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the levels of the stochastic disturbances are generated or suppressed, 

all for each period t over t = 1, ••• , T. If stochastic disturbances 

are generated, the simulation is stochastic. If not, the simulation 

is deterministic. A comparison of simulated time paths before and 

after policy changes indicates the net effects of following the pre­

scribed policies instead of the ones actually implemented. 

In this section the design objectives of performing 15 policy 

simulations using the finished products sub-model, the soybean, 

soybean oil, and soybean meal sub-model, and the cottonseed oil, 

peanut oil, and peanut sub-model are discussed. Each simulation is 

completely deterministic with reduced form solutions being generated 

over the 136 month period for which data are available. The simula­

tion experiments discussed in this section were designed to evaluate 

current policy issues and the impact of past policies which have 

effected the vegetable oilseeds, oils, and oil products industry. 

In this respect, simulation is a much more useful tool than the 

analysis of system multipliers--all endogenous variables are allowed 

to change simultaneously in response to exogenous shocks. 

Four simulations were performed using the finished products sub­

model. In the first 3 simulations it was assumed that tariffs of 

one, 2, and 3 cents were imposed on palm oil imported into the United 

States over the time period of the study. The possibility of imposing 

a tariff on palm oil has received much attention in the last two years 

because palm oil imports have increased drammatically. In response 

to congressional inquiries, two studies of the palm oil problem have 

been recently performed by the Economic Research Service [72] and 
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the United States International Trade Commission [74]. On April 1, 

1976 a House of Representatives bill was introduced to restore the 

3 cents per pound import duty on palm oil. Much of the concern over 

increased palm oil importation is based on the fact that international 

lending institutions supported by the United States have financed much 

of the expansion in world production of palm oil, which competes with 

soybean oil. Total world production of palm oil increased from 1.7 

million metric tons in 1970 to 2.9 million in 1975. Production is 

projected to rise to 4.3 million metric tons in 1980. United States 

imports of palm oil have increased from .1408 million metric tons 

in 1970 to .9604 in 1975. Each of 3 simulations were performed by 

adding one, 2, and 3 cents, respectively, to the price of palm oil 

over the time period of the study. 

The fourth simulation experiment performed with the finished 

products sub-model was designed to evaluate the effects of a one-cent 

reduction in the price of shelled peanuts. The selection of a one­

cent reduction is entirely arbitrary but consistent with future 

prospects for revision in the peanut program. Eventually, price 

supports and quota restrictions are likely to be abolished or changed 

so that production will be greater and prices lower. By evaluating 

the effects of a one-cent reduction, the results may be generalized 

to larger or smaller fractions. 

A total of 6 simulations were performed using the soybean, soy­

bean oil, and soybean meal sub-model. The first 3 of these simula­

tions were designed to analyze the net effects of government purchases 

and sales of commodities using the sub-model. In the first simulation 
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it was assumed that there were no government purchases of semi­

finished soybean oil for foreign donation, and no government 

purchases or sales of soybeans under the price support system for 

the time period of the study. In the second simulation it was assumed 

that no government purchases or sales of soybeans under the price 

support system were allowed, but foreign donations of semi-finished 

soybean oil were permitted. In the third simulation it was assumed 

that government purchases and sales of soybeans under the price sup­

port system were allowed, but no foreign donations of semi-finished 

soybean oil were permitted. The first simulation was designed to 

evaluate the net effects of no governmental activity in the market, 

while the latter 2 simulations were designed to evaluate the net 

effects of no foreign donations, and no government purchases and 

sales of soybeans, independently. 

The impact of the 1973 export control program for soybean and 

soybean meal exports was examined in the fourth simulation experiment 

with the soybean, soybean oil, and soybean meal sub-model. Controls 

were initiated on June 27, 1973 when the Secretary of Commerce imposed 

an embargo on the export of soybeans, soybean meal, cottonseed, and 

various other meal and oil products because of high domestic prices. 

The embargo was lifted on July 2 and replaced by a licensing procedure 

for exports which required contract-by-contract approval. Contracts 

for soybean exports were reduced 50 percent, contracts for soybean 

meal 60 percent, while most other export contracts were allowed 

to be filled at 100 percent of their original level. Under this 
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procedure, according to the Economic Research Service [70), 33 

million bushels of soybeans and 750 thousand short tons of soybean 

meal were exported. Export controls on soybean meal exports were 

lifted on September 15 and controls on soybean exports were lifted 

September 21. 

The simulation was performed by assuming that all soybeans and 

soybean meal contracted for export were actually shipped. The net 

losses of exports as reported by the USDA were redistributed propor­

tionately over July, August, and the part of September in which con­

trols were in effect, to give the total amounts of exports of soybeans 

and soybean meal which would have been exported if controls were not 

applied. The actual exports of soybeans in July, August, and Septem­

ber were 14.237, 11.031, and 7.495 million bushels, respectively. 

After distributing 33 million additional bushels of soybeans over 

these months total exports were 26.459, 23.253, and 16.050 million 

bushels, respectively. Actual exports of soybean meal in July, August, 

and September were 1917, 3230, and 1868 thousand tons, respectively. 

After distributing 500 thousand additional tons of soybean meal over 

these months, total exports were 2117, 3430, and 1968 thousand tons, 

respectively. To perform the simulation, the actual quantities of 

soybean and soybean meal exports in July, August, and September of 

1973 were replaced with the export quantities corrected for net losses 

due to controls and revised time paths were generated. 

The fifth and sixth simulations using the soybean, soybean oil, 

and soybean meal sub-model were performed to determine what effect 
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soybean exports have on domestic markets. In the fifth simulation 

experiment it was assumed that soybean exports were 5 percent lower 

over the time period of the study. In the sixth simulation experiment 

soybean exports were assumed to be 5 percent greater than they actually 

were over the time period studied. Knowledge of the impact of larger 

or smaller exports on domestic markets is important so that the 

impacts of large continuing export agreements, such as the Soviet 

agreement of 1975, can be evaluated. 

Five simulations were performed using the cottonseed oil, peanut 

oil, and peanuo sub-model. The first 3 of these were designed to 

evaluate the net effect of governmental activity on the markets for 

the products included in the sub-model. In the first simulation it was 

assumed that there were no government purchases of semi-finished cotton­

seed oil for foreign donation and no government purchases or sales of 

peanuts under the peanut price support program. In the second simula­

tion it was assumed that no government purchases or sales of peanuts 

under the support program were allowed. In the third simulation it 

was assumed that government purchases and sales of peanuts under the 

price support program were allowed, but no foreign donations of semi­

-finished cottonseed oil were permitted. The result is that the first 

simulation evaluates the joint effects of no price supports for peanuts 

and no donations of semi-finished cottonseed oil, while the second and 

third simulations consider these policy alternatives independently. 

The fourth and fifth simulation experiments performed with the 

cottonseed oil, peanut oil, and peanut sub-model were designed to 

analyze the potential effects of alternative government policies 
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applied to peanut production. Since peanut production is an exogenous 

variable in the system model~ results presented by Nieuwoudt, Bullock, 

and Mathia [34J in a supply response study of peanut production are 

utilized to perform the two experiments. Nieuwoudt, Bullock, and 

Mathia evaluated three alternative policies which could be implemented 

to control peanut production. These were a free market, a 25 percent 

reduction in allotments with peanuts grown on allotment acres sup­

ported at 16.2 cents per pound, and a target price program with 

prices supported at 15 cents per pound on 75 percent of current allot­

ment acreage, with no support of peanuts produced on additional acres. 

Their results indicated that in a free market with no government price 

supports, acreage would increase 34 percent and prices would decline 

3 cents. In a program with 25 percent reduction in allotments with 

supports at 16.2 cents per pound, the social cost of the program is 

less than that of the price support program currently utilized, 

assuming allotments are transferable. Under a target price program 

with allotments reduced to 75 percent of their current levels, with 

additional acreage ineligible for price supports, and with the target 

price of 15 cents, peanut acreage expands 44 percent. 

The fourth simulation experiment was designed to partially evaluate 

the effects of a free market for peanuts. To perform the simulation, 

the Nieuwoudt, Bullock, and Mathia estimate of a 34 percent expansion in 

peanut acreage was taken to imply a 34 percent expansion in peanut pro­

duction. The variable for peanut production in the system model, 

z54(t), was then multiplied by 1.34 at each harvest over the time period 

of the sample, new simulated values of the enodgenous variables of the 
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models were generated, and government purchases and sales were set 

equal to zero. In the fifth simulation experiment it was assumed 

that quotas were reduced to three-fourths of their current level over 

the period of observation. In this case z54(t) was multiplied by .75 

at each harvest to represent the probable reduction in acreage and 

government purchases and sales of peanuts were set equal to zero. 

8.3. Results of Simulation 

Table 8.3 presents the results of performing 4 simulations 

using the finished products sub-model. Actual and simulated means are 

presented, the simulated means being adjusted so that the means of 

simulated time paths, generated using actual values of exogenous vari­

ables, are equal to the actual means. The units of measure for each 

variable are the same as those given in Table 4.1. For the first, 

second, and third simulations, which were performed by imposing one, 

2, and 3-cent tariffs on palm oil, it is immediately apparent from 

Table 8.3 that the introduction of a tariff has very little effect on 

the endogenous variables of the finished products sub-model. Prices are 

changed slightly, however. With a 3-cent tariff the mean price of cook­

ing oil increases .01 cents, the mean price of shortening decreases .18 

cents, and the mean price of margarine decreases .10 cents. On the basis 

of this information it is apparent that, if anything, the imposition of 

a tariff on palm oil would have had beneficial effects on consumers if 

implemented over the time period studied. 

The finding that the imposition of a tariff on palm oil would lead 

to lower prices for shortening and cooking oil over the time period 
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Table 8.3. Results of Simulation: Means of Simulated Time Paths for 
the Finished Products Sub-model 

Actual Simulated Means for Simulation 
Variable Me-ans 1 2 3 4 

q11 263676 263665 263655 263645 263676 

sll 286290 286292 286293 286294 286290 

z11 85628 85601 85575 85548 85628 

P11 4597 4598 4598 4598 4597 

q21 199598 199634 199670 199706 199598 

s21 199354 199362 199369 199377 199354 

z21 93231 92918 92606 92293 93231 

P21 11001 10995 10989 10983 11001 

q31 185666 185688 185709 185730 185666 

s31 187156 187146 187137 187127 187156 

z 60535 60262 59970 59717 60535 
31 

P31 3632 3628 3625 3622 3632 

q91 46202 46196 46191 46185 46419 

P91 6788 6788 6788 6788 6674 
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studied is surprising. Normally it would be expected that imposing a 

tariff on one type of vegetable oil would lead to the substitution 

of other more expensive oils for this oil. Examining the structural 

production-flow functions for shortening and margarine indicates that 

the estimated coefficients on the price difference between semi-finished 

soybean oil and palm are positive (and significant)--as the price dif­

ference increases shortening and margarine production increase. In 

addition, since semi-finished soybean oil prices are generally greater 

than palm oil prices, the indications are that an increase in the price 

of palm oil, which decreases the price difference margin, leads to 

declines in the production of shortening and margarine (everything else 

constant). This is what would be expected, and it is clear that the 

results of si~ulation indicating slightly lower prices for shortening 

and margarine are a consequence of system interaction instead of an 

observable incorrect sign on a structural coefficient. Several of the 

structural coefficients in the sub-model are not statistically signifi­

cant, however, so the implied results may be a consequence of mis­

specification. 

In the fourth simulation experiment involving the finished pro­

ducts sub-model, the price of shelled peanuts was assumed to be one­

cent lower over all months of the study. A significant decline in 

shelled peanut prices such as this could occur as a consequence of 

discontinuing the price support program for peanuts. From Table 8.3 

it is apparent that a lower price for shelled peanuts has no effect 

on the cooking oil, shortening, and margarine markets, but has signi­

ficant effects on the market for peanut butter. The mean production 
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level of peanut butter increases from 46202 thousand pounds to 46419 

thousand pounds per month in response to a one-cent reduction in 

shelled peanut price, and the mean price of peanut butter declines 

from 67.88 cents to 66.74 cents. From this result it is obvious that 

if large expansions in peanut production occur as a consequence of a 

revised peanut program, and prices decline, then consumers will benefit 

significantly from reduced peanut butter prices. 

The results of performing the 6 simulations discussed in the 

previous section for the soybean, soybean oil, and soybean meal 

sub-model are presented in Table 8.4. The first 3 simulations were 

designed to analyze the joint effects of no government purchases or 

sales of soybeans, and no government donations of semi-finished soy­

bean oil (simulation 1), and the disjoint effects of not allowing 

purchases or sales, and donations independently (simulations 2 and 

3). By comparing the results for these simulations it is clear that 

government purchases and sales of soybeans under the price support 

program had a substantial effect on the endogenous market aggregates, 

while government purchases of semi-finished soybean oil for foreign 

donation had little or no effect. In simulation 2, with no government 

purchases or sales of soybeans under the support program, the mean 

price of soybeans is 3.857 dollars. This compares with an actual 

price of 3.890 dollars when government purchases and sales are allowed 

under the support program. From this it is evident that the effects 

of the price support program for soybeans were to increase the mean 

price of soybeans by 3.3 cents per bushel over the time period of the 

study. In addition, governmental activity in the soybean market 
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Table 8.4. Results of Simulation: Means of Simulated Time Paths for 
the Soybean, Soybean Oil, and Soybean Meal Sub-model 

Actual Simulated Means for Simulation 
Variable Means 1 2 3 4 5 6 

q (1) 
12 204948 203997 203997 204948 204956 204922 204966 

(2) 
q12 166109 165960 165960 166109 166110 166105 166112 

q (3) 
12 114851 114890 114890 114851 114851 114850 114852 

s12 280350 280766 280768 280349 280348 280359 280343 

z12 493492 492729 492729 493492 493499 493469 493507 

P12 1714 1698 1698 1714 1714 1714 1714 

q13 496571 497379 497382 496568 496567 496585 496557 

8 13 375837 373354 373352 375838 375836 315826 375844 

PI3 1513 1497 1497 1514 1514 1513 1514 

z13 600466 598611 598613 600464 600459 600502 600435 

q14 56037 55786 55786 56038 56062 56015 56034 

8
14 

87688 87973 88050 87611 87646 87987 87431 

P14 383.0 385.7 385.7 389.0 389.2 388.5 389.4 

q15 10084 10101 10101 10083 10082 10086 10082 

8 15 2292 2254 2255 2292 2286 2297 2293 

z15 13275 13311 13311 13275 13280 13275 13271 

P15 10528 10425 10425 10528 10534 10511 10539 
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effected market aggregates in the semi-finished soybean oil and soy­

bean meal markets, causing the price of semi-finished soybean oil to 

be .16 cents per pound greater than it would have been without govern­

ment interference in the market, and the price of soybean meal to be 

1.03 dollars per ton greater than would have otherwise been the case. 

In simulation 3, the mean levels of the endogenous variables are only 

slightly different from the actual means in a few cases. For this 

reason the effect of government purchases of soybean oil for foreign 

donation had an inconsequential effect on the market aggregates of the 

soybean, soybean oil, and soybean meal sub-model. 

In the fourth simulation, the effects of the 1973 embargo on 

soybean and soybean meal exports were evaluated. The results of 

simulation, presented in Table 8.4, indicate that the imposition 

of export controls in 1973 over only 3 months had significant effect 

on the mean price levels of soybeans and soybean meal over the 136 

month period of study. If no embargo had been imposed, the mean 

price of soybeans would have been .2 cents greater per bushel, and 

the mean price of soybean meal would have been 6 cents greater per 

ton. By multiplying these per unit losses by the total production 

quantities, it is apparent that the imposition of the embargo in the 

summer of 1973 cost producers millions of dollars. Of course, to 

determine the net effects of the embargo, consumer benefits from low­

er prices must also be considered. 

The purpose of the fifth and sixth simulations using the soybean, 

soybean oil, and soybean meal sub-model was to evaluate the effects 

of soybean exports on market aggregates. To do this, in the fifth 
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simulation it was assumed that exports were 5 percent lower over the 

time period of the study, while in the sixth simulation it was 

assumed that exports of soybeans were 5 percent greater. The results 

of performing these simulations are presented in the last 2 columns 

of Table 8.4. From the information presented in this table it is 

clear that if soybean exports had been 5 percent less over the study 

period) the mean price of soybeans would have been .5 cents lower. 

If soybean exports had been 5 percent greater, the mean price of 

soybeans would have been .4 cents higher per bushel. In addition, 

the price of soybean meal would have been 11 cents lower per ton 

with reduced soybean exports, and 11 cents greater with increased 

soybean exports. The prices of finished and semi-finished soybean 

oil would have remained virtually the same in either case. 

Table 8.5 presents the results of performing 5 simulations with 

the cottonseed oil, peanut oil) and peanut sub-model. The first 3 

simulations evaluate the net effects of government purchases of 

semi-finished cottonseed oil for foreign donation, and government 

purchases and sales of peanuts. The first simulation considers the 

joint effects of no government activity, the second assumes no govern­

ment purchases or sales of peanuts, and the third assumes no govern­

ment foreign donations of semi-finished cottonseed oil. 

From the information proffered in Table 8.5 it is apparent that 

government donations had little effect on the price of semi-finished 

and finished cottonseed oil over the study period. If there had been 

no government purchases for foreign donations, the price of finished 

and semi-finished cottonseed oil would have been .03 cents lower per 
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Table 8.5. Results of Simulation: Means of Simulated Time Paths 
for the Cottonseed Oil, Peanut Oil and Peanut Sub-model 

Actual Simulated Means for Simulation 
Variable Means 1 2 3 4 5 

(1) 
47283 47345 47298 47329 47298 47298 q22 

(2) 
20335 20366 20336 20365 20336 20336 q22 

(3) 
6058 6064 6058 6067 6058 6058 q22 

s22 181956 182272 181993 182195 181993 181993 

z22 100273 100334 100283 100323 100283 100283 

P22 2100 2097 2100 2097 2100 2100 

q23 83546 83657 83566 83637 83566 83566 

s23 78285 78291 78286 78290 78290 78286 

P23 1727 1724 1727 1724 1727 1727 

(1) 
q53 10417 10407 10413 10411 10413 10413 

(2) 
q53 1367 1366 1366 1367 1366 1366 

(3) 
q53 285 282 282 285 282 282 

s53 30072 30009 30014 30067 30008 30018 

z53 18197 18188 18195 18189 18195 18195 

P53 2070 2075 2075 2070 2075 2075 

q54 58070 57894 57894 58070 57868 57913 

8 54 1361950 1361420 1361420 1361950 1405940 1328690 

P54 2305 ·2311 2311 2305 2313 2310 
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pound. For government purchases and sales of peanuts, if none had 

taken place over the study period the mean price of peanut oil would 

have been .05 cents higher and the price of shelled peanuts .06 cents 

higher per pound. The small levels of these changes are extremely 

unrealistic, however, since massive government support operations 

were carried out throughout the period studied. The reason for this 

result is that during no interval in the sample were price supports 

not in effect. The indicated price responses are insensitive to 

changes in exogenous variables because of government support programs. 

This is, and has been, a classic problem in estimating economic rela­

tions for controlled markets. 

The fourth and fifth simulations using the cottonseed oil, peanut 

oil, and peanut sub-model were designed to evaluate the consequences of 

an expansion and contraction of peanut production as a consequence of 

the abrogation of the current peanut program. Again, however, the 

indicated price responses are unrealistic--the sub-model fails to 

capture price responses independent of controls. The results presented 

in the last 2 columns of Table 8.5 indicate that an expansion of 

production by one-third (the fourth simulation) and a contraction of 

production by one-fourth (the fifth simulation) lead to shelled peanut 

price increases of .08 and .05 cents per pound, respectively! Clearly 

this is unreasonable and it is obvious that the results generated by 

the cottonseed oil, peanut oil, and peanut sub-model are valid only 

when the peanut price support program is in effect. What is needed 

to evaluate th~ effects of supports is a sample base where supports 

are in effect over only a portion of the time period considered. 



9. OPTIMAL CONTROL THEORY APPLIED TO AGRICULTURE 
AND AN EXPERIMENT IN THE OPTIMAL CONTROL 

OF SOYBEAN STOCKS FOR PRICE STABILIZATION 

In the last few years interest in the application of optimal con-

trol theory to economic problems has received a great deal of attention 

in the literature. Most applications of optimal control theory have been 

concerned with the control of macro-econometric systems. Recent empiri-

cal studies in this area have been performed by Ando and Pa1ash [2], 

Kalchbrenner and Tinsley [29], and Cooper and Fischer (13]. Major 

theoretical contributions in the field of optimal control have been made 

by Chow [9, 10, 11] and Aoki [3]. With respect to agriculture, the 

work by Rausser and Freebairn [51], and Freebairn [21], which analyzes 

adaptive control solutions for U. S. beef-trade policy, represents 

perhaps the most significant contribution. 

This section discusses a general application of optimal control 

for commodity price stabilization. The direct government purchase, 

storage, and sale of commodities serves as the policy instrument. A 

hypothetical application of the proposed control program is illustrated 

using soybeans. Although the discussion of optimal control presented in 

this section is basically an appendage to the previous sections, it 

represents a logical extension and application using the monthly econo-

metric model of the industry. Section 9.1 discusses control problems in 

general and specifies how prices of agricultural commodities might be 

controlled optimally to achieve price stability. Section 9.2 presents 

the conceptual framework for solving control problems and considers 

alternate solution methods. Section 9.3 discusses the results of 

162 
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solving for the optimal control rules to maintain price stability in 

the soybean market. 

9.1. Control Problems, Price Stability, and a Proposal 
for the Control of Commodity Markets 

The policy or control variables in most macro-econometric models 

are the money supply and government expenditures. The basic control 

problem is to select the levels of these variables which in some sense 

maximize social welfare. Typically, the maximization of social welfare 

is defined as the pursuit of four objectives: positive growth in 

national income, the maximization of employment, the minimization of 

growth in the inflation rate, and the realization of an equitable in-

come distribution. These four objectives cannot be pursued individually 

because of the complexity and simultaneous nature of the economic 

system. Optimal control theory, through the incorporation of multiple 

objectives in an aggregate social welfare function, offers a method 

of selecting the optimum levels of policy variables in order to maxi-

mize social welfare. 

Historically, the objective of control in the agricultural sector 

has been concentrated on the realization of an equitable income distri-

bution. The other objectives of national economic control have not 

typically been applied in the agricultural sector, except in certain 

cases where tariffs or embargoes have been implemented for agricultural 

commodities to alleviate inflationary pressures and to maintain price 

stability. Of course, it may be argued that the income redistribution 

program implemented in the agricultural sector has also had important 

effects on increasing the growth in national income and maximizing the 
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level of employment, however, the principal objective of agricultural 

policy as implemented by policy-makers has been income redistribution 

from the nonagricultural sector to the agricultural sector. 

From the late 1930's until the early 1970's income redistribution 

was carried out in the agricultural sector under the price support 

program. Under price supports the government specified minimum prices 

for agricultural products and supported these minimums by direct pur­

chase if market prices declined to support levels. The per unit income 

redistribution cade under this system consisted of the difference in 

the support price and the market price which would have obtained if 

there were no government price supports. Income redistribution by this 

method, although politically palatible, was inefficient since income 

transfer from the government to agricultural producers by direct pay­

ment could be made at lower cost. A partial recognition of this fact, 

and the large costs of acquiring, maintaining, and dispersing stocks of 

commodities, led to the Agricultural Consumer Protection Act (ACPA) of 

1973. As no~ed previously, this act provided for income redistribution 

to agricultural producers by direct payment when market prices fell 

below pre-specified target levels. However, when market prices fell 

below pre-specified loan levels, which were established at levels below 

target prices, the loan price was to be supported by direct government 

purchase of the commodity in question. In this respect, the fundamental 

provisions of the price support system were maintained in the ACPA. 

Although the price support system was established primarily as a 

mechanism for income redistribution, there was an important secondary 

effect associated with the program--price stabilization. The support 
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program led to price stability because in years of large harvests, 

market prices declined below support prices, the government accumu­

lated stocks, and artifically maintained prices at levels above true 

market prices. In years when harvests were small, prices increased 

above support levels, the government sold commodities from stocks, and 

consequently reduced prices below market levels which would have been 

realized if there had been no government interference. The result was, 

of course, that government activity was countercyclical with respect to 

commodity prices, and prices were restricted within a range much smal­

ler than would have been the case under a completely free market. 

The question of whether price stability is appropriate as a 

policy objective has been the subject of much debate in the litera­

ture. The most recent statement on the question has been made by 

Turnovsky [66]. Assuming a buffer stock program with zero expected 

values of stock levels over time, completely linear functions, and 

partial equilibrium, Turnovsky concludes that, in general, price 

stability is beneficial to consumers and producers. This conclusion 

is based on the concept of producer and consumer surplus. Although 

some analysts may disagree with the use of this tool for policy 

evaluation, it is, as Currie, Murphy, and Schmitz [15, p. 791] have 

noted, " ••• difficult to find any workable alternative." For this 

reason it is explicitly assumed in this section that price stabiliza­

tion is an appropriate policy objective, which under the appropriate 

circumstances generates positive net social benefits. 

In order to achieve domestic price stability it is assumed in this 

section that a buffer stock control program is implemented. Income 
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redistribution is assumed to be made by direct transfer payments, so 

price stability is the only objective of the program. The major dif­

ferences in the assumed buffer stock control program and those con­

sidered previously (for example, Reutlinger [53]), are that the program 

is to be applied domestically, not internationally, that flexible 

instead of fixed decision rules are to be utilized, that embargo is 

reserved as a viable control policy, and that optimal control theory 

is utilized for making decisions under the program. The use of 

optimal control offers much more flexibility than the fixed decision 

rules proposed for use in buffer stock programs previously proposed 

since changes in the parameters of the aggregate social welfare 

function, and changes in the target prices of the optimal control 

problem may be made quickly when necessary. 

The assumed buffer stock control program functions as follows. 

First, monthly target prices are specified by decision-makers. These 

targets mayor may not be publicly announced. Second, any necessary 

revisions in the weights attached to a social welfare loss function, as 

specified by the control agency, would be made. Third, using an aggre­

gate social welfare loss function and a monthly econometric model of 

the agricultural sector (or of the relevant markets), the control agency 

would then solve for the optimal levels of the control variables for the 

current month. Fourth, given the optimal control levels, the agency 

would then allocate purchase or sale orders to its marketing organiza­

tions. 

The implementation of the control program would be advantageous in 

three ways. First, the control program would require that decisions be 
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made from month to month with the levels of the control variables explic­

itly specified. In this respect, each monthly decision would reflect the 

current national economic situation, the amount of current storage capac­

ity utilization, and current prospects for the next crop. In addition, 

the fact that quantity instead of price is taken as the control variable 

implies that the control agency would not be locked into supporting a 

fixed price established once a year by Congress. Second, the control 

program would allow for quick revisions in the program when the prefer­

ences of policy-makers change. This would be accomplished by adjusting 

the weights in the welfare loss function of the control algorithm. This 

flexibility would be particularly advantageous when new political parties 

are elected to office. Third, the control program could be easily inte­

grated with national economic policy in the context of a macroeconomic 

control problem. Traditionally, macro-economic policy and agricultural 

policy have been implemented independently. In a world of increasing 

economic interdependence, the joint control of all domestic policy prob­

lems would be complementary and more efficient. 

In contrast to the current agricultural policies, the control 

program would have the following advantages. First, overproduction in 

response to fixed minimum prices would not occur since there would be 

no fixed minimum prices. This fact alone would tend to make prices 

higher since as Sandmo [55] has demonstrated, firm output is less when 

prices are uncertain. Second, the physical control of stocks would 

be simplified since the maximum government storage capacity would be 

specified prior to the introduction of the control program. The gov­

ernment would construct and maintain the necessary storage facilities 
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under the proposed control program. Under the current program, 

if market prices fall below the loan rate the government is required 

by law to purchase all commodities offerred at the loan price even 

if adequate storage facilities are not available. In the past this 

has led to direct payments to agricultural producers for storage of 

their own output. 

Since the control agency would not be locked into a system of 

rigid purchase rules, another advantage of the control program 

would be that it could exert its influence to counter existing market 

imperfections consistent with national economic objectives. For 

example, the control agency could be allowed to buy and sell commodi­

ties through futures contracts. In this respect, the control agency 

could counter destabilizing speculative forces in the market, and force 

more competition in futures markets where several firms control large 

shares of the market. In addition, the control agency could be allowed 

to establish purchasing stations at spatially separated locations to 

breakup existing firm spatial monopolies. Also, the control agency 

could be allowed to sell commodities to foreign countries at market 

prices, discounts, or mark-ups in keeping with U. S. foreign policy. 

Once an export control network was established, in periods of intense 

export demand and high domestic prices, all exports could be required 

to be made through the control agency. This arrangement would assure 

that sales inconsistent with domestic policy would not be made by 

domestic corporations. 

In summary, it has been assumed in effect that temporal price in­

stability is &t least a partial public good. Externalities associated 
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with this good can be internalized by the creation of a government 

control agency. A control agency would use optimal control methods 

for making decisions and would be extremely flexible in terms of 

responding to changes in the objectives of policy-makers. 

9.2. Conceptual Framework for the Control Problem 

Consider the econometric system presented in Section 7.1: 

(9.1) y r. d + D Y + D2X + D3x 1 + e t 0 1 t-1 t t- t 

where the variables are defined as for relation (7.2). This system 

may be rewritten as 

(9.2) 
Yt - dO + DlY t - l + [E l E2l l::J+ [E3 E4

l [::=~J + e t 

where g is a vector of control variables, and w is a vector of 
t t 

exogenous variables not subject to control. E1 and E2 are matrices 

of estimated coefficients corresponding to the g and w vectors. 
t t 

The matrices E
3

, and E4 are interpreted similarly, except they apply 

to the lagged vectors gt-l and wt _l • 

System (9.2) can be rewritten in terms of the endogenous and 

control variables as 

(9.3) Zt = COzt _1 + clgt + c3t + c4t 

where Yt DI 0 E3 0 El 

Yt-l I o 0 0 0 

Zt = gt Co = 0 o 0 0 C
1 

= I 

gt-1 , 0 o I o , 0 
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r ~t e 
t 

0 

c
3t 

= 

l~ 
c
4t 

= 0 

0 

and b
t 

= dO + E
2
w

t 
+ E

4
w

t
_

l
• The I's represent the appropriately 

dimensioned identity matrices and the O's are appropriately dimen-

sioned matrices with all zero elements. 

Following Chow [10], an expected welfare loss function of the 

quadratic form 

T 
(9.4) E [W] = E [ L (z - a )' K (z - a )] 

t=l t t t t t 

is defined, where at is a vector of target variables and K
t 

is a 

matrix of subjective weights representing the relative importance of 

the variables in z. The optimal stochastic control problem is to 
t 

minimize (9.4) subject to (9.3). 

The optimal control problem may be solved directly by the Lagran-

gian multiplier method or by dynamic programming methods. Chow has 

proposed a four-step iterative algorithm as the most efficient method 

of solution. In step 1, the following identities are defined: 

In step 2, using the results of step 1, the J
t 

matrix and jt vector 

are calculated using the relations 

(9.7) J = -(C' H C )-1 C
l
' HT Co 

TIT 1 
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In step 3, the optimal levels of the control vector g are determined 
t 

using the feedback control equation 

In step 4, H
T

_
l 

and h
T

_
1 

are calculated using the identities 

The algorithm then requires a return to step 2 where the values of T 

are replaced with those of T-l, steps 3 and 4 are then repeated, then 

a return to step 2 is again required with the values for T-l being 

replaced with those of T-2, and the process continued sequentially 

until the initial time period is reached. 

It should be apparent that the solution of the optimal control 

problem yields ~ complete time series of optimal values for gt' t=l, 

••• , T. The typical analytical procedure in control problems is to 

compare this series and the corresponding values of the endogenous 

variables generated by the system model, with the same values of the 

actual time series. By determining the value of E[W] in (9.4) for 

each series, given the same targets, a direct measure of the welfare 

gain due to optimal control is possible. Even more important is the 

fact that by utilizing (9.8), the control agency can determine the 

predicted values to be assigned to control variables in advance by 
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solving a one period control problem for T + 1 given the appropriate 

predicted values of c
3T

• This allows the control agency to engage 

in more efficient planning, or even to determine the values of con-

trol variables in T, when not all exogenous values are known. 

For most practical applications, the derivation of the control 

equation (9.9) using Chow's algorithm is of only limited use since 

there may be inequality constraints on the levels of the control 

variables. Given the existence of inequality constraints on the con-

trol variables, one alternative is to solve the welfare loss minimiza-

tion problem by incorporating the constraints in the problem formula-

tion. Utilizing this approach leads to the Lagrangian function 

T 
(9.12) L(z, A, ct, a) = E E (z - a )' K (z - a ) + 

t=l t t t t t 

T 

E At (y t -
t=l 

where the ine1 uality constraints g > p and g < q for t=l, ••• , T, 
'1 t- t t- t 

have been introduced with associated Lagrangian multipliers at and 

St' t=l, ••• , 1, to allow limits to be imposed on the levels of the 

control variables. The Kuhn-Tucker conditions for an extremum require 

(9.13) dL K{y at) - At + COA t+l 
0 t = 1, T = = · .. , 

dYt t 

(9.14) 
dL 

C1At + + at = 0 t 1, T = a = · .. , dg
t t 

(9.15) 
dL 

COYt - l - cIgt 
0 t 1, T = Y - - c - c

4t = = · .. , dA t t 3t 
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(9.16) dL 
2 do.t = g - u - p = 0 t = 1, T t t t · .. , 

(9.17) dL +v 2 
0 1, T gt qt = t = · .. , d6 t t 

(9.18) dL 20. u 0 1, T = - = t = · .. , dUt t t 

(9.19) dL 
28t

v
t 0 1, T = - = t = · .. , dVt 

No simplification of this problem along the lines of the previous 

control solution algorithm is possible, however, and a large number 

of alternative solution sets must be evaluated before an optimum can 

be identified. For this reason programming methods offer the only 

realistic option. 

The limitations of dynamic programming for solving problems when 

the number of variables and constraints is large are well known. 

The use of dynamic programming to solve control problems can be 

avoided, however, since the welfare loss minimization problem can 

be reformulated as a quadratic programming problem. In this respect 

the initial specification of the econometric system in Section 8.1. 

is utilized to restate the welfare loss problem as 

T 
(9.20) max E (a'Ka + 2y'Ka - y'Ky) 

t=l 

subject to 

t = 1, ••• , T 

t = 1, ••• , T 

t = 1, ••• , T 
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(9.24) g '\i > 0 t' J t - , t = 1, ••• , T. 

Note that the minimization problem has been reformulated as a maximiza-

tion problem, and that the levels of the control vector and vector of 

endogenous va=iables have been constrained to be nonnegative. 

In summary, several methods for solving the welfare loss-control 

problem have been discussed. In situations where there are no con-

straints on variable levels in the system, the most efficient and 

workable solution is obtained by utilizing Chow's algorithm. In 

cases where there are constraints on variable levels in the system, 

quadratic programming provides the most efficient and workable method 

for obtaining a solution. In the following section, several applica-

tions are performed by applying Chow's algorithm to the soybean, 

soybean oil, and soybean meal sub-model. 

9.3. Some Experiments in the Optimal Control 
of Soybean Stocks for Price Stabilization 

There are 2 factors which complicate the application of optimal 

control for empirical experiments with the soybean, soybean oil, and 

soybean meal sub-model developed in this study. First, and perhaps 

most important, is that the method for the specification of targets as 

required by optimal stochastic control differs greatly from that pre-

viously (and currently) used by the government. Under the plan proposed 

in this study, target prices must be specified each month by the control 

agency, not on an annual basis (although the same target could be 

specified over a 12 month period). In addition, the target price 

under optimal control, unlike target prices in effect under current 
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legislation, is not a minimum price which the market must reach before 

government intervention occurs, but rather is an exact target which 

is the goal of intervention. For this reason, the empirical experi­

ments discussed in this section are based on the assumption of the 

existence of a control agency which sets monthly target prices in 

response to a Congressional mandate and acts to see that these targets 

are reached. 

The second factor which complicates the application of optimal 

control for empirical experimentation with the soybean, soybean oil, 

and soybean maal sub-model is that there are trade-offs in the choice 

of the optimal control methodology to be utilized. As noted in the 

previous section, when there are no constraints on the limits of 

variables in the sub-model, then the use of the control algorithm 

derived by Chow is the appropriate methodological instrument. This 

solution method has the advantage of generating linear feedback equa­

tions for setting optimal levels of policy variables. If there are 

constraints on the levels of variables in the sub-model, then quadratic 

programming is the appropriate methodology. The use of quadratic 

programming does not result in linear feedback equations, however, but 

leads to the exact identification of the optimal control levels for 

policy variables for each time period considered. Quadratic progra~ 

ming is superior to the use of Chow's control algorithm in that once 

the solution is obtained, no further steps are involved. The applica­

tion of the control algorithm requires that after the feedback control 

equations are obtained they must then be used to set the levels of the 
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policy variables over the time period under consideration. When histori­

cal policies are to be evaluated in this way the procedure is analogous 

to the performance of deterministic simulations except that the levels 

of the control variables are set by the feedback control equation 

instead of being specified arbitrarily by the policy-maker. 

Four optimal stochastic control experiments were performed in this 

study using the soybean, soybean oil, and soybean meal sub-model. In 

each experiment alternative target variables and policy instruments 

were considered. All targets were assumed to be prices and target 

levels were set equal to 5 month moving averages of the target time 

series. Hence the objective of control was to smooth prices over an 

intermediate time period. Because all target variables were prices, 

welfare weights were selected to penalize equally all dollar deviations 

from targets. 

In the first control experiment it was assumed that the objective 

of control was to stabilize only the price of soybeans. The policy in­

strument was assumed to be government purchases and sales of soybeans 

on the open market. This experiment represents the simplest type of 

control proble~-only one target and one policy variable are considered. 

In a control problem of this kind, when the number of targets equals 

the number of policy instruments, following the optimal control policy 

results in market prices exactly equal to target prices. In the second 

control experiment, 2 target prices were considered--the price of soy­

beans and the price of soybean meal--and one policy variable was 

included--government purchases and sales of soybeans. In the third 

optimal control experiment, 2 target prices and 2 policy instruments 
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were considered. The targets were the price of semi-finished soybean 

oil and the price of soybeans, and the policy instruments were foreign 

donations of semi-finished soybean oil and government purchases and 

sales of soybeans. In the fourth control experiment, the price of 

soybeans and the price of soybean meal were taken as target variables, 

while government purchases and sales of soybeans and exports of soy-

bean meal were selected as policy variables. 

Table 9.1 presents the results of calculating the optimal feedback 

control equatio~s (relation 9.9) for each of the 4 control experiments. 

The coefficients presented converge to steady state values after one 

time period. Most obvious from the information presented in the table 

is the fact that prices are extremely active in determining the optimal 

levels of the policy instruments in all 4 experiments. For the first 

control experiment, all signs on price coefficients are negative, 

with the exception of the price coefficient for semi-finished soybean 

oil. The combined magnitudes of the remaining price coefficients are 

greater, however, indicating that price increases in t imply govern-

ment sales of soybeans in t + 1 as the optimal policy response, every-

thing else constant. The signs of the coefficients on prices in t - 1, 

L L L 
for variables P13' P15' and P14' are all reversed from their signs in 

t, indicating a cyclical feedback response for the first control experi-

mente The coefficients of the feedback control equation in the second 

experiment, in which the price of soybean meal is added as a target, 

are similar in sign and magnitude to those obtained for the first 

control experiment except that the variables q15' z15' and P15' and 

L 
P14 more actively influence the level of the optimal policy response. 
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Table 9.1. Optimal Feedback Control Rules for Alternative Policy 
and Target Variables in the Soybean, Soybean Oil, and Soybean 
Meal Sub-model 

EXEeriment and Control Variable 
Endogenous 1 2 3 4 

Variable g14 g14 g13 g14 g14 e
14 

(1) 
g12 2.743 2.743 1.788 .0000 2.748 .0044 

(2) 
g12 1.S40 1.540 1.004 .0000 1.543 -.0024 

(3) 
g12 2.081 2.081 1.356 .0000 2.085 .0033 

s12 .3622 .3622 .2360 .0000 .3628 .0005 

z12 -3.292 -3.292 -2.145 .0000 -3.297 -.0053 

P12 -303.6 -303.6 -197 .8 .0000 -304.1 - .4893 

q13 .3675 .3675 .2395 .0000 .3680 .0005 

s13 .0062 .0062 .0000 .0000 .0062 .0000 

P13 2.54.2 270.0 160.7 7.532 270.5 .4355 

z13 1.128 1.128 .7353 .0000 1.130 .0018 

q14 -.6162 -.6162 .0000 -.6162 -.6172 -.0009 

6 14 .0000 .0000 .0000 .0000 .0000 .0000 

P14 -1221. -1221. -162.9 -970.9 -1221. -1.967 

q15 -4.443 -13.78 .0000 -4.443 -13.80 -.0222 

SIS .6668 -.0334 .0000 .6668 -.0334 .0000 

z15 9.878 30.64 .0000 9.8783 30.69 .0494 

PIS -17.84 -62.58 2.243 -21.28 -62.68 -.1009 

L -1.296 -1.296 .0000 -1.296 -1.298 -.0020 P13 
L .0014 .0014 .0000 .0014 .0014 .0000 PIS 
L 29.20 90.60 .0000 29.20 90.74 .1461 P14 
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In the third control experiment, target prices were P13 and P14' 

and the policy instruments were g13 and g14. The results of this con­

trol experiment are interesting because, as is indicated in Table 9.1, 

the levels of the coefficients of the 2 feedback control equations are 

vastly different. The feedback control equation for foreign donations 

of soybean oil does not include production, inventory-stocks, and 

domestic disappearance variables of the soybean and soybean meal 

markets, while the feedback control equation for government purchases 

and sales of soybeans includes no variables from the finished soybean 

market and omits coefficients for the derived demands for finished 

soybean oil. Because of the nature of these feedback control equations, 

large deviations in the levels of endogenous variables in one market 

in t - 1 may lead to large changes in the optimal policy response for 

one control v~riable in t, while the optimal policy response for the 

other control variable may be virtually unchanged from the preceding 

period. In this respect, under optimal feedback control, policy 

changes may be largely independent, even in an industry with integrated 

markets. In the fourth control experiment target prices included P14 

and PIS' while policy variables were g14 and e14 • The coefficients 

in the feedback control equation for g14 are virtually identical to 

those for g14 in the second control experiment. The feedback control 

equations for e
14 

indicate that, unlike the situation in the third 

control experiment, policy changes could not occur independently in 

this control system since most of the coefficients in both feedback 

control equations are nonzero. 
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Actual implementation of the feedback control rules over a 36 

month period fr.om May of 1973 to April of 1976 indicated net purchases 

and sales of government stocks of soybeans over periods when purchases 

or sales would logically be expected. All 4 control experiments indi­

cated that during the summer of 1973, a period of high prices, the 

optimal policy involved large sales of soybeans from stocks (assuming 

stocks were available prior to implementation of the control program). 

In 1975, after prices had declined considerably, the government became 

a net purchase~ of soybeans. One problem indicated in the control 

experiments was that the optimum quantity of soybeans purchased and sold 

by the government in some months was extremely large--much greater than 

logically palatable. This result indicated that there may be some 

problems with the analytically derived impact multipliers for gI4--the 

soybean, soybean oil, and soybean meal sub-model may be somewhat mis­

specified or some parameter estimates may be biased. 

In summa~?, the results of performing the 4 control experiments 

lead to feedback control equations which are consistent with expecta­

tions regarding the signs on the endogenous variables of the equations. 

In addition, the application of the feedback control equations over a 

36 month period produces optimal policy decisions which are consistent 

with expectations--when prices are high the government is a net seller 

of soybeans, and when prices are low the government is a net purchaser. 

The levels of purchases and sales are extremely large in some cases, 

indicating the underlying econometric model may be somewhat imperfect. 

The use of a 5 month moving average may be somewhat responsible for 
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this, however, and in actuality the control agency could not set targets 

in this way--targets would have to be specified along a time trend or 

an exponetial smoothing technique would have to be utilized. 



10. SUMMARY AND CONCLUSION 

This section summarizes the major results of the study and dis-

cusses the significant conclusions of the analysis. Section 10.1 

reviews the theoretical development of the discrete dynamic market 

systems derived in the early part of the dissertation, elaborates on 

some of the problems involved in the synthesis of theory with empirical 

analytics, and discusses the specification, estimation, stability, and 

validity of the empirical model developed in this study. Section 10.2 

reviews the results of the simulation experiments performed with the 

4 industry sub-models and discusses the implications of alternative 

policies for the domestic oilseeds, oils, and oil products industry. 

Section 10.3 examines the potential of optimal stochastic control 

theory as an instrument for stabilizing agricultural prices and con-

siders some recent criticisms of control theory. 

10.1. The Theoretical Development 
and the Empirical Model 

Inventory-stock functions are included in the model specifications 

of many dynamic commodity models. The theoretical foundations for this 

inclusion, providing an explanation of the relationship between inven-

tory-stocks, production-flows, and other market aggregates, are far 

from complete. The classical theory of consumer and firm behavior is 

static and offers no indication of how supply flows and inventory-

stocks are relaLed. Brennan's theory of storage is incomplete because 

of the omission of a simultaneous role for production-flows. The 

operations research approach to inventory and production problems 

182 
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acknowledges the duality of supply flows from production and storage, 

but generally ~egards the firm's output as fixed by order receipts 

prior to the production period. This assumption is inconsistent with 

competition theorems. Samuelson and Pliska regard the duality of 

supply as an aggregate net social product maximization problem, but 

this approach does not lead to readily measurable market relations. 

Since none of these theoretical approaches results in a suitable 

dynamic theory of markets which can be implemented empirically, it is 

apparent that an alternative theory is necessary. 

Section 3 presents an attempt to provide an alternative dynamic 

theory of the duality of supply. Consumers are assumed to maximize 

utility and producers are assumed to maximize current and expected 

profit simultaneously subject to budget and production constraints. 

Aggregation of the resultant control variable functions results in 

a 4-equation, simultaneous market system consisting of an aggregate 

demand function, an inventory-stock function, a production-flow 

function, and a discrete dynamic market equilibrium identity. This 

theoretical syutem is virtually identical to the simultaneous empiri­

cal systems used by Labys [33, 34] and others to describe aggregate 

commodity markets, and explicitly illustrates the linkage between 

the dynamic theoretical foundations and market empirics. 

Based on the theoretical development, a model of the domestic 

vegetable oilseeds, oils, and oil products industry was initially 

specified by defining the appropriate dynamic supply identities, 

inventory-stock ftmctions, production-flow functions, and demand or 

derived demand functions for each of 16 markets of the industry. The 
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16 markets were linked simultaneously, either vertically or horizon­

tally, by the inclusion of other industry prices in the specification 

of each market. Attempts to estimate the complete model under the 

assumption that the levels of current monthly variables were suffi­

ciently correlated with the corresponding variables of the previous 

month, so that lagged variables would not have to be introduced, were 

unsuccessful--the resulting system was unstable and not close to being 

stable. Consequently, the theoretical model was empiricized by includ­

ing lagged variables in the relations representing the structure of the 

industry. The ~esults were 4 simultaneous or block-diagonal simul­

taneous sub-models representing different sectors of the industry. 

The final form of the empirical model, as presented in Section 6, 

is unpretentious and imperfect. Many estimated coefficients are in­

significant by standard interpretation, the signs of some coefficients 

are inconsistent with expected signs, and the explanatory power of many 

of the estimated relations is quite poor. Despite these shortcomings, 

the 4 sub-models represent with some accuracy the major components of 

the actual systems they are designed to emulate. This is evidenced 

by the levels of the inequality coefficients, which to some degree are 

comparable with those obtained in other empirical studies such as those 

by Roop and Zeitner [54], and Epps [18]. Regarding the stability of 

the industry sub-models, 2 of the 4 sub-models are stable. The remain­

ing 2 are not far from being stable, however, and it was deemed appro­

priate to retain them as presented. Although an unstable system 

violates the assumptions under which estimation is made, experiments 

conducted during the course of this study indicated that a nearly stable 
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model typically emulated the system it was designed to model satis­

factorily. This was clearly the case for the cottonseed oil, peanut 

oil, and peanut sub-model, which was unstable but yielded the best 

set of inequality coefficients of the 4 sub-models. 

10.2. The Simulation Experiments 

The performance of 15 simulations with 3 of the 4 industry sub­

models in this study allowed for an explicit examination of policy 

alternatives available in the vegetable oilseeds, oils, and oil 

products industry. The 15 simulations were all historica1--actual 

exogenous values were used over the period January 1965 to April of 

1976. This approach was regarded as superior to postulating the future 

time paths of exogenous variables and simulating on this basis. An 

important consequence of using simulation to evaluate the effects of 

past policies, and the effects of alternative policies which could 

have been implemented, is that it allows for an explicit statement on 

the dollar costs and benefits of actual and alternative policies. 

Based on the results of simulation, the important conclusions of 

this study may he summarized as follows. Regarding actual policies 

followed over the time period of the study, the impact of governmental 

activity on the vegetable oilseeds, oils, and oil products industry 

was significant, particularly the effects of the price support system. 

Governmental purchases and sales of the soybeans over the period 

resulted in soybean prices 3.3 cents per bushel greater at the mean 

level than would have resulted if no government intervention had oc­

curred. This increase implies a gross redistribution of approximately 
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403.1 million real dollars from the nonagricultural to the agricul­

tural sector, excluding government costs of redistribution, over the 

136 month period studied. The higher mean price of soybeans over the 

period lead to higher mean prices for soybean oil and meal over the 

period t the final result being higher prices for finished products. 

Specifically, with government price supports for soybeans in effect t 

finished and semi-finished soybean oil prices were .16 cents higher 

per pound. Using simulation results (not reported in Section 8) this 

implies increages in the price of cooking oil, shortening, and margarine 

of .0324, .0067, and .0014 cents per unit, respectively. Using actual 

quantities of cooking oil, shortening, and margarine which would have 

been consumed at these lower unit mean prices, the impact on consumers 

of the price support system for soybeans was 13.78 million real dollars. 

In addition, government price support operations for soybeans increased 

soybean meal prices 1.03 dollars per ton at the mean level over the 

period. For this reason it is apparent that consumer prices for meat 

were higher over the period since soybean meal is an important feed 

ingredient. No exact value can be determined for this amount, however, 

since final demands for meat products are omitted from the model. 

Regarding the effects of other government activity on the vegetable 

oilseeds, oils» and oil products industry, the results of other simula­

tion experime4ts indicate that government purchases of soybean oil for 

foreign donation over the period had virtually no effect on industry 

aggregates; that the impacts of the 1973 embargo on soybean and soybean 

meal exports ~ere significant, leading to mean soybean and soybean 

meal prices .4 per bushel and 6 cents higher per ton than would have 
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otherwise been the case; and that government purchases of cottonseed 

oil for foreiWl donation had no effect on market aggregates of the 

industry. In addition, other simulation results indicate that if soy­

bean exports had been 5 percent greater over the period studied, soy­

bean prices would have been .5 cents higher per bushel and the price 

of soybean meal would have been 11 cents greater per ton at the mean 

level. Other simulation results indicate that the imposition of tar­

iffs on palm oil over the time period of the study would have had 

little effect on the prices of finished products. Also, other simula­

tion results indicate that lower shelled peanut prices, as a consequence 

of expanded peanut production and lower raw peanut prices, would signi­

ficantly reduc~ the price of peanut butter to consumers--by 1.14 cents 

per pound for a one-cent decline in the price of shelled peanuts. The 

sub-model coctaining the peanut market failed to capture the effects of 

removing government controls on peanuts, however. 

10.3. Agricultural Policy and Optimal Control 

The agricultural control agency proposed in this study to implement 

and direct domestic agricultural policy programs is suggested, not as 

a viable alternative to the current system, but as one of many alterna­

tives which should be considered given a positive decision to initiate 

a national program for commodity price stabilization. In the past 

decade many policy decisions involving price stabilization--such as 

the imposition of the 1973 embargo--have been made with no established 

criteria specifying the conditions under which the indicated action 

would be taken. If nothing else, the use of optimal control as a 
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management tool to assist decision-makers requires the use of all 

available information and requires the decision-maker to explicitly 

specify the objectives of policy. The simple control experiments 

performed in this study indicate that the use of optimal control for 

stabilizing prices using different policy instruments leads to poli­

cies consistent with logical expectations--the government purchases 

soybeans in months when prices are low and sells from stocks in months 

when prices are high. It is clear, however, that a great deal of 

research remains to be done before a control program similar to the 

one examined uould be workable. 

The use of optimal control has been criticized by several econo­

mists. Naylor has stated that optimal control "is little more than an 

interesting exercise which offers only limited promise as a policy­

making tool. Economists would do well to spend less time trying to 

specify the social welfare function of policy-makers and spend more 

time seeking solutions to some of the problems of policy makers [47, p. 

213]." In contrast Chow states that it nis expected that the dynamic 

stochastic method of multiperiod control will be integrated with the 

main body of policy analysis" and the "important macroeconomic policy 

problems that can be fruitfully studied are unlimited [10, p. 223]." 

Recently Kydland and Prescott [32] have criticized optimal control 

as being an appropriate planning device for situations in which current 

outcomes and the movement of the system's state depend only on current 

and past policy decisions, and upon the current state. Current deci­

sions of firms and consumers depend in part on their expectations of 
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future policy actions. In such cases, as Kydlandand Prescott demon­

strate, optimal control may potentially have a destabilizing effect 

on the system. This criticism of optimal control has some merit, 

since it is not difficult to imagine processing firms in the vegetable 

oilseeds, oils) and oil products industry adjusting their purchase 

and sales strategy based on their knowledge (partial or complete) of 

the control agency's feedback control function. The result would be 

that policy decisions would be suboptimal--firms would adjust purchase 

strategies to be consistent with their expectations of policy decisions. 

Kydland and Prescott's analysis, however, is based on the assumption 

that the constraint function for the problem (the econometric model) 

is nonseparable (fixed) over time. Clearly the control agency would 

re-estimate the econometric model over time as more data became avail­

able so that structural changes in the firm's decision-making processes 

would be captured in the model. This would cause the feedback control 

equation to be revised to reflect firm actions for each decision period. 

For this reason, optimal control policies would still be optimal, or at 

least converge toward optimality over time. 
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APPENDIX A. RESULTS OF ESTIMATING THE INDUSTRY 
MODEL AS A COMPLETELY SIMULATNEOUS SYSTEM 

As indicated in Sections 4 and 5 initial attempts were made to 

directly esti.mate the simultaneous equation model presented in Section 

4 as the final form of the industry model. The 51 equations were esti-

mated using OLS, subsystem 3SLS for each of the 16 markets included 

in the model, and 3SLS for the entire system. All estimates were made 

using SAS, which estimated all 51 equations simultaneously with less 

than 500K in region space on the IBM 370. 

Table A.l presents the results of evaluating the system stability 

for each set of estimates. Dashes are entered to represent eigenvalues 

which round off to zero in four decimal places. For the OLS estimates 

of the systam, 5 of 67 eigenvalues are greater than unity in absolute 

value; for the subsystem 3SLS estimates 4 are greater than unity in 

absolute value; and for system 3SLS estimates 5 eigenvalues are greater 

than unity. lhese results indicate that for all 3 sets of estimates, 

the system will explode over time. Because none of the estimated 

parameter sets is even close to constituting a stable system, the 

industry model vas divided into sub-models which more accurately 

captured the dynamics of the market system being modeled. 
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Table A .1. Eigenvalues of the D1 Matrix for OLS, Subsystem 3SLS, 
and System 3SLS Estimates of the Parameters for the Industry Model 

Equation Eigenvalue for 
Number OLS Subsystem 3SLS System 3SLS 

1 .0000 .0000 .0000 
2 .0000 .0000 .0000 
3 .0000 .0000 .0000 
4 .0000 .0000 .0000 
5 .0000 .0000 .0000 
6 .0000 .0000 .0000 
7 .0000 .0000 .0000 
8 .0000 .0000 .0000 
9 .0000 .0000 .0000 

10 .0000 .0000 .0000 
11 .0000 .9836 .0000 
12 -4.2059 .0000 .9630 
13 .9947 3.9188 .0000 
14 .9062 .8827 .8874 
15 .7924 .8479 .5824 
16 .8715 + .1005i 3.9119 .2674 
17 .8715 + .1005i .8073 .0000 
18 .8173 .6776 .9761 
19 .6343 .6339 .6347 
20 .8345 .7912 + .3469i .5781 
21 .6770 + .1962i .7912 - .3469i .7092 
22 .6770 - .1962i .7851 + .0937i 1.9879 
23 .7768 .7851 - .0937i .9105 
24 .6839 + .0190i .6714 .6677 + .1973i 
25 .6839 - .0190i .6610 .6677 - .1973i 
26 -.2875 + .2506i .1511 + .1762i .7253 
25 -.2875 - .2506i .1511 - .1762i .6588 + .0171i 
28 .0000 .0000 .6588 - .0171i 
29 .0000 .0000 -.0036 
30 1.0122 .8881 .9971 
31 .7192 .7710 .6599 
32 .3288 .2202 .2084 + .0168i 
33 .2847 -.1913 .2084 - .0168i 
34 .0000 .0000 .0000 
35 2.2154 .0000 .0000 
36 .0000 -15.9430 3.7703 
37 1.2316 7.5975 1.5598 
38 1.1199 .9509 + .2753i 1.0553 
39 .8547 + .2470i .9509 - .2753i 1.0055 + .0075i 
40 .8547 - .2470i .9373 + .0487i 1.0055 - .0075i 
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Table A.l. Continued 

Equation Eigenvalue for 
Number OLS Subsystem 3SLS System 3SLS 

41 .8619 + .2451i .9373 - .0487i .9394 
42 .8619 - .245li .9149 + .0940i .8986 
43 .9733 .9149 - .0940i .7969 + .0271i 
44 .9477 .8907 .7969 - .0271i 
45 .9346 .8279 .7529 + .0460i 
46 .9135 .8103 .7529 - .0460i 
47 .8794 .8173 .7833 
48 .8623 .7760 .7538 
49 .8157 .6792 + .0897i .6769 
50 .6789 + .3945i .6792 - .0897i .5892 
51 .6789 = .2945i .4809 + .2316i .5954 + .2660i 
52 .7383 .4809 = .2316i .5954 - .2660i 
53 .6185 + .1762i .6304 .5830 + .2497i 
54 .6185 - .1762i .6255 .5830 - .2497i 
55 .6414 .5803 + .2453i .4823 + .1936i 
56 .6164 .5803 - .2453i .4823 - .1936i 
57 .2993 .3021 .4217 
58 .2923 .2755 + .0831i .4013 
59 .1213 + . 1322i .2755 - .0831i .1334 
60 . 1213 - .1322i .1063 .0945 + .0476i 
61 .1329 .0594 .0945 - .0476i 
62 .0315 -.0567 -.0480 
63 -.0123 -.0057 + .0269i -.0058 
64 .0053 -.0057 - .0269i -.0561 
65 -.0051 .0084 -.0029 
66 .0664 .0000 -.0685 
67 .0000 .0000 .0000 



APPENDIX B. AUTOCORRELATION IN THE SYSTEM MODELS 

When the disturbances of estimated relations are autocorrelated, 

least squares estimators are unbiased and consistent, but not effi-

cient, and their estimated variances are biased. For this reason it 

is important to determine when autocorrelation is present so that the 

validity of t tests on regression coefficients can be considered. 

Traditionally, the Durbin-Watson d statistic has been used to test 

for autocorrelation. However, this test is invalid when lagged 

dependent variables are present, which is the case for all of the 

relations estimated in this study. As an alternative Durbin [17] has 

suggested the use of the h statistic, which is defined as 

(B.I) -1 1/2 
h ~ (1 - d/2) (n[l - nv(b)] ) 

where d is the Durbin-Watson statistic, n is the number of observa-

tions in the sample, and v(b) is the estimated variance of the coeffi-

cient for the lagged endogenous variable. The statistic is tested as 

a standard normal deviate. If n > 2.325 then the hypothesis of posi-

tive first-order autocorrelation is acceptable at the 1 percent level. 

The 5 percent acceptance leve.l requires that h > 1.645. 

Table B.I presents the d and h statistics for the equations esti-

mated in this 3tudy (OLS estimates are used). An examination of the 

data in the table indicates that in 6 cases the h test cannot be ap-

plied since nv(b) > 1 and that in 11 of the remaining 40 cases the 

hypothesis of positive first-order autocorrelation is accepted at 

the I percent level. At the 5 percent level, the hypothesis of posi-

tive first-order autocorrelation is accepted in 13 of 40 cases. 
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Table B.1. Durbin-Watson d and Durbin L Statistics for the Estimated 
Relations of the Sub-models 

Equation 
Number d h nv(b) 

(6.2) 1.9897 .4889 .9849 
(6.3) 1.9420 .4526 .4418 
(6.4) 2.3702 -3.7498 .6709 
(6.5) 2.0457 -.9358 .9189 
(6.6) 1.2295 4.4967 .0088 
(6.7) 2.4569 -3.8704 .7069 
(6.8) 2.1154 -17.0541 .9984 
(6.9) .7984 7.0009 .0058 
(6.10) 2.0783 -1.3894 .9183 
(6.11) 2.0171 .6360 .9756 
(6.12) 1.5168 2.8101 .0021 
(6. 13) 2.1658 .0000 3.3318 
(6.14) 2.7009 .0000 1.8987 
(6.15) 2.1972 .0000 6.0432 
(6.16) 2.0542 -.3322 .1006 
(6.17) 1.7482 1.5888 .1526 
(6.18) 2.5111 .0000 2.9428 
(6.19) 1.4139 12.1184 .9210 
(6.20) 2.4941 -4.1840 .3197 
(6.21) 2.3681 -3.3095 .5827 
(6.22) 1.5942 2.7392 .2538 
(6.23) 2.2704 3.0763 .7392 
(6.24) 1.7137 .0000 1.5513 
(6.25) 2.4824 3.5256 .3679 
(6.26) 2.322 1.8663 .5209 
(6.27) 2.2191 1.4471 .2326 
(6.28) 1.9971 .0360 .7666 
(6.29) 2.0885 .5404 .0945 
(6.30) 1.6894 2.2568 .3689 
(6.31) 1.9795 .0000 1.8511 
(6.32) 2.2661 -1.6463 .1189 
(6.33) 2.3499 -2.7234 .4432 
(6.34) 2.1976 -1.8018 .5941 
(6.35) 1.6313 2.8364 .4294 
(6.36) 1.6545 2.0558 .0462 
(6.37) 1.4825 3.8524 .3907 
(6.38) 1.5786 3.9092 .6078 
(6.39) 1.7462 1.5484 .0918 
(6.40) 2.4281 -3.2976 .4309 
(6.41) 2.4988 -3.9094 .4465 
(6.42) 2.6502 -.5206 .6862 
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Table B.1. Continued 

Equation 
Number d h nv(b) 

(6.43) 1.3217 6.5747 .6381 
(6.44) 2.7486 -5.4167 .3552 
(6.45) 1.8483 1.0688 .3201 
(6.46) 2.4995 -5.0894 .6747 
(6.47) 1.7191 1.6917 .0696 



It should be noted that a test for autocorrelation has been 

recently proposed by Godfrey [24] which does not have the disadvan­

tages of being inconclusive when the value of nv(b) is greater than 

unity, as in the Durbin h test. The computation of the test statistic 

requires the revision of the 2SLS program used for estimation, however. 

This alteration has not been attempted in this study largely because 

the Durbin h test is sufficient to illustrate the presence of auto­

correlation in the system. 



APPENDIX C. SOURCES OF DATA 

The principal data source utilized in this study was the Economic 

Research Service Data Information System (DIS), an automated tape­

storage library. The Economic Research Service compiles and maintains 

mostly secondary-source data on the system, their major sources being 

census publications, other USDA publications, and trade publications. 

Other inform&tion used in this study was obtained from a variety of 

sources. Data sources for variables not obtained from DIS are pre­

sented in Table C.I. 

As in the case of most empirical studies there are clearly 

deficiencies in the data used in this study. In some cases monthly 

DIS price series show the same price for a single product over 3 

months during periods when the prices of substitutes changed con­

siderably. Much of the information in DIS on monthly price series 

comes from trade publications, however. Telephone conversations 

with the individuals responsible for the collection of data for one 

trade publication indicated that price series were compiled by 

contacting one firm which produced the product and obtaining the 

firm's end-of-the-month price. Clearly the use of a single firm's 

price as an approximation of the national average price is inappro­

priate. This same type of simplification seems to be present in 

several other DIS price series. Alternative time series were not 

available, however, and the utilization of the existing data base 

represented the only appropriate course of action. 
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Table C .1. Data Sources for Variables not Included in the Economic 
Research Service Data Information System 

Variable 

P7l 

y 

Specification and Source 

End-of-month price, third-near futures contract, soybean 
oil, Wall Street Journal. 

End-of-month price, third-near futures contract, soybeans, 
Wall Street Journal. 

End-of-month price, third-near futures contract, soybean 
meal, Wall Street Journal. 

Monthly civilian population from Population Estimates and 
Projections, Bureau of Census, U. S. Department of 
Commerce, Washington, D.C. 

Monthly average interest rate on 4-6 month commercial 
paper, from the Federal Reserve Bulletin, Board of 
Governors of the Federal Reserve System, Washington, D.C. 

Monthly personal income on annual basis, from the Federal 
Reserve Bulletin. 

Monthly uncommitted government stocks of soybeans, from 
mimeographed report, Agricultural Conservation and 
Stabilization Service, U.S.D.A., Washington, D.C. 

Monthly uncommitted government stocks of peanuts, from 
Peanut Stocks and Processing, Crop Reporting Board, 
Statistical Reporting Service, U.S.D.A., Washington, D.C. 



APPENDIX D. THE FORTRAN PROGRAM 

Perhaps the most important contribution of this study was the 

development of a general-purpose fortran program for policy analysis 

using large-scale econometric models. Once the structural parameters 

are read into the program and the data set made available, the pro­

gram may be used (1) to calculate impact, interim, and total system 

multipliers; (2) to calculate retrospective or prospective inequality 

coefficients, count the percentage of correctly predicted turning 

points, calculate inequality proportions, and calculate optimal linear 

corrections for predictions; (3) to perform multiple simulations using 

linear transforms of exogenous variables, linear feedback rules, or 

other alterations of the model; and (4) to calculate the optimal con­

trol rules for an optimal control problem with quadratic welfare loss 

function and a linear econometric system. 

The program was written using University of Waterloo Fortran 

(WATFIV) and checked computationally when possible using the matrix 

language feature of SASe The entire program is written in double 

precision. Extensive test comparisons of a single precision version 

of the program with SAS (double precision) programs indicated that 

the single precision program developed for this study was generally 

accurate to only three or four significant places. For this reason, 

the double precision version is necessary for practical applications 

even though it requires significantly greater region space (499K for 

a system with 22 equations and 46 variables). 
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So that any reader may implement the program developed for this 

study, a list of the parameters utilized in the program is presented 

in Table D.I. The notation in the definitions of each parameter is 

consistent with that presented in the text. A complete listing of 

the source program follows Table D.I. Relevant explanatory notes are 

made throughout the program. Several standard IBM scientific sub­

routines utili.zed by the program are listed since several minor 

alterations have been made. 
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Table D.l. Control Parameters in the Program 

Parameter Value of 
Number Parameters 

1 0-00 

Z 1 

3 1 

4 1 

5 1 

6 0-67 

7 0-49 

8 1 

9 1 

10 1 

2 

11 1-00 

12 1 

13 1-00 

14 1-00 

15 1 

16 1 

17 1 

Definition of Parameter Response 

Number of problems to be analyzed 

Calculate dynamic multipliers 

Perform retrospective validation 

Perform prospective validation 

Perform simulation 

Number of rows in A 

Number of columns in DZ 

Print eigenvalues of DZ matrix 

Print do vector, Dl , DZ' and D3 matrices 

Evaluate a second set of estimated coefficients 

Evaluate a third set of estimated coefficients 

Number of periods of interim multipliers to be 
calculated 

Print first observation values 

Number observations in retrospective validation 
or simulation 

Number of observations in prospective validation 

Print actual and predicted time paths for 
validation 

Correct inequality coefficients using optimal 
linear transformation for retrospective 
validation 

Correct inequality coefficients using optimal 
linear transformation for prospective 
validation 



Table D.1. Continued. 

Parameter Value of 
Number Parameters 

18 1-00 

19 1 

20 1 

21 0 

22 1 

23 1 

24 1 

25 1 

26 

27 1 

28 1 

29 

30 1 

208 

Definition of Parameter Response 

Number of simulations to be performed 

Print simulated time paths 

Print D2 matrix even if system is unstable 

Dummy variable 

Adjust data by a linear transform 

Apply optimal linear transform calculated for 
retrospective validation to prospective 
validation 

Perform turning point analysis and print 
inequality proportions 

Derive an optimal linear transformation rule 
to force the simulated means to equal actual 
means of the observed time series 

Number of format cards 

Use observed values of lagged endogenous 
variables -- no feedback 

Use subset of data set for all operations 
beginning with observation indicated in 
control parameter 29 

Observation number for beginning of data subset 

Actual means, standard deviations, and variances 
are not calculated for the simulation 
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1 f ( I I • l T • K ) {;~:-: T t' 2 
S Tljp 
[t,' () 

\". ~)dhl<CHJTIN U·:II L.Jr·iPUltS SYSTEH !i>lVEPSE Ai\r !~~ITrJ\LIl::S SUB"'-lltjTF,I:') Tt 
' .. t>':r'f-(i(~;1 r<,[~JlrZr:::U *1::~EF\AT{;jf\S If\j Tl-1E f.:C'jr'l;tj~~t'T~[C cy:!;:,' 

SUd F: JUT I U f I \~ I l ( A f l):) , I) 1 , J 2 t l i :; ,t: ,F 1 , f:. c!, ~: 3 "'~ 1 I;? , -Jj':: T ) 
R. t: p.l '{;: J A ( ;" 1 t 'J 1 ) , ;) IJ ( i~ l) ,i).i.. ( ;J 1 , ;\ 1 ) , D2 ( f\ t ,fJ ,2) f 03 { 1 ,d. ) , ;.~ lJ ( '~l ) t ~ 1 ( "~I t , 

1 :"~ 1 ) , E2 ( i'll, i': 2. ) , [::1 ( ,\~ 1 , ;'~2 ) , n 
U I !,1 E r .. S I ..... ' r· : L { ". :1} , ,A ( j S ) 
[QTcuEK N{3S) 
I n., T ~ G K K 11' A : .. 1' I , K 2. / • A T ~ 1 • I , K j I ' E iJ V' / , K 41 t l C, T! . t I , K ~) I • 

1 • =- 2. ;:l' I , K '7 / t ,:'\ ;-.' I , Kg I' E 1 t·;· / t K 9/ t I I , K 1 J " X • I , K 111 ':" 5 
II ' I t :<. 15/ ' 0 (}J ' I , K 1 t!t I'e 1 ,\;' I , K 1 • f) Z ~'1' I , K 16/ t l) j \ " I 
CUf"~i":ii:':lTl/;'l/T:j1 I D/T~,IL/-I 7/h 
1 r { .\ .. ~ ! • l. I..J • 1 ) ~ '.: T Ll j 

C,~LL< ,,1 {A, 'il ,'·11 } 
C i\ l L p, ~I ( Ed, f J 1 ) 
CALL ~'.r'l ( l: 1, -: l , .\ l) 
C !:\LL ;','i ( := 2. , ,\,1, :,2 ) 
': ALL r<, :'-1{ j,., 1 , i', 2 ) 
I f { (J) + t" ( it ) + :'J ( ~ ) + 'J 1 ) • c. -..:: • 0 ) (.J U T 0 9 1 
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C ... l L 'v-10'!T ( . i, '\~l t ,~2) 

\,: ~ l L (: I U:.d ( .:) ,\' 1 , I\,-::~ ) 
RFw!;'!) lu 

J l I F ( r ~ (.I J • r ~ ,:: • l ) b j i T ,j l 
C.L\LL tJ.:( ,,<1 ,I\'L ,Kl1,K9,K),I<' ,1<1,K2,t,lU,K'),K'.i,I"n 
C tJ. L L :."> V ( ~ J , i J 1 , K <, , l\. <; ,K CJ , K';' , 1('; ,K 5 , K 1. 1 , K 12 , r< ',.i , K <.f ) 

\.. .A L L f) ,1 ( t. 1 , '.{ 1 t i" 1 ,l\. ':1 , K'1 , K ''.J , K ,) f K 0 , K 2.. ,K 1 U , K <; , 1\ ,-} , K. 0 ) 
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1 CALL INV{4,Nl,U,l,M) 
IF (D.Lc.O.OuuIJ1.AI'JD.D.GE .-0.(0001) G,] TO ) 
CALL G~PRD(A, 1.Jl,Nl,NltNl) 
CAL L (,'1 P R u ( A, [..: , 02 , :'J 1 f i'~ 1 , f'..; Z ) 
CALL GMPPD(A,23,D3,Nl,Nl,N2) 
CALL MVP~O(A,~O.OO,Nl,Nl) 

I F ( N ( ';) ) • !" J E • 1 ) G;... T '-' .:; I) 
ell L l P V ( J J ,.,j 1 , i\ "i , !" ~i , 1\ \7 , K 1 3 , K 4 , r,5 1 j( 1 1 , K 1 2 , K ,1 , K ':1 ) 
CALL rl '\1 ( 0 1 t·n f IJ 1 , K ij , K <1 , K,-) , K 9 , " 14 , K 2 , K lOt K '::J J K 9 , KJ ) 
C t\ L L ? >~ ( J 2 , : ~ 1, 2, K Y J K 9 , K <) ~ K r; , h. 1 5 , K 2 , K 1 J t K Y , K S , i< ('-) } 
... ALL p .. t ( u :1 , :.~ 1 ,N 2.. , K 'j , K 9 t K ') , K '7; , K !. lJ , K 2 , K 1 0 , K J , I(~, , K 9 ) 

~o ! f { i'~ ( 2. ) • "I E • 1 } Gv T C; 3 
ID 2 
DO :5 I 1, '\j i 
'If ITF(.),4) (J2( I,J),J;;:::i,i\2) 

:> :N t~ I T (~~, 11 : { ,.i 3 ( I , J) , J = 1 ,'IJ 2. ) 
K:~Wn~U .3 
c. t.. L L t)Y:I~'L 1 ( U 1 ,J'::: , Uj , ~ i , ~ 2, ;: 3, 1'11, !~2, F;)) 

4 ruRMAT(6~li.~) 

un 6 I :.:: 1 , :\H 
R AL:(3,4){Jl(I,J),J~1,~2) 

6 t<, /\ d ( 3 , it) ( ,) 3 ( I , J ) f J = 1 t I\' ~ ) 

.~ Fw I "JO j 

GL T;j 3 
2 riR Ire ( (;, 11 ) '-) 

11 F C /-! ~i A 1 (' " / / :. x , • iJ ETC k M I ;'~ ,., N l~' • , F ;;;: :) • !) / / ) 

~.E rUh',N 
J ~jT=N (L~) 

10=3 
IF(N{22).;J~ .• J)CAlL ~.·-vIS!~(,\,r<ltjU,tH,u2f:13,~J, 1, .... 2, 3, ,!'.T,Ni{f) 
OC 1 Ii' J:: 1 , L 
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N 
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C 

.l'1-4(J,I)=0. 
T F ( .\j( .;,) • N E • 1 ) G [j T U 10 
N~J= 0 
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1 2 I F ( : ~ ( ',) ) • r'~ E • 1 ) G ::: T tl 1 3 
10=5 
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1 J I ~ ( N ( J 1 ) • t 'J • J) G () T .J 1 5 
(, ALL C ; JI rl. L ( D0 , U 1 , D.c: , 03 , EO, E 1 , f ~ , E::J f ~,~ 1 , \'~ 2 , A ) 

15 C, f r U<:J 
d'IL) 
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l,~,)(;~l) 

.J I f'l E i 'J i) 1 uh l ( !.t d) ,/14 ( .:1 S ) , P 1 ( '~H ) , ~l, 2 ( 4 d ) , k, j ( 35 ) 
:) n L 1,1 L -: t) :';' ~ L.. I SIC r: R 1 , !":L , P] , D 
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1 • UL T I I / , K 7 /' P L I ~~ • I , K 8/ • PS' / , K 9/ • I • / , t\ 1 J / ''; T [r) • I , K l 1/ t r q 1,1 I / , K 12 
1 /' T \. 11 t / , 1\ 1 "3 I • 1\ L ;'~' /, K u / ' I I 
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1 El(I,J)=Gl(I,J) 
Ct~ll HSf.JG(!~l,[l,;Jl) 

CALL ATiIG(Nl,El,kl,R2tk3,~1) 
DU 2 l=l,Nl 
K ,3 { I );:: R 1 ( I ) :;: * 2 +t< 2 ( I ) 1;O~ 2 
R3( I)=DS~kT(KJ' t)) 

2 I F { 3 ( I) • I;::: • 1. ) . ~ S = 1 
It: ( ;\J ( a ) • f·; t • 1 ) G (. T d J 
C~lL TITLt(KJ,KJ,~J,KJ,KL,K~,K~,~0tKJ,KJ) 

h hIT':: ( 'J, 5 J ) 
50 FU~~AT (' ',' REAL C;J:.,PONt:i,!T I /) 

wk I T L ( 6 ,4» (t~ 1 { 1 } t I ::: 1 t '\ll ) 
4 F iJ K~I A T (' " 1 a ( 1 X , G 1 2 • j ) ) 

WKiT[{6,S) 
') FijR"i4T (I I ,/lX,' Irlt\:;I'Jr.:F,Y CC-Q't"I\ NT'!) 

w .~ i T E ( (" 4-) « ';, ~ , I ) , 1= 1 , ~J 1 ) 
~'.;:". IT E (b, 5 i) 

? 1 F ,_ '-1.~ T (' ',/1;<, f i"l;J 0 U L U S t I ) 
W IT~(0,4)( ]( I),!=l,~l) 

3 Ir{H~.tfJ.l)(;U Ii..! 2d 
j 3 CAL l P :··H iJ 2 t ;\'1 ,:.~ 2 , K 0 , K 0 , K J , K 4 , K::; , K. 6 , K 7 ,K 0 , K 1 , K 0 ) 

DC' 6 1:::1, 1-: 1 
I.) ~0 J = 1 t 1'4 1 

b E.1 , I , J 1 =0 1 ( I, J ) 
\!T=''.~(ll) 

J~.J 7 1":;.2,~T 

IF(I.GE.3)GC TJ 13 
CAL l. u : ~1 P ;~ U ( II 1 , [) 2 t r:: 2 , hl t "I 1 , :~::: ) 
CALL ~S~~(E~,J3,~lt~2) 

If(I.rW.L)GO Tu 30 
31 CALL MSUM(J2,0j,~1,N2) 

Gl.i Tll 1 

N 
..... 
.po. 
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13 IF(I.fQ.3)GC Te 4J 
CALL SQPRU(Jlt~l,EO,~l) 

40 CALL bMPRO{21,E2,03fNltNl,N~) 

JJ CALL TITl=(KJ,~J,K~,KIJ,Kll,K6,K7,KS,~J,K) 

I1I=1-1 
Wx IT f ( \,) , l/t) I I I 

14 F{;''il\T{- ',3:);'<'t'\~ATKIX I:;f If'~TI-.l~,lj·; ~UlTIPLI:':1S t\FT~Q ',1.2,' TI1Ytt Pf 
lRI..Ju(S)'/) 

00 lSi! = 1 , ;,Jl 
IF ( I • b t: • j ) -"! KiT t ( 6, 1 u) ( 03 ( I I t J ) , J= 1 ,~J2 ~ 
IF( I.E"".2)WPITF(&,16)(E2( Jf,J),J-.;;:1,N2) 

16 F~KMAr(lJ(lX,Gi2.~) 

15 WkfT (6,17) 
1 J F D ~ ~~ A T (f .) 

1 F ( 1 • t_ --J .2) i;L T . 3 1 
7 C~\TldUr.;: 

:jP l"i 1=1,"Jl 
o i.J 2. ') J -.;;: 1 t 'II 1 

~~) El(I,J):O. 
11.J El(1,!';::1. 

CAll i~SUb(~1,Jl,;.;1,\~1) 

CALL r':I;~V(El, ltD,L,~,.,) 

CAL L G "1 PRO ( f: i , C 2 , C 3 , hI , i\ll t 1\; 2 ) 
CAL L r) "i ( 0 j , j~ 1 t:. 2 , K iJ , K 0 t K J , K 1 ~: , " 1 J , K 6 ,1<.1 , I'~ :J , tZ J , K ,) ) 
G~'~ T \ I 25 

2 ~j Wk 1 T ((), 24 ) 
2 .~ F U 1": t" AT (. r, / 2. X, • S Y S T t: M U :,.j S r f\. d l t' • / ) 

IF(~S. W.l.AN0.N(l0).fC.l)Gl TC J3 
2.) R!::: r ~J~:r-f 

i: ~JI) 

l. S U 0 k U uTI \ V ALI i.,l C U f'>'\ PUT i: SIN ~ 'J U ;J, lIt Y C f '.1 F FIe I f \ T~" 1 \\;: \J U t.l I 1 Y P t~ f.l P n r>, T I 

I'-.) 

t-' 
VI 



~ UN), Ai'JD CUUNT~ ,'~:..1 !,;F lUP.NlNG ?ClINTS 
SUCH, JUT I i'i E V .4l I (Q J , !J 1 f [) 2 , f) 3 , N 1 , i\ 2 , E J , E 1 t ~ 2 , E 3 , : i!\4 , i'~ T , A , :.~ f< T ) 
1< f:{~ l * dUO ('~ 1) , U 1 ( N 1 , N 1 ) , 0 2 ( N 1 , 1\ 2 ) , 0'3 ( f'~ 1 , N 2 ) , f 0 ( N 1 ) , F 1 ( N 1 , N 1 ) , ( N 1 

1,NL),EJ(Nl,~2),Fl,F2,A(~1,~1) 

U 0 U t3 L E P R t: CIS I UN R 1 , k 2 , FZ j , R. 4 , X N 
INfEGER AA(40),iH35) 
D 1,.\:; ~.~ S I G N L (it U 1 ,K { 3 ') ), r ( J 5 ) , F i , .~ & ) , R :2 ( 4 i,J t 1.(3 t 3? ) , }.~ 4- ( 3 ~ ) 
INTCGEk KJ/' '/,~1/'VAlU'/,K2/'FS'/,K3/'[N0'/,K4/'UGf~'/tKS/'GU5 r 

1/, 1<6/' L'I,r'\7/·.~ 'I, Kcl/'U '=X'I,K9/'Gf;F:·,,'/,t<.1(J/'QUS 'I, Kill 
1 ' r:;( , I , K 1 2.. / • lA' I , K 1 j / ' r. (~E D • / , I< 14/' E; ,I f) , I , K 1 5 I • ACT U I I , K 16/ f A L i.\ I 

t / , K 1 "l / ' ;'J () fJ' / , I\. 1 d I tEO I • I , K 1 9/ C C TED • I , K 2 0 I' T I jA' I , K 2 11 ':: p ~ • I , K2l 
1/'THS '/,Ki~/'VALlf/,K24/'0~TI'/,K25/'UN '/,KL6/'TUPN'/,K21I'[ 
1 • I, K 2 d I '}> en N • / , K L '1 I I f ~~.' I ,K 3 () I' R C R S ' I , K 3 11 • t H A ~~ • / , K 3 21 ' G E S' I ,K 3 
1 31 • TAT 1 • / , K 3 (t / ' :.; TIC. • / , K 3 j I • S • I , K J 6/ tIN r:= (oJ' I , \<, 37 1 • U 1\ l 1 ' / , K3 81 tTY 
1 P' / f K .19 / • ,,~ p ~J • I t K 4 1.1/ ' ~: T I (~ I / , i< it 1 / ' (\ S t I I , K It !.. I I i \' ,-. _: f I , K 4 31 • PT. 'I, K 
14~/1CO~~'I,K4S/'SII 

C C "i'fi J :'~ /·T i/'./ r 6/ll T 11 r,~ T / r 'j I 'f.. I T ,) / A A I TIl / ~t31 T 1 21 L: / T 1 :::1 ''*11 / T 3 01 i( 11 T 3 11 
lk2/13L/~J/T3/IC/T~J/~~ 

70 on 64 I=l,'~ 1 
DU 94 J==1,2 

:14 fl(J,I)::,J. 
ou 64 J=1,5 

b-+ F 3 ( I , J ) ::;J • 

U U ':15 1==1 , i\j 2 
OU 9:) J= 1 ,2. 

'ij E2(J,I)=i). 
F 1=J. 
F2==O. 
IF(~~. .l)G lU 91 
1~(N(21). Q.l}cn TO ) 
IF(~RT. Q.I1GO TO 123 
IF(~(2b).[Q.l}G~ T2 i22 

N 
I-'" 
(J\ 



READ(5,1)(AA(I),i 1,4')) 
WRITE(6,111)(AA(I),I=1,4J) 
GO TO 123 

122 REAu(5,1){AA(I),1 1,20) 
~"4 p, I T F. ( 6 , 11 1 ) ( I~ td I ) , I = 1 , 2 J ) 

ill f()R.MAT(' ·,2J.A4) 
1Ll :\J(21b=1 

1 F 0 f~ :-1 AT ( 2 J A 4 J 
3 . ~ 1 1 = ;.~ T - 1 

If(N(L5).E~.1}Nll=~T 
L, ~ t A 1) 1;\,1 OA T A AN L) C II ·1 t> U T :: I· ~ E: L ! T 'of' L L E F FIe I f- N T S 

91 M:') 
I F ( ~1 N • E Q • 1 ) G (1 T ~: :; 9 
RcAO{lO,93)f-.il 
If(Ml.EQ.OlGL TJ o~ 

~tAD( 1.),'13) (l( JJ) ,JJ=l ,i'll) 
.j J ;~ ( f, t) ( l·J , 9 j ) M 2 

If(~2.EW.U}G~ TU J4 
;< E Au { 1 J, <} 3) ( ; 1 T ( J J) ,J J,: 1 , j.~ 2 ) 

84 kEAD(lOt9j)~3 

IF ( "'13 • to • .J J G (; T"'~ s q 
P.EAD( 1\.),S3) eK( JJ) tJJ~l ,h3 J 

9..1 fUI~!"AT{L(13) 

~ '7 i F ( i'~' :3 j ) • E ~ • .). i ;-~. I I; • t: 4,J • 4 ) (~t 1 :-1 1 · .. h' 
RE~J(9,AA)'~1(L,I),'=1,~1),{r2(2,I),I 1,Nl) 
N(J3t=tJ 

1 ':19 IF ( I 0 • t (} • it) G G T U 6'j 

R E AU ( 9 ,A A ) ( t 1 ( 1 , I ) , 1=1 , ~ ~ 1 } , ( ( 2 ( 1, I ) , 1=1, N 2 ) 
GL TJ 0:'> 

b'"J IF(~~.EJ.{;}r\i:~i,(j,t,p) (cl(,!.,I) ,I=l,Nl) ,(E2{2,[),1 1, ;2) 
IF ( ; .. J!'Ij • E Q .0 ) k. E A D ( 5 , A l'~ ) ( E. I ( 1, 1 )., ! = 1 , ~; 1 ) , ( [ L ( 1, I ) ,.! 1 , ~ .. ' ~ ) 
I f- ( NN • f Q. J • AN n • t! ( 1 I ) • f- lJ • 1 ) ~. H. I 1 I:. ( :1 , 1 J ) ( [ 1 ( 1 , I l tIl, ;,.' t ) , 

N 
~ 
....... 



1 ( t 2. ( 1 , ~., T ( I ) ) t I = 1 f H 2 ) , ( E 2 ( 2 f K { I ) } t I = 1 , M 3 ) 
If ( NN • E Q • 1 ) K ~ A L) ( d, i () ( E 1 ( 1 , I ) , 1 = 1, t,; 1 ) , ( £:.2 ( 1 t i"'; T 

1 ( ! ) ) , I := 1 , Nt2) , ( E 2 « 2 , K ( 1 ) ) t 1-=1 , Iv~3 ) 
6. :> ,'1 = .', + 1 

TF(M.GT.l)RtADt13,lO}(El(2,L(I ),I=1,~1),(E2(2,K{I}),I=1,~3} 
I F ( ~ • G T • 1 ) ~~ t ~'4 I "l [, 1 j 
I F (I'd 2d) • c.\.i.O) Gt; Ti:' lL:4 
If ( • LT. h Ci9 ) ) GCT:J 12 Q 

lL~ If(~(ll).N~.l)GO TO 2 
C~LL PVR(~1,~lf~i,1,Nl,KJtKJrKO,K14,K4,K5,Kl,K~,KJ,KO) 

(~LL PVR(El,~!1,Nl,2,NltKJ,K0,KJ,K12tK13,K14,K9,KlJ,Kl,K 
t: I'~ L L P \I t~ { E L , I' J 1 , N 2, 1 , (',; 2 , K. 0 , K 0 , K C , I~ 1 1 , K q , K 1 "] , K 1 ,K L , K 0 , K q ) 

CALL PVR(E2,Ni,N~t2t~2,KJ,~0,KL,K7,K8,Ky,KIJ,Kl,K2,KJ) 
N(12)=8 

2, C t L L ;vl f P F D ( J 1 , f 1 , i\l 1 , t J 1 , 2, 1 ) 
CAL L [1!~ P K l.j ( U 2 , :: 2 , N 1 , r'~ 2 t 1 , 2 ) 
L:\LL tH~P;'\...,;{t~J'L2,Nl,\12,2,3) 
D ;~,t 4 1 = 1 , hI 

It J { { ) = t) J ( I ) + P. 1 i 1 ) + K 2 , I ) + i.( 3 ( I ) 
.. ; ~J TO 15 

l:i~~ eh· 14 KK=1,:'41 
14 EJ'~K)=A(~,KK)+~4{~KJ*EJ(K~) 

G0 T;J 1 ':'1 
1 3 r F ( ,\j ( 1 j ) • ! ~ t. 1 • ' .. ' • 1\j1\; • F Q • 1 ) G C: T L (' 

I F ( 1'4 • t= ,-J • 1 ) l t. L L TIT l E ( K l; , t< .J f K i :> , 1< 1 u , K i -, .. K 1 d , K 1. ,K. 2. .) , K 2 1 , ,,? 2 ) 
W R. I T i:: ( 6 f 5 ) \l 
w F: I r r. ( .:; , 0 ) , i.:.1 , 1 , I ) , L J ( I ) , I = 1 , t,~ 1 ) 

,J Ffic:r~AT(1 ',13,')') 
F U r~ lv'.i.\ l' (I ',1 J ( 1 X , G 1 • 5 ) ) 

q [F(NN.E~.l)GU TG 62 
IF(:\!(25).i:1J.l)bU TC 103 
I F ( i'v L2';': ) • l W • 1 ) G G T J 0 iJ 

N 
t-' 
00 



191 WRITE(4,10)(EO( [),I-=l,i'Jl) 
d2 IF'r1.EQ .. N'~9).AI\;D.j~(l8).fCJ.l)GC TO 9 

IF(M.EQ.I)GO TO ~ 

K £:: AI) ( j t 1 ()) t E 3 ( I t 11 , 1=1 ,i~ 1 ) 
RE AD (.~ t 1 U ) ( E; ( I t L ) , I.:: 1 ,N 1 ) 
RtliiNU :3 

~ WRITE{3,10)(El{1,I),I=1,NlJ 
w r; I T E ( J , 1 0) ( E J ( I ) , I = 1 , f'J 1 ) 
REWINu 3 

103 DU 11 I=lt~l 
11 E3(I,3J=EJ{I)+l3{I,3) 

1 f {i' J ( 2 5) • (j i.:- • 1 .. AN f) • rH 2 2 ) • ;\J ~ • 1 ) G (' T Q ,3 C 
I F ( N (,2 L ) • E ~ • 1 • A;'; u • ,\l( L 5 ) • E Q .. tJ ) G'~ r 0 1 9 :~ 
l)U 1)4 1=1,:" 1 

1 v 4 c.3 ( I , 4) t: 1 ( 1 , I ) .... E 3 ( T , It ) 

j Q C ;'J:'J T I \1 U E 
1 F ( 1'~ ( 2 7) • l: '). 1 ) ~-~ () T l' 1 .2 ;) 
,J hIT E ( 1 j , 1,) ( ~ 1 { l. ( I 1 ) , I = 1 , t-1 1 ) , { r: L. ( 1 t l<: ( I ) ) ,I 1 , : '1;; ) 
GC Ti_~ 121 

1 2 ;:; W kIT £: ( 13 , 1 0) ( E 1 ( 1 t L ( I ) ) , I .:: 1 t ,'4 1 ) , ( f 2 ( 1 , K ( I ) ) ,1 1, ",1 J ) 
til :·U:AINO 13 

IF(N(22) .. E~.1.AND.N(25}. Q.JlGC TO 19J 
1 '1£ 1 F ( ,,~ • LT. !-.. ( I.. 'J ) .::. ,\: 0 .. ~'H 2 J ) • t. ~ .. 1 ) GeT J g 9 

IF(~(L5) .. lQ.l)LQ TO 62 
IP{;V;.J.l)Ctl Te 9''l 

I F ( 1"1 • E ~ • ~d .2 9) • ~\ 1'.1 0 • r~ { 2 (3 j .. c';) • 1 ) '-' c.' Tf j <; 9 
Ot': 10 I L,Nl 
IF ( ;:: j ( I ,2 ) • r: J. U. 0) E 3 ( I ,2) = • ~ 00 1 
If(E]( 1,1). .O.O)E.3( 1, 1)=.0001 
Eu(I)=(C.O(lJ-e3(I,Z)J/F3(I,Z) 
tl{ 1, I J=(tl( 1, I)-E3( 1,1) J/['.1( J ,1) 

16 C l) ;.J T L'hJ:: 

N 
I-' 
'-.0 



IF( IO.EQ.4.J\i'jJ .. rd23).F4:.;.1)CC Te l-{ 
! F n'J N .. r ~ E .. 1 ) GuT 0 62-

17 CUNTINUE 
D;) 01 I=l,Nl 

01 E()( I ):A{ l,! )+r~( 2, I) *EO{ I) 
fJL W k t T E ( 12, 1 u) P.: v ( I » , 1-=1 s ;~ 1 ) 

NP I T c i !. 2, 1 oJ) (r 1 ( 1 , 1 1 , I :::: 1 , "J 1 ) 
IF(N'2~).~J.l)vu TG 100 

10 FO~MAT(bE13.b. 

Du 21 1-==1,\.1 
F: 3 ( I ,1+ ) «, E '.)( ~ ) - f 1 { 1, I ) ) ~:}~ 2. ) + E: 3 ( I, 4 ) 

21 (3(I,5)=(El(1,I)**2)+E3t[,~) 

IJiJ IF'~.LT.~lTJGJ T.1 j'} 

IF(~(25). Q.l)G~ TO 101 
1 F- ( \J \J • l ~. J);~ ?lI I :'-JlJ 4 

1 J 1 "\ E: VIi LH) 12 
j·<EWIN::J 10 
r:: w L~!) 9 
I F- ( (~ ( 2 5) • ;; 0 • 1 ) G'; 1 U 1 J 2 
CALL TITLl'KJ,~J,K),K23,K24,K25,K),KJ,KJ,KJ) 
IF(N(23) .. [J.1.~~O.rO.LU.~)~Rlf~(&,1J) 

1 d t= d R:-1 A T (J • t j c, X , t • • • d ? T I ~~ ALL Y C 'J R. K, E erE o. .. • ' /1 
~KITc:(b,22) 

2:2 r rH. ~ A T (J ',:> X, • V AK. I .\ (I L i.: • , 3 X, • :< l i J T ,..~ f.. ,\~ S;) ,J ~:--' ;.- , , ,) X , I I :-F: nu ~ L TTY CO E f 
1 FIe I E {,j T f , I X , ' D F< ~ I). ,'·1 LL\ H' , ~ d(, lOr .... ~ J. ;; T ;). r; E V • I / ) 

I F ( ~ H L d j. .J .. 1 ) i·~ T:::: d r - l'H ~ <} , + 1 
L) U 2:' I = 1 , i,a 
E3(I,lJ=J. 
c 3 ( I , .3 l= 1- J ( I, 1 I r J T 
E)( [,5 )=D:ll,lRl (Ej( I,'i-l/f3( I, 5») 
E j ( I f 4 ) E '_1 ( I f 4 ) / [ I'i T -1 ) 
Fl r:3( I,5)+fl 

N 
N 
o 



23 TINUE 
W~ITE(11,lO)(E3(I,4),1=1,NIJ 

DO 19 I=l.Nl 
E 3- ( I ,4) =0 SQk T { ~.3 ( I ,4) ) 

19 fZ=t3( I,4)+Fl 
~,EWINO 11 
lfC/iN.r.:,J.11G TO 01 
Dt~ ;~ '=t 1= 1, I\.T 
1< E AD' 4 tIl]) ( _ 0 ( I { ) tIl = 1 ,:i 1 ) 
t),J 24 J=l,Nl 

24 E3(J,ll=({EJ(J)-F3(J,3)~*2)+Ej(J,1) 

Kt:V! I :'40 4 
U 0 2 ::,) I :: 1 , r~ 1 

2::> E3(I,1)=j;SQH~T(E-3( I,l)/(tJT-l}) 
'j 1 J 0 2. 6 I :: 1 , ~ll 
2 () t...,; i ( If.:.. ( u., 2 7 ) I , i= 3 ( I,..f) , E J ( I , ~) ,f: 3 ( I , '3) ,r.: 3 ( I , 1 ) 
,:.-, f n K,'\.1.~ T (. • ,:~ X f [ .:;. , :) ,( , 2 f 2 0 .l~ , 2 f- 2 J • is ) 

F l=f il f>ll 
fL F 21 t\jl 
W R.l T £: ( (':. , t G ) t~ 1 t ~.!. 

L v f- 1< ""I A T (' • f / 2 X , f /~ L L V A E I {; j L f: S' t 4 X , 2 F 2 ;; •. 7) ) 

I F (~ ( ti:.!t) • E 'J • J) (;:) T ._) ~ b 

L C t)i\j 1 l U I'~ I NG tJ i j I ;\. T S 

2. '--} 

" -) 
','J 

JJ .~j r::l,\~i 

E2tI,1'=O. 
=~{I,2)=Q. 

r 1 ( 2, I )= ,) • 

00 29 J=1,5 
c3( I,J}=J. 
IKK=0 
I KK= I ,< K+ 1 
ri.t::Lq)( 12, It) (Lui I), 1=1, t~l} 

N 
N ..... 



tZE AD (1 ~,l J) ( E 1 ( L, I ) , 1= 1, Nl) 
DO 3J J=l,Nl 
IF(IKK.E~.l)GD TO 31 
IF ( E 1 ( 1 , J ) • GT • ii •• AND. 3 ( J , 2 ) • L E • en GO 1.1 32 
IF(El(I,J).LE.J •• ANO.EJ{J,2).Gl.J1GO TO 32 
G:] T.J 31 

~2 tl(2,J)=Fl(2,J)+1. 
IF ( t i.) ( J ) • ',; T • u •• /\; D. c: ~) ( J, j ) • L E • J •• ,~\':) • F: 1 ( 1 , J) , ,1 T • j •• f i" ). :, ( J ,2 ) • L E • 

1 J • ) G:~j 1 J 34 
I f- ( c J ( J ) • L • J • • (~(~ D • r: 3 ( J , ,j t • G T • J • • /<t l\i i) • f 1 ( i , J ) • L ~ - • J • • :\,:,1 c) • :: 3 ( J , 2 ) • Gr. 

lO.)G I Te 34 
GC T..J 31 

34 EJ(J,5)=f3(J,5j+l. 
31 IF(El(1,J).{;T.J.)£3{J,2) 1. 

I!= ( r: 1 ( 1 , J » • L :: • J • ) [J ( J t 2 , =tl 
I (CJ(Ji.GT.J.)~3(J,J) 1. 
IF(EJ(J).L~.J.)Ej(J,3) ~. 

IF(~1'1,J).GT.0.~ND.£J(JJ.LF.O.)~3(J,4)=f3(J,4)+1. 
If(fl(1,J).L~.0.ANJ.bO(J).GT.O.)~3(J,4)=~3(J,4)+1. 
ci{J,11=tl(1,J)+t2(J,1) 

5J E~(J,2)=EJ(Jt+E2(J,2) 

IF ( I K K • LT. ~'ill ) ~ U T Q 6} 
R.[wINJ l~ 

C~lL r[TLE{~J,~a,KU,K20,Kl7tK2o,K2S,K30,KJ,KO) 
Vi r~ I T (6 , 3 ~ ) 
DU 63 l=l,Nl 
I F { c 1 ( 2., I ) • E ~ • J. ) G J ru '1,) 
t:j{ 1,2)=cJ( i,S)/El(Z, 1) 
Gu TJ 33 

73 l:.J(I,2)=1.UJOO 
j~ E2(I,j)=f~(I,4)/(NT-l) 

J0 WkITE(~,3j)lt[~(I,4),LZ(I,3),~~(2,1),[~(I,5),E3(!,2) 

N 
N 
N 



35 FURMAT(t ·t5XtI4,3X,F20.~,F20.4,2F2G.a,f20.4) 

y~ FJRj>.1AT(' ·,3X,'VARIA8LE',5X,':\jG. ,jIRECTION ERPL'RS',5X,'P RCENTAGf: 
1 E R K uK' , 5 X, I t ~ U • T URN P T S • • , 5 X , I r~ (J. COP R. P ~ ED. P T S • • • 5 X , ' P F R: C E NT AGE 
1 F,{.',/) 

\.. l.Of'1PUTE ,'1[AN, STu ucV, ANlJ VAR 
IF( ID.[Q.4.il'~O.\H23).EQ.lh_,C Te; 7 
I F ( I D. t tJ • ~~. A"~ 0 • ~\l { 2 -3 J • E: (J • 1 • A r. U • 1\ r" • ". 1 ){; ') T"J 7 
O[J 3 B I;:: 1, r: 1 
Ej(I,2J=O. 
E3(1,3);::J. 
f~3( I,Sl=J. 
c3(I,1)=EL1I,1)/Nll 

Jb ::3(I,4)=E2{I,Z)j!\nl 
TU lO~ 

102 

1 Jb 

107 
1J5 
g~ 

~tO 

I F (.··d 2 d J • F. J. t ) l'i T = ('I T - f\ ( 2 9 ) + 1 
r l- ( \ ( j). ,:J • 1 ) 1\ 1 l=\J r 
:)0 1:>0 ~=l,'\)l 

L .:. ( r , 1 ) = E. 3 ( I , 4 ) / \j T 
t 3 ( I , 4 ) C:: 3 ( I , 3 ) I 1'4 T 
t)1.J 1 () 1 1=1, :\n 

E3( I,2)=J. 
E3(1,5)=0. 
E3(I,31=J. 
1:<'K=O 
IKK=IKK+l 
i{ E A D ( 1 2 , 1 V t ( ~) ( I ) , I = 1 ,1\ 1 J 
j~ ~ ~o ( 12, 10) ( ~ 1 ( 1 , I ) , 1=1, [" 1. ) 
DC It \) I=l,:~ 1 
l: :, ( I , .:~ , :.: ( ( t: 1 ( 1, r ) - E 3 ( I , 1 ) ) ~d<2 ) + r: 3 ( I , 2 ) 
t J ( I , S ) = « (' ( I) - E 3 ( 1 , tt) ) r,; ~': 2 i + E J ( I , 5 ) 
i: ,j l I ,3) -= , C 1 ( 1 , I ) - E3 ( I , 1 ) ) * ( F j ( ! ) - c3 ( 1, tt) ) f 

Ir(IKK.LT.~ll)GJ Te 69 
3 ( I , ') ) 

tv 
tv 
W 



DO 41 I=l,Nl 
E3(I,2)=E3(I,2)/(NT-l) 
E3(I,5)=f3(1,j)/{NT-l) 
E3{I t 3)=[3(I,)/(NT-1J 
~1(1,I)=DSQRT(JAdS(E3(1,2)) 

EG(l )=OS~hT(0,Llt,~(E~~( It')))) 
X N= EO { I } )~ E 1 ( 1, I ) 
IF(XN.EQ.J.j\N=.JJJl 

:+ 1 f 3 ( 1 , J ) :::: t .3 ( I , 'J ) I XN 
RC .. I~D 12 
I F ( '~ ( 2 5 ) • ~ i-~ • 1 ) G {! T J 1. J 8 
C t,l L TIT L [ ( K J , K ,) , K 0 , K j 1 , K 3 2 , "j J , K ~ It, K ~::, , i<. G , :<. ~) ) 
,~R I T E ( b , 42 ) 

Ii- 2 F fJ R MAT (' I,:) x , • v j\ ~~ I ~ d L t,~' , 3 ( d X, • ACT~.J ,\ L ' , d X , ' Pi" E 0 leT r: D') ,B X , ' COR t<:.. E L A 
1 T I J f\J • , I 2. 1 )(, • i~ f:: /\ :\~. , 1 1 X, , ;" [ /~ ii' , 2 ( '-j X, • s r fj. D;:' V • • ) , 2 ( 1 A, • V : ,.' I .6 .~ C ~ • ) , 7 X 
1 , • L U F F FIe I E'~ T ' I ) 

u U 4 j i = 1 , '\j 1 
+j W r<. i 1 C ( ,J , 4!t) f , ~: J ( I, 1 ) , E 3 ( r , 4 ) , t.: i ( 1, I , , ~: ~ 1 \ i ) , r -, ( ! , 2) , ;- 3 ( I , 5 ) , ~ 3 ( I , J ) 

4,:' F '.:.:;.~ "~ A T (' f, JX , I 3 ,.3 X , 7 f 16 • b ) 

l, C U ,.,1 PuT t, If·, ~ W U ALI T Y P i~·: LI t' U f' TIl);'j S 
REAO(ll,lO) (tL( 1,1) ,1=1,1\41) 
1'(cwlf\JD 11 

L;.") J U(J45 1-=1, "11 
1 F ( !\H i:.d • :: J • 1 ) ',1:J T tJ 10~ 
L 2 ( 1 , L ) -= ( { :: ~, I , ':t) - .:= } ( I , l ) )~, ):~ 2. ) / f 2 ( I , 1 ) 
E 3 ( I ,2 ) = ( ( [0 ( I ) - E3 ( I, j j '* ~ 1 ( l, I ) ) ~:o'c i ) IE L ( I , 1.) 

C F: 3 ( I , 5 ) = ( { 1 • - ( ;. ~j ( 1 ,j ) ~~ ~~ 2 ) ) ~:. ( r 1 ( 1. , r ) ~ ~~? ) ) I ,: 2. ( f , 1 ) 
E3( 1,5)=1.-f:-2( I,2)-EJ( 1,2) 

1 U 9 I F ( E 0 ( I ) • E r) • () • ) t': U ( I ) = • 0 D U 1 
A(2,I)=t3( i,J)*tl(l,I)/cJel) 

4:) A(1,I)-=EJ(!tl)-A(2,I)*~f:3{I,4l 

I f ( N ( 2 5 ) • f:;J • 1 ) GUT G 9b 

N 
N 
.J:"o 



c 

CALL TITlE(Kjb,K37tK3cl,Kj9,K4a,K41,K4Z,K43,K~~,K4J) 
~PITt:(6,47) 

DO 40 1 = 1 t r~ 1 
40 \oj f~ I T E ( 6 , 4 4) I , t 2. ( I , 2 ) , E J ( I , 2 ) , E 3 ( I , ~ ) , 1\ ( 1 , ! ) , l.>., , ,;.:, r ) 
it 7 r 0 R. ~ A T (' " j X , • V /.\ l{ ! A B Lt' , '.I X, • f) 1 AS' ,9 x, f ~{ ;-= G R ~ SIt; t'.J ' .. h x., I :-, 1ST II P L A \1 C E 

1 " 6 X, • Ii\~ T E ,", 'J ~,' r' T' , J X t r S L UP l: I ,/ 1 1 X f :; ( 6 X , • P R Il i) . ',T I :1"" ) I ~ 

7 IF(ID •• -1-.:);-'~J. (lJl.f:u .. l)Rf.\nIl'.lJ d 

IF("IN.tQ.l)G: T SA 
IF ( Ii). l';'. It. !\ ,Ii) .. i .. ( :: j ).. \-.. •• 1 ) G ~ 
f\N,=l 
1 F ( I D • t '.J .. .J .. ~ ,\; ~ :. 'l ( 1 6 ) • EO. 1. h', c 
If ( 10 .. ~'J • it .. ~.~·;U .H 11) • f Q • 1. t (;1. 

"7& kE TUR,N 
EN:) 

Tll Yo 

TU 76 
1 t -, U 

c )Udl~(:UTr·\~E Rr:;.VlS 1.'~;·\i)S H. i:.: C;\LCLLATi~S !JPTTf1;~\L LT:,I::,\, (:r'\~ -=rTI,]i·~S FtJ 
L l f- VEL S ~ F P t", ~I 1 C f r:) V A L I J" ::> l E S 
C A { j, 1) 1 S I I~ 1 i::: C. E PT ............. K. it ( I) I S ~ l 'p ~ ....... . 

S U:3 ,Q ,] LJ T r. \1 c: ~~ V r S t: ( 1\, N, DO, D 1 , D 2 , ;):l , l~), E 1 ,-2 t r:: _) • r ,! • r, r"J'·~ T ) 

Kt:-j.L~:j :\(N,;':) ,:(j(;\J) ,Jl(i~"\l) ,c..£.(~~t,'JL) ,03(i~,f~2) ,L)( ) ,fl(\,~,') ,!,:2Ui,N 
1 t!..) , E 3 ( :" , ;.~ 2 ) 

U J U d l E P r<. ;: c. I ') I ~J; ~ tZ -+ 
I) I ,''IF ."J5 I IN ~Jd::S::;) 

I r t b t: ,.: I 1 ( ~:) ) , 1<. 1. /' I I t K ,~/' L I f" • / , K j I t '0 !~ ! ~ • / , t< "+ I J V I • / , I{, ~ ItS J (j i'q t I 
1 , K{) /. S I / 

Cl]·"ii"l;,j:>J/T1/! 1/T:.u/!-\'1-
r f ( I I ( 2. ~ ) • c .:j • 1 ) r : J i ~ 
IF(II(lJ)-l)1,L,3 

1 J!; 12 1=1,;. 
II RfAD(~,lj) (j,i),~4'I) 

13 FU;.;J1AT(2flv.,)j 
GlJ T:'J 4 

N 
N 
VI 



2. DO 14 1=1,;\) 
14 f{EAD(5,lS) .. \(3,I ),~.4(I) 
15 FOkMAT(20X,2flJ.0) 

GU Te 4 
3 Dll 16 I.: 1, 

10 r;.EAl){5tl?)M.(~~,I ),R':;~I) 

1 7 F \.3 R. :'·1 A f ( 4 J X , ~ f 1 .J • J I 
~ CALL TITl~(~1,Kl,Kl,KZ,~1,K~,K~,~titKl,~1) 

nRIT2(6,":>.JI 
J~ FO~MAT(' ',S5X,' ••• SUeNITTf0 ••• '/) 

DL 2Q 1=1,'\: 
20 wKITE{bt21)A(j,I),~4([J 

21 FC?J4AT( I ',F2U.o,jX,F2U.6) 
Gd TU 24 

~i.. II(22)=ij 
;\Jl L::: 0 

1"1" 1 tJ W = I r ( 1 j J 
t I(1'5)=) 
\J;'J= :J 
CAL L V ,.4 L r ~ it· i J) ,I 1,:) 2. t i) j , "'j , ') L , c ;'), E 1 , f 2 , :: 3 , :';:\{ f N 1 , r , t'i': T } 
CALL TITll(Kl,Kl,~1,K2,K),K4tK5,K&tKl,Kl) 
wR!Tc(6,3u) 
10 ~3 1=1,1'! 
;\( J, I )=.1.\( 1,1 j 
R4(1)=A(2,I) 

2-:> vi l{ IT:: (;.) ,~l j t,( j , J ) , I-\'-t ( I ) 
'j J F (J k ;"1/~ T (. It? J X , • • • • C;.\ L l d L A T F· [: • • • t I ) 

11(22)-=1 
I I ( i ? ) = i~ ~J 
11(25)=\) 
I f(3.l)=l 

.2 (.,. ""' .:- T U ,<'! 

N 
N 
0'\ 



END 
c 
(. SUUP~(H.JTIN[ Rr..1 C~E~)S IN A MAL-i.IX Il'~ ST4i\;.)AP'i; i=O;:;!:"1 

Su3ROUTINl R~(AtN,M) 

c 

R f: l\ L * ~ A ( f'i' IlIi) , f: 1 J 
INTEGER. I I (]5) 
CUi\4;~UN/T 1/ I I 
au 4 K.::l,~'4 

OJ 4 L = 1 ,,'1 
{t A(K t l)=0. 

3 IF(II(l;)-1al·J,11,12 
10 R[AJ(S.l)I,J,t:IJ 

GL' Ti] 5 
1. 1 R, fAD ( .5 , 7) I , J , t: I J 

I F u ;~:, AT ( 2 I 4, 10 X, f 10 .J ) 
GLI T' .... 5 

l~ RE4n(\),j)1,J,~IJ 

d f K'; t~ T ( 2 14, 20 X. , F 1 \) • l ) 
:J !F(I.::<J.O)GJ Te 2-
1 F ' ; k ;',1 A T ( L. I it , F 1 v • d ) 

'.\(!,J)=EIJ 
:;C TiJ 3 

2. ~ ~~ T U !.' ;\1 

CI1.40 

c :) U d f.: U U r I:~ t.: « V I-d:: A G S L'~ A V L. ( T' =q~ U\ S T A j'i f) t. ~ D F ,:.; ~ M 

:.; U DR Ou TIt ~!: }~ V ( A t ;\j j 

KEAL~d A(N) ,el 
Ir~ T t \~ E K I I ( 3:, ) 
CU··j:"I J (\I / T II 1 I 
JG 4 J=l,;\J 

,+ A(J)'=O. 

N 
N 
....... 



j 

IJ 

11 
7 

12 
l 
5 
i 

2 

C 

If (I I (lJ)-l) 10,11,12 
Rf:AO(S,l}I,EI 
GO TU ;) 
Rt=:AD(S,1)1,[I 
FURMAT(14,lJX,f10.J) 
GlJ TO 5 
ReAD(S :oJ) 1, f I 
FJR T(I4,2JX,F1J.J) 
I F ( I • E \ . .J • u ) GCJ T U 2-
FURHATII4,Fld.J) 
A( 1 )=~I 
GC Te 3 
RETUr.:~;~ 

ENiJ 

C SUt\ CUT I :\~ E. P ,.,.; r-';:. I ~: T S A J\ 1 F T X 

c 

!~ ..J UTI !\ C I (;,,1'1 , ~~, I 1 f 1 2., 1 .3 1 I ~, I 5 , 1 6 , I 7 , I :'~, I <:, , 1. 1 ,) ) 
i~ F. ~ L i;: n ij, ( ~~, ;-1 ) 

ChLL TITL,~(Il,IL,I3,I4,IC;,I6,Il,IJ,I9tIlJ) 
DC '2 I:: 1,'. 
w F~ ~ T (b, 4 ) I 

2. wRIl[(6,3J (£.( I,J) ,J=lt~") 
3 F d R fvlA T (' " LJ ( 1 X , G 1 L • 5 ) ) 
'+ F ;:',,;.1 /J 1 (' I, I.:, , I ) , • 

;:"F.1LJR.f~ 

U~O 

c S U rj R, l.~ UTI r" i-. ,'-1 V ? :~ D Tv' U L rIP l [ E S ~'1 AT !{ I X .A i) Y V F r: T G ,< 0 
5Ua~QUTINc MVP~0(A,~,C,N,~) 

REA l ~~ b I, ( I'.~, ~) , 11 ( ;"j ) , C ( ";I ) 

iJ i) 1 J = 1 , .'; 
1 C(J)=0. 

N 
N 
00 



c 

DC 2 l=l.N 
DO 2 J=l,M 

2 C ( I ) = A ( I t J ) 4' B ( J ) +C ( I ) 
k[TURN 
[r-~;J 

C SUBROUTI~~ PV PkI~TS V~CTC A 

c 

') U dP. 'J UTI N t. p V ( i"'-. , \\), I 1 , I L, 13, 1 4 , I ~ , 1 (,) , I 1 , I ;3 , I 9, I 1 J ) 
l:~E ~l *b A (~J) 
CALL TIT l ~ ( ! i, I 2 , I .3 , I it f I 5 , I c. , I 7 , I d , IS, I 1) ) 

1 WRITE(~,4)(A(I),i=1,N) 

4 FORMAT" ',lJ(lX,G12.S)) 
Q.ETURN 
tND 

L SlJBRuUTI!·;[ :vtSU;~ ,\D :; t<1t~T IX i\ l~ fi:J-\T.<IX ~ ANO t,ETUf:f'4S SUM .!~S ~~hTRIX A 
SUbRdUT iNc M~U (~f t :'H ) 

~! t: A L -.. h A ( i i ,1) ,D ( ,,',1 t 
Ow 1 J= 1 , "j 
aLl 1 I=l,~~ 

1 A(I,J)=A(I,J}+h(I,J) 
~. E T U j'~l\i 
tr~o 

c 
C ~ut<·"dlJ1INt S'JP U ;'o'IULTIPLlf.S TWU Sl,JUA.kE ~~AT?ICE<; t~f\:C I-{ Tl"~~·;S P9flDUCT AS 
C ;'1i~jRIX d 

SU~~UUTINt SQP~UlA,B,C,N) 

r. F. A L * b ld ~h I·j ) , 2,( 0h ~ J ) , C ( ~~ ) 
1=0 

~ 1=1+1 
f)L~ 1 J=l,H 
C(J):::J. 

N 
N 
\0 



c 

.JC 1 JJ=l,~J 

1 C(J)=A{I,JJ)*b(JJ,J)+C(JJ 
~-J R I T E ( 4, 1) ( C ( ,J) t J= 1 , i'U 

1 FORMAT(6El~.~) 
i F ( I • E ~ • N , \~;u T (I 8 
(;C) 1';J 5 

B k.i...t4L~O 4 
JO 9 l=l,N 

7 Rc~O(4,7)(J{1,J),J=1,N) 

REWIND 4 
RfTURN 
[i'H) 

(, j U B t~ U UTI N ~ S lh', '5 U j T j:.; ACT S f'~ A T~: 1 X ij F R~:1 M ;"'1 i\ T I X /\ A h 0 rU= T U ~ ~; <:: v t\ T..:( I X 
C f\ !\ S J IFF c ;-<. t: f··: C ...: 

~ V r .. t<, :,1 ,J T I f'J ~ ~'1 S Uj ( :\ , oj f r< , r-, ) 
~ A L ~;. 0 ~ ( ~ '/ t ,A ) , t) ( t,~, 'A ) 

";C 1 1=1, l~ 
'j,J 1 J =1 , ~, 

1 .:\ ( I , J ) = A ( I , J ) - b ( I , J ) 
K::: TUK~~ 
E: '~:J 

'.., ~,J!:>,!JUTr, .. f PV~ r>.~~I rs ITH r,,[J~.J tjl=-"At~Tf'~I~\ f1 

C 
s U') ~' . . J U T 1.,j C p V q ( .\ t N f ,.4 ~ 1 ~ J, J 1, 1..':, 1 j, I 4 , I 5 , I 6 , I 7 , I 0 , 1 9 , I 1 0 ) 
;:;Z t .A L J;( j A ( (4 , ,., ) 

C ~ L L TIT L L ( I 1 , I 2. f I 3 , I 4, r :> , r (; , I 7 , I 8, r ." I 1 .J ) 
~RITt(b,l)(A(I,M),~=l,J) 

1 F ~ ,-' l\ T (. " 1 J ( 1 X , S 1 Z • 5) ) 
KcTUKi'>J 
,~ l\~ ~~) 

i,.., SUtii{·jJTI.'L:, ;'\li,P><D ''4UlTIPLfES T!NO Cl~iS Fi·,Q'-.A ,.)lFr=-::Rt:"lJl fv''lT='ICf<', 

N 
W 
o 



c 

SUB ROUT I N E l1 R P r: 0 ( A , lj , 1\, M , K , K K J 
R. E r'\ L ~;: 8 A { N , ; ~) , I:'> ( f'.! , M ) 
OI~ENSION ~1(46),R2(48)tR3{35) 

OOJBLE PRECISION Rl,R2,Rj 
CO~~ON/T30/R1/T31/R2/TJ2/R3 

IF(KK-2)1,d,9 
7 Del) 1:= 1 , I\J 

Rl(I)=I1. 
o ~~ 1 J J J:::: 1 , "1 

1 J R 1 ( I J :::: A t I , J J ) ;~ B ( K t J J ) + k i ( I ) 
Gr) TO 12. 

3 DO 13 I:::: 1 ,:< 
R2( I )==J. 
00 13 J J= i , ',.~ 

!j R2(I)::::A(I,JJ)~ci(K,JJ)+r2(t) 

GC TJ 1.2 
9 I) u 1 4 I :::: 1 , \ 

i{J ( I ) :::: J. 
lhJ 1 4 J J == 1 , :'Ij 

1'+ K 3 ( I )::::.4 ( I, J J ) l':': ::1 ( K ., J J ) ... +-i 3 ( I ) 
Id kETU~,\l 

I~NiJ 

C SU~ir{UUTI~C ATfl" C\..~t"UTES I·~r:t\;V:lLU::S CF ~JlATRIX A 
S U L; ~,tJ (j r I ~ J i:... t .. TEl G ( ~;Jj, \ , R k , (~ I , I b.;\J A , I '\ ) 
d 1 ~ ENS I Gf~ !'. ( 1 ) , F{ iJ. ( 1 ) , R 1 ( 1 ) , P r\ Q ( 2 ) , F{ I ( 2 J , ! f.\ '>J A ( 1) 
DUU3LE P~ECI51C~ A,~R,KI,Pk~,P~I,T,U,V,E6,~1,fl~,R~OD,lPS,o,S,PAN, 
lPA.~I,D,~1,~2,~3,CA~,~SIl,P512,tLPHA,[TA 

INfEG'?:P p,el,Q 
c 7= 1. JE-
tb=l.JE-o 
E i J = 1 • ~) t - 1 .) 

N 
W 
I-' 



DElfA=J.5 
!'4AX I f=jO 
N=ii. 

2) r~l=1\J-l 

U,*=,'Jl;'(IA 
\It\!: I I\)+ N 
If(Nll 3J,13:)J,j,J 

3;) hIP=N+l 
IT-=O 
IJd 4J 1=1,2 
pe,i{(I)=).D 

.:+ U ? R r ( I )=0. J 
PA'~= J. J 
Pi\ 1='].) 
R=J.J 
s= 'J • J 
1'~2=;\l1- J. 
i i~ 1.:: I :'J-I A 
:'~l\Il I;~l+r~ 

'~ 1 = I ,\J+ \! 1 
!'l 1"',1 1=1;~ 1+\ 1 

6 ;) T == A ( I'~ 111.J 1 ) - A ( I\j \j ) 

U=T::;:f 
V ='+ • U 1,: 4 ( r'l l' ).<~;l. ( ; 'i 1 ) 
IF (~)J\BS (V )-U~; -,) IJJ, LOll t cS 

65 T=U+V 
L CHAj~G~);"'i\Al Tli :\ ,\Xi F')'-; SI'Jr;Lr~ i)f.;::::CISI .i'-l 

I F ( 0.\;) S ( i ) - U ,.'1\ X 1 ( U, JAb S ( v ) ) ~.~ E S) ~ 7 , u 7 , ':l b 
67 T=J. J 
68 U= ( A (~ LJ 1 ) +- \ ( "~ \. ) ) I ;: • ;) 

V=OSJRT(QA~S(T»/2.J 

IF ( T » 1 +u, I j.7;J 

N 
W 
N 
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I F ( G j.\ 13 S ( R. t'~ ( " i - r:' ') R ( I ) ) + U A '.J S ( K 1 { " J - P k I ( It) - D f L T lp~: ( t)"~ K <; ( ~, ( K ) ) 
1 .J. D ,4 B S ( I ( K) ) )} J 1't0 t 3 6 G, ") 0 i) 

340 J=J+r 
.3;').J C C: i'l T I ,\j U 1:. 

t; (; T; (!t--'t (j , 4 0 (J , 46 0 , 40 C ) , J 
44,) t,t.: J • .) 

)='0 •• ) 
GU T ~j j 00 

+6 J J=N+2-J 
p,= ..... r<. (J ) *~~r~ ( J ) 
S = R k. ( J ) + t~ f~ ( J ) 
GU T . JJJ 

4 8 0 R:: ;~ r". ( N ) ;;-. i·, R ( ; 'V 1 ) - iI, I ( 'I ) ~(K I ( :'~ !. ) 
S.: 2 k ( ,,,) + K R ( "J 1 ) 

5 J d P 4 i~·= .. \ ( . J~ 1 ) 
P t·:~ 1 :: ;~ (; 1" ; l~ ~ 

DO 52) I:.l,2 
• , I ~ 1 .,., 

1\= ,\j t- - j, 

P?;:;'( ~ )=f',.i,(K) 

~2J PhI{I)=ri.I(fd 
t>:::'~2 

IF (N-J)6UU,00J,52~ 

')2::; IPI t.1. .• 2 
U U 0 ij 0 J ::: ,~ ,~ .2 
.I P I = I P I - I ;\ - i 
I f ( 1);\ B ::, ( i ~ ( i PI) ) - r p S) 6 \J J ., 0 U C , S 3 0 

:;JJ I.:>IjJ=IPli-Lu. 
IPIP2=IPlt>+T4 
U::::: A tIP I !J ) ;;", { A ( I PIP ) - 5. ) + f\ ( I PIP 2 ) 'i(;\ ( I PIP + t ) + R 
IF (0) 5 4,J t jt;O, 541) 

f:i 4- J I F ( iJ ti d :) { .Cd { ~l I ) !, f~ ( I PIP + 1 ) ) ~;:( [];. S ( ."\ ( r PIP ) + i.\ ( I P T D 2 + 1 ) - S ) + I I A ,..l, S ( p. ( I j-> I P ;;: 
1 + 2 ) » - t '},~ -,~. ( 0) E P S) v2 J , 1::.2 a , 5 t U 

N 
W 
.;-. 



j60 P=NI-J 
5 J u C (I i\J T I i\ U E 
600 \J=P 

GO TU 68J 
62/; Pl=P-l 

Q=Pl 
IF (?1-1) 6dJ,6t}J,6S) 

~5J Ou 660 1=2, PI 
1 P I = i P 1- I ~-l 
I~(UAbS(A'lPI»-EPS)68J,bUa,66J 

660 ~=\J-l 

0&0 Il=(P-l)~IA+P 

!J J 1 .2 2 0 I = P ,'1 1 
II1=I1-1/\ 
IIP=II+rA 
IF(I-P)7~J,7UU,72J 

7UJ IDI=lJ+l 
IPIP=IID+1 
G 1 .: ~ , I I ) -:.. ( A ( I I ) - S ) ... ~ ( I 1 P ) ,;::, ( 1 P r ) + i<. 
l;2 = A ( ! PI) ~~ ( t. ( L PIP) + ~ ( I I ) - '-> ) 

G3=A{jPI)~A(IPIP+l) 

A( IP 1+1 )=u.O 
G('; T'_l 76.J 

120 vl=A(IIlJ 
G.:::;;A(ill+1) 
I f- ( I -j~ 2 ) 74 J, 14 J, 76) 

74 G G 3:;; A ( I I 1 + 2 ) 
Gu TU 7bJ 

76J (;.)=J •. ) 
7 ,'j tJ r F { (, 1 • J T • - L 1 J • 1\ ~\l 0 • G l • L 1 • E 1 0 ) G 1.: J. ,) 

I F ( G ~ • ;~ T • - i~ 1 ;j • AI\; J • G 2 • LT. r~ 1 () ) G ~ = u • J 
I F ( G:; • CT. -:- 1 i J • /: :~ G • ;~ .3 • L T e.: 1 C ) G 3-= IJ • ~) 

N 
W 
\.J1 



CA~=USQgr(Gl*Gl+G2¥G2+G3~G3) 

IF(CAP)HDu,800,dOJ 
JJ0 IF(Sl)B2J,240,&40 
d2.0 C/~P;;;-C/\P 

840 T=Gl+C.AP 
P::-l1=G2/T 
PSi.2.=G3/f 
t\ L P: I A = 2 • J I ( 1 • \.) t PSI l'~ P S J 1 ... PSI 2 l,~ PSI 2 ) 
G~': TCI oJJ 

Jt.,:J ALPH~=2.0 

PSI1=O.J 
PSI2=0.u 

dGC IF(I-W)9Du,YLu,J00 
";J j (; If ( 1-P ) -;20,940, .:; 2 J 
92.C A(IJ1)=-C4P 

~;u i '~J 9·) J 
·~,h· v ,d I It) =-1\ ( I 11 ) 
'ibO iJ=II 

~yj 1 J'-t D J:: [ ,;"~ 
T=P ':·d 1 c;~td IJ + 1 ) 
I F ( I -;~ l ) 9 d u , 1 au '0, 1 (; J J 

-J8J IPLJ=IJ+2 
1 = T +- P::, Ii';: A ( I P 2 J ) 

1 J 00 ;:: T A = ALP ;'1 A~,;': ( T ... J\ ( I J t ) 
.\ ( 1 J ) ;;; A ( I J ) - :~: T A 
A(lJ+l)=A(IJ+l)-PSIl~fT~ 

( F ( I - : ~ 1 ) 1.J 2 J , 1 J '+ J , 1 J !t oJ 
IJl.J A( IP2J):=cl\( IP2J)-PSI2):~ETt\ 
lJi+:J IJ=IJ+IA 

I r (1-l\lf1) 1 j~,), 1 J6J, 1 )\)J 

lObU K::;~ 

GC T 11(;J 

N 
W 
0\ 



l080K=I+l 
1100 IP=lIP-I 

DO 11,':1\) J=:J,K 
JIP=IP+J 
JI=JIP-IA 
T=PSI lY~A( J {I'i) 
1F( !-Hl} 112u, il "tu, 1140 

11~0 JIP~:JIP+I"'\ 

T=l+PSI~*A(JIP2) 

1140 ETA=ALPHA*(T+A{JI») 
A(JI)=A(JI)-FTA 
A{JIP)=A(JI~)- TA*PSII 
IF( I-Nl lllt.JJ,1180, 11:]0 

lluU A(JIP2):A'JIP2)-~TA*P~I2 
i 1 doe tJ i''; TIN U E 

I f ( I - , 'J ~ ) 1 L J) , 1 L 2 J, J.~ /. c} 
12J) JI·=II+) 

JIP=JI+r~ 

JiP2=JIP+I0.. 
tTA=AL?rlA*PSI~~l(JI 2) 
A(JI)=-cTA 
A ( J I P ) = - f T f\ ::-.: PSI 1 
A{JIP2)=A(JIP2J- lA~0512 

lL2:) II=IIt'+l 
If.::;If+l 
,,0 T!J hJ 

i L It I) I F ( IJ J~ b .) ( 1.\ ( ,'; : i 1 ) ) - l' I /~) S ( t~ ( i\j 1 '.J 2 ) » 1 3 <J r, 1 2 8 () r 1 t~ e \) 
1 L \) ;) I ~\ {I,I A ( rJ) =:J 

I A i\!;\ ( >J 1 ) = 2. 
.. ,}: ~J2 
I F ( N 2.) 1 It !J U , 1,'1- i) U , 2 J 

1 .;; 'J I) F ~ ( N) I ~ ( r· >I hJ ) 

N 
W ......, 



c 

;{ I ( i ~ » = I) • f) 

IAi'JA(r~) =1 
I F ("J 1) 1 4 0 J, 1 '-+ J;) , 1 3 .z 0 

1320 r~=l~l 

GO Tl) 20 
i<tuG P,E: rULl:'~ 

t·'JO 
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~,t \ l i,q !) {) (.j i ) ,I 1 ( t j 1, J I ) , .' 2 ( f· 1, ~), CI j t 1, ~ I ,.I) ,c. q :. I 1 ) ,r 1 { . 1 f 1), t .2 ( :'H 

1 ,.~.L ) ,l.: j ( '\ 1 , H"': ) , r ( ;-ii, '\1 1. ) 
.J '""' oJ J L ;- f< t. '... i ,.; I ' f. t', l , 1'< ;2 ,: ~ 
ll\j T t '.;~. r\ 1 I ( ) ') ) , .~ ~ ( :,. J ) , I 1 / I f I , I ~ I ' C). / , r .. ', / I '.1 • / , T ~ I ' Vr:: C Ttl, 
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C C :V"Fj I.J / T 1 / J 11 T S / t, A / 1 401 t< i 1 T 'i- 1 / t\ .2 / r (; Il / T 1 / KIT ..; / h I i YJ 1:<, 11 T '$ 11 ~. 2 1 T 3 2 / 

1 :~3 
C !.'.F:i\U ll'~ L.ul L):J JF C,I\'T·'L VAr:.:Si \r,=bC Ci',T:':l v!:, S •••• :·JL:::i\,,~C Lr,G(~rr' Cr<'T l 

! r ( I I ( j ) + I I ( "t ) t- I I ( .., ) • ,:~ 1 • j)' T L (:;:. 
~<3 F~~!?tY'':\T(2JA4J 

It· , i I { ...:' Q ) .- (J • 1 l G:, r 0 ci 1 
~H_1\ f) ( :; ,0;it ) ( A A ( I ) , I::: 1 ,40 ) 
G TJ ,32 

;'J 1 R t ~"u ( :) , ti j ) ( :. !\ ( i ) ,1 1, 2,) ) 
J~ 1\ 1 = I I (1 j ) 

t)i .. ; 2 l=l,f.ll 
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J t~l j J = 1 , ! "I 
A(l,Jl=O. 

j fl(I,Jl=lJ. 
flU 2 J=1.,N2 
[2{I,J}::::'). 

2 J.:3(I,J)=O. 
C. K f /~ [) r: ~ :'!t."i lLT L V f, t<::' /,':'; u eN T k; l V P 1-<. Ie S 

i< l'":: A I,) ( 5 , 1 J ( K 1 ( I ) , I :: 1 ,2 6 ) 
~~~O(j,l)'K2(1),1=L,26) 

\'Y.=K 1 ( i ) 
Nl=KL( 11 
NP =;~K.+l 
l\lL::NL+l 
(, J.\ II TIT L £, ( I 1 , ! 1 , lIt I d , I <; , I ('. , I ., , I 1 , II, i 1 ) 
W r r T ;:: ( t , ') ';I } ( K 1 t 1), i 1 , t,~ P ) 
'N :~ I T :_: ( 6 f \..J '1) ( '" 2 ( I ) t I ~ 1, L L ) 

, • '-) F ~ J p\, .~ T (. 1, / i: X, ' '.! ("'i CUP ~~ r ! ill I.: C ;\' T F', (J LV;' 1-' S : I , ! 3 , 1 ij x , I { D S : ' , ? :: J .5 ) 

0' F..;;; !,~ i-\ r (. " / LX, '~H.) l ~b {1~: C C f',¥ i ~ ... r i. \' t-, ~: I , T it, 1 J j, , • In (;: I , ~ t:j r 3 ) 
1 ~', '-::'" /\ r ( 2 (,} 1 3 ) 

f- t. J ( lOt 1 ) \11 

I I- ( i 11 • t IJ • U ) l; 'J T~.: 1:) 
Rf~J(lO,i)(L(J),J=ltMl) 

1 :::; r :. ,.\ D ( 1 'oJ, 1 ) i~;;: 
! r ( .~ ~ • ~ .' • J ) G;~ T f 't 

" -. ;~;) ( 1 J t 1. ) { K { J } ,J:: 1, ~) 

4 h'4i.J(iJ,1)4.) 
I F ( J'Il .. L w .. ) J t, n T ~; ;')_~ 

k. c f,.;, J ( 1 J , 1 ) ( \: ( J ) , j = l ,"1:':' ) 
(Sri (.iHI"l v~,,:) I:J Dtl, ~J.J [l,JU\l TI lr,U,; ':AKf-: i\, :3 l\TGICF,.) [IF C~!T"'~L 

j,j LL=U 
KK=l) 
lJ i.) J=l, 1\ 
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KK=KK+l 
D II () I ,= 1. , :\ 1 
A ( I t KK ) =02 ( I , ,,1 ( J+ 1. ) ) 
Cl2 ( {, K 1 ( J +-1 ) ):::::) • 
I F ( \i L • [(J • J ) 'V 1 :, ''1 
r; 31 J;; 1 ,'-i L 
lL=ll+l 
DlJ J1 f =1, \il 
t: j ( I ,L L ) ::::,) .3 ( I , i, ~ ( J ... i ) ) 

J 1 ~) J { I , 1\;2 ( J'" 1 i ) ;; 'J • 

C I.; ~ l C lJ l ATE ;1, 
3 'J :-1:·1= ') 

5 ~~·'l=!Yti"'+ 1 
IF (,1;1\. :::,~ • 1 ) F t: 1\:) (<:) , A.:4 ) ( L t ( 2 t I ) tIL, t,.l ) , (2 (), I ) , 1::: 1 f ~~ 2 ) 
l F- ('), • ~ T • 1) t,~ l) ( 1 3 , 1 ,)) { f: 1 ( :: , L ( i ) ) tIt , .~ 1 ) , ( E 2. ( ::. , ~ ( 1 ) ) , i = 1 , :,t"3 ) 
{ t- ( ;it _ G T • 1 ).: [- ~"1 1 ..".;) l3 

:" t.~ ~\.:: ( <-) , A /i.,) , t.:. 1 ( 1 , 1 ) , I = 1 , '\ 1 } ,( L ( 1, I ) , I ::: 1, ,2) 
J 2. i,: ~ L L :.j ;:~ p ;., :) ( u.:: , ,... Z t \j 1 , "J.2 t 1 , 2 ) 

C /~ l L 1 K P ...: J ( : ) J , ' Z, ''1\ 1 , IJ 2 , 2 , J } 
!)L j j 1.::: 1 , :'i 1. 

J) - U ( f ) = :)0 ( I ) + ,', r~ ( I ) ... ;~.3 ( r ) 
';'1 f, 1 [r. ( l3, 1.;)) ( . J ( L ( I ) ) , I = 1 ,'-4 t ) , { :: 2.. ( 1 t \~ ( 1 ) ) , I :: 1 , r~., j 

< '~,J I ;"n) 1. 3 
(! (; ,i • 1: '.J.. 1. ) :., I J T ("': 6) 
:'\ ".\ ! ) ( 1 4, 1 J ) ( 1 t?. t L ( 1 ) l f I .:: 1, 1) 
'!~;'II\j) 14 

'J J,"; j". I T;~ ( 1 2 , 1 ,) J { ~- 1 ( 1 , r ) , I :: 1 t . J 1 , , ( L 1 (.2 , L ( 1 j ) , I :: t , '", 1 ) , ( f 2 ( 1, r:. 1 ( ; ) ) , I:: 2 , 
1 !.i~ ) 

l. ~ f: V IS;:: I F l.~ C :; i~ G C '. \ T I~ C LV/it R I r. n L ~.) jj.;~ E I ,\~ C l U [' ~= :j 
WRtT:":(4,lJJ(cJ( I),i=1,!\1) 
.y K r T t: ( l 't , 1. n ) ( t 1 ( 1, l ( I ) ), I = 1 t 'ill} 
,~ [; ,'Il !~ J 1 ~t 
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uc 7 I==l,:~ 

D •. , 7 J==l ,~K 
( cot I,J)=O. 

0' , 0 I::: 1 , ,\! 1 
l: .. (; J=l,l.jK 

o (1)( I,J)=A( 1,J) 
DC H J = 1 r \1 ;, 

1j C ()( ~,j.it + J , j ) == 1 • 
If- ( I I ( :3 /1-) • ;T .. r) , C,; L l P Ivl ( Ai, ~'J , ,\j, i 1 , I 1 , 1 1, I 1, I!.., I ;;;, I 't, I 1 tIL, I 1 ) 
I F l 1 I ( j 4 ) .', J T .) ) C ~ L L P ri ( C ) ,:\ , '/ K. , I 1 tIL tIl, I 1 , I ~i, 1.3, r fi , I 1, [1, I 1 ) 
~" fUR>.,; 
!: I') 1 

c S ur.\ r,. JU T I !~ C lH· t: f.i LIS r S J;.', T A F:? _Ifv! T 1 
S U K. r. :] UTI ;.; :: '. ~ f< U i::~ ( 1"1 1 , : '12 , "'j.3 f i.i 1 f i'-, /<, ) 
i.~ ;: ;.\ L'* t, X { 4 j , 4 (~ ) 

1 I \ J S T E 4l') [ T f I-i. ;, !'~ 1 1 :-, T 

1 .\; r:: ' . .J :: k ''. ( j :.J) ,/. A ( ,+ J ) , L ( 4 .J ) 

' ... (; ~1r" , IT;; I ;\ ,:~ I l' 11 ; ~ / -j' u III r 'j u I X 
NT =r" ( 1. 3) 
!i ~== i >:~r,,< 1 ... 2 "'!I<.. 

'ole =.i*f,ll + 1 
>.P=r~K+L*Nl 
U(J 2') l=l,;'n 
n i, 3 .J J == 1 , ! • !\ 

3.; X(I,Jl=u. 
2. :.) F i: i\ I) ( 1 t!.. , 6 ) \ A ( r, J ) , J = 1 , . " 1 } , ( x ( I , l ( J ) f- \j 1) , J ::: 1 , t-/ l ) , ( x ( I f J } , J::: f·l C , r ~:J ) 

D. E ~ ... I i~~) 12-
~J (! 2. 1::: 1 , i'~ ! 
KK:::''iT-I+l 

2 ~~ I T (12 f c) ( x ( t, r., J) ,J= 1 f "~ 1 ) t ( X ( K:< , L ( J) +'i 1 ) f J = 1, 1) t (A ( /<,< , J ) ,J= "JC , f'~ 
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t f rUe-,,'l 
..... ,\ ~ , 
--' " ~I 
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11 ~ 1 t U , i'~ i ) 
}I tAL ,;.. '-vi K (\ , !'!) , :-4 ( :-.J t ;\; ) ,t ( ,.~ h. ) , C T ( :\~ K , ~'i J , ::1 l. ( :-; K. ,r. ) ,v; 3 ( r 'J K , K), A ( f -J , i\; ) • ~l 4 

1 ( ! 'l K , 1 ~) ,b ( i ~ K ,d t 1'-\ T ( 1'\4 , \d 'w t'. ( j'\j , ), \,. 7 ( f ~ , f\.:) 
1) "J B L f. P R:.. 1.., ! S I q:'j y, d, X , (~ v , T , i-l. V , ~'. :) t Z; , d 1 , ~~ (.{ , n r::! 
INTEG2k II(j~),L(4ci) 

ll'i .. E G f !{ J 11 • , / , J 2. l ' uP i I • I , J .~ f ' t" ,:', L ' / , J 4 /' F E ~ f I ,J 'J / f f3/\ C K' 1 , .J 6/ 
l' ,,' U L ' / , J 7 If;: S. ' I, J 0/ i r4' / , J": 1 • ,.;' J\ T r: • I , ,J 1 J / ' {X • I , J 111 ' V r cr' I , 
1. J 1 i. / I l-; R f / , ,J 1":; / ' t,' / , J 1 it I' r.... / , J 1 j / I T f / , J ii. / • - ( T * • I ,J 171 ' H 

1 ,;( C ,/, J 161 t J iV' I f J 1 ":/. 1-1 t..; b • i , J L i) I • - H V • / , J L 11 I C. T :::q , I , J 21.1 • 'rdt P. - , / t 

1 J 'I 3/ 'H V) • / , J 24/ ' A T:r~ :1 ' / , .J;: ~\ / • C (~ + f \ t I , J? 61 • (C G f- • / , J 2. 7 I • A) • / 
iJ I :1 t I 'I ~ I CJ; ~ Y ( 1 ) , r) ( 1 ) , L L (4 )) ,H t< ( ~- I ~) , X ( .1.) , G V ( 1 1 , T ( 1 ) ,}. .. V ( 1 ) , ~i 5 ( 4 8 ) t J ( 1 

1 ) 
C C '1 M u f' II T j J 1 wI ( ',f 8 ) / f'j 11 irH' ( 4 t; ) I T 1 / I I / T (; I L / r <1 J I! t / T '+ 1 / ~: ~.: 
;<~ r .= I I , 1'::' ) 
[·!."l=J 
;3'='''il+l 

j\.4 :;::; t! t + ;\~ 1 
:\: 'J:;::; \"i-"" 1 
Nf): ~~4+ ~:::f·',r\. 

.'~1 hit + I,:K 

C t~ L l R .'1 ( K , : ~ , l~ ) 
1 F ( I I ( 3 1 ) • ':. I ~ • U ) G i~t T U u J 
LALl fITlt(Jl,Ji,Jl,Jl,J3,J~tJ10,Jl,Jl,Jl) 

.)l) n1~ 43 l=l,:'l 
I ~- ( I { ( 3 l j • L .~ • ,) ) ;; (1 r ' } d 1 
D :.~ 9 j J :;::; 1 , ;~ 

) j 1 f ( " ( 1 ,J) .! .-_ • J. ) v-!;', I T ~ {L , 14 J I f J, i<, ( t , J ) 
'} 1 :j ( I )= J • 

Y ( i ) =iJ • 
T(£) ). 

IJI/ -i·) J=l, ~ 

'-t .3. ;' { I ,J} :;::; 1\ ( ! , J ) 
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':J 4 f C ;~ ~1 .\ T (t " 1 X , L 14, C; 1 :; • ci ) 

~ L f\ tJ ( 1 ,2 , () ) ( V ( 1 ) t 1= 1 ,J 1 ) , {Y ( L ( I ) + :' i 1) ,I = 1 , :'~1 1 ) , ( Y ( I ) , != i'~ 5 , ~ j 7 ) 
CALL T:.<{t\,.'J,i\,AT) 

C ,\ l L T i~ (C , I'~ 1 ;..J K , C T ) 

4~ i'.L/\= :\,11+ 1. 
C NCT E: :"~ l J~U 1\ T ,~;\ ',:1':. "l\i L\ 'J ,Z ;~" i: :::,..;- !lk)'., '';, •••• 1 t· '", I!' 1'J IT H T ......... 10 ••• 

C'~ L L R. V (:' , ;.~ 1 ) 
r< \.~ ,~O ( =.. , \) ) (.) ( I ~ ,1 1,:\ 1 ) 

t; f ! , ,-,~ 1'1.4 T ( 'h, 1 J • /) ) 
If(~~.~~.1)G0 TJ 12 

t. ~~ ,.\ Leu L ;~ T F H M '\ r I'" I X 
C r\ L L ;~ ;J: P;-, u ( C , :~ , Ii tJ , i'~, 1<., N ) 
C,tL L :;SUi',(,.. 6, t", ,'j, 
C;, L L b :11J r, 0 ( .~ f , ri t iN 7 ,J , :l , ,\I ) 

C, ::l L L .~ \ ,'J r',:) ( 1'1 7 , ? () , H , : J , ;\ , :,! ) 

If- ( I I ( ,) '1' } .) 1 .. ~ } C " L :... P/l ( 1-4 , '., i'. , J 1 , J 1. , J 1 , J 1 t J ~-t, J L.. J , J ~ 7 , .I 1 , J 1 , J 1 ) 
;.; ~ L L"\ 3 LJ~'I ( '1 , ;< , 1\ , !\: ) 

i r ( J I ( ,; 4) • ": 1.! I ) '.' t T '1 :) ':; 

l,'~ L L P ,"1 ( 1 t'~ , ! ~ , J 1 , J 1 , J 1 , J 1. , J,2 4, J 1 , J 1 , J 1 , J 1 , J 1 ) 
C,.' L l) !,1 ( \'\ :) , , ~ t .'1 t J 1 , J 1 , J 1 t J 1 , J 1 , J ? S t J 1 , J 1 , J 1 , J 1 ) 
'"" r. L L F .'1 ( H , :! , ; 'oj , J 1. , J 1 , .j 1 , J 1 , J G , J I..} , J 1 0 , J t , J 1 ,J 1 ) 

\... !'. Leu L t, r c H V ::: f 11 h 
') (.I C ,,\ L l 'J] V j);: :J ( :, t G V , ~; 1. ,"'! ,1\ K. , 

[y,) 1j ! 1, ' 
IJ ~1(1)=~1' 1)+0( 1) 

C~LL "\ 'JPf-.,) (.,; 7,; 1 ,;.1 ~5, ,r,) 
;.. ~~ L L :1 v,') t', J ( . \ r , t· V , 'IV 1 , , ... ," ) 
D ;"1 1 {J I 1, '< 

1 ~j ~ 1 ( I ) = ~ 1 ( 1 ) - :j ( 1 ) 
l: 4l L '/0. V r} i"", .) ( K , 1 , .,.J d f "j , 

)'11') 1=1, 
ti 11V(1):';;;~J\.)(1} .. ·,.i(l) 
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C CALCULATe G ~AT~IX 
G·) T ~J 2;) 

12 CAll '\~VPj-.;l)(K,T,HV,;J, ,,} 
Lee f\ l L G tJj P ~ L ~ ( C T , '1 , ~,! 2 ,'~ K , ,. \ ) 

Lt.LL Gril)I;;~H .. L'C'h3,tH<, ,\K) 
(. ALL r~ I hi V ( ~~ J , ,'J K t D E: T , L L ,;\t'; ,\~ ! 
C~ll :1I,.US( .ij,~.Kt:\ijd 
C ~ II Gi"1 P E LJ ( .~ 2 , 1\ ,~c~ li" , ;,~ K , i'~, ;v ) 
L.. ~\ L l G ,'1 P r, 0 ( r; 3 , 114 ,G "l t< t :'jt\ , ;\j ) 

C ~ /~ LeU L;\ T L G V t.:: T I ~ 

I f'- ( I I ( 3 4) • ~: (,; • :~ ) '..; " T i' t. 1 
L :\ L L P ~'1 ( H , • J , 1'.~ , J 1 , J 1 , J 1 , J i , J 1 ,J~) , J '-? , • .1 1 J , J 1 , J 1 } 
C.;I L L ~) V ( , '\j , J 1 , J l , J 1 , J 1 , J 1 , J 13 , J 11 , J 1 ~' , J 1 , .J 1. ) 
L .'\ II fJ V ( I 'i V , "~ , J 1 , J .L , J 1 t J 1 , J 1 , J 14 , J 11 , ,.I 1 2, J 1 , J 1 ) 
L;~ L L f) "4 { :'" "~, ,j!<'., i\, J 1 , J 1 , J 1 , J 1 b, J 1 7 f ~ i (~ ,J ,J 1 U , J 1 t J 1 ) 

1 l... L L 'i "t-' ,) l r1 , ,.1 1 , '\ , ,) 
.) I:; 1 , '"\ 

-' '. 1. ( I ) :; ~~ 1 ( i ) -; , 'v ( r ) 
,: ;.:.. L L 1 V I J (J ;} ( IJ T , 'i~ 1. j, ,': j<... 1 ' ; f 
LA l L i V P' ( ,.~ 'j , ' ) , G J , ,,/ j', ,,~, } 

L ~ \LCdL/\I' .. jpT 1/~;:~L r, ~,J }·\C'< ;..~uli:S 

I F { 1 I ( ~Vt) • ,>;; .';) ~ _ f I .,:,.:: 

I) ;: 

L 1.\ L l jJ 1": ( L r , ;' : ~ ~ , . , , j 1 , ,J i , ,J 1 , J 1 , J 1 j t J '.) , J 1 J , J 1 , J t , J 1 ) 
L ,~, L L P v ( ~~ 1 , :\ , J .l t J 1 , J 1 t J 1 'J t J 2 :; , J 1 1 , J I L , J 1 , J 1 , J 1 ) 
CAL l r.l V ( .~ ~ , ~~ 1', , J 1 , J i f J....' 1 , J ~ ~~ , J c:....; , J 11 , J i 2 , .J 1 , j 1 , J 1 ) 
I ;:. ( \j,'j • L \,.i. n) ~~, T L .~ j 

il( I (~J 1:;: i t 

~J Y(r) 0. 
;,' t: :~~) ( 1 Z t iJ ) ( Y ( 1 J , I := 1 f :-1 1 ) , ( Y ( L ( 1 ) + N 1 ) f I ': 1 , iV11 } , ( Y ( I ) ,l r,! 5 , :\ 7 ) 
(:}'LL 'J!VP!~]tG,",X"IK, ) 
nL 4 t.;;;1 t 'iK 

-'t A{I~=X'I)1- . .1V(l) 
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A FOLICY ANALYSIS OF THE UNITED STATES 
VEGETABLE OILSEEDS, OILS, AND OIL PRODUCTS INDUSTRY 

WITH SPECIAL EMPHASIS ON OPI'IMAL CONTROL 

by 

Ray McFall Lamm, Jr. 

(ABSTRACT) 

The objectives of the study were to develop a discrete dynamic 

model to explain the duality of supply flows from production and 

inventory-stocks, to specify a monthly sectoral model of the United 

States vegetable oilseeds, oils, and oil products industry, to analyze 

policy alternatives using simulation, and to evaluate the potential 

of optimal control theory for stabilizing prices in the industry. 

A theoretical model of consumer and producer behavior was 

developed which, following optimization and aggregation, yielded a 

4 equation simultaneous representation of a general market system. 

On the basis of the theoretical model an empirical model of the in-

dustry was constructed which included 4 sub-models, each simultaneous 

or block simultaneous in structure. The first sub-model consisted of 

14 equations and included the final products of the industry--cooking 

oil, shortening, ma.rgarine, and peanut butter. The second industry 

sub-model consisted of 17 equations and included the markets for 

finished soybean oil, semi-finished soybean oil, soybeans, and soybean 

meal. The third industry sub-model consisted of 18 equations and in-

cluded the markets for finished and semi-finished cottonseed oil, 

peanut oil, and peanuts. The fourth sub-model consisted of 10 equa-

tions and included the markets for palm and coconut oil. Each 



sub-model was estimated using OLS or 3SLS. The data base consisted 

of 136 observations covering the period January 1965 to April 1976. 

Using 3 of the 4 sub-models, 15 deterministic policy simulation 

experiments were performed. The results indicated that the imposition 

of a tariff on palm oil over the period studied would have had little 

effect on finished product prices; that a decline in the price of 

shelled peanuts, due to an expansion in peanut production, would 

significantly reduce the price of peanut butter to consumers; that 

the soybean price support system caused the price of soybeans to be 

3.3 cents greater than it would have been if no supports had been 

utilized; and that foreign donations of soybean oil had little impact 

on the soybean oil market. In addition, the results of s~ulation 

indicated that the effect of the 1973 embargo caused the price of 

soybeans and soybean meal to be .2 and 6 cents greater than they would 

have been if no embargo had been imposed; that a 5 percent increase 

in exports over the period studied would have increased soybean prices 

.5 cents; and that foreign donations of cottonseed oil had no impact 

on market priC3s over the study period. 

Four experiments were performed with the soybean, soybean oil, 

and soybean meal sub-model using optimal control theory. Feedback 

control equations were derived and applied to data over the period 

from May 1973 to April 1976. The results were generally consistent 

with expectations in that the optimal policies involved the purchase 

of soybeans whe.n prices were high and sales of soybeans, when prices 

were low (relatively). The results of the control experiments 



indicated that in situations where target prices and welfare objec­

tives can be specified on a monthly basis, optimal control theory 

may be a useful management tool. 


