) :: first,increment
	INTEGER(I4B), INTENT(IN) :: n
	REAL(SP), DIMENSION(n) :: arth_r
	INTEGER(I4B) :: k,k2
	REAL(SP) :: temp
	if (n > 0) arth_r(1)=first
	if (n <= NPAR_ARTH) then
		do k=2,n
			arth_r(k)=arth_r(k-1)+increment
		end do
	else
		do k=2,NPAR2_ARTH
			arth_r(k)=arth_r(k-1)+increment
		end do
		temp=increment*NPAR2_ARTH
		k=NPAR2_ARTH
		do
			if (k >= n) exit
			k2=k+k
			arth_r(k+1:min(k2,n))=temp+arth_r(1:min(k,n-k))
			temp=temp+temp
			k=k2
		end do
	end if
	END FUNCTION arth_r
!BL
	FUNCTION arth_d(first,increment,n)
	REAL(DP), INTENT(IN) :: first,increment
	INTEGER(I4B), INTENT(IN) :: n
	REAL(DP), DIMENSION(n) :: arth_d
	INTEGER(I4B) :: k,k2
	REAL(DP) :: temp
	if (n > 0) arth_d(1)=first
	if (n <= NPAR_ARTH) then
		do k=2,n
			arth_d(k)=arth_d(k-1)+increment
		end do
	else
		do k=2,NPAR2_ARTH
			arth_d(k)=arth_d(k-1)+increment
		end do
		temp=increment*NPAR2_ARTH
		k=NPAR2_ARTH
		do
			if (k >= n) exit
			k2=k+k
			arth_d(k+1:min(k2,n))=temp+arth_d(1:min(k,n-k))
			temp=temp+temp
			k=k2
		end do
	end if
	END FUNCTION arth_d
!BL
	FUNCTION arth_i(first,increment,n)
	INTEGER(I4B), INTENT(IN) :: first,increment,n
	INTEGER(I4B), DIMENSION(n) :: arth_i
	INTEGER(I4B) :: k,k2,temp
	if (n > 0) arth_i(1)=first
	if (n <= NPAR_ARTH) then
		do k=2,n
			arth_i(k)=arth_i(k-1)+increment
		end do
	else
		do k=2,NPAR2_ARTH
			arth_i(k)=arth_i(k-1)+increment
		end do
		temp=increment*NPAR2_ARTH
		k=NPAR2_ARTH
		do
			if (k >= n) exit
			k2=k+k
			arth_i(k+1:min(k2,n))=temp+arth_i(1:min(k,n-k))
			temp=temp+temp
			k=k2
		end do
	end if
	END FUNCTION arth_i
!BL
!BL
	FUNCTION geop_r(first,factor,n)
	REAL(SP), INTENT(IN) :: first,factor
	INTEGER(I4B), INTENT(IN) :: n
	REAL(SP), DIMENSION(n) :: geop_r
	INTEGER(I4B) :: k,k2
	REAL(SP) :: temp
	if (n > 0) geop_r(1)=first
	if (n <= NPAR_GEOP) then
		do k=2,n
			geop_r(k)=geop_r(k-1)*factor
		end do
	else
		do k=2,NPAR2_GEOP
			geop_r(k)=geop_r(k-1)*factor
		end do
		temp=factor**NPAR2_GEOP
		k=NPAR2_GEOP
		do
			if (k >= n) exit
			k2=k+k
			geop_r(k+1:min(k2,n))=temp*geop_r(1:min(k,n-k))
			temp=temp*temp
			k=k2
		end do
	end if
	END FUNCTION geop_r
!BL
	FUNCTION geop_d(first,factor,n)
	REAL(DP), INTENT(IN) :: first,factor
	INTEGER(I4B), INTENT(IN) :: n
	REAL(DP), DIMENSION(n) :: geop_d
	INTEGER(I4B) :: k,k2
	REAL(DP) :: temp
	if (n > 0) geop_d(1)=first
	if (n <= NPAR_GEOP) then
		do k=2,n
			geop_d(k)=geop_d(k-1)*factor
		end do
	else
		do k=2,NPAR2_GEOP
			geop_d(k)=geop_d(k-1)*factor
		end do
		temp=factor**NPAR2_GEOP
		k=NPAR2_GEOP
		do
			if (k >= n) exit
			k2=k+k
			geop_d(k+1:min(k2,n))=temp*geop_d(1:min(k,n-k))
			temp=temp*temp
			k=k2
		end do
	end if
	END FUNCTION geop_d
!BL
	FUNCTION geop_i(first,factor,n)
	INTEGER(I4B), INTENT(IN) :: first,factor,n
	INTEGER(I4B), DIMENSION(n) :: geop_i
	INTEGER(I4B) :: k,k2,temp
	if (n > 0) geop_i(1)=first
	if (n <= NPAR_GEOP) then
		do k=2,n
			geop_i(k)=geop_i(k-1)*factor
		end do
	else
		do k=2,NPAR2_GEOP
			geop_i(k)=geop_i(k-1)*factor
		end do
		temp=factor**NPAR2_GEOP
		k=NPAR2_GEOP
		do
			if (k >= n) exit
			k2=k+k
			geop_i(k+1:min(k2,n))=temp*geop_i(1:min(k,n-k))
			temp=temp*temp
			k=k2
		end do
	end if
	END FUNCTION geop_i
!BL
	FUNCTION geop_c(first,factor,n)
	COMPLEX(SP), INTENT(IN) :: first,factor
	INTEGER(I4B), INTENT(IN) :: n
	COMPLEX(SP), DIMENSION(n) :: geop_c
	INTEGER(I4B) :: k,k2
	COMPLEX(SP) :: temp
	if (n > 0) geop_c(1)=first
	if (n <= NPAR_GEOP) then
		do k=2,n
			geop_c(k)=geop_c(k-1)*factor
		end do
	else
		do k=2,NPAR2_GEOP
			geop_c(k)=geop_c(k-1)*factor
		end do
		temp=factor**NPAR2_GEOP
		k=NPAR2_GEOP
		do
			if (k >= n) exit
			k2=k+k
			geop_c(k+1:min(k2,n))=temp*geop_c(1:min(k,n-k))
			temp=temp*temp
			k=k2
		end do
	end if
	END FUNCTION geop_c
!BL
	FUNCTION geop_dv(first,factor,n)
	REAL(DP), DIMENSION(:), INTENT(IN) :: first,factor
	INTEGER(I4B), INTENT(IN) :: n
	REAL(DP), DIMENSION(size(first),n) :: geop_dv
	INTEGER(I4B) :: k,k2
	REAL(DP), DIMENSION(size(first)) :: temp
	if (n > 0) geop_dv(:,1)=first(:)
	if (n <= NPAR_GEOP) then
		do k=2,n
			geop_dv(:,k)=geop_dv(:,k-1)*factor(:)
		end do
	else
		do k=2,NPAR2_GEOP
			geop_dv(:,k)=geop_dv(:,k-1)*factor(:)
		end do
		temp=factor**NPAR2_GEOP
		k=NPAR2_GEOP
		do
			if (k >= n) exit
			k2=k+k
			geop_dv(:,k+1:min(k2,n))=geop_dv(:,1:min(k,n-k))*&
				spread(temp,2,size(geop_dv(:,1:min(k,n-k)),2))
			temp=temp*temp
			k=k2
		end do
	end if
	END FUNCTION geop_dv
!BL
!BL
	RECURSIVE FUNCTION cumsum_r(arr,seed) RESULT(ans)
	REAL(SP), DIMENSION(:), INTENT(IN) :: arr
	REAL(SP), OPTIONAL, INTENT(IN) :: seed
	REAL(SP), DIMENSION(size(arr)) :: ans
	INTEGER(I4B) :: n,j
	REAL(SP) :: sd
	n=size(arr)
	if (n == 0_i4b) RETURN
	sd=0.0_sp
	if (present(seed)) sd=seed
	ans(1)=arr(1)+sd
	if (n < NPAR_CUMSUM) then
		do j=2,n
			ans(j)=ans(j-1)+arr(j)
		end do
	else
		ans(2:n:2)=cumsum_r(arr(2:n:2)+arr(1:n-1:2),sd)
		ans(3:n:2)=ans(2:n-1:2)+arr(3:n:2)
	end if
	END FUNCTION cumsum_r
!BL
	RECURSIVE FUNCTION cumsum_i(arr,seed) RESULT(ans)
	INTEGER(I4B), DIMENSION(:), INTENT(IN) :: arr
	INTEGER(I4B), OPTIONAL, INTENT(IN) :: seed
	INTEGER(I4B), DIMENSION(size(arr)) :: ans
	INTEGER(I4B) :: n,j,sd
	n=size(arr)
	if (n == 0_i4b) RETURN
	sd=0_i4b
	if (present(seed)) sd=seed
	ans(1)=arr(1)+sd
	if (n < NPAR_CUMSUM) then
		do j=2,n
			ans(j)=ans(j-1)+arr(j)
		end do
	else
		ans(2:n:2)=cumsum_i(arr(2:n:2)+arr(1:n-1:2),sd)
		ans(3:n:2)=ans(2:n-1:2)+arr(3:n:2)
	end if
	END FUNCTION cumsum_i
!BL
!BL
	RECURSIVE FUNCTION cumprod(arr,seed) RESULT(ans)
	REAL(SP), DIMENSION(:), INTENT(IN) :: arr
	REAL(SP), OPTIONAL, INTENT(IN) :: seed
	REAL(SP), DIMENSION(size(arr)) :: ans
	INTEGER(I4B) :: n,j
	REAL(SP) :: sd
	n=size(arr)
	if (n == 0_i4b) RETURN
	sd=1.0_sp
	if (present(seed)) sd=seed
	ans(1)=arr(1)*sd
	if (n < NPAR_CUMPROD) then
		do j=2,n
			ans(j)=ans(j-1)*arr(j)
		end do
	else
		ans(2:n:2)=cumprod(arr(2:n:2)*arr(1:n-1:2),sd)
		ans(3:n:2)=ans(2:n-1:2)*arr(3:n:2)
	end if
	END FUNCTION cumprod
!BL
!BL
	FUNCTION poly_rr(x,coeffs)
	REAL(SP), INTENT(IN) :: x
	REAL(SP), DIMENSION(:), INTENT(IN) :: coeffs
	REAL(SP) :: poly_rr
	REAL(SP) :: pow
	REAL(SP), DIMENSION(:), ALLOCATABLE :: vec
	INTEGER(I4B) :: i,n,nn
	n=size(coeffs)
	if (n <= 0) then
		poly_rr=0.0_sp
	else if (n < NPAR_POLY) then
		poly_rr=coeffs(n)
		do i=n-1,1,-1
			poly_rr=x*poly_rr+coeffs(i)
		end do
	else
		allocate(vec(n+1))
		pow=x
		vec(1:n)=coeffs
		do
			vec(n+1)=0.0_sp
			nn=ishft(n+1,-1)
			vec(1:nn)=vec(1:n:2)+pow*vec(2:n+1:2)
			if (nn == 1) exit
			pow=pow*pow
			n=nn
		end do
		poly_rr=vec(1)
		deallocate(vec)
	end if
	END FUNCTION poly_rr
!BL
	FUNCTION poly_dd(x,coeffs)
	REAL(DP), INTENT(IN) :: x
	REAL(DP), DIMENSION(:), INTENT(IN) :: coeffs
	REAL(DP) :: poly_dd
	REAL(DP) :: pow
	REAL(DP), DIMENSION(:), ALLOCATABLE :: vec
	INTEGER(I4B) :: i,n,nn
	n=size(coeffs)
	if (n <= 0) then
		poly_dd=0.0_dp
	else if (n < NPAR_POLY) then
		poly_dd=coeffs(n)
		do i=n-1,1,-1
			poly_dd=x*poly_dd+coeffs(i)
		end do
	else
		allocate(vec(n+1))
		pow=x
		vec(1:n)=coeffs
		do
			vec(n+1)=0.0_dp
			nn=ishft(n+1,-1)
			vec(1:nn)=vec(1:n:2)+pow*vec(2:n+1:2)
			if (nn == 1) exit
			pow=pow*pow
			n=nn
		end do
		poly_dd=vec(1)
		deallocate(vec)
	end if
	END FUNCTION poly_dd
!BL
	FUNCTION poly_rc(x,coeffs)
	COMPLEX(SPC), INTENT(IN) :: x
	REAL(SP), DIMENSION(:), INTENT(IN) :: coeffs
	COMPLEX(SPC) :: poly_rc
	COMPLEX(SPC) :: pow
	COMPLEX(SPC), DIMENSION(:), ALLOCATABLE :: vec
	INTEGER(I4B) :: i,n,nn
	n=size(coeffs)
	if (n <= 0) then
		poly_rc=0.0_sp
	else if (n < NPAR_POLY) then
		poly_rc=coeffs(n)
		do i=n-1,1,-1
			poly_rc=x*poly_rc+coeffs(i)
		end do
	else
		allocate(vec(n+1))
		pow=x
		vec(1:n)=coeffs
		do
			vec(n+1)=0.0_sp
			nn=ishft(n+1,-1)
			vec(1:nn)=vec(1:n:2)+pow*vec(2:n+1:2)
			if (nn == 1) exit
			pow=pow*pow
			n=nn
		end do
		poly_rc=vec(1)
		deallocate(vec)
	end if
	END FUNCTION poly_rc
!BL
	FUNCTION poly_cc(x,coeffs)
	COMPLEX(SPC), INTENT(IN) :: x
	COMPLEX(SPC), DIMENSION(:), INTENT(IN) :: coeffs
	COMPLEX(SPC) :: poly_cc
	COMPLEX(SPC) :: pow
	COMPLEX(SPC), DIMENSION(:), ALLOCATABLE :: vec
	INTEGER(I4B) :: i,n,nn
	n=size(coeffs)
	if (n <= 0) then
		poly_cc=0.0_sp
	else if (n < NPAR_POLY) then
		poly_cc=coeffs(n)
		do i=n-1,1,-1
			poly_cc=x*poly_cc+coeffs(i)
		end do
	else
		allocate(vec(n+1))
		pow=x
		vec(1:n)=coeffs
		do
			vec(n+1)=0.0_sp
			nn=ishft(n+1,-1)
			vec(1:nn)=vec(1:n:2)+pow*vec(2:n+1:2)
			if (nn == 1) exit
			pow=pow*pow
			n=nn
		end do
		poly_cc=vec(1)
		deallocate(vec)
	end if
	END FUNCTION poly_cc
!BL
	FUNCTION poly_rrv(x,coeffs)
	REAL(SP), DIMENSION(:), INTENT(IN) :: coeffs,x
	REAL(SP), DIMENSION(size(x)) :: poly_rrv
	INTEGER(I4B) :: i,n,m
	m=size(coeffs)
	n=size(x)
	if (m <= 0) then
		poly_rrv=0.0_sp
	else if (m < n .or. m < NPAR_POLY) then
		poly_rrv=coeffs(m)
		do i=m-1,1,-1
			poly_rrv=x*poly_rrv+coeffs(i)
		end do
	else
		do i=1,n
			poly_rrv(i)=poly_rr(x(i),coeffs)
		end do
	end if
	END FUNCTION poly_rrv
!BL
	FUNCTION poly_ddv(x,coeffs)
	REAL(DP), DIMENSION(:), INTENT(IN) :: coeffs,x
	REAL(DP), DIMENSION(size(x)) :: poly_ddv
	INTEGER(I4B) :: i,n,m
	m=size(coeffs)
	n=size(x)
	if (m <= 0) then
		poly_ddv=0.0_dp
	else if (m < n .or. m < NPAR_POLY) then
		poly_ddv=coeffs(m)
		do i=m-1,1,-1
			poly_ddv=x*poly_ddv+coeffs(i)
		end do
	else
		do i=1,n
			poly_ddv(i)=poly_dd(x(i),coeffs)
		end do
	end if
	END FUNCTION poly_ddv
!BL
	FUNCTION poly_msk_rrv(x,coeffs,mask)
	REAL(SP), DIMENSION(:), INTENT(IN) :: coeffs,x
	LOGICAL(LGT), DIMENSION(:), INTENT(IN) :: mask
	REAL(SP), DIMENSION(size(x)) :: poly_msk_rrv
	poly_msk_rrv=unpack(poly_rrv(pack(x,mask),coeffs),mask,0.0_sp)
	END FUNCTION poly_msk_rrv
!BL
	FUNCTION poly_msk_ddv(x,coeffs,mask)
	REAL(DP), DIMENSION(:), INTENT(IN) :: coeffs,x
	LOGICAL(LGT), DIMENSION(:), INTENT(IN) :: mask
	REAL(DP), DIMENSION(size(x)) :: poly_msk_ddv
	poly_msk_ddv=unpack(poly_ddv(pack(x,mask),coeffs),mask,0.0_dp)
	END FUNCTION poly_msk_ddv
!BL
!BL
	RECURSIVE FUNCTION poly_term_rr(a,b) RESULT(u)
	REAL(SP), DIMENSION(:), INTENT(IN) :: a
	REAL(SP), INTENT(IN) :: b
	REAL(SP), DIMENSION(size(a)) :: u
	INTEGER(I4B) :: n,j
	n=size(a)
	if (n <= 0) RETURN
	u(1)=a(1)
	if (n < NPAR_POLYTERM) then
		do j=2,n
			u(j)=a(j)+b*u(j-1)
		end do
	else
		u(2:n:2)=poly_term_rr(a(2:n:2)+a(1:n-1:2)*b,b*b)
		u(3:n:2)=a(3:n:2)+b*u(2:n-1:2)
	end if
	END FUNCTION poly_term_rr
!BL
	RECURSIVE FUNCTION poly_term_cc(a,b) RESULT(u)
	COMPLEX(SPC), DIMENSION(:), INTENT(IN) :: a
	COMPLEX(SPC), INTENT(IN) :: b
	COMPLEX(SPC), DIMENSION(size(a)) :: u
	INTEGER(I4B) :: n,j
	n=size(a)
	if (n <= 0) RETURN
	u(1)=a(1)
	if (n < NPAR_POLYTERM) then
		do j=2,n
			u(j)=a(j)+b*u(j-1)
		end do
	else
		u(2:n:2)=poly_term_cc(a(2:n:2)+a(1:n-1:2)*b,b*b)
		u(3:n:2)=a(3:n:2)+b*u(2:n-1:2)
	end if
	END FUNCTION poly_term_cc
!BL
!BL
	FUNCTION zroots_unity(n,nn)
	INTEGER(I4B), INTENT(IN) :: n,nn
	COMPLEX(SPC), DIMENSION(nn) :: zroots_unity
	INTEGER(I4B) :: k
	REAL(SP) :: theta
	zroots_unity(1)=1.0
	theta=TWOPI/n
	k=1
	do
		if (k >= nn) exit
		zroots_unity(k+1)=cmplx(cos(k*theta),sin(k*theta),SPC)
		zroots_unity(k+2:min(2*k,nn))=zroots_unity(k+1)*&
			zroots_unity(2:min(k,nn-k))
		k=2*k
	end do
	END FUNCTION zroots_unity
!BL
	FUNCTION outerprod_r(a,b)
	REAL(SP), DIMENSION(:), INTENT(IN) :: a,b
	REAL(SP), DIMENSION(size(a),size(b)) :: outerprod_r
	outerprod_r = spread(a,dim=2,ncopies=size(b)) * &
		spread(b,dim=1,ncopies=size(a))
	END FUNCTION outerprod_r
!BL
	FUNCTION outerprod_d(a,b)
	REAL(DP), DIMENSION(:), INTENT(IN) :: a,b
	REAL(DP), DIMENSION(size(a),size(b)) :: outerprod_d
	outerprod_d = spread(a,dim=2,ncopies=size(b)) * &
		spread(b,dim=1,ncopies=size(a))
	END FUNCTION outerprod_d
!BL
	FUNCTION outerdiv(a,b)
	REAL(SP), DIMENSION(:), INTENT(IN) :: a,b
	REAL(SP), DIMENSION(size(a),size(b)) :: outerdiv
	outerdiv = spread(a,dim=2,ncopies=size(b)) / &
		spread(b,dim=1,ncopies=size(a))
	END FUNCTION outerdiv
!BL
	FUNCTION outersum(a,b)
	REAL(SP), DIMENSION(:), INTENT(IN) :: a,b
	REAL(SP), DIMENSION(size(a),size(b)) :: outersum
	outersum = spread(a,dim=2,ncopies=size(b)) + &
		spread(b,dim=1,ncopies=size(a))
	END FUNCTION outersum
!BL
	FUNCTION outerdiff_r(a,b)
	REAL(SP), DIMENSION(:), INTENT(IN) :: a,b
	REAL(SP), DIMENSION(size(a),size(b)) :: outerdiff_r
	outerdiff_r = spread(a,dim=2,ncopies=size(b)) - &
		spread(b,dim=1,ncopies=size(a))
	END FUNCTION outerdiff_r
!BL
	FUNCTION outerdiff_d(a,b)
	REAL(DP), DIMENSION(:), INTENT(IN) :: a,b
	REAL(DP), DIMENSION(size(a),size(b)) :: outerdiff_d
	outerdiff_d = spread(a,dim=2,ncopies=size(b)) - &
		spread(b,dim=1,ncopies=size(a))
	END FUNCTION outerdiff_d
!BL
	FUNCTION outerdiff_i(a,b)
	INTEGER(I4B), DIMENSION(:), INTENT(IN) :: a,b
	INTEGER(I4B), DIMENSION(size(a),size(b)) :: outerdiff_i
	outerdiff_i = spread(a,dim=2,ncopies=size(b)) - &
		spread(b,dim=1,ncopies=size(a))
	END FUNCTION outerdiff_i
!BL
	FUNCTION outerand(a,b)
	LOGICAL(LGT), DIMENSION(:), INTENT(IN) :: a,b
	LOGICAL(LGT), DIMENSION(size(a),size(b)) :: outerand
	outerand = spread(a,dim=2,ncopies=size(b)) .and. &
		spread(b,dim=1,ncopies=size(a))
	END FUNCTION outerand
!BL
	SUBROUTINE scatter_add_r(dest,source,dest_index)
	REAL(SP), DIMENSION(:), INTENT(OUT) :: dest
	REAL(SP), DIMENSION(:), INTENT(IN) :: source
	INTEGER(I4B), DIMENSION(:), INTENT(IN) :: dest_index
	INTEGER(I4B) :: m,n,j,i
	n=assert_eq2(size(source),size(dest_index),'scatter_add_r')
	m=size(dest)
	do j=1,n
		i=dest_index(j)
		if (i > 0 .and. i <= m) dest(i)=dest(i)+source(j)
	end do
	END SUBROUTINE scatter_add_r
	SUBROUTINE scatter_add_d(dest,source,dest_index)
	REAL(DP), DIMENSION(:), INTENT(OUT) :: dest
	REAL(DP), DIMENSION(:), INTENT(IN) :: source
	INTEGER(I4B), DIMENSION(:), INTENT(IN) :: dest_index
	INTEGER(I4B) :: m,n,j,i
	n=assert_eq2(size(source),size(dest_index),'scatter_add_d')
	m=size(dest)
	do j=1,n
		i=dest_index(j)
		if (i > 0 .and. i <= m) dest(i)=dest(i)+source(j)
	end do
	END SUBROUTINE scatter_add_d
	SUBROUTINE scatter_max_r(dest,source,dest_index)
	REAL(SP), DIMENSION(:), INTENT(OUT) :: dest
	REAL(SP), DIMENSION(:), INTENT(IN) :: source
	INTEGER(I4B), DIMENSION(:), INTENT(IN) :: dest_index
	INTEGER(I4B) :: m,n,j,i
	n=assert_eq2(size(source),size(dest_index),'scatter_max_r')
	m=size(dest)
	do j=1,n
		i=dest_index(j)
		if (i > 0 .and. i <= m) dest(i)=max(dest(i),source(j))
	end do
	END SUBROUTINE scatter_max_r
	SUBROUTINE scatter_max_d(dest,source,dest_index)
	REAL(DP), DIMENSION(:), INTENT(OUT) :: dest
	REAL(DP), DIMENSION(:), INTENT(IN) :: source
	INTEGER(I4B), DIMENSION(:), INTENT(IN) :: dest_index
	INTEGER(I4B) :: m,n,j,i
	n=assert_eq2(size(source),size(dest_index),'scatter_max_d')
	m=size(dest)
	do j=1,n
		i=dest_index(j)
		if (i > 0 .and. i <= m) dest(i)=max(dest(i),source(j))
	end do
	END SUBROUTINE scatter_max_d
!BL
	SUBROUTINE diagadd_rv(mat,diag)
	REAL(SP), DIMENSION(:,:), INTENT(INOUT) :: mat
	REAL(SP), DIMENSION(:), INTENT(IN) :: diag
	INTEGER(I4B) :: j,n
	n = assert_eq2(size(diag),min(size(mat,1),size(mat,2)),'diagadd_rv')
	do j=1,n
		mat(j,j)=mat(j,j)+diag(j)
	end do
	END SUBROUTINE diagadd_rv
!BL
	SUBROUTINE diagadd_r(mat,diag)
	REAL(SP), DIMENSION(:,:), INTENT(INOUT) :: mat
	REAL(SP), INTENT(IN) :: diag
	INTEGER(I4B) :: j,n
	n = min(size(mat,1),size(mat,2))
	do j=1,n
		mat(j,j)=mat(j,j)+diag
	end do
	END SUBROUTINE diagadd_r
!BL
	SUBROUTINE diagmult_rv(mat,diag)
	REAL(SP), DIMENSION(:,:), INTENT(INOUT) :: mat
	REAL(SP), DIMENSION(:), INTENT(IN) :: diag
	INTEGER(I4B) :: j,n
	n = assert_eq2(size(diag),min(size(mat,1),size(mat,2)),'diagmult_rv')
	do j=1,n
		mat(j,j)=mat(j,j)*diag(j)
	end do
	END SUBROUTINE diagmult_rv
!BL
	SUBROUTINE diagmult_r(mat,diag)
	REAL(SP), DIMENSION(:,:), INTENT(INOUT) :: mat
	REAL(SP), INTENT(IN) :: diag
	INTEGER(I4B) :: j,n
	n = min(size(mat,1),size(mat,2))
	do j=1,n
		mat(j,j)=mat(j,j)*diag
	end do
	END SUBROUTINE diagmult_r
!BL
	SUBROUTINE diagmult_dv(mat,diag)
	REAL(DP), DIMENSION(:,:), INTENT(INOUT) :: mat
	REAL(DP), DIMENSION(:), INTENT(IN) :: diag
	INTEGER(I4B) :: j,n
	n = assert_eq2(size(diag),min(size(mat,1),size(mat,2)),'diagmult_dv')
	do j=1,n
		mat(j,j)=mat(j,j)*diag(j)
	end do
	END SUBROUTINE diagmult_dv
!BL
	SUBROUTINE diagmult_d(mat,diag)
	REAL(DP), DIMENSION(:,:), INTENT(INOUT) :: mat
	REAL(DP), INTENT(IN) :: diag
	INTEGER(I4B) :: j,n
	n = min(size(mat,1),size(mat,2))
	do j=1,n
		mat(j,j)=mat(j,j)*diag
	end do
	END SUBROUTINE diagmult_d
!BL
	FUNCTION get_diag_rv(mat)
	REAL(SP), DIMENSION(:,:), INTENT(IN) :: mat
	REAL(SP), DIMENSION(size(mat,1)) :: get_diag_rv
	INTEGER(I4B) :: j
	j=assert_eq2(size(mat,1),size(mat,2),'get_diag_rv')
	do j=1,size(mat,1)
		get_diag_rv(j)=mat(j,j)
	end do
	END FUNCTION get_diag_rv
!BL
	FUNCTION get_diag_dv(mat)
	REAL(DP), DIMENSION(:,:), INTENT(IN) :: mat
	REAL(DP), DIMENSION(size(mat,1)) :: get_diag_dv
	INTEGER(I4B) :: j
	j=assert_eq2(size(mat,1),size(mat,2),'get_diag_dv')
	do j=1,size(mat,1)
		get_diag_dv(j)=mat(j,j)
	end do
	END FUNCTION get_diag_dv
!BL
	SUBROUTINE put_diag_rv(diagv,mat)
	REAL(SP), DIMENSION(:), INTENT(IN) :: diagv
	REAL(SP), DIMENSION(:,:), INTENT(INOUT) :: mat
	INTEGER(I4B) :: j,n
	n=assert_eq2(size(diagv),min(size(mat,1),size(mat,2)),'put_diag_rv')
	do j=1,n
		mat(j,j)=diagv(j)
	end do
	END SUBROUTINE put_diag_rv
!BL
	SUBROUTINE put_diag_r(scal,mat)
	REAL(SP), INTENT(IN) :: scal
	REAL(SP), DIMENSION(:,:), INTENT(INOUT) :: mat
	INTEGER(I4B) :: j,n
	n = min(size(mat,1),size(mat,2))
	do j=1,n
		mat(j,j)=scal
	end do
	END SUBROUTINE put_diag_r
!BL
	SUBROUTINE unit_matrix(mat)
	REAL(SP), DIMENSION(:,:), INTENT(OUT) :: mat
	INTEGER(I4B) :: i,n
	n=min(size(mat,1),size(mat,2))
	mat(:,:)=0.0_sp
	do i=1,n
		mat(i,i)=1.0_sp
	end do
	END SUBROUTINE unit_matrix
!BL
	FUNCTION upper_triangle(j,k,extra)
	INTEGER(I4B), INTENT(IN) :: j,k
	INTEGER(I4B), OPTIONAL, INTENT(IN) :: extra
	LOGICAL(LGT), DIMENSION(j,k) :: upper_triangle
	INTEGER(I4B) :: n
	n=0
	if (present(extra)) n=extra
	upper_triangle=(outerdiff(arth_i(1,1,j),arth_i(1,1,k)) < n)
	END FUNCTION upper_triangle
!BL
	FUNCTION lower_triangle(j,k,extra)
	INTEGER(I4B), INTENT(IN) :: j,k
	INTEGER(I4B), OPTIONAL, INTENT(IN) :: extra
	LOGICAL(LGT), DIMENSION(j,k) :: lower_triangle
	INTEGER(I4B) :: n
	n=0
	if (present(extra)) n=extra
	lower_triangle=(outerdiff(arth_i(1,1,j),arth_i(1,1,k)) > -n)
	END FUNCTION lower_triangle
!BL
	FUNCTION vabs(v)
	REAL(DP), DIMENSION(:), INTENT(IN) :: v
	REAL(DP) :: vabs
	vabs=sqrt(dot_product(v,v))
	END FUNCTION vabs
!BL
END MODULE nrutil




FortranFinal/Tools/OptimizationMod.f90
!	----------------------------------------------------------------------
!	file name: opimization.f90
!
!	translation of Matlab function fmin('F', x1, x2)
!	algorithm is very similar to "fminbr" from NETLIB
!	----------------------------------------------------------------------	*/


module optimizationMod

contains



real(8) function bisect(func,x1,x2,xacc)

	implicit none

	integer, parameter:: JMAX = 100
	real(8) rtbis, x1, x2, xacc, func, dx, f, fmid, xmid
	external func
	integer j


	fmid=func(x2)
	f=func(x1)
	

	if(f*fmid >= 0.0D0) then
		print*, "root must be bracketed in rtbis"
		stop
	end if


	if(f < 0.0D0)then
		rtbis=x1
		dx=x2-x1
	else
		rtbis=x2
		dx=x1-x2
	endif


	do j = 1, JMAX

		dx=dx*0.5D0
		xmid=rtbis+dx
		fmid=func(xmid)
		if(fmid <= 0.0D0) rtbis = xmid
!		if(dabs(dx) < xacc .or. fmid == 0.0D0) then
		if(dabs(dx) < xacc .or. dabs(fmid) < xacc) then
			bisect = rtbis
			return
		end if

	end do
    
	print*, "too many bisections in rtbis"


end function





subroutine fmin(fcn, ax, bx, xmin)

	implicit none

	real(8) fcn, ax, bx, xmin
	external fcn

	real(8), parameter:: tol = 1.0D-8, eps = 2.220446049250313D-016
	integer, parameter:: maxiter = 500
	integer num
	real(8) seps, c, a,	b, v, w, xf, d,	e, x, fx, fv, fw, xm, tol1, tol2, p, q, r, fu
	logical	gs


	if (ax == bx) then
		bx = ax + 1.0D-20
	end if


	!	initialization

	num = 1
	seps = dsqrt(eps)
	c = 0.5D0*(3.0D0 - dsqrt(5.0D0))
	a = ax
	b = bx
	v = a + c*(b-a)
	w = v
	xf = v
	d = 0.0D0
	e = 0.0D0
	x = xf
	fx = fcn(x)
	fv = fx
	fw = fx
	xm = 0.5D0*(a + b)
	tol1 = seps*dabs(xf) + tol/3.0D0
	tol2 = 2.0D0*tol1
	gs = .false.


	!	main loop

	do while ( dabs(xf - xm) > (tol2 - 0.5D0*(b-a)) )

		num = num + 1
		gs = .true.

		!	is a parabolic fit possible

		if (dabs(e) > tol1) then

			!	yes, so fit parabola

			gs = .false.
			r = (xf - w)*(fx - fv)
			q = (xf - v)*(fx - fw)
			p = (xf - v)*q - (xf - w)*r
			q = 2.0D0*(q - r)
			if (q > 0) then
				p = -p
			end if
			q = dabs(q)
			r = e
			e = d

			!	is parabola acceptable

			if ((dabs(p) < dabs(0.5D0*q*r)) .and. (p > q*(a-xf)) .and.		&
				(p < q*(b-xf))) then
				
				!	yes, parabolic interpolation step

				d = p/q
				x = xf + d

				!	f must not be evaluated too close to ax or bx

				if ( ((x-a) < tol2) .or. ((b-x) < tol2) ) then
					if (xm >= xf) then 
						d = tol1
					else 
						d = -tol1
					end if
				end if

			else

				!	no, not acceptable, must do a golden section step
			
				gs = .true.

			end if

		end if

		if (gs) then

			!	a golden section step is required

			if (xf >= xm) then
				e = a - xf
			else
				e = b - xf
			end if
		
			d = c*e

		end if

		!	the function must not be evaluated to close to xf
		
		if (d >= 0) then
			x = xf + max(dabs(d), tol1)
		else 
			x = xf - max(dabs(d), tol1)
		end if

		fu = fcn(x)


		!	update a, b, v, w, x, xm, tol1, tol2

		if (fu <= fx) then

			if (x >= xf) then
				a = xf
			else
				b = xf
			end if
		
			v = w
			fv = fw
			w = xf
			fw = fx
			xf = x
			fx = fu

		else

			if (x < xf) then
				a = x
			else
				b = x
			end if

			if ( fu <= fw .or. w == xf ) then
				v = w
				fv = fw
				w = x
				fw = fu
			else if ( fu <= fw .or. v == xf .or. v == w ) then
				v = x;
				fv = fu;
			end if

		end if

		xm = 0.5D0*(a + b)
		tol1 = seps*dabs(xf) + tol/3.0D0
		tol2 = 2.0D0*tol1

		if (num > maxiter) then
			print*, "Warning: Maximum number of function evaluation has been exceeded"
			stop
		end if

	end do
	
	xmin = x

end subroutine
	
end module




FortranFinal/Tools/PolyInterpModule.f90
!	-----------------------------------------------------------------
!	File name: PolyInterpModule.f90
!
!	collection of polynomial interpolation routines from 
!	Numerical Recipe in C
!	-----------------------------------------------------------------


module PolyInterpModule

contains

!	1 dimensional polynomial interpolation

real(8) function polyinterp1(x, xa, ya)

	implicit none

	integer :: i, m, ns, n
	real(8), intent(in) :: x, xa(:), ya(:)
	real(8) :: den, dif, dift, ho, hp, w, y, dy, c(size(xa)), d(size(xa))

	n = size(xa)
	ns = 1
	dif = dabs(x - xa(1))

	do i = 1, n
		dift = dabs(x - xa(i))
		if (dift < dif) then
			ns = i
			dif = dift
		end if
		c(i) = ya(i)
		d(i) = ya(i)
	end do

	y = ya(ns)
	ns = ns - 1
	do m = 1, n-1
		do i = 1, n-m
			ho = xa(i) - x
			hp = xa(i+m) - x
			w = c(i+1) - d(i)
			den = ho - hp
			if (den == 0.0D0)	pause 'Error in polyinterp1'
			den = w/den
			d(i) = hp*den
			c(i) = ho*den
		end do
		if (2*ns < n-m) then
			dy = c(ns+1)
		else
			dy = d(ns)
			ns = ns - 1
		end if
		y = y + dy
	end do

	polyinterp1= y

end function



!	2 dimensional polynomial interpolation

real(8) function polyinterp2(x1, x2, x1a, x2a, ya)

	implicit none

	integer :: n1, j
	real(8), intent(in) :: x1, x2, x1a(:), x2a(:), ya(:,:)
	real(8) :: ymtmp(size(x1a)), y

	n1 = size(x1a)
	
	do j = 1, n1
		ymtmp(j) = polyinterp1(x2, x2a, ya(j,:))
	end do
	y = polyinterp1(x1, x1a, ymtmp)

	polyinterp2 = y

end function


!	3 dimensional polynomial interpolation: recursively call polyinterp2

real(8) function polyinterp3(x1, x2, x3, x1a, x2a, x3a, ya)

	implicit none

	integer :: n1, n2, i, j
	real(8), intent(in) :: x1, x2, x3, x1a(:), x2a(:), x3a(:), ya(:,:,:)
	real(8) :: ymtmp(size(x1a),size(x2a)), y

	n1 = size(x1a)
	n2 = size(x2a)
	
	do i = 1, n1
		do j = 1, n2
			ymtmp(i,j) = polyinterp1(x3, x3a, ya(i,j,:))
		end do
	end do

	y = polyinterp2(x1, x2, x1a, x2a, ymtmp);

	polyinterp3 = y

end function


!	4 dimensional polynomial interpolation: recursively call polyinterp3

real(8) function polyinterp4(x1, x2, x3, x4, x1a, x2a, x3a, x4a, ya)

	implicit none

	integer :: n1, n2, n3, i, j, k
	real(8), intent(in) :: x1, x2, x3, x4, x1a(:), x2a(:), x3a(:),		&
						&	x4a(:),	ya(:,:,:,:)
	real(8) :: ymtmp(size(x1a),size(x2a),size(x3a)), y

	n1 = size(x1a)
	n2 = size(x2a)
	n3 = size(x3a)
		
	do i = 1, n1
		do j = 1, n2
			do k = 1, n3
				ymtmp(i,j,k) = polyinterp1(x4, x4a, ya(i,j,k,:))
			end do
		end do
	end do

	y = polyinterp3(x1, x2, x3, x1a, x2a, x3a, ymtmp)

	polyinterp4 = y

end function



!	5 dimensional polynomial interpolation: recursively call polyinterp4

real(8) function polyinterp5(x1, x2, x3, x4, x5, x1a, x2a, x3a, x4a, x5a, ya)

	implicit none

	integer :: n1, n2, n3, n4, i, j, k, l
	real(8), intent(in) :: x1, x2, x3, x4, x5, x1a(:), x2a(:), x3a(:),	&
						&	x4a(:), x5a(:), ya(:,:,:,:,:)
	real(8) :: ymtmp(size(x1a),size(x2a),size(x3a),size(x4a)), y

	n1 = size(x1a)
	n2 = size(x2a)
	n3 = size(x3a)
	n4 = size(x4a)
	
	do i = 1, n1
		do j = 1, n2
			do k = 1, n3
				do l = 1, n4
					ymtmp(i,j,k,l) = polyinterp1(x5, x5a, ya(i,j,k,l,:))
				end do
			end do
		end do
	end do

	y = polyinterp4(x1, x2, x3, x4, x1a, x2a, x3a, x4a, ymtmp)

	polyinterp5 = y

end function


!	6 dimensional polynomial interpolation: recursively call polyinterp5

real(8) function polyinterp6(x1, x2, x3, x4, x5, x6, x1a, x2a, x3a,	x4a,	&
							&	x5a, x6a, ya)

	implicit none

	integer :: n1, n2, n3, n4, n5, i, j, k, l, m
	real(8), intent(in) :: x1, x2, x3, x4, x5, x6, x1a(:), x2a(:), x3a(:),	&
						&	x4a(:), x5a(:), x6a(:), ya(:,:,:,:,:,:)
	real(8) :: ymtmp(size(x1a),size(x2a),size(x3a),size(x4a),size(x5a)), y

	n1 = size(x1a)
	n2 = size(x2a)
	n3 = size(x3a)
	n4 = size(x4a)
	n5 = size(x5a)

	do i = 1, n1
		do j = 1, n2
			do k = 1, n3
				do l = 1, n4
					do m = 1, n5
						ymtmp(i,j,k,l,m) = polyinterp1(x6, x6a, ya(i,j,k,l,m,:))
					end do
				end do
			end do
		end do
	end do
	
	y = polyinterp5(x1, x2, x3, x4, x5, x1a, x2a, x3a, x4a, x5a, ymtmp)

	polyinterp6 = y

end function

end module



FortranFinal/Tools/RandUnifNorm.f
C
C Uniform (0,1) and Standard Normal Random Number Generator extracted 
C from rn5_sp.f
C
C**********************************************************************CSUN  590
C**********************************************************************CSUN  600
C                                                                      CSUN  610
C                                                                      CSUN  620
C       0 , 1   - U N I F O R M  DISTRIBUTION                          CSUN  630
C                                                                      CSUN  640
C                                                                      CSUN  650
C**********************************************************************CSUN  660
C**********************************************************************CSUN  670
C                                                                      CSUN  680
C     FOR DETAILS SEE:                                                 CSUN  690
C                                                                      CSUN  700
C               AHRENS, J.H., DIETER, U. AND GRUBE, A.                 CSUN  710
C               PSEUDO-RANDOM NUMBERS:  A NEW PROPOSAL                 CSUN  720
C                     FOR THE CHOICE OF MULTIPLICATORS                 CSUN  730
C               COMPUTING, 6 (1970), 121 - 138                         CSUN  740
C                                                                      CSUN  750
C**********************************************************************CSUN  760
C                                                                       SUN  770
      REAL FUNCTION SUNIF(IR)                                           SUN  780
      DOUBLE PRECISION R,FACTOR,TWO28
      SAVE R
C
C     FACTOR - INTEGER OF THE FORM 8*K+5 AS CLOSE AS POSSIBLE
C              TO  2**26 * (SQRT(5)-1)/2     (GOLDEN SECTION)
C     TWO28  = 2**28  (I.E. 28 SIGNIFICANT BITS FOR DEVIATES)
C
      DATA FACTOR /41475557.0D0/, TWO28 /268435456.0D0/
C
C     RETURNS SAMPLE U FROM THE  0,1 -UNIFORM DISTRIBUTION
C     BY A MULTIPLICATIVE CONGRUENTIAL GENERATOR OF THE FORM
C        R := R * FACTOR (MOD 1) .
C     IN THE FIRST CALL R IS INITIALIZED TO
C        R := IR / 2**28 ,
C     WHERE IR MUST BE OF THE FORM  IR = 4*K+1.
C     THEN R ASSUMES ALL VALUES  0 < (4*K+1)/2**28 < 1 DURING
C     A FULL PERIOD 2**26 OF SUNIF.
C     THE PARAMETER IR IS USED ONLY IN THE FIRST CALL FOR
C     INITIALIZATION OF SUNIF. THEREAFTER (WHEN NEGATIVE)
C     IR BECOMES A DUMMY VARIABLE.
C
      IF (IR .GE. 0) GO TO 1
C
C     STANDARD CASE:  SAMPLING
C
      R=DMOD(R*FACTOR,1.0D0)
      SUNIF=SNGL(R)
      RETURN
C
C     FIRST CALL: INITIALIZATION
C
1     R=DBLE(FLOAT(IR))/TWO28
      R=DMOD(R*FACTOR,1.0D0)
      SUNIF=SNGL(R)
      IR=-1
      RETURN
      END
C                                                                       SNO   10
C**********************************************************************CSNO   20
C**********************************************************************CSNO   30
C                                                                      CSNO   40
C                                                                      CSNO   50
C     (STANDARD-)  N O R M A L  DISTRIBUTION                           CSNO   60
C                                                                      CSNO   70
C                                                                      CSNO   80
C**********************************************************************CSNO   90
C**********************************************************************CSNO  100
C                                                                      CSNO  110
C     FOR DETAILS SEE:                                                 CSNO  120
C                                                                      CSNO  130
C               AHRENS, J.H. AND DIETER, U.                            CSNO  140
C               EXTENSIONS OF FORSYTHE'S METHOD FOR RANDOM             CSNO  150
C               SAMPLING FROM THE NORMAL DISTRIBUTION.                 CSNO  160
C               MATH. COMPUT., 27,124 (OCT. 1973), 927 - 937.          CSNO  170
C                                                                      CSNO  180
C     ALL STATEMENT NUMBERS CORRESPOND TO THE STEPS OF ALGORITHM 'FL'  CSNO  190
C     (M=5) IN THE ABOVE PAPER     (SLIGHTLY MODIFIED IMPLEMENTATION)  CSNO  200
C                                                                      CSNO  210
C**********************************************************************CSNO  220
C                                                                       SNO  230
      REAL FUNCTION SNORM(IR)                                           SNO  240
      DIMENSION A(32),D(31),T(31),H(31)
C
C     THE DEFINITIONS OF THE CONSTANTS A(K), D(K), T(K) AND
C     H(K) ARE ACCORDING TO THE ABOVEMENTIONED ARTICLE
C
      DATA A/0.0,.3917609E-1,.7841241E-1,.1177699,.1573107,
     ,.1970991,.2372021,.2776904,.3186394,.3601299,.4022501,
     ,.4450965,.4887764,.5334097,.5791322,.6260990,.6744898,
     ,.7245144,.7764218,.8305109,.8871466,.9467818,1.009990,
     ,1.077516,1.150349,1.229859,1.318011,1.417797,1.534121,
     ,1.675940,1.862732,2.153875/
      DATA D/5*0.0,.2636843,.2425085,.2255674,.2116342,.1999243,
     ,.1899108,.1812252,.1736014,.1668419,.1607967,.1553497,
     ,.1504094,.1459026,.1417700,.1379632,.1344418,.1311722,
     ,.1281260,.1252791,.1226109,.1201036,.1177417,.1155119,
     ,.1134023,.1114027,.1095039/
      DATA T/.7673828E-3,.2306870E-2,.3860618E-2,.5438454E-2,
     ,.7050699E-2,.8708396E-2,.1042357E-1,.1220953E-1,.1408125E-1,
     ,.1605579E-1,.1815290E-1,.2039573E-1,.2281177E-1,.2543407E-1,
     ,.2830296E-1,.3146822E-1,.3499233E-1,.3895483E-1,.4345878E-1,
     ,.4864035E-1,.5468334E-1,.6184222E-1,.7047983E-1,.8113195E-1,
     ,.9462444E-1,.1123001,.1364980,.1716886,.2276241,.3304980,
     ,.5847031/
      DATA H/.3920617E-1,.3932705E-1,.3950999E-1,.3975703E-1,
     ,.4007093E-1,.4045533E-1,.4091481E-1,.4145507E-1,.4208311E-1,
     ,.4280748E-1,.4363863E-1,.4458932E-1,.4567523E-1,.4691571E-1,
     ,.4833487E-1,.4996298E-1,.5183859E-1,.5401138E-1,.5654656E-1,
     ,.5953130E-1,.6308489E-1,.6737503E-1,.7264544E-1,.7926471E-1,
     ,.8781922E-1,.9930398E-1,.1155599,.1404344,.1836142,.2790016,
     ,.7010474/
C
   1  U=SUNIF(IR)
      S=0.0
      IF (U.GE.0.5) S=1.0
      U=U+U-S
   2  U=32.0*U
      I=INT(U)
      IF (I.EQ.0) GO TO 9
C
C                                START CENTER
C
   3  USTAR=U-FLOAT(I)
      AA=A(I)
   4  IF (USTAR.LE.T(I)) GO TO 5
      W=(USTAR-T(I))*H(I)
C
C                                EXIT   (BOTH CASES)
C
  17  Y=AA+W
      SNORM=Y
      IF (S.EQ.1.0) SNORM=-Y
      RETURN
C
C                                CENTER CONTINUED
C
   5  U=SUNIF(IR)
      W=U*(A(I+1)-AA)
      TT=(0.5*W+AA)*W
      GO TO 6
   8  TT=U
      USTAR=SUNIF(IR)
   6  IF (USTAR.GT.TT) GO TO 17
   7  U=SUNIF(IR)
      IF (USTAR.GE.U) GO TO 8
      USTAR=SUNIF(IR)
      GO TO 4
C
C                                START TAIL
C
   9  I=6
      AA=A(32)
      GO TO 10
  11  AA=AA+D(I)
      I=I+1
  10  U=U+U
      IF (U.LT.1.0) GO TO 11
  12  U=U-1.0
  13  W=U*D(I)
      TT=(0.5*W+AA)*W
      GO TO 14
  16  TT=U
  14  USTAR=SUNIF(IR)
      IF (USTAR.GT.TT) GO TO 17
  15  U=SUNIF(IR)
      IF (USTAR.GE.U) GO TO 16
      U=SUNIF(IR)
      GO TO 13
      END




FortranFinal/Tools/sort.f
*DECK DPSORT
      SUBROUTINE SORT (DX, N, IPERM, KFLAG, IER)
C***BEGIN PROLOGUE  DPSORT
C***PURPOSE  Return the permutation vector generated by sorting a given
C            array and, optionally, rearrange the elements of the array.
C            The array may be sorted in increasing or decreasing order.
C            A slightly modified quicksort algorithm is used.
C***LIBRARY   SLATEC
C***CATEGORY  N6A1B, N6A2B
C***TYPE      DOUBLE PRECISION (SPSORT-S, DPSORT-D, IPSORT-I, HPSORT-H)
C***KEYWORDS  NUMBER SORTING, PASSIVE SORTING, SINGLETON QUICKSORT, SORT
C***AUTHOR  Jones, R. E., (SNLA)
C           Rhoads, G. S., (NBS)
C           Wisniewski, J. A., (SNLA)
C***DESCRIPTION
C
C   DPSORT returns the permutation vector IPERM generated by sorting
C   the array DX and, optionally, rearranges the values in DX.  DX may
C   be sorted in increasing or decreasing order.  A slightly modified
C   quicksort algorithm is used.
C
C   IPERM is such that DX(IPERM(I)) is the Ith value in the
C   rearrangement of DX.  IPERM may be applied to another array by
C   calling IPPERM, SPPERM, DPPERM or HPPERM.
C
C   The main difference between DPSORT and its active sorting equivalent
C   DSORT is that the data are referenced indirectly rather than
C   directly.  Therefore, DPSORT should require approximately twice as
C   long to execute as DSORT.  However, DPSORT is more general.
C
C   Description of Parameters
C      DX - input/output -- double precision array of values to be
C           sorted.  If ABS(KFLAG) = 2, then the values in DX will be
C           rearranged on output; otherwise, they are unchanged.
C      N  - input -- number of values in array DX to be sorted.
C      IPERM - output -- permutation array such that IPERM(I) is the
C              index of the value in the original order of the
C              DX array that is in the Ith location in the sorted
C              order.
C      KFLAG - input -- control parameter:
C            =  2  means return the permutation vector resulting from
C                  sorting DX in increasing order and sort DX also.
C            =  1  means return the permutation vector resulting from
C                  sorting DX in increasing order and do not sort DX.
C            = -1  means return the permutation vector resulting from
C                  sorting DX in decreasing order and do not sort DX.
C            = -2  means return the permutation vector resulting from
C                  sorting DX in decreasing order and sort DX also.
C      IER - output -- error indicator:
C          =  0  if no error,
C          =  1  if N is zero or negative,
C          =  2  if KFLAG is not 2, 1, -1, or -2.
C***REFERENCES  R. C. Singleton, Algorithm 347, An efficient algorithm
C                 for sorting with minimal storage, Communications of
C                 the ACM, 12, 3 (1969), pp. 185-187.
C***ROUTINES CALLED  XERMSG
C***REVISION HISTORY  (YYMMDD)
C   761101  DATE WRITTEN
C   761118  Modified by John A. Wisniewski to use the Singleton
C           quicksort algorithm.
C   870423  Modified by Gregory S. Rhoads for passive sorting with the
C           option for the rearrangement of the original data.
C   890619  Double precision version of SPSORT created by D. W. Lozier.
C   890620  Algorithm for rearranging the data vector corrected by R.
C           Boisvert.
C   890622  Prologue upgraded to Version 4.0 style by D. Lozier.
C   891128  Error when KFLAG.LT.0 and N=1 corrected by R. Boisvert.
C   920507  Modified by M. McClain to revise prologue text.
C   920818  Declarations section rebuilt and code restructured to use
C           IF-THEN-ELSE-ENDIF.  (SMR, WRB)
C***END PROLOGUE  DPSORT
C     .. Scalar Arguments ..
      INTEGER IER, KFLAG, N
C     .. Array Arguments ..
      DOUBLE PRECISION DX(*)
      INTEGER IPERM(*)
C     .. Local Scalars ..
      DOUBLE PRECISION R, TEMP
      INTEGER I, IJ, INDX, INDX0, ISTRT, J, K, KK, L, LM, LMT, M, NN
C     .. Local Arrays ..
      INTEGER IL(21), IU(21)
C     .. External Subroutines ..
C     EXTERNAL XERMSG
C     .. Intrinsic Functions ..
      INTRINSIC ABS, INT
C***FIRST EXECUTABLE STATEMENT  DPSORT
      IER = 0
      NN = N
      IF (NN .LT. 1) THEN
         IER = 1
         print *, "SORT: Length of vector to be sorted <= 0."
         RETURN
      ENDIF
C
      KK = ABS(KFLAG)
      IF (KK.NE.1 .AND. KK.NE.2) THEN
         IER = 2
         print *, "SORT: KFLAG is not 2, 1, -1, or -2."
         RETURN
      ENDIF
C
C     Initialize permutation vector
C
      DO 10 I=1,NN
         IPERM(I) = I
   10 CONTINUE
C
C     Return if only one value is to be sorted
C
      IF (NN .EQ. 1) RETURN
C
C     Alter array DX to get decreasing order if needed
C
      IF (KFLAG .LE. -1) THEN
         DO 20 I=1,NN
            DX(I) = -DX(I)
   20    CONTINUE
      ENDIF
C
C     Sort DX only
C
      M = 1
      I = 1
      J = NN
      R = .375D0
C
   30 IF (I .EQ. J) GO TO 80
      IF (R .LE. 0.5898437D0) THEN
         R = R+3.90625D-2
      ELSE
         R = R-0.21875D0
      ENDIF
C
   40 K = I
C
C     Select a central element of the array and save it in location L
C
      IJ = I + INT((J-I)*R)
      LM = IPERM(IJ)
C
C     If first element of array is greater than LM, interchange with LM
C
      IF (DX(IPERM(I)) .GT. DX(LM)) THEN
         IPERM(IJ) = IPERM(I)
         IPERM(I) = LM
         LM = IPERM(IJ)
      ENDIF
      L = J
C
C     If last element of array is less than LM, interchange with LM
C
      IF (DX(IPERM(J)) .LT. DX(LM)) THEN
         IPERM(IJ) = IPERM(J)
         IPERM(J) = LM
         LM = IPERM(IJ)
C
C        If first element of array is greater than LM, interchange
C        with LM
C
         IF (DX(IPERM(I)) .GT. DX(LM)) THEN
            IPERM(IJ) = IPERM(I)
            IPERM(I) = LM
            LM = IPERM(IJ)
         ENDIF
      ENDIF
      GO TO 60
   50 LMT = IPERM(L)
      IPERM(L) = IPERM(K)
      IPERM(K) = LMT
C
C     Find an element in the second half of the array which is smaller
C     than LM
C
   60 L = L-1
      IF (DX(IPERM(L)) .GT. DX(LM)) GO TO 60
C
C     Find an element in the first half of the array which is greater
C     than LM
C
   70 K = K+1
      IF (DX(IPERM(K)) .LT. DX(LM)) GO TO 70
C
C     Interchange these elements
C
      IF (K .LE. L) GO TO 50
C
C     Save upper and lower subscripts of the array yet to be sorted
C
      IF (L-I .GT. J-K) THEN
         IL(M) = I
         IU(M) = L
         I = K
         M = M+1
      ELSE
         IL(M) = K
         IU(M) = J
         J = L
         M = M+1
      ENDIF
      GO TO 90
C
C     Begin again on another portion of the unsorted array
C
   80 M = M-1
      IF (M .EQ. 0) GO TO 120
      I = IL(M)
      J = IU(M)
C
   90 IF (J-I .GE. 1) GO TO 40
      IF (I .EQ. 1) GO TO 30
      I = I-1
C
  100 I = I+1
      IF (I .EQ. J) GO TO 80
      LM = IPERM(I+1)
      IF (DX(IPERM(I)) .LE. DX(LM)) GO TO 100
      K = I
C
  110 IPERM(K+1) = IPERM(K)
      K = K-1
      IF (DX(LM) .LT. DX(IPERM(K))) GO TO 110
      IPERM(K+1) = LM
      GO TO 100
C
C     Clean up
C
  120 IF (KFLAG .LE. -1) THEN
         DO 130 I=1,NN
            DX(I) = -DX(I)
  130    CONTINUE
      ENDIF
C
C     Rearrange the values of DX if desired
C
      IF (KK .EQ. 2) THEN
C
C        Use the IPERM vector as a flag.
C        If IPERM(I) < 0, then the I-th value is in correct location
C
         DO 150 ISTRT=1,NN
            IF (IPERM(ISTRT) .GE. 0) THEN
               INDX = ISTRT
               INDX0 = INDX
               TEMP = DX(ISTRT)
  140          IF (IPERM(INDX) .GT. 0) THEN
                  DX(INDX) = DX(IPERM(INDX))
                  INDX0 = INDX
                  IPERM(INDX) = -IPERM(INDX)
                  INDX = ABS(IPERM(INDX))
                  GO TO 140
               ENDIF
               DX(INDX0) = TEMP
            ENDIF
  150    CONTINUE
C
C        Revert the signs of the IPERM values
C
         DO 160 I=1,NN
            IPERM(I) = -IPERM(I)
  160    CONTINUE
C
      ENDIF
C
      RETURN
      END




FortranFinal/Tools/TauchenMod.f90
!	----------------------------------------------------------------------
!	File name: Tauchen.f90
!
!	This routine calculates the transition probability matrix of a Markov 
!	process. It is used to approximate the AR(1) process of shock. And the
!	calculated transition matrix is used for numerical integration when 
!	evaluating Emax functions.
!	----------------------------------------------------------------------	



module TauchenMod

implicit none

	real(8):: normcdf
	external:: normcdf

contains

subroutine TauchenTr(mean, sigy, lambday, ygrid, prob)

	implicit none

	integer :: node, i, j
	real(8), intent(in) :: mean, sigy, lambday, ygrid(:)
	real(8), intent(out) :: prob(size(ygrid),size(ygrid))
	real(8) :: sig, ymax, ymin, ystep, cond_mean

	node = size(ygrid)
	
	sig = sigy*dsqrt(1.0d0-lambday**2.0d0)

	ymax = ygrid(node)
	ymin = ygrid(1)
	ystep = (ymax - ymin)/(node-1)

	!	calculate transition probability matrix

	do i = 1, node
		cond_mean = (1.0d0-lambday)*mean + lambday*ygrid(i)
		prob(i,1) = normcdf((ygrid(1) - cond_mean + 0.5d0*ystep)/sig)
		do j = 2, node-1
			prob(i,j) = normcdf((ygrid(j) - cond_mean + 0.5d0*ystep)/sig)	&
					  - normcdf((ygrid(j) - cond_mean - 0.5d0*ystep)/sig)
		end do
		prob(i,node) = 1.0d0 - normcdf((ygrid(node) - cond_mean - 0.5d0*ystep)/sig)
	end do

end subroutine TauchenTr


subroutine TauchenNew(mean, sig, ygrid, prob)

	implicit none

	integer :: node, j
	real(8) :: mean, sig, ymax, ymin, ystep
	real(8), intent(in) :: ygrid(:)
	real(8), intent(out) :: prob(size(ygrid))

	node = size(ygrid)
	ymax = ygrid(node)
	ymin = ygrid(1)
	ystep = (ymax - ymin)/(node-1)

	!	calculate transition probability matrix
	
	prob(1) = normcdf((ygrid(1) - mean + 0.5d0*ystep)/sig)
	do j = 2, node
		prob(j) = normcdf((ygrid(j) - mean + 0.5d0*ystep)/sig) &
				- normcdf((ygrid(j) - mean - 0.5d0*ystep)/sig)
	end do
	prob(node) = 1.0d0 - normcdf((ygrid(node) - 0.5d0*ystep)/sig)

end subroutine TauchenNew

end module TauchenMod




FortranFinal/Tools/TauchenMod_FineGrids.f90
!	----------------------------------------------------------------------
!	File name: Tauchen.f90
!
!	This routine calculates the transition probability matrix of a Markov 
!	process. It is used to approximate the AR(1) process of shock. And the
!	calculated transition matrix is used for numerical integration when 
!	evaluating Emax functions.
!	----------------------------------------------------------------------	



module TauchenMod

    implicit none

	real(8):: normcdf
	external:: normcdf

contains

subroutine TauchenTr(mean, sigy, lambday, ygrid, prob)

	implicit none

	integer :: node, i, j
	real(8), intent(in) :: mean, sigy, lambday, ygrid(:)
	real(8), intent(out) :: prob(size(ygrid),size(ygrid))
	real(8) :: sig, ymax, ymin, ystep, cond_mean

	node = size(ygrid)
	
	sig = sigy*dsqrt(1.0d0-lambday**2.0d0)

	ymax = ygrid(node)
	ymin = ygrid(1)
	ystep = (ymax - ymin)/(node-1)

	!	calculate transition probability matrix

	do i = 1, node
		
		cond_mean = (1.0d0-lambday)*mean + lambday*ygrid(i)
		
		prob(i,1) = normcdf((ygrid(1) - cond_mean + 0.5d0*ystep)/sig)		&
				  - normcdf((ygrid(1) - cond_mean - 0.5d0*ystep)/sig)
		do j = 2, node-1
			prob(i,j) = normcdf((ygrid(j) - cond_mean + 0.5d0*ystep)/sig)	&
					  - normcdf((ygrid(j) - cond_mean - 0.5d0*ystep)/sig)
		end do
		prob(i,node) = normcdf((ygrid(node) - cond_mean + 0.5d0*ystep)/sig)	& 
					 - normcdf((ygrid(node) - cond_mean - 0.5d0*ystep)/sig)

		prob(i,:) = prob(i,:)/sum(prob(i,:))

	end do

end subroutine TauchenTr


subroutine TauchenNew(mean, sig, ygrid, prob)

	implicit none

	integer :: node, j
	real(8) :: mean, sig, ymax, ymin, ystep
	real(8), intent(in) :: ygrid(:)
	real(8), intent(out) :: prob(size(ygrid))

	node = size(ygrid)
	ymax = ygrid(node)
	ymin = ygrid(1)
	ystep = (ymax - ymin)/(node-1)

	!	calculate transition probability matrix
	
	prob(1) = normcdf((ygrid(1) - mean + 0.5d0*ystep)/sig)		&
			- normcdf((ygrid(1) - mean - 0.5d0*ystep)/sig)
	do j = 2, node
		prob(j) = normcdf((ygrid(j) - mean + 0.5d0*ystep)/sig) &
				- normcdf((ygrid(j) - mean - 0.5d0*ystep)/sig)
	end do
	prob(node) = normcdf((ygrid(node) - mean + 0.5d0*ystep)/sig)	&
			   - normcdf((ygrid(node) - mean - 0.5d0*ystep)/sig)

	prob = prob/sum(prob)

end subroutine TauchenNew

end module TauchenMod



