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The Basic Model: SIMPLE ANCHOVY
-

Purpose

ANCHOVY is a FORTRAN simulation model of the fishery

for northern anchovy, Engraulis mordax Girard. This model
.t

provides the means
-

consequences of changing the regulations governing areas and

• :I; . L 4

of determining the biological ,and economic

• • • ,•• .1.;

seasons in the reduction fishery. Furthermore, through this
*

•••

model may be examined the sensitivity of optimal harvesting7

piocessing systems to changes in biological parameters anci
•

•

inOdels. Essentially, each sensitivity experiment will

simulate the decision-making problem wherein a manager

assume

tp meet it but

s.that a given biological situation is true and plans

then encounters a completely different
• • • e

situation. This unexpected biological situation yould, then
•

Yield catches and economic returns either greater or smalle.r
-••

than anticipated.

SIMPLE ANCHOVY simulates that fishery for which the

following simplifying assumptions have been made: Only, a,

single

•• • • • . ••

stock of anchovy, the ceiltral stock, contributes
-;

biomass to the Southern California fishing area. The

availability of anchovy in the fishing area varies monthly

according to a strictly deterministic pattern. A single

• .•

harvesting group, the Wetfish fleet, operates upon anchovy..

Harvesters and processors do not change capacities during

•



the course of simulation experiments but maintain optimal

levels throughou-E.

General Description

SIMPLE ANCHOVY is formulated in terms of GAMES (see
•

Appendix 1), the genera -purpose simulator of resource use

systems developed by Gales (1972) This Fortran IV program

has been designed to simulate the activities .of major

sectors involved in the harvesting and 'marketing of renewable

resources. The sectors modelled by GAMES include locations,

stocks, harvesters, processors regulators, products,

and markets,

The anchovy fishery (Figure 2) is modelled Dy inaicatiTig .

through appropriate inputs the number of entities in each

sector and their logical linkages. - The user must also provide
7:

the values of parameters used to define system processs and

structures and the initial values of variables used to-

describe systems behavior (see Appendix 2 for a list)...

Through appropriate control values the user .may specify that

certain built-in decision routines be used or else may

provide algorithms of his own design by adding subroutines

or by modifying existing ones.
•

As currently modified, the main SIMPLE ANCHOVY program.

resembles the partial listing given in Figure 3. The

Labelled COMMON Blocks reserve sections of memory for storage
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of the values of parameters and variables used in common by

the 11 subroutines. Subroutine'TAPEIN is called first and

reads in the initial values of these parameters and

variables, including the starting and ending years of

simulation, NYEAR1 and NYEAR2. The following 10 subroutine

call statements are imbedded within

which is indexed by month and year.

a double "do-loop"

This dOuble.loop

the principal timing mechanism of the program; months

of equal ],ength, containing about 30.5 days. Hence

• • • •

is

are

each

• .

of these 10 subroutines is executed once a month in the order

indicated and simulates a component of the system, their

iTiteractj.ons, or else produces output.

Subroutines PROCS HARVS, and REGLS make programmed

monthly decisions for the system's respective processors,

harvesters, an egulators. REGLS i monitors monthly harvester

and processor decisions concerning the number of days spent

harvesting, HDELT(H,S) the number -of harvesting units

committed, EFFD(H,S), the gear efficiency per unit, FPW1)-(H,S). •

and the procesing capacity committed, OPLEVL(P S). These

decisions are compared to standards (regulations) supplied

by the user or else determined by the. routine. If regulations

are "broken" the subroutine then makes appropriate adjust-

ments of the values of these variables.

Subrouting STOCKS simulates the monthly growth of the

exploited anchovy resource and apportions mortalities to
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PROGRAM MAIN

(Labelled COMMON Blocks)

CALL TAPEIN
••

DO 110 YEAR=NYEAR1, NYEAR2

DO 100 MONTH = 1,12

CALL PROOS

CALL HARVS

CALL REGLS

CALL STOCKS

CALL HRVST

CALL RMARKT

CALL PRCES

CALL CMARKT
- --

CALL STATS

•CALL SMS TAT
-

100 CONTINUE

110 CONTINUE

(Coding for Subroutines)

Figure

•

••••

•••

. Partial listing of the main ANCHOVY program.



their appropriate sources. Described further in an

ensuing section, it feeds catch values to HRVST,.the

subroutine which then simulates the monthly haiwesting process.

HRVST determines the catch of each stock by a harvester,

QUANTH(H,S), his harvest proportional costs, HVCOST(H),

and the cumulative catch taken from each stock, CCATCH(S;L).

RMARKT then simulates the sale of the harvesters'

catches to the processors. Quantities not purchased are

assumed to be dumped. Subroutine PRCES then transforms

these newly purchased raw materials into finished goods,

which are added to the processors' inventories, INVNT(P,D).'

Subroutine CMARKT then simulates the sale of these products

on the open market to final consumers. The quantities

demanded are determined from a user supplied demand curve

and sales price.

STATS then computes and outputs financial statements

for the processors and harvesters. It also provides cumulative

physical reports describing through key variables the

activities of the harvester, processor, and stock sectors.

Subroutine SMSTAT provides an alternative means of obtaining

cumulative physical reports. Although all reporst may b

provided at monthly intervals, printout typically

is suppressed until the year's end.



)

Subroutine STOCKS

STOCKS main job is to solve the catch equation and .pass

the result on to subroutine HRVST. The catch in numbers

of each age group is first calculated for each harvester

and stock:

CN(S,A,H) =
F (S ,A,H) *CENSUS (S,A,L)*Exp

where EXP = e-Z(S,A)*(DT/NCYCL)1 - 
•••

•

F(S,A,H) = instantaneous rate of fishing mortality

for a given stock, age, and harvester

Z'(S,A) = instantaneous rate of total mortality

- CENSUS (S , A,

- DT = 1 month

.1

••

= total numbers alive at start of month

-

The accuracy of this solution depends on the parameter

* - NCYCLi typically NCYCL is set at 4, yielding an effective
•

DT' of about 1 week. Catch in vieight of each ag group is

then simply determined as follows:

CW(S,A,H) = CN(S,A,H)*WEIGHT(S,A)

where WEIGHT(S,A) = weight at age of an individual. CW(S,A,H)
1.`

is the value ultimately passed to HRVST.
•••••

Within each month, then, the order of operations is as

follows: Following the combined adjustments of PROCS, HARVS,

and REGLS, the harvesting and capacity variables for the

various fleets are passed to STOCKS:



EFFD(H,S) = fishing effort (number of boats)

FPWD(H,S) = fishing power

HCAPAC(H S) = capacity (MT/boat/day)

HDELT(H,S) = fraction of a month fished.

These variables are used to calculate equivalent standard

effort, F(H S), in terms of boats fishing the entire month.

instead of a fraction of it, and the total harvesting

capacity per harvesting interval, CAPAC(H,S).

Next the age structure is updated. Fish in each age .

group have some probability of transferring to the next age

group in each month, MARK(S,M). These transition fractions

are applied to each age group. Recruits due to enter in

the current month are added to the first age group, and fish

leaving the last age group disappear. Within each age group,

the size of individual fish is computed as a weighted average

of the sizes of newly entered and residual fish. From these

adjusted sizes and numbers at age, the biomass of the

population is then computed, BMASS(S,L).

Contribution to spawning is then calculated for the

current month. The number of females eligible to spawn is

determined by the proportion of females in the population,

FRFEM(S), and by a maturity at age schedule, FRMATF(S A)..

Of these mature females the fraction which actually spawns
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during the month is given by FRSPAWN(S,M). Their egg

production is cothputed by a fecundity at age schedule,

EFEM(S,A). The results of this procedure are additions

to the number of eggs deposited on the stock's spawning

ground, EGG(G).

Instantaneous total mortality rates are then computed

for each age group in the stock. Each age group may be

subjected to a different total mortality, depending on

natural mortality rate, NMORT(S,A), catchability coefficient,

QCATCH(S,A), and availability factor, AVFR(S,L,M). In

this model it has been assumed that catchability is age

specific, that natural mortality may be .constant or age

specific, and that availability fluctuates monthly. Letting

FF dehote total units of standard effort operating in the

stoàk's location during the month, instantaneous total
•••

mortality rates are calculated for each age group as

Z (A) = QCATCH (S ,A) *AVFR (S ,L,M) *FF-FNMORT (S ,A).

Given these mortality rates, the catch of anchovy by

the harvester may then he computed. subject to the constraint

that the total catch may .not exceed the total or assigned

capacity of this harvester during the interval, CAPAC(H,S).

As previously indicated, the harvester and natural mortality

at first compete exponentially to determine the number of

fish each would take if harvesting capacity were unlimited.
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The harvester's Catch in weight, CW(S,H), is then temporarily

cotputed as the product of the number of fish :taken and their

weight at the beginning of the harvesting interval.

If this catch in weight exceeds the interval harvesting

capacity, i.e.

CW (S ,H) >CAPAC (H S

it and the harvester's fishing time are reduced accordingly.

Firstly, an adjustment factor is calculated,

RC = CAPAC(H,S)/CW(S,H),

and applied to catch in numbers and to fishing time:

CN(S,H) = RC*CN(S,H)

HDELT(H S)' = RC*HDELT(H,S). .

The harvester's catch in weight is then recalculated from

this adjusted catch in numbers and his fleet is made inactive

for the remainder of the fishing Interval. Fish credited

to the. harvester in excess Of capacity,

XTRMS) = (1.0-RC)*CN(S,H),

are then subjected to natural mortality and returned to the

population. Once the catch cycle has been completed the

number of fish remaining, CENSUS(S,A,L), is determined from

the numbers caught and the numbers taken by naturalmortality.

Growth in length which has occurred during the interval .

is then computed by a Von Bertalanffy equation. It has

been assumed that growth is not density dependent. New
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individual weights at age are then computed by a cubic

weight-length relationship.

Finally, future i-ecruitment is calculated from the

number of eggs deposited on the stock's spawning ground and

the egg to recruitment survival rate. Recruitment is assumed

to be density depehdent and the model, therefore, adjusts

egg survival in a compensatory manner according to user

supplied survival multipliers. The proper multiplier to be

applied during the month is determined by the ratio of

present biomass, BMASS(S,L), to the average or equilibrium

biomass, WINF(S L). This procedure determines the number

of new recruits, RECRT(S,G,M), which will be available to

the population after a delay of a number of months specified

by RECINT(S,G,M).

Input 

As indicated in Appendix 2, input cards are prepared

in the English language free-field format described by Gales

(ibi'd.) for GAMES. In general, an identifying keyword,

usually the variable name, must occur in the first 8 .columns

of each card. This is followed by any combination of words .

and numbers which describe the variable and its subscripts.;

subscripts must occur in their proper order from left to

right. Lastly, the value of the variable (if required)

is indicated in the remaining card columns. For example,
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7,4

the data card indicating the maximum age of stock 1 would be

prepared as follows:

coil 9

AGEMAX MAXIMUM AGE FOR STOCK 1 = 7

All 80 columns of the data card may be used. Decimal

points must be punched only to indicate decimal fractions;.

otherwise they are not required.

In addition to single values, users may also specify

ranges or sequences of values for each of several parameters

(subscripts or variable values) on a card. Ranges are specified

by the keyword *TO* and sequences, by the keyword ***C.... ).

In effect when input routines encounter either of these 2

keywords, the same data card is read several times, and on

each succeeding read a new parameter value is assigned from.

among those delimited by a given range or sequence.

The *TO* keyword assigns an initial value to a parameter

and then increments it by one for each succeeding read of the

card until it equals or exceeds the terminal value. The

initial and terminal values immediately precede and follow,

respectively, the keyword *TO* For example, the data card

specifying the fraction of the population which is female

for stock 1 would be prepared as follows when that value remains

constant over all ages:
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FRFEM FRACTION FEMALE S 1, AGE 1 *TO* 7 = .56

In this manner, a single card replaces the seven normally

required to define FRFEM(1,1) through FRFEM(1,7).

The •***(....) keyword encloses a sequence or list of

values. Each read of the card assigns a new element of the

list, from left to right, to the same parameter until the

list is exhausted. For example, the data card specifying

initial population size for ages 1-3 of stock I would be

prepared as follows:

CENSUS NO. FISH S 1, AGE 1 *TO* 3 = ***( 0,228.85,76.18')

Note that the left and right parentheses, respectively,, must
be followed and preceded by a single-space. This single card '
is equivalent to the following 3 cards:

CENSUS NO., OF FISH S 1, AGE 1 = 0

CENSUS NO. OF FISH S 1 AGE 2 = 228.85

• CENSUS. NO. OF FISH S 1, AGE 3 = 76.18

Data cards prepared in this manner then are organized

into the 10 data blocks indicated in Appendix 2. All of the

'variables listed must be included to run experiments with

SIMPLE ANCHOVY. The 10 data - blocks must occur in the order

given and each, including the last one, must end with a

a. blank card. The. variables within a given block may occur.
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in any order desired by the user. Cards beginning with the

letter C are comment cards which may be inserted to provide

additional information about the input; they are ignored by

the input routines.

Before examining these data blocks in detail, the

following comments should be noted. The derivation of values

for all listed variables is given in Tillman's (1972)

analysis of the northern anchovy fishery. The following

subscript abbreviations have been used:

S - Stock

A.- Age

L - Location

M - Month
•

G - Spawning Ground

K - Table Value

Stock subscript 1 refers to the central stock of northern

anchovy, and age subscripts 1.-7 correspond to real anchovy

ages 0-6.

Data block 0 controls the printout of input values,

Due to the length, of this listing and since only a few values

will be changed from one experiment to the next, this printout

has been suppressed.

Data block 1 controls the length of simulation and the

form and frequency of financial and physical output reports

(which are described in an ensuing section) The statements

listed in Appendix 2 request that financial statistics be
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accumulated on an annual basis over a 20 year period.

Printout of such annual reports is suppressed until the last

year simulated, year 20. Physical reports for the stock,

harvester, and processor sectors are to be printed out at

the end of month 12 of year 20. If the user desires more

frequent reports, say, every 5 years, the following alternative

statements might be used:

CUMULATIVE FINAN REPORTS PRINTED YEARS ***( 5,10,15,20 )

PHYSICAL REPORTS ARE PRINTED YEARS ***( 5,10,15,20 )

Biannual stock reports for the above years could be obtained

by using the following statement:

STOCK REPORTS PRINTED MONTHS ***(• 6,12:)

Data block 2 is a verbal description of the system

portrayed in Figure 2. The number of entities in each

sector of the fishery and the logical linkages between

entities in the different sectors are indicated. Note that

in SIMPLE ANCHOVY the small vessel fleet, pet food, and jack

mackerel have been removed from the description to simplify the

model. The statement

PRODUCT 1 TO* 2 SOLD ON MARKET 1 *TO* 2

may be interpreted as product 1 is sold on market 1, product

2 on market 2.

In data block 3 are defined, f6r financial report

purposes, the sets to which harvesters and processors
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belong. Variables NHSET and NPSET are used to define the

elements respectively comprising each harvester or processor

set; e.g.

NHSET HARV SET 2 ENTRIES 1 *TO* 3, CONTAINS HARVESTERS

***( 2,3,5 )

The financial statements for all elements in a given set are

summed together and printed out as a single report. These

summed harvester and processor reports themselves may be

summed together and printed out as a single financial report.

The variable NHPSET is used to define these harvester

processor entities. The statements in Appendix 2 request

that the financial reports of the harvester and processor

in the simple anchovy system be amalgamated into a single

annual report. The last statement of data block 3 requests

that both the combined report and a separate report for the

harvester and processor be printed out. To get only the

combined report or only separate reports,- the user should use,

respectively, the following statements:

CBONLY PRINT OUT COMBINED REPORT ONLY .

SPONLY PRINT OUT SEPARATE REPORTS ONLY

In data block 4, values are assigned to the following

marketing parameters:

ALPHA, BETA, GAMMA See Appendix 1 for a description

of these. Since marketing is not examined and since
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• perfectly elastic demand curves are used, the values

assigned these parameters are not vital.

TRANS - These define the conversion factors indicating

how efficiently raw materials (anchovy) are trans-

formed into finished goods (fishmeal and oil)

by processors.

PDC,QDC - These define the price and quantity axes of

the perfectly elastic demand curves for fishmeal

and oil (quantities in terms of MT/month)

Variables in data block 5 describe the initial state

of processors in the fishery:

MSIMRE - Since in the simple model processors are amal-

gamated together' into one processing entity, the

user need not worry about market shares since that

entity controls all of the market.

PCOSTU - The cost of a new plant, excluding the. cost

of land.

PTOTPE - The total value of all plants initially

available (number X PCOSTU).

PUCAP - The processing capacity per dollar of equipment

(capacity per month in MT/PTOTPE)V is used to calaulate

.the new operating level when capacity of a certain

value is added to the present total plan value.
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PFXDXP - The total fixed cost of operating' all plants

in terms of cost per month. Includes 'an opportunity

return on total investment.

POPERX - The variable costs of operation depend on

the kind and amount of raw material processed.

Value in terms of cost per MT of anchovy.

PLOCX - The x and y coordinates of the processor's

location.

Variables in data block 6 describe the initial state of

.harvesters in the fishery

HCOSTU - The cost of a. new vessel.

HTOTPE - The total value of the fleet. (number x HCOSTU).

HFXDXP - The fixed cost of operating a single vessel.

Unlike processors' fixed costs the total fleet

cost is calculated internally by the program.

HVRCPE - The day-proportional cost of operating a vessel

(cost per day of fishing).

HRCOST The harvest-proportional cost of operating a

vessel (cost per MT of anchovy captured).

HPLOCX The x and y coordinates of the fleets initial

location, relative to the processor's location.

In data block 7 values are assigned to variables used

-1 by the stock sector of the model. The variable names listed

in Appendix 2 correspond to those used in the previous section

describing subroutine STOCKS. For further description of

these variables, the user should refer to pages 10-11
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of Appendix 1, the writeup for GAMES. The values assigned

in Appendix 2 are taken from Tillman (ibid.).

In most cases Appendix 2 is self-explanatory,

and a detailed description of variables in data block 7

thus will not be made. It should be noted, however,

that variables FFISH, FEGGS, FRECR, and FCOEFF act as

multipliers and are used to scale values of the variables

.4.mnediate1y followin. Hence, they must precede the variables

that they multiply:': respectively CENSUS, EFEM, RECRT,. and

QCATCH. 'Further explanation also is _quired for the

following variables:

WINF - This is the equilibrium biomass of the virgin

stock, not the maximum biomass.
'

SMULT - The values listed define a Beverton and Halt

stock-recruit relationship

LMULT - This is set equal to one since growth in length

is not density dependent.

MARK - These values define the fraction o: the population

. which ages (has a birthdate) in the given month.

WF - This vector converts catch by age into total catch.

Data block 8 reads in processor decisions. These

decisions, swell as those for harvesters and processors,

remain in force throughout the length of a simulation

experiment:
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OPLEVI - The operating level or total plant capacity

to be devoted to processing anchovy, In MT/month.

PURPRI - The purchase price offered to harvesters for

their catches (price per MT of .anchovy).

PRICES - The selling price desired for finished products

(price per MT of meal or oil).

Data block 9 reads in the following decisions for

harvesters:

EFFDI - The number of vessels operating on anchovy.

HCAPAC - The capacity in MT of an average vessel.

FPWDI - The harvesting efficiency or relative fishing

power of the average vessel.

DYSTRP - The average trip length in days.

HLOCX - The x and y coordinates of the fishing location

which indicate the distance in miles from the

initial harvester location.

Data block 10 reads in the following decisions for

regulators:

• XI - A control variable indicating which of the built-

in seasons is to be used:

1 8 month season summer closure (15 Sept. .- 15 May).

2 - 8 month season, winter closure (1 May - 31 Dec)

3 - 12 month season.
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NAUT - A control variable indicating whether or not

quotas are enforced:

1) Not enforced

NAUT 1 = 1

NAUT 2 = I

2) Annual quotas enforced

NAUT 1 0

NAUT 2 = 1

Set the quota .as follows:

CQUOTA S 1 L 1 # MT/year

3) Monthly quotas enforced

NAUT 1 = 1

NAUT 2 = 0

Set the quota as follOws:

CMQ S 1 L 1 = # MT/month

OPLL - The maximum allowable operating level or processing

capacity. If not a constraint, set an arbitrarily

high value. In terms of MT/month.

EFFL - The maximum allowable number of vessels.

RDELT - The maximum allowable number of days of fishing

per month, up to 30.6 days.

PPWL - The maximum allowable fishing power or harvesting

efficiency.
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Using SIMPLE ANCHOVY

To use SIMPLE ANCHOVY most expeditiously, the program

deck, a compiled version of the program, and the previously

defined data deck are all placed on a tape (#625 at the

Center for Quantitative Science in Forestry, Fisheries and

Wildlife University of Washington). These three entities

or decks comprise three sequential files on that tape

(6-8 on tape 625). By utilizing a tape, the user avoids

the necessity of carrying around several boxes of cards -

and, as will be seen, facilitates the manipulation of values

in the data deck. To execute a simple experiment with the

data as listed in Appendix 2, the following setup (using

files 7 and 8 of tape 625) is-required: •

Job card (Set core requirement 55000 and time 60)

REQUEST,TAP,VRN=625,FILES=7-8,IN,HI,DI.

NAP (OFF)

COPYBF(TAP,PROG)

COPYBF (TAP ,DATA)

REWIND(PROG,DATA)

SETCORE.

PROG(DATA)

6-7-8-9- card

All cards begin in the first column.



•
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More complex experiments involving the manipulation

of values in the data deck make use of the UPDATE system

provided by the CDC 6400. UPDATE is a general system for

manipulating or editing files of information placed on a

tape. By means of .a special control card and a special data

deck, the user may indicate which file is to .be edited, which

statements or cards are to be changed and what specific

changes are to be made. To change values in the SIMPLE ANCHOVY

data deck (file 8 of tape 625) and then run an experiment,

the following setup is required:

Job card (CM55000,T60)

REQUEST,TAP,VRN=625,FItES=7-8,IN,HI,DI.

MAP (OFF)

COPYBF(TAP,PROG) 0.

COPYBF(TAP,PROG)

REWIND(PROG,DATA)

UPDATE(P=DATA,W,D,8,Q)

SETCORE

PROG(COMPILE)

7-8-9 card

,

• .

•

Text Manipulation Cards

6-7-8-9 Card

• The UPDATE card requests that the data file be changed

temporarily as indicated by. the deck of text manipulation



•
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cards and that this new version be placed on a file called

COMPILE. The experiment then is executed -Using *COMPILE as

the data source. Since the change& made are not permanent,

the data file effectively is restored to its original

version after the experiment is run.

Before setting up the text manipulation cards, the
•

user should first observe that every data card in

Appendix 2 is followed by .a name, DATA1, and a number.

When the UPDATE system initially is used to place this data

file on tape, these identifying tags are appended to the

right hand side of every card. Thus, in any manipulation,

a specific card in this data file may be referenced by its

identifying tag, using the format DATA1.m where m is the

specific card number.

The following statements comprise a Text Manipulation

Deck. used to change the enforcement of annual quotes and

the frequency of reports:

*IDENT CHD1

*COMPILE DATA1

*DELETE DATA1 138

NAUT 1 =

NAUT .2 = 1

CQUOTA S 1 L I =

*DELETE DATA 1.13, DATA 1.14

CUMULATIVE FINANCIAL REPORTS ARE PRINTED YEARS ***( 5,10,15 )

PHYSICAL REPORTS ARE PRINTED YEARS ***( 10,20
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Note that several changes may be made at one time, that

they may occur out of order in the manipulation deck, and

that all statements begin in column 1. The *IDENT statement

provides an identifying tag for the new data cards included

in the manipulation deck. Tags other than CHD1 may be .used

but cannot exceed 7 characters in length, and DATA1 cannot

be used again. The *COMPILE statement indicates that. :the

new version of DATA1 is to be written onto the COMPILE file.

The *DELETE statements in effect cause the named data

card or, range of cards to be erased? If any data cards follow
the *DELETE statements in the manipulation deck, then .11ese

new cards are inserted in place of the erased card(s)

Thus, in the above example, data card 138 is erased and 3 new
cards are inserted in its stead; then data cards 13 and 14

are erased and 2 new cards inserted.

To simply insert new data cards without any erasures,
the *INSERT statement is used:

*INSERT DATA1. 136

SLIMIT S 1 L 1 = 10 cm.

The above example would insert a size limit regulation into

• data block 10 immediately after data card 136. (The programming
mechanisms to handle such a regulation are available but

not used in the simple model.)
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In the simulation experiments Tillman (ibid.)

conducted with SIMPLE ANCHOVY, the following manipulations

were required:

1) Changing stock-recruit curves for the M=1.10 model:

*DELETE DATA1.96

SMULT - use either of the 2 alternative tables provided
• 

ipy 'Tillman (ibid.).

Changing mortality models from M=1.10:

'*DELETE DATA1.79, DATA1 80

CENSUS - -initial population size by age, 2 cards

*DELETE DATA1.95

EURVN - egg-recruit survival

*DELETE DATAI.96

SMULT - egg-recruit survival multipliers

*DELETE DATA1.99

RECRT initial numbers of recruits

*DELETE DATA1.107

• NMORT - natural mortality

*DELETE DATA1.106

QCATCH - coefficient of catchability

Changing seasonal regulations:

*DELETE DATA1.137

XI - season code

••
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4) Changing areal regulations:

*DELETE DATA1.106

QCATCH - use coefficient for the inshore area

Changing efficiency of operations in the inshore area:

*DELETE DATA1.47

TRANS( 1,1,1 ) - conversion factor for fishmeal.

Output 

The results obtained from each experiment will depend

upon which output reports are requested in ,data blocks 1

and 3. In general, however, a financial report will provide

the net economic returns (before taxes) obtained by harvesters,

by processors, and/or by the combined harvester-processor

entiti. Appendix 3 provides an example of a combined -

harvester-processor financial report; this report indicates

the economic performance of the total system during year 10.

The physical reports for stock, processor and harvester

sectors will include the variables indicated in Appendix 3.

Additionally, a report of the average annual biomasses

obtained during each.year of simulation will prec6de the

financial report(-a); these biomass values will provide an

index of how population size varies during the course of

experiments.
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Alternative ANCHOVY Models ,

Stochastic Availability Model

As an alternative to the -deterministic model used by

SIMPLE ANCHOVY, Tillman (ibid.) offers an hypothesis that

monthly availability of anchovies follows a stochastic

pattern. Assuming that availability is distributed

normally about the average value for each month, this

stochastic pattern is portrayed in Figure 13.

figure the hatched line represents the pattern

monthly values and the 2 solid

In this.

of mean

lines, the patterns of 2

standard deviations above and below each monthly mean.

To implement this model, special coding must be

inserted into the SIMPLE ANCHOVY program. Since this

program is on tape, these insertions can be done on a

temporary basis with the UPDATE system just as they were for

• the input data set. Furthermore, both a program update and

a data update can be made on the same computer run. The

program update must precede the data update. The setup t

carry out both of these updates just before the execution of

an experiment is as follows (using files 6-8 on tape 625):

Job card (CM55000,T60)

REQUEST,TAP VRN=G25,FILES=G-8,IN,HI,DI.

MAP (OFF)

COPYBF(TAP,OLDP)

COPYBF(TAP,OLDB)
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COPYBF (TAP ,DATA)

REWIND (OLDP,OL6B,DATA)

UPDATE (P=OLDP ,W,Q ,L=0 )

FORTRAN(I=COMPILE MODE=G,B=OBJ,L=DUMMY)

REWIND(OBJ)

COPYL(OLDB OBJ NEWB)

UPDATE(P=DATA,W,D,8,Q)

SETCORE.

NEWB (COMPILE)

7-8-9 Card

Text Manipulation Deck for Program. Update

7-8-9 Card

• Text Manipulation Deck for Data Update

6-7-8-9 Card

The first update card.and the 3 contr61 cards following it

request that SIMPLE ANCHOVY be changed as indicated in the

first manipulation deck and that a compiled version of this

newly changed program temporarily be written on a file called

NEWB. The data set is updated using the second update card

and manipulation .deck and then NEWB, the new program, is

executed using COMPILE, the new data set. . The original

versions of the program and data set will still be on the

tape after the experiment has been conducted.

t,‘
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The Text Manipulation Deck for the program update must
contain the following statements:

col. 1

*IDENT STOCH or some other name)_

*COMPILE MAIN

*INSERT NEWG.28

col. 7

DUMMY = RANF(.247)

*COMPILE STOCKS

*INSERT STOCKS.282

col. 7

RI = RANF(0) $ R2 = RANF(0) j

ZV=SQRT(-2.0*ALOG(R1))*C0(2.0*3.14159*R2)

AVFR (5 ,L ,M) = MAWR (M),-1-S.D7AVFR

IF(AVFR(S,L,M).LT.0.0) AVFR(S,L,M) = 0.0

IF(AVFR(S,L,M).GT.1.0) AVFR(S,L,M)- = 1.0
The cards to be inserted are FORTRAN statements and thus
must begin in column 7. The first insertion,. involving the
MAIN program, is used to change the sequence of random numbers.•

//generated in subsequent runs. , If the value .247 is not
changed, the same sequence of random numbers .will be obtained
in every experiment. 'However, if a different 3 digit decimal
fraction is used each time, a new sequence will be obtained
in each run. The second insertion, involving subroutine
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STOCKS, utilizes these sequences of random numbers, the

monthly mean availabilities (AAWFR), and their standard

deviations (SDAVFR) to calculate the value of fractional

availability applicable during a given month. The method

used is described further. by Tillman (ibid.). Data statements

indicating the mean availability and standard deviation

for each month are already built into the simple-model

and need not be added again. Note that monthly availability

values have been constrained to fall within the range (0,1).

Market-Industry Growth Model 

According to Tillman (ibid.), the addition of 1-2 new

plants to the present system would not be an unlikely event

given that favorable market circumstances prevailed. On the.

other hand, a decrease of capacity might occur if a disaster

such as the marketing of a new low cost protein substitute

occurred. If subroutine PROCS is. modified appropriately, it

will simulate these patterns of change in processing capacity.

The user sets the number of UNITS to be added (or removed)

from the initial number of plants and the year, N, in which

the gain (or loss) occurs (takes effect the beginning of

that year) Because of the indivisible nature of these large

capital inputs, capacity grows incrementally at rather long

periods. Hence, growth (or a loss) occurs in the middle of

a 10 year'simulation period, typically at N = 6.
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The harvesting fleet should also grow (or decline)

in response to market conditions. Given appropriate modifi-

cations, subroutine HARVS will simulate patterns of change

in fleet size. .It has been assumed that the.fleet• grows

more •quickly than does processor capacity,.that, growth is •

a constant function of time, i.e. a constant number of

vessels is added each.year,-and that yearly additions to

the fleet enter at the start of a season. The user Indicates
HINCRi.the Tiutber. of 'unitsadded in each. year (zero for the .

staticmodelY and, if processing capacity steps down, he

also .enters NSTQP.,-the year in. which growth stops and

HDECR, the nuhber of vessels lost each' year following a

market disaster.

As might be surmised, the above required changes in

subroutines. PROCS and 'HARVS. are induced temporarily. by

..means of the :UPDATE system. The. exact control card setup.

used for the Stochastic Availability Model .is also used•

for this model. .0f* course, a new Text 'Manipulation Deck .

is required for this program update. The following .statements
must be included in this new manipulation deck:

*IDENT GRW

*COMPILE PROCS

*DELETE CHNT3.176
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col. 7

DATA UNITS/-2.0/

DATA N/6/

*COMPILE HARVS

DATA HINCR(1)/4.0/

.DATA NSTOP/7/

DATA HDECR(1)/-5.0/

The specific values on the 5 DATA cards will, of course,

change depending on which market-industry growth situation

the user wishes to simulate. The above values describe the

situation wherein 2 plants are lost in year 6.and the fleet

size follows a triangular growth pattern, adding 4 vessels

pei.' year until year 7 and losing 5 per year thereafter. The

following generalized table indicates the values to be

entered on these DATA cards for different growth situations:

UNITS N HINCR. NSTOP HDECR

1) Add plants in year -FR I<10 . -FR I>10 0
N, constant fleet growth

2) Add plants in year -FR I<10 -FR I<10
N, stop fleet growth
at NSTOP

3) Lose plants at N, -R I<10 I<10
stop fleet growth at
NSTOP

4) Lose plants at N, -R I<10 -FR •I<10
triangular fleet growth

5) No change in plants, 0 I>10 -FR I>10
constant fleet growth
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Where R = whole real number (punch decimal)

I = positive integer. number

. 0 = zero

Concerning the data set update which may accompany

the program update, the following caveats are made: The

length of simulation runs should be shortened to 10 years

to agree with the. time scale used by PROCS and WiRVS. If

the user intends to .start • at some harvester-processor

.configuration other than the one already on the data file,

he must change the following initial values for processors

to match his initial number.•of .pIants: PTOTPE PFXDXP,

OPLEVI. And for harvesters, EFFDI must bechanged.to

'indicate'thesnew nurpber. of vessels with•whiCh he intends to

begin.

Mixing. Stocks Model 

'Tillman (ibid.) derives an alternative *Eock structure

model in which a mixture of two stocks occurs in the Southern

California fishing area. He hypothesizes that both the

southern (stock 1) and central stocks (stock 2) contribute

some fraction of tbeir respective biomasses to the fishing

area.. The logical representation of this Mixing Stocks Model

is given in Figure 11.
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Biomass in the fishing area is assumed to be 5.0

million tons. Given a contribution by each stock 'to this

same area, biomass is determined by

2
FBMASS = E A.*BMASS.

i=1 1 . (7)

where BMASS
1 
= 1.a million tons, BMASS

2 
= 5.0 million tons,

and A
i defines the fraction of each stock which is available

to the fishery. Since these fractions are unknown, a variety

of possibilities might be derived in order to examine the

consequences of mixing. Given Ai fixed, A2 is found by

rearranging (7) and substituting the known biomasses. This

porcess yields the following pairs of availability factors

cOnsidered by Tillman (ibid..

, Southern Stock
Contribution 

.25 .95

.50 .90

.75 .85

.Northern Stock
Contribution 

Simulating this system requires that an identical dummy

harvester be set up for the central and southern stocks: each

having the same number and type of vessels, catch coefficients,
and seasonal effort patterns. The fishing power of each,

FPWDI, then is adjusted by its above respective availability

factor. The catch of each dummy harvester thus represents •

the contribution of the available part of each stock to the
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fishery and the sum of these catches, the total catch taken

in.the fishery area by the U.S. fleet from the given mixture

of stocks.

Such extensive Changes of SIMPLE ANCHOVY are required

to accomodate this model that temporary updates are no

longer economical. Comparison of the program listings

given in Appendix 4 and 5 will show that changes mainly

involve the dimensions of the COMMON Blocks used for storing

variables. Appendix 5 is a listing of the program obtained

following a permanent update . f SIMPLE ANCHOVY. This program,

its compiled version, and an appropriate data deck are all

placed on a tape to facilitate use of the Mixing Stocks Model

(files 9711 on tape 625). To use the model, the following

setup is required (using files 10 -aild 11 on tape 625):

Job card (CM60000,T60)

REQUEST,TAP,VRN=625,FILES=10-11,IN.,HI,DI.

NAP (OFF)

COPYBF(TAP,PROG)

COPYBF(TAP,DATA)

REWIND(PROG,DATA)

UPDATE(P=DATA,W,D,8,Q)

SETCORE.

PROG(COMPILE)

7-8-9 Card

Text Manipulation Deck for Data Update

6-7-8-9 Card
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Note the change in core requirements, from 55000 to 60000.

For every change in the mixture of stocks, the following

statements must be included in the Text Manipulation Deck

in order to change the data set appropriately (see Appendix 6

for a listing of current values):

*DELETE DATA2.62

PUCAP PROC 1 STOCK 3 = desired value

PUCAP PROC 1 STOCK 1 = desired value

PUCAP PROC 1 STOCK 2 = desired value

*DELETE DATA2.122, DATA2.123

QCATCH STOCK 1 AGE I *TO* 7 = ***(desired value (s))

QCATCH STOCK 2 AGE 1 *TO* 7 = ***(desired value(s))

*DELETE DATA2.149

OPLEVI PROC 1 STOCK 3 -= desired value

-OPLEVI PROC 1 STOCK 1 = desired value

OPLEVI PROC 1 STOCK 2 =desired value

*DELETE DATA2.157

FPWDI HARV 1 STOCK 1 = desired value

FPWDI HARV 2 STOCK 2 = desired value

The derivation of appropriate values is as follows:

1) Recall that the A.'s, the availability factors applied to

each stock's biomass, are also used to adjust fishing powers

of the dummy fleets:

FPWDI(1,1) = A *1.726

FPWDI(2,2) =A2 *1.726
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where 1.726 is the fishing power of vessels having 191 MT

capacities. Given (A1,A2) = (.25,.95),

FPWDI(1,1) = 0.432

FPWDI(2,2) = 1.640

would be the values' entered above.

2) OPLEVI(1,3) is the processing capacity which is allocated

to anchovies in general. However, since 2 different stocks

of anchovies actually are being taken in the fishing area,

the program requires the processors allocate this total

capacity over both stocks. Assuming an allocation which is

proportional to the fraction each stock in the fishing area

is of the total biomass in that area, i.e.,

= A. BMASS./FBMASS

then OPLEVI(1,1) = P1*OPLEVI(1,3)

OPLEVI(1,2) = .P2*OPLEVI(1,3).

Given (A1,A2) (.25,.95), (P/,P2) = (.05,.95)

And if OPLEVI(1,3) = 30576 (see Appendix 6),

OPLEVI(1,1) = 1528.8

OPLEVI(1,2) = 29047.2

would be the values entered

3) .Recall that PUCAP is defined as

OPLEVI/PTOTPE.

Thus-, given the above values of OPLEVI and PTOTPE = 1.2 million,

the following values of PUCAP would be entered:
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Puw(,l, )

-2"MkPqr1) =:.0-t0.012711,

PUCAP(1,2) = 0.024206

4) The appropriate QCATCH values for a given -set of A --'s

are indicated in the.. following ,table Ifor,:different areaL

restrictions (see Tillman (ibid.) for derivat.ion):

C••,,

Mixture
of stocks

Coefliaient when
Age  Inshore closed (10-3) Inshore open (10 3Y

=.CiDefficient, when.

(.25, .95)
•,.

1
2-6

• - :
0.24

9.04

(.50, .90) 0 0.25

2-6 9.04
• *:

(.75., .85) 0 0.26
• 1 2.97
• 2-6 .9.04

:

0.38

9.04

0.39

9.04

0.40
4.31
9.04

Mexican Entry Model

If the user examines Figure 11 closely, he will find .

that Mexican entry into the,anchovy system can be simulated

by the Mixing Stocks Model. By changing the data set

appropriately, one can activate a second harvester which

operates exclusively upon the southern stock (stock 1).

Thus, it has been assumed that Mexican vessels fish only on

the remnant of the southern stock which does not migrate

north into the Southern California fishing area.

To implement this model, one uses the control card

setup previously discussed for the'Mixing Stocks Model.

•

•• .



In addition to the statements listed in the Text Manipulation

Deck for that model, the user also must include the following

statements:

*DELETE DATA2.160

EFFDI HARV 4 STOCK 1 = no of vessels

*DELETE DATA2.162

FPWDI HARV 4 STOCK 1 = adjusted value

The adjusted value of FPWDI is determined as follows from

the value of A applied to the southern stock:

FPWDI(4,1) = .(l-A/)*1.726

Given A
l

.25, the appropriate value would be-

FPWDI(4,1) =1.294
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I. Introduction

GAMES* was a first attempt at writing a really large multi-
purpose simulation program. It was conceived as a set of
processes which could he linked together through input cards
in prder to model a specific system. However, QAMES proved
far from easy to use in practice, mainly due to the large amounts
of input and output and to the need to re-program in order to
meet differing storage requirements.

New GAMES is an attempt to ease these problems. It incor-
porates programming philosophies and software packages of quite
general applicability, and can be thought of as a system in
which one may embed a simulation program. It is designed to
handle the most characteristic (yet overlooked) features asso-
ciated with simulation: those that stem from the fact that the
real world is inherently complex, possesses many parts, and con-
tinually changes. These features are of necessity reflected in
the computer program which tends to be large, complex, and
contains a very large number of subscripted variables. The
very size greatly aggrAvates the problems of input, output, and
code modification, and dictates a new programming approach.

These problems are usually overlooked by the programmer
who concentrates 'attention on the simulation algorithms and
leaves I/O and code modification as an afterthought. Normally,
it is the unfortunate user who realizes the inadequacy of this
approach after searching through 28 pages of output tO find pix
relevant numbers. Just as computers were forced to evolve
from "bare brains" with peripheral (i.e., "unimportant") I/O
devices, to large systems where the central processor is a small
part of the whole, so the difficulties in usage require that
large simulation programs be embedded in a flexible I/O system
designed with the user in mind, and attended by a program edit-
ing system.

Specifically, large simulation programs should include tbe
following features:

1. Modular Structure.
It is essential to split a large program into a number of

independently compiled blocks. This technique not only reduces
costs because parts of the program can be altered without re-
compiling and relisting the whole, but it also enables the pro-
grammer to isolate logical units so they can be understood and
changed without knowledge of the entire program. A useful de-
vice is to write the main program using only "if statements",
"do-loops", and subroutine "call" statements. Then the overall

structure of the program is evident at a glance.

* See Quantitative Science Paper 417.



2. Global Variables with Variable Dimensions.
Global variables are needed to.pass information from one

independent subroutine to another. Common blocks, as occur inFortran, are inadequate because the programmer must redeclare
and redimension dozens or hundreds of variables .in dozens of sub-routines. Variable dimensions arc also needed to allow for
storage needs that depend on the particular system being modelled.

Global variables are simulated in new GAMES by means of a
set of routines that replace the symbolic dimensions of variables
in labelled common blocks with user-defined numeric dimensions
and which insert the resulting common blocks in programs wherevep,
they are referenced by name.

-7

3. Array Protection.
The most mysterious "hugs" in all of programming apse from

the use of subscripts that lie outside the range permitted by -
the associated dimension statements. These "bugs" may wipe out, Ldata, parts of the program, I/O buffers, or even parts of the
operating system and are often exceedingly hard to find because,the effects may become evident long after the cause. This problem
is greatly magnified in simulation programs because a)' the pro- .
gram tends to be quite large, b) the large number. of subscripted
variables implies a large number of. potential causes, and c) the
ranges of subscripts must be set by data cards in order to main-
tain program generality, hence input values can cause t4e, program
to exceed dimension limitations even when the program is thoroughly
debugged.

There is no satisfactory software solution*to the problem
because of the very large amount of input that would have to be
examined and the large number of instances in the program where
subscripted variables occur.

• 4. Editing Systems.
Because of the great size of the program and the need for

frequent changes, the programmer needs automatic means of locat-
ing and redefining variables, inserting blocks of code, changing
dimensions, etc.

A few of these functions may be accomplished by the routines
described in section two above.

5. A User Oriented Input Package.
The input must he visible, self-documentary, position toler-,

ant, self-scheduling, must override previous input, and must
possess default values. It is visible if the user has the option
of printing out the input for each run; it is self-documentary
if the data are embedded in text that define it to the user and
keywords that define it to the program; it is position tolerant
if a card can be inserted anywhere within a block; it is self-
scheduling.if a block is read at a time determined by parameters
given on the first card of a block; it overrides previous input

* However, the new SCOPE3.3 Extended Fortran now offers this
capability.
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if the values of variables associated with data cards of a
certain format are determined by the most recently read cards
of that format; it possesses default values if an entire input
setup can be stored on tape and then selectively overriden by
input cards at execution time. The above input package is fully
implemented and is described in detail in later sections.

6. A Selective Output Package.
A large simulation program may generate mountains of output,

most of which is useless at any given time. The package must
allow the user to select the output which meets his current
needs and suppress the rest (this is especially important if he
is running from a remote terminal). Therefore the output package
should provide output in the form of relatively small labelled
blocks which can be manipulated by the user through a command
language in the input data. The commands, which should be flexi-
ble and self-explanatory, should allow the user to specify the
form, frequency, and destination of output, and should allow
him to create new output blocks or modify existing ones. For
example, if COST(1,1), COST(1i2) and RENT(3) are existing output
variables,.the'user should be able to print out

COST(1,1) COST(1,2) RENT(3).

A limited version of this output package is implemented and
is described later.



II. General Description

New GAMES is a Fortran IV program designed to simulate the
activities of major sectors involved in the harvesting and
marketing of renewable resources. The sectors simulated by
the program are: products, markets, processors, harvesters,
regulators, stocks, and locations. A specific resource system
is modeled by stipulating through input data to the program the
number of entities in each sector and the links between them.

The following figure illustrates the conceptualization of
a specific system. The names on the left are the sectors, the
numbers in the boxes.are the 1st, 2nd, 3rd, etc. entities in
that sector, and the arrows are logical links specified by the
user. In this example there are 1 product, 2 markets, 2 pro-
cessors, I regulator, 2 Ilarvesters, location, and 2 stocks.

A GAMES model may be used either with or without the
active participation of players. Players may assume the role
of certain of the entities in the system, making periodic ,
decisions for each of the processors, regulators, and harvethters.
In this case, monthly decisions for these entities are input to
the program through data cards. Alternatively, periodic deci-
sions for these entities may be obtained from user-generated
subroutines. All major components of the computer program axe
coded as separate subroutines so that alterations to the basic '
operation of the program can be made easily should that be re-
quired by the peculiarities of a specific system to be mpd.eled.

The general operation of the model is as fbilows. The
stock sector "grows" the resources and determines the amount
of each stock which is available for harvest in each location.
Harvesters operate in locations of their choosing and collect a
portion of the available stocks. Harvesters sell quantities
of the stock which they have collected to the processors which
are offering to buy these stocks. .The processors convert the
stocks which they have purchased into finished goods and offer
them_for sale in the markets which are available. Demand and '
the marketing activities of the processors determine sales by
each processor of each product in each market. The regulators
impose restrictions of various types on the activities of the
processors and harvesters. During the operation of the model,
the program compiles statistics on the operation of the system
and prints out summaries of these statistics as. desired. *
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The entities that make up each sector are briefly des-
cribed below. A product is any material sold by a processor.It may be linked to any market. A market is an outlet forproducts produced by processors. Ass6-6iated with each pro-
duct in each market is a demand curve that determines the
amoukat of potential demand generated for a product of
at a given price. Each demand curve may be shifted left or
right by marketing decisions made by the processors.

A processor is a managerial entity that operates in one
physical location (that is, a location specified by a pair ofx and y coordinates). Processors buy stocks (raw materials)
from harvesters, transform them into finished products, and
sell them in markets. Each processor has a share of the mar-
ket for a product that depends on his previous market share
and his marketing expenditures and product price relative to
the marketing expenditures and product price of other proces-
sors linked to the same product and market. The principal
variable costs of a processor are the direct labor costs,
costs of buying raw materials, operating costs, and direct
cost of sales. A processor may be linked to any market and
to any product.

A harvester is a managerial entity that operates in one
physical and logical location. Each harvester may own. a num-
ber of harvesting •groups, where'his• ita •group'harvests stock i 
and stocki only -(for that reasbn the terms "harvester group
and "stock" are sometimes used interchangeably)- Each harves-
ting group operates, as a semi-independent unit constrained
only by links to a location and one set of 'processors. At
the startof each 'month, a group moves from its initial loca-
tion to the harvesting location. • The group harvests there
for a specified number of days and then sells its stock to
the processor which results in maximum profit to the group.'
If the processor cannot absorb the group's total supply, the
group sells what it can and then travels to the next most pro-
fitable processor, and soon. A group may only sell to that
set of processors linked to the harvester :that owns the group.
Any harvest unsold at month's end is recorded and discarded
and has no economic value. , Each harvester group starts off .
each month with zero catch (that is, harvesters cannot accu-
mulate a stock supply for more :than a month's • time). The
harvesting time fcc-r- each group is limited not only by harves-
ter.and regulator decisions, but by ,the group's harvestj.ng.
capacity. If it starts to exceed capacity during a trip its:
harvesting time is automatically reduced. The primary oper-
ating costs for a harvester are distance costs, time costs,
harvest proportional costs,, and license fees. A harvester
may be linked to any processor or stock .and to any one loca-
tion at a time. It may alter its physical and/Or logical lo-
cation from month to month but it. may never, be. linked to more
than one location at a time.
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A regulator is an agency that imposes restrictions or

fees on the activities of harvesters or processors. A regu-
lator may set

(1) license fees,
(2) annual harvesting quotas,
(3) size limits,
(4) gear efficiency limits,
(5) effort limits (i.e., no. of harvesting units),
(6) operating limits for processors,
(7) harvesting seasons,
(8) monthly harvesting quotas.

All regulations are set for a given stock in a given location
except (6) which is for a given stock for a given processor.

A regulator automatically reduces any quantities (e.g., gear
efficiencies, number of harvesting units, harvesting season,

etc.) if the values exceed the regulator determined limits

or if the projected annual or monthly catch is too high. A
regulator may be linked to any processor or harvester.

A stock is any, type of renewable resource (e.g., a species

of fish). A stock may be linked to any location, meaning that
it may exist in that location. The quantity of each stock a-

vailable in each location is calculated and, at any given time,
it is this quantity which is available to the harvesters.



III. betailed Description
• 

This section describes the purpose and organization of the
main program and all of its subroutines, and includes a subset
of the Fortran vocabulary. The following subscript conventions
are .used throughout the remainilig sections:

= product
= market
= processor
= regulator
= harveoter
= stodi
= location
= age

For example, INVNT(p,d) = the number of units of inventory of
product d possessed by processor p.

The main program consists of a number of labelled common
.blocks followed by a string of subroutine call statements em-
bedded in a double "d&-loop" indexed by month and year. Each
subroutine in the double loop is executed once a month and .
reads input, simulates components or interactions between com-
ponents, or produces output. The double "do-loop". is the
principle timing mechanism of the program. All months.are of
equal length and are about 30.5 days long. • •

The following is a partial listing of the main program with
the purpose of each subroutine indicated opposite .the statement
that references it: ,

DO 110 IYEAR=1,1000
DO 100 MONTH=2,12

CALL
CALL
CALL

TAPEIN
CARD IN
PROCS

CALL HARVS:::

CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL

REGLS :

STOCKS
HRVST :
MARKT
PRCES
Ct.:ARKT
sTATS :
SS TAT

100 CONTINUE
110 CONTINUE

: reads in the default input from TAPE1
: reads in the input from data cards
makes programmed monthly decisions for the
processors
makes programmed monthly decisions for the
harvesters
makes programmed monthly decisions for the
regulators
: simulates monthly growth of resources
harvests stocks for one month
: sells raw materials to processors
transforms resources into finished goods
: sells finished goods to final consumers
outputs physical reports
: accumulates and outputs cumulative physical

reports



• Subroutine TAPEIN and subroutine CARDIN (an entry point
in: TAPEIN) are responsible for handling all input. The input
is in an English language free-field format* and determines some
of the structures fai:Id relationships in the model, the character"
istics of the majoicomponents, the monthly decisions for pro"
cesors, harvester's, and regulutors, and the form and frequency

of output. The input. is divided into blocks that correspond to
logical units in the program. Any input may be changed on a

monthly basis .but all previous input remains in effect until it

is. specifically overridden by new 'input data. Thus, in any given

month, the user may. changeall, some, or none of the input. . The

input structure corresponds e::actly to the "user oriented., input

package" •described, in the introduction.
TAPEIN reads the default input .from a file named TAPE1 and

C4p3;N :rpads the same type Of input from cards. .. The prgani.F.a7

tion and sequencingof the input system are •fully explained in

section IV. •Here, we will only illustrate the block structure

of the input and define the variables whose values are assigned

by it.

Block 0

' Block 1 :

• Block .2

Block

controls the printout of default and hard input.

controM the form and frequency of financial and

physical output.

controls the number of entities in each sector and

the links between entities in different sectors.

3 : defines the sets to which processors and harvesters

belong (the financial statements for all elements in

a set are summed together and. printed out as a single

processor or harvester), and determines the processor

and harvester sets whose financial statements are

summed together and printed out as a single processor

harvester entity.

Block 4 : assigns. values to the following marketing parameters:

ALPHA(d,m) - a parameter that controls the sensitivity

of market shares to changes in marketing

expenditures,-
BETA(d,m) - a parameter that controls the sensitivity

of market shares to changes in the price

of a product listed by a processor,

GAMMA(d,m) - a parameter that controls the sensitivity

of the demand curves to changes in mar-

keting expenditures,
QDC(d,m,n) PDC(d,m,n) - the x and y coordinates of

points on the demand curves,

TRANSP(p,s,d) - a two dimensional matrix for each

processor that transforms raw materials

into finished goods,

See KEYWRD: A FREE FIELD INPUT PACKAGE, Program No. FRG 721
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Block

TOTHRK(d,m) - total value of the market,
TOTMNG(d,m) - total marketing e;:penditures.

: assigns values to the following processor parameters:MSHARE(p,d,m) - market shares,
INVNT(p,d) - no. of units in inventory,
DIN(p,d) - dollar value of inventory,
PT 'TPE(p) - total plant and equipment in dollars,PCOSTU(p) - cost per unit of plant and equipment,
PCASH(p) - initial cash,
PRTAIN(p) - retained earnings,
PBL;AN(p) - bank loans,
PUCAP(p,$) - processing capacity per dollar

and equipment,
DLCRAW(p,d) - direct labor cost per unit of

goods produced by processing
- depreciation rate,
- fixed (or administrative)
- interest rate,
- capital,
PL'CY(p) x and y coordinates

cessor's location,
PLTLIB(p) - long term liabilities,
POPERX(p,$) - operating cost per unit of

processed.

PDRATE(p)
PFXDXP(p)
PINTRS(p)
PCAPTL(p)
PLOCX(P),

of plant

finished
raw materials,

costs,

of the pro-

raw materials

Block 6 : assigns values to the following harvester parameters:HPLOCX(h),HPLOCY(h) - the x and y coordinates of a
harvester's location at the

HCASH(h) -
HTOTPE(h) -
HCOSTU(h) -
HBLOAN(h)
HCAPTL(h) -
HDRATE(h) -
HFXDXP(h) -
HINTRS(h)
HRTAIN(h)
HLTLIB(h) -
HVRCPE(h,$)

start and end of each month,
initial cash,
total plant and equipment, •
cost per unit of plant and equipment,

- bank loans,
capital, .
depreciation,
fixed (or administrative) costs,

- interest rate,
- retained earnings,
long term liabilities,
- direct operating cost per day per

harvesting unit,
- cost per unit distance traveled per har-

vesting unit,
HRCOST(h,$) - direct harvesting cost per unit harvested,DINH(h,$) - dollar value of inventory.

HVRDST(h,$)

Block 7 : assigns values to the stock sector of the model. The
following variables are used with the Peruvian anchovy
model; in general different stock models will use



•11

different variables. Some of the input parameters
act as multipliers and are used to scale the values
of other parameters. They are marked with a and
must precede the parameters they multiply.
AGEMAX(s) --the number of ages for stock s,
NOGRND(s). - the number of spawning grounds for stock s,
SPGRND(s,k) - the index of spawning grounds for stock s

in location 2,,
RECRTLT(s) - length of recruits for stock s. (in cm.),
SURVN(s) - the normal egg survival rate,
RECINT(s) - the interval from spawning to recruitment,

in months,
AVFR(s,2,,mo) - the fraction of fish that are available

for harvesting in month "me,
NMORT(s,a) - natural mortality rate,
LINFN(s) - asymptotic length,
VBK(s) - a von Bertalanffy equation parameter,
TZERO(s) - a von Bertalanffy equation parameter,
VBQ(s) - a length weight multiplier,
ALNGTH(s,a,k) - length of an individual fish (in cm.)
WEIGHT(s,a,Q) - weight of an individual fish (in

metric tons),
LMULT(s,k)
WINF(s,k)

- length increment multiplier,
maximum stock biomass in metric tons,

FRMATFL(s,k)

FRMATHL(s,k)

- length of females as
spawning fraction,

- length of males as
fraction,

FFISH - a factor wtlich multiplies
(CENSUS,SPFEMN),

FEGGS ▪ - a factor which multiplies
eggs (EFEM),
a factor which multiplies
of catchability (QCATCH),

- a factor which multiplies
cruits (RECRT),

RECRT(s,g,mo) - the no. of recruits
• in month "mot ,

NCYCL(s,mo) the. number of times per Month
stock sector of the model,

SPFEMN(s,g,mo) - the maximum number. of spawning
in months "mo",

FCOEF

FRECR

a function of

•

a function of spawning

the numbers of fish

the numbers of

the coefficient

the numbers of re-

in spawning ground g,

MARK(s,m0) -the marking fraction,
CENSUS(s,a,k) - the number of fish,
FRFEM(s,a) - fraction which is female,
FRMATF(s,a) - female mating fraction,
FRMATM(s,a) - male mating fraction,
EFEM(s,a) - eggs per female,
WF(s,a) - weighting vector,
FRSPAWN(s,mo)

QCATCH(s,a) -
SMULT(s,k)

to cycle the

females

- fraction of spawners that spawn in a
given month,

cocfficient of catchability,
egg survival multipnel-.
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Block 8 'reads in' the followihg• processor decisions
OPLEVI(p,-s) input .value of operating level,
PADDPE(p) - additional plant and equipment,
PRANDD(p) - research and development expenditures,
IMMAG(p,d,m) - marketing expenditures,
PURPRI (12,$). plirchase price of raw materials,-
,PRICES(p,d,m) - selling price of finished products,.
PRIJOAN(p) - loan repayment.

Block 9 : reads in harvester decisions:
HADDPE(h) - -additional plant and equipment,
URANDD(h) research and development expenditures,
EtTDI(h,$) - the number of harvesting units,
FPWDI(h,$)*- the average harvesting efficiency per

unit,
HDELI(h,$) - the number of days per ffionth spent har-

vesting,
HCAPAC(11,$) the maximum capacity per harvesting unit

per trip,
• DYSTRP(h,$) - the time in days for each harvesting trip,

HRLOAN(h) - loan 'repayment,
HLOCX(h) flLOCY(h) - the x and .y coordinates of the

harvesting locatidn.

Block 10 : reads in regulator decisions:
CQUOTA(s,k) - annual harvesting quota,
HIJIN(s,k) - license fees for harvesters,
SLIMIT(s,Z) - size limits in terms of cm for harvested

stock (that is, stock below ,a certain size
may not be harvested),

EFFL(s,t) - harvesting effort limit,
FPWL(s,Z) - harvesting efficiency limit,
RDELT(s,k) - harvesting season,
XI(s,Z) - a set of multipliers to he applied to the

catch quotas,
CMQ(s,t) - monthly harvesting quota,
OPLL(p,$) -.maximum operating levels for processors,-
NAUT(1) - a parameter that determines whether or not

the annual harvesting cruota is enforced, if
NAUT(1) = 0 it is enforced, if NAUTUY,= 1.
it is not,

NAUT(2) - if NAUT(2) = 0, the monthly harvesting quota
is enforced; if NAUT(2) = 1 it is not

Subroutine PR,CS makes (programmed) monthly decisions for
the processors. • In the current model, PROCS does nothing since
all processor decisions are obtained from cards.
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Subroutine HARVS makes. (programmed) monthly decis
ions for

thc harvesters. In the current model, HARVS does nothing sinc
e

all lizirvester decisions are obtained from cards.

Subroutine REGLS makes (programmed) monthly
 decisions for

the regulators. It computes

HDELT(h,$) - no. of days per month spent h
arvesting,

EFFD(h,$) - no. of harvesting units,

FPWD(h,$) - gear efficiency per'unit.

It computes HDELT(h,$) as follows: First, it sets DELTAT(s,0 =

RDELT(0,2,). Then it determines the total current har
vesting

effort. Based on current eff:rt and harvestinsj. se
ason it predicts

the harvest for the current month. If the predicted harvest ex-

ceeds the annual or monthly quota, it reduces bELT
AT(s,k) by the

appropriate amount. Then it sets

HDELT(h,$) = min(HDELI(h,$),DELTAT(s,f
lxXI(s,S))

for each harvester operating in location Z. 
It computes EFFD(h,$)*

and FPWD(h,$) as follos. Let the phrase "h in 16" mean "those

harvesters operating In location R.". Let

IEFFDI(h,$), for "h in V, and f = EFFL's,Z).
If t > f then

EFFD(h,$) = (f/t)xEFFDI(h,$), for "1 in V.

If t s f then

EFFD(h,$) = EFFDI(h,$), for "h in

Also FPWD(h,$) = min(FPWDI(his),FPWL(s,Z))
 for ph i

2,11.

Subroutine STOCKS simulates the growth of 
different stocks

.(renewable resources). The main parameters it needs from the •

rest of. the model are EFFD(h,$) (the number o
f harvesting, units),.

HDELT(h,$) (the harvesting time), H.QAPAC(h,$) .(capacity per unit

per. harvest groupper trip), FDWD(h,$
) (harvesting efficiency),

and NCYCL(s,m) (the number of times per
 month to cycle a given

stock). The output is the harvest matrix CATC
H(s,a,h) which

gives the harvest by 'stock, .age, and
 harvester in tons. * The

nature of STOCKS depends heavily on th
e type of resource oeing

simulated and so will not be describe
d here,
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Subroutine HRVST computes the following arrays:
QUANTH(h,$) - quantity (in metric tons) of stock s ob-

tained by harvester h,
CCATCH(s,Z) - harvest accumulated from the month of

January,
HVCOST(h) - harvest proportional costs,

a
QUANTH(h,$) = PCATCH(s,a,h)xl1F(s,a)),

. ha
CCATCH(s,Z) = CCATCH(s,k) 1(XCATCH(s,a,h))y

HVCOST(h) = X(QUANTH(h,$)xHRCOST(h,$)).

The array CATCH(s,a,h) is the harvest (in metric tons) of stock s,
age a, taken by harvester h, and WIP(s,a) is an -array of weighting
factors. The array CCATCH is set to zero at the beginning of
each January.

Subroutine RMARKT simulates the sale of raw materials to
the processors in the following manner. Each harvester group
acts as a semi-independent unit, constrained only by those links
to a location and a set of processors established for the har-
vester that owns the group. At the start of a month, a group
moves from an initial location to the harvesting location- .It
harvests there for a specified number of days and then sells
its stock to the processor which maximizes the profit for the
group, where

profit = c

and p = purchase price offered by the processor per unit of
stock, q = QUANTH(h,$) = quantity of stock currently possessed
by the harvester group, and c = the cost of travel from the
group's current location to the processor's location. • If the
processor cannot absorb the group's full supply, the group sells
what it can and then travels to the next most profitable pro-
cessor, and so on. Each sale reduces the harvest matrix
QUANTH(h,$) and increases the processor-stock matrix QUANTP(p,$),
by the number of units sold. If the profit on the above trans-
action is negative or zero, the group does not sell.

The subroutine also keeps track of the distance covered by
each harvester group. HDIST(h,$) is the distance covered by
group s in moving from the initial location to the harvesting
location, to the location in turn of each of the processors
buying stock from group s, and back to the initial location.

Thus a group always starts and ends a trip in the same place.
The total distance covered by group s of harvester h in one month
is nxHDIST(h,$), where n is the number of trips per month.



Subroutine PRCES transforms the raw material obtained by

the processors into finished goods. It does this by multiplying

the materials matrix QUANTP(p,$) by a transformation matrix

TRANSP(p,s,d) and adding the result to the 'inventory matrix

INVN-T(p,d). That is,

V+V+Qx T(p)

where V = INVOT(p,d),
= QUAUTP(p,$),

T(p) = TPANSP(p,s,d), the transformation matrix for

processor p.

Subroutine CNARKT sells the finished goods to the final

consumers. This process is silnulated in the following manner.

Steps A. through E. are executed for each product and each

market.

A. Shift the demand curve.
There is a quantity-price demand curve (with "price" as

the ordinate and "quanti-zy" as the abscissa) for each

product in each market. The curve is shifted by the. amount

'A where.

)
. )(change in total marketing.

. 
total market

and where X is the array GAMMA(d,m) input in the subroutine

TAPE IN.

B. Compute weighted average price.

Weight. Ave. Pr. = (prices) (market shares)

where the summation is -Dyer the processors.

C. Compute the change in market shares for each processor.

share, = share t-1 
Al A2

where

Al = cx(
marketing by this processor

ave. marketing
- 1)

Price set by  this processor
)42

Weighted ave. price

and where a and B are the parameters ALPHA(d,m) and BETA(d,m)
input in the subroutine TAPEIN.

D. Obtain the total demanc5 from the demand curve based on the

weighted average price.

E. Compute poLontial of demand for each processor. based on,

the total demand and the processor's market share.
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F. Since some processors may not have sufficient inventory to
meet their share of the demand, we must distribute some ol
the excess demand to other processors. This is simulated
by a three step process that is executed for .each product
in turn:

1. - Reduce the demand share of those processors lacking
sufficient inventories. Temporarily store the excess
demand in a pool for each market.
. 2. Distribute the excess demand in each market pool to
those processors having excess inventories, in proportion
to their market shares.

3. Now go back and reduce the demand share of those
processors who just increased their inventories by ab-
sorbing some of the demand in the market pools, if their
augmented demand exceeds their current inventories.

G. Reduce the total demand by the amount that cannot be filled
for lack of inventory.

H. Compute the new market shares, inventories, and total market

values based on the re-computed (actual) demand shares.

Subroutine STATS computes and outputs reports covering the

physical and financial activities of various sectors in the
model. The physical reports cover the activities, for the cur-
rent month, of individual entities in the stock, market, pro-
cessor, or harvester sectors. The financial reports contain an
income statement, statement of cash flow, and a balance sheet

for each processor set, harvester set, or processor-harvester
set, where the financial statistics for harvesters or processos

in each set are summed together.
Among the statistics computed by STATS are the-variable

costs for .processors and harvesters. The principle variable
costs for processors are:

direct labor cost = PG(d)xC(p,d)),
• s

cost of buying raw materials = DQ(p,$)xP(p,$)),

operating cost = DO(p,$)x0(p,$)),

direct cost of sales = PA(d)›qS(p,d,m)),

where
G(d) = the increase in inventory for product d from buying

and transforming raw materials,
C(p,d) = the labor cost per unit output of finished goods .

produced by processing raw materials,
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Q(p,$) = quantity of stock s. possessed by processor p,
P(p,$) = purchase price Offered by processor p per urlit'

of stock s,
0(Prs) = operating cost per unit of raw materials processed,
A(d) = average value of an item of product d in the pro-

cessor's inventory,
S(p,d,m) = no. of items of product d sold in market m by

processor p.
principle variable costs for a harvester are:

distance costs = X(D(h,$)xP(h,$)xN(h,$)xH(h,$)),

time costs = PT(h,$)xN(h,$)xC(h,$)),

harvest costs = IN(h,$)xR(h,$)),

license fees =
where

D(h,$)
P(h,$)
N(h,$)
H(h,$)

C(n,$)
Q(his)
R(h,$)
L(h,$)

distance covered per trip by group s of harvester h,
number of trips per month (group s, harvester h),
number of harvesting units (group s, harvester h),
cost per unit distance traveled (group s, har-
vester h),
number of days spent harvesting (group s, har-
vester h),
cost per day (group s, harvester h),
quantity harvested (group s, harvester h),
cost per unit harvested (group s, harvester h),
license fee (group s, harvester h).

•

• STATS calls the subroutines FNDSET (which locates the sets
to which harvesters or processors belong), FINACC (which accu-
mulates the-financial statistics), and PRNSTA (which prints
out the financial statements). The parameters which control the
freciuency of output and other characteristics are explained in
section V and the output format is illustrated in appendix V.

Subroutine STATS2 prints out monthly reports on the acti-
vitie3 of the stock, market, processor, and harvester sectors.
The output is sent to the printer and (optionally) to a disk
file named TAPE2 for further use. The frequency and format of
output are explained in section V and illus-trated in Appendix IV.

^
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• Subroutine.SMSTAT selects . user-specificd variables from..
the stock, market, procossor, and harvester sectors, combines
them into usex'7thipecifiEid groups, accumulates them over user-
specified times, and prints ,them put -in tabular form. The fre-
qu6ncy and format of the output.are explained in section V.

• The following routines are also in the program:

TABLE: a function that linearly interpolates between points in
• the function Y = Y(x).

SETDCT, INPTC, CDPARS: three subroutines that. make up the English
language free-field input package used
for all input. For a complete description
see

KEYWRD: A FREE FIELD INPUT PACKAGE,
Program No, FRG 721

••
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IV. Input

The input package should be self-documentary, position
tolerant, self-scheduling, must override previous input, and
must posL;css default values. These features,are 411 present
in the following default and card input package.

The default part reads the following input from a file
named TAPEI

(Group 1)
-header card for group 2-
(Group 2)
-header card for group 3-
{Group 3)

-header card for group
{Group n)
End-of -File

where n > 0 (if n = 0, there is no default input). The header
card that precedes each group (except group 1) is of the form

DEFAULT INPUT FOR L4ØNTH a AND YEAR b

and specifies the (simulated) month and year in which the group
is read. The data cards that appear in the current default group
override data cards of the same type that appeared in any pre-
vious default or card input group. Each group in turn is divided
into 10 blocks as follows:

(Block 1)
-blank card-
(Block 21
-blank card-

(Block 10)
-blank card-

Each block contains a comment card to identify the block, followed
by any number (including zero) of ciata'cards belonging to the
block. For example, block 9 might be punched as follows:

 BLOCK 9 : HARVESTER DECISIOS.
HADDPE ADDITIONAL PLANT AND EQUIPNENT FOR HARVESTERS 1 *T0* 3 = 0
HCAPAC CAPAC. PER BOAT PER TRIP, FOR HARV 1, 'STOCK 1 = 500 TONS



23

A comment .card is indicated by a "C" in column 1 followed by a
blank in column .2. Comment cards may .be present anywhere in a
block. The position of .cards within a block does no normally
matter. A block with no inforaation is .represented by the
identifying comment card

 BLOCK 10. . REGiLATOR DECISIONS.

Except for block 1, all data cards are of the form:

Cols. 1-8 : the name of the input variable to be affected,
left adjusted,

Cols. 9-807 free form te:_t and numbers punched according to
the rules of the KEYWRD package.

Block 1 specifies the output options and is entirely, free form.

The card inout part reeds the following input from the
standard input file: .

{Group 0)
-blank card-
Group i)

-header card for group 2-
-Group 2)
-header (:Frd for group 3-
{Group 3}

•
-header .ard for jroup m-
{Grouo m}
End-of-File

where m 1. Group 0 controls the printout of default and card
input and may contain zlny number of comment cards plus the fol-
lowing two control cards:

PRINT OUT DEFAULT INPUT.
.(or SUPPRESS PRINTOUT OF DEFAULT INPUT)

PRINT OUT CARD INPUT
(or SUPPRESS PRINTOUT OF CARD INPUT)

The header card. that precedes each group (except group 0 and
group 1) is of the form

CARD INPUT FOR MONTH a AND YEAR b

and specifies the (simulated) month and year in which the group
is read. Except for group 0, all groups are identical to the
default groups in form and content.
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The input sequence is as follows:

1. card group 0 (must he present).
2. default group 1 (if present)
3. card group 1 (must be present)

From then on the program reads whatever group, card or default,
is scheduled next.. If a default group and a card group are
scheduled to be read at the same time (i.e., the header cards

for both groups contain the same month and year) then the de-
fault group is read first. The program stops- when it encounters
an end-of-file in the card input stream or when it exceeds the
termination date specified in the output control cards of block 1:

The user should note that the program will stop at the start
of the second month if he failed to follow card group 1 with a
header card for group 2-even if card group 2 is absent. This
is because the program pre-reads the first card of the next
group in order to know when to read the rest of the group. If
the header card is absent the program will read an end-of-file
and stop. Therefore, the user must always follow his Last card

group with a suitably dated header card.
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V. Output

The output package should provide output in the form of

relatively small labelled blocks which can be manipulated by

the user through a command language in the input data. The

commands, which should be flexible and self-explonatory, should

allow the user to specify the form,  freq uency, and destination

of output, and should allow hii71- to create new output blocks or

modify existing ones.
In new GAI1ES, the labelled blocks are financial statements

and physical renorts. The user can, control the form only to the

extent of specifying when to restore pages before printing; the

frequency by specifying the year's and months in which to print

each individual block; the destination to the extent of directing

some or all of the physical reporti to a file named TAPE2 as

well as the printer; and he can create new blocks by summing the

financial statements for specified harvesters or processors,

and by summing together specified variables in the .physical

reports. With one exception, all output controls are specified

in block 1 of the input.

A. Financial reports,
1. Monthly reports.

Financial reports consist of an income statement,

statement of cash flow, and a balance sheet for all

processor sets, harvester sets, and processor-owned,

harvester sets for a specified month (for the definition

of processor, harvester, and processor-owned harvester

sets, see F. below). The user specifies the printout

times througi data cards of the form:

FINANCIAL REPORTS ARE PRINTED FOR YEARS <list of years>
FINANCIAL REPORTS ARE PRITED FOR MTHS <list of minths>

2. Cumulative reports.
Cumulative reports sum together all the monthly

reports for one or more years at a time. To accumulate
reports for one year only, the user includes the follow-
ing cards in block 1:

FINAN STATS. ARE ACCUMULATED FOR ONLY ONE YEAR AT A TIME
CUMULATIVE FINAN. STATS. ARE PRINTED IN YEAR(S) <list

. of years> -

.TQ. accumulate reports from the time of last cumulative
Pi-intout, he includes the following cards in block lz

FINAN. STATS. ARE ACCUMULATED FROM TIME OF LAST PRINTOUT.
taWEATIVE FINAN. STATS. ARE PRINTED IN YEAR(S) <list of

years> •

B. Physical reports.
1. Nonthiv physical reports.

The physical reports describe activities in the stock,

market, processor, and harvester sectors. The user may

direct the program to print out any or all of the four

reports in any month or year by including the following

cards in bloc
•••



PHYSICAL REPORTS ARE PRINTED FOR YEARS <list of .years>

STOCK REPORTS ARE PRINTED FOR MATHS <list of months>
MAT=T REPpTS ARE PRINTED FR-ff-WIMS <list of months>
PRXffsSOR REPORTS ARE PRINTED FOR MNTHS . <lis-E. of months>
HARVESTER REPORTS ARE PRINTED FOR £4NTHS <list of months>

2. Cumulative physical reports.
Cumulative physical reports sum together user-specified

variables in the stock, market, harvester, and processor
sectors for one or more years at a time.

To accumulate reports for one year only, the user in-
cludes the following cards in block 1:

PHYSICAL REPORTS ARE ACCUM. FOR pNLy  0NE YEAR AT A TIME
CUMUL. PHYSICAL REPORTS ARE PRINTED FOR YEARS <list of years>

To accumulate reports from the time of last cumulative
printout, he includes the following cards in block 1:

PHYSICAL REPORTS ARE ACCUM. FIVA TIME p LAST  PRINTOUT
CUMUL. PHYSICAL REPORTS ARE PRINTED FOR YEARS <list of years>

The user selects subscripted variables and combines them
into groups. He assigns a unique number to each variable
and a group number to each subset of variables, where
the subsets need not be disjoint. The input is of the
form:

VARIABLE 1 IS <variable name> .(<subscript list>)
VARIABLE 2 IS <variable name> (<subscript list)
VARIABLE 3 IS <variable name> (<subscript list>)

GROUP 1 COMBINES VARIABLES <list of variables in 1st subset>
GROUP 2 COIABINES VARIABLES <list of variables in 2nd subset>

The program sums together the variables within a subset
and prints out tables of the form:
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///YEAR: year /1/ ANNUAL SUMilARY TABLE FOR PHYSICAL REPORTS

GROUP JAN FEB I:1AR
GROUP 1
GROUP 2

GROUP 10 -

COL SUM
COL AVE

... DEC ROW sun

0.0

11.1

ROW AVE

110.N.

at user specified times. The maximum number of groups
is 10. The following table defines the variable names
that may be used. The subscripts, which are given sym-
bolically in the table, must be punched as numbers on
the data cards. ,

variable name

CENSUS(s,a,Z)
WEIGHT(s,a,t)
ALNGTH(s,a,Z)
CATCH(s,a,Z)
TWMRK(d,m)
TOTTING(d,m)
QUANP(p,$)
PG(2(XDS(p,d).
INVNT(p,d)
PSALES(p,d,m)
PRICES(n,d,m)
MSHARE(p,d,m)
aRKTNG(p,d,m)
SONTH(h,$)
HSALES(11,s,p)
QUANH(h,$)
EFFD(h,$)
TDIST(h,$)
HDELT(h,$)

meaning

population of fish of stock s, age a, 1bc.2
weight of fish of stock s, age a, loc.Z, in metric tons
lengLh of fish of stock s, age a, loc.2,, in cm
catch by weight of fish of stock s, age a, loc.2,
total value of market for product d in market m
total marketing expenditures for product d in market m
tons of stock s bought by processor p
tons of product 4 added to processor p
no. of inventory units pf- product d possessed by procep
no. of units of product d sold by proc..p in market in
selling price of prod. d, in market m,.by proc. p
share of mark of proc. p selling plod. d in mark. m
mark. expend. by proc. p for prod. d in mark in
units of stock s harvested by harvester h
units of stock s sold by harv. h to proc. p
units of stock •s left unsold by harv. h
no, of harv. units for harv. h, stock s
dist. traveled by harv. h fishing for stock s
no. of days spent harvesting by harv. h for stock s

Examples:

VARIABLE
VARfTBLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE

IS CENSUS( 1,1,1
2 IS CENSUS( 1,1,2 )
3 IS ET,i'qSUS( 1,1,3 )
4. IS CATCH( 2,1,1 )
5 IS CATCIT( 2,2,1 )
6 IS - ATC1I( 2,3,1 )
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VARTABLE 7 IS EFFDI ( 1,1 )
VAW:BLE 8 IS EFFD- 2,1 )
VATABLE 9 IS 1!:PFD ( 3,1 )

1 CONIMilrf-VARIABLES
GWOP 2 COMBTNES VARIABLES
GRUP 3 COMBINES V-25;KYT.BLES
GROUP 4 COMBINES VARIABLES
GPOUP 5 COMBINES VARIABLES
GROUP 6 COMBINES VARIABLES

1 *TO* 3
***( 1,3 )
4 *WY' 6
7 *T0* 9
***( 7,8 )
***( 7,9 )

C. Graphical output (not yet implemented).
Currently, the user may print out any or all of the

physical reports on a file named TAPE2 by including any of
the following cards in block 1:

STOCK REPORTS ARE PRINTED ON TAPE2 
MARKET REPORTS ARE PRINTED ON TAPE2 
PROCESSOR REPORTS ARE PRINTED ON TAPE2
HARVESTER REPORTS ARE PRINTED ON TAPE2 •

The purpose of TAPE2 is to save the output for use by other
programs which will scan it in order to generate tables or •
graphs. The mechanism for writing the reports on TAPE2
is in the program now but the programs to process it are
not yet available.

D. Page restore.
The user may restore a page before printing any output

blothby including the following cards in block 1:

RESTORE THE PAGE FOR EACH ,REPORT FOR YEARS <list of years>
RESTORE THE PAGE FOR EACH REPORT FOR MONTHS <list of months>

E. Zeroing out output controls.
It was previously stated that all input could be changed

on a monthly basis by cards that appear in a later group.
However, for block 1 it is best to zero out the output con-
trols and follow with all new controls. This can be done
with the card:

ZERO' UT ALL PREVIOUS OUTPUT CONTROLS

1-% Processors, harvesters, and processor-owned harvester sets.
Processors and harvesters may be combined into sets and

printed out as a unit. Harvester sets and processor sets
may also he combined under the heading processor-owned har-
vester sets. The financial statements for all entities in
a set arc summed together. All processors and harvesters
must reside in at least one set but the sets need not be
disjoint. The user defines sets by including cards of the form:

NP SET
NESET
NHFSET

PROC. SET I, ENTRIES I *TO* 2, CONTAINS PROC. 1 *TO* 2
HAPV. SET 2, ENTRY 1, CONTAINS HARVESTER 3
HARVESTER SET 2 IS OWNED BY PROC. SET

in block 3 (not block 1).
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VI- Variable Dimensions

Global variables with variable .are desirable
because ot' the large number ..of subscrpted variables in the
proram and the need for frequent.dimension.changes. Since
the Fortran language lacks this feature, we. must implemont it. by
means of .a preprocessor.

Consider the format of a typical Fortran subroutine:

SUBROUTINE name (‹argument list>)
,{any number of labelled common bloc:ks1
(code)
RETURN
END

Each common block is of the fc-m:

COMMON/name/<list of variables>
<type declarations>(if any)

In large programs, the, argument list is usually empty and all
non-local variables are in common.

It would be nice if we could include common blocks.in sub-
routines merely by listing their names without their associated
variables S dimensions, and type declarations. For etir.
suppose SUB1 is a subroutine using variables in three cozmlon
blocl:s named COM1, COM2, and COM. Then SUi could be pnnehed
as follows:

SUBROUTINE 513131
COM, COm2, CO143
(code) -
RETURN
END

where the "B" in column I denotes a non-Fortran type statement
Such a language extension would greatly reduce the problem of
dimension changes since dimensions need appear but once in a
program.

The following preprocessor* provides such capabilities and
more. It is written for the CDC 6400 in Fortran and SNOBOL and
transforms a symbolically dimensioned set of comon blocks and a
pseudo-Fortran program into a legal Fortran program with suitable
dimensions. The preprocessor requires four things:

FRG 736 : ALTER - A Code Modification Program.

c•
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I. a list of all common blocks used in the program (henceforth
called the Variable Dimension Block) with some or all di-
mE2nsions in symbolic form. Any type declarations for
variable!,3 in a block must immediately follow the block, e.g.

MIMON/CO!II/ALPHA(S,A,3),IR(H,M),NUM(H,R,6)
REAL IR,NUM

2. a list of equivalences (henceforth called the Equivalence
Block) between symbolic dimensions and the numeric dimen-
sions currently desired, e.g.

S=10 $ A:=5
H=4 $ M=12

3. the pseudo-Fortran program with, all common blocks replaced
by statements of the form:

namel,name2,...,namek
where unamein is the name of a common block, e.g.

COM1,02,CO13.
Such a program is incorrect as it stands and would never
compile.

4. a set of four routines, ALTER, MKMAC, MACRO, and MODFOR
which are stored on tape and activated by a catalogued
procedure call. ALTER is a CDC control card program that
directs the sequence of program executions; MNMAC is a
Fortran program that reformats the Equivalence Block and
merges it with the Variable Dimension Block in a form
suitable for input to MACRO; MACRO is a SNOBOL program
that replaces those symbols in the Variable Dimension
Block which also appear to thes left of an equal sign in
the Equivalence Block with their right hand numeric
equivalents; and MODFOR scans the pseudo-Fortran program
for ",53" statements, rplaces them with the appropriate
common blocks, and writes out a legal Fortran program •
with the dimensions currently desired.

Actually, the system just described is much more general in
that it can modify and insert named blocks of code (not just
labelled common blocks) and can carry out macro substitutions
with parameter transfers. However, a description of its other
capabilities would only serve to complicate the discussion.

In practice, the pseudo-Fortran program is usually re-
placed by an UPDATE correction deck. The UPDATE deck contains.
directives to delete cards in the Fortran deck followed by the
appropriate "B" cards. The correction deck is modified by
MODFOR and mergcd with the program via the UPDATE system. This
approach has two advantages:

1. it is faster since MODFOR need scan only the UPDATE deck
which is far smaller than the program,

2. one can modify an existing program by deleting the exis
incl.: common blocks and inserting the appropriate "B"
cards in the UPDATE correction deck.
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The setup needed to redimens ion a program is:

{CDC control cards)
7-8-9
(Equivalence Block)
7-8-9
[Variable Dimension Block}
7-8-9
(UPDATE correction deck)
6-7-8-9

where the control cards contain requests for a) the tape which
contains the progranis ALTER, MKMAC, MACRO and MODFOR, b) the
tape that contains the program to be redimensic5ned, and c) the
tape on which the redimensioned program is to be written. The
setup needed to redimension GAMES is given in Appendix II.



29

'APPENDIX I.

The modifications madcr to old GAMES inciude ,,minor changes
. in computation and program structure and 'major changes in I/O,

A—. Error corrections.
1. the statement STATS.200 was changed from

IF(.NOT.PMLINK(I,K).0R..NOT.L-IPLINK(J,K))G0 TO 175

IF(.NOT.PMLINK(I,K).OR...N25T.MPLINK(J,K))G0 TO 180
to

2. the statement STOCKS.206
3.0 CAPAC(H,S)=EFFD(H,S)*HCAPAC(H,S)*HDELT(H,S)

*DLIO/NCYCL(S,M)*1.0E6
was removed and replaced by the statements

TRPMOS=HDELT(H,S)/DYSTRP(H,S)
CAPAC(H,S)=EFFD(H,S)*HCAPAC(H,S)*TRPNOS/NCYCL(S,M)

30 CONTINUE

3. the statement FEB7I.3 was removed

4. the statement G=SPGRND(S,L) was inserted after STOCKS.289

B. All constants associated with subscripts were replaced by

variables in order to facilitate automatic redimensioning.

C. All weight measures were converted from grams and metric tons

to metric tons only.

D. Structural changes.
1. the main program was replaced by the one displayed near

the beginning of section II.

2.. the input routines RDSTRU, RDPARA, RDINTL, RDPLAY, STKINP,

CONSTN, ANPROC, ANHARV, and ANREGL were replaced by

subroutines TAPEIN and CARDIN.

3, the subroutines STATS2 and SMSTAT were added.

4. the decision routines ?ROCS, HARVS, and REGLS no longer

read input but are reserved for programmed decisions -

made by the processors, harvesters, and regulators.

5. the following routines were deleted: DIJK, DILL _:%51UT,

PROC, PRCS1,...,PRCS10, MARV, HRVT1,...,HRVT10, TAXER,

and NNPTS.

6. all input may now be changed oh a monthly basis.
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APPENDIX II

The setup needed to re-dimension camEs is:

<job card with CM=1000008>
REQUEST,TAP,VN=aaa,IN,HI,FILES=x-(x.1-3),DI.
REQUEST,TAP2,VRN=bbb,IN,1II,FILES=y,DI.
REQUEST,TAP3,VRN=ccc,OUT,HI,FILES=z,DI.
DEGIN(ALTER;TAP,TAP,INPUT,INPUT,INPUT,OUTX)
REDUCE.
RFL(60000)
REWIND(OUTX)
UPDATE(P=TAP2,I=OUTX,W,L=0,N=TAP3)
REWIND(TAP,TAP2,TAP3)
7-8-9

H=4 $ S=3 $ P=4 $ D=2 $ M=2
R=2 $ L=5 $ A=7 $ N=8
MO=12 $ MPH=4 $ MDS=3
G=10 $ K=10

7-8-9
COMMON BLOCKS FOR ANCHOVEY GAMES
COMi4ON/ACCNT1/NSHARE(P,D,M),PRICES(P,D,M),MRKTNG(P,D,M)
REAL MS HARE , MRK TN G
COMMON/ACCNT2/INVNT (P D) , TOTNRK (D M) , TOTMNG (D ,M) ,DIN (P D)
REAL INVNT
COMi-ION/MODIF/ALPHA ( D M) , BETA ( D ,M) , GAMMA ( D ,M)
COMMON/DCURVE/QDC (D, M,N) ,PDC (D, M,N) ,NPTSDC (D,M)
COMMON/NSCTRS/NP.ROD N MARK NPROC , NREGL , NHARV ,NLOC21 , NSTOK
COMON/ACCNTP/PRANDD (P) PINVST (P ) ,PIARKNG (P ) ,OPLEVL (P ,S) ,PURPRI (P ,S
1) , OPLEVI (P ,S)
COMMON/PECONVPSALES (P D ,M) , PFXDXP (P) , POUTLN CP) , PTOTPE (P) .
COMMON/PECON2/PCASH (P) PTOTDP (P) ,PCAPTL (P) , PRTAIN (P) , PLTLIB (P) ,PDR

1CST (P) ,PCOSTU (P)
COMMON/PECON3/DLCRAW (13 , D) , PDRATE (P) , POPERX (P S ) ,PINTRS (P)
COMMON/PECON 4 /PBLOAN(P) ,PADDPE (P) ,PRLOAN , PUCAP S
COMMON/HECONVHSALES (11,3 ,P) HFXDXP (H) HOUTLN (H) ,HTOTP.E (H)
COMON/HECON2/HCASH (H) , HTOTDP (H) , HCAPTL (H) , HRTAIN (H) , HLTLIB (H) ,HVC
lOST (H) ,HRCOST (H,S) , HFXCPE (H) ,HVRCPE (H ,S) , HVRDST (H, S) , HCOSTU (H) ,HOP
2CST (H)
COMON/HECON3/HAVCST (H) HDRATE (H) HOPERX (H) HINTRS (H)
CO1MON/HECON4/11BLOAN (H) ,HADDPE (H) , HRLOAN (H) , DINH (H , S )
COI-11•MN/ACCNTH/HIRANDD , HINVST , HLOCP.,T (H)
COMMON/SECTRS/SECTOR (10) , NHSET (H , H) ,NPSET (P , P) , NHPSET (MPH ,MPH) ,MON
lACC , CBONLY SPONLY ,SPCMD ,PL (4 ,MPH , 15) , CF (4 ,MPH ,15) , BL (4 , MPH , 15)
INTEGER SECTOR
LOGICAL CBONLY ,SPONL ,sPcon3
COMMON/LINNS/SLLINK (S ,L) ,HLLINN ,L) , RHLINK (R,H) , HPLINK (H,P) , PMLIN

1K (P,14) ,MPLINK(D, M) , PPLINK (P ,D) ,HSLINK (H,S) , RPLINK (R,P)
LOGICAL SLLINK , HLLINK RHLINK , HPLINK ,PMLINK,MPLINK PPLINK
LOGICAL HSLINK , RPLINK .

COMMON/INREC/CARDS(80)
INTEGER CARDS
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COMON/PARSVAL/LOCFC (40) ,LNGTH (40) ,VALUE (40) , ITEM
COMz-ION/DICTON/N,DCTNRY (40) , FP (40). ,RPT (181) ,NSWRD
INTEGER .DCTiiRY
COM 4ON/PLAY/NYEAR1,NYEAR2,YEAR,MONTH,NTAPE,NPRND,NPRNC,N,READD,1'TCFS
10,NCPRO,MONAC1,I0C,I000N(100),NTP2(4),NRESTR(2),NAMSCR(0,5),GROUP
2(10;12),DMONTH,DYEAR,CMONTH,CYEAR .
INTEGER YEAR,DMONTH,DYEAR,CMONTH,CYEAR
COMMON/COSTAC/TOTSLSOIRCST,MEXPNS,ADMINC,TAXLIC,DEPRTE,RANDD,,INTR

1ST,TCURXP,NETINC,BLOANS,TOTCPV,DLCOSTPBUY,OPCUST,ADDPE,RLOANS,TOT
2CO3CASHFL,CASH,INVTRY,TOTCAS,TOTPE',TOTDP,TOTFAS,TOTAST,OUTLN,LTLIB

•3,TOTLIB,CAPTL,RTAIU,TOTNW,TOTL1qW
REAL MEXPNS,INTRST,NETINC,INVTRY,LTLIB

COMMON/QUNDST/QUANTP(P,S),QUANTH(H,S),DYSTRP(H,S),HDIST(H,S),FGOOD
1S(P,D),SONTH(H,S)

COMMON/LOCATN/PLOCX(P),PLOCY(P),HLOCX(H),HLOCY(a),.CHLOCX(H,S),CHLO
1CY(H,S),HPLOCX(S),HPLOCY(S)
COMON/TRAN/TRANSP (1),S ,
COMMON/FISHES/CENSUS (S ,A,L) ,FRFEM(S,A) FRMATF , .,FRMATM(S,A) ,FRS

1PAWN(S,M0),EFEM(S,A),SPGRND(5,L),SMULT-(S,K),RECRT(S,G,M0),AVFR(S,L
.2,M0),QCATCH(5,A),CATCHCS,A,H),NMORT(S,A),LMULT(5,10,ALNGTH(S,,L),
3WEIGHT(S,A,L),7INF(S,L),SLIMIT(S,L),FRMATFL(S,K),FR1v1ATML(S,K),NCYC
4L(S,M0),MARK(S,M0),SPFENN(5,G,M0)
REAL N140RT ,LMULT ,MARK
INTEGER SPGRND
COMMON/FLIFE/AGEMX. NOGRND(S) , RECRTLT (S) , SURVN S ,RECINT , LIN

1FN(S),VBK(S),TZER0(S),VBQ(S),RATIO2(K)
REAL LINFN
INTEGER AGEMAX,RECINT
-FSHY- SHOULD NOT BE PUT IN ANY ROUTINE EXCEPT -STOCKS-
COMMON/FSHY/F(H,S),BMASS(S,L),X(K),SPFEM(G),SPMAL(G),TWINF(S,G),EG

1G(G),CAPAC(H,S),CATCHN(A),NDEAD(A),FM(10),XTRA(A),F2(H),Z(A)42(A)
2,CN(A),CW(H),XN(A),HDELTA(H,S)
REAL NDEAD

COMMON/RRCSS/TFEC(S,L),DLT(S,L),DELTAT(S,L),DMD(P),QNH(H),HP(H,P),
1QUANT(P,M),QNQDC(N),PNPDC(N),FPOOL(P),POOL(M),DI(MDS),FR(MDS),AVC(
214DS),GAIN(P),SPL(15),SCF(15),SBL(15),TDIST(S),CCH(A),OPLL(P,S)
LOGICAL HP

COMMON/REGLAT/CQUOTA(S,L),EFFD(H,S),FPWD(H,S),TFE(S,L),CCATCH(S,L)
1,WF(S,A),HCAPAC(H,S),HDELT(H,S),HLICEN(H,S),EFFL(S,L),FPWL(S,L),NA
2UT(4),HDELI(H,S),RDELT(S,L),XI(S,L),CMQ(S,L),EFFDI(H,5),FPWDI(H,S)

7-8-9
*IDENT VARD1
*DELETE MAIN.4,MAIN.59
P ACCNT1,ACCNT2,1IMODIF,DCURVE,NSCTRS,ACCNTP,PECON1,PECON2

PECON3,PECON4,HECON1,HECON2,HECON3,HECON4,ACCNTH,SECTRS
LINKS,INREC,PARSVAL,DICTON,QUNDST,LOCATN,TRAN,PLAY
FISHES,FLIFE,FSHY,RRCSS,REGLAT,COSTAC
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*DEJ=E NEWG.56,NEWG.115
ACCNT1,AC=2,MODIF,DCURVE,NSCTRS,ACCNTP,PECON1,PECON2
PECON3,PECON4,HECON1,HECON2,11ECON3,HECON4,ACCNTH,SECTRS,RIICSS
LINKS,PLAY,DICTON,QUNDST,TRAN,FISHES,FLIFZ,REGLAT

13 LOCATN
*DELETE REGLS.19,REGLS.43
13 FISUES,FLIFE,REGLAT,PLAY,RRCSS,LINKS,NSCTRS,ACCNTP,PECON1,PEON4
*DELETE HRVST018,HRVST.46

FISHES,FLIFE,REGLAT,LINKS,NSCTRS,QUNDST,
*DELETE RM1RKT.29,NENG.854
B LINS,HECON1,HECON2,QUNDST,LOCAT,ACCNTP,NSCTRS

FISHES,RRCSS
*DELETE PRCES.16,PRCES026

ACCNT2,QUNDST,TRAN,NSCTRS,LINKS
*DELETE PRCES.16,PRCES.26

ACCNT2,QUNDST,TRAN,NSCTRS,LINKS
*DELETE CMARKT.22,CMARKT.35
B .

*DELET
13

HECON2,PLAY

PEGL•za-

ACCNT1,ACCNT2,MMODIF,DCURVE,PECON1,PECON2,NSCTRS,RRCSS
LINKS .
E STATS.45,STATS.96
ACCNTH,ACCNT1,ACCNT2,ACCNTP,QUNDST,SECTRS,LINKS,PECON1
PECON2,PECON3,PECON4,HECON1,HECON2,HECON3,HECON4,TR7!N

13 FISHES,FLIFE,RRCSS,REGLAT,NSCTRS,PLAY,COSMC
*DELETE FNDSET.17,FPDSET.19
.B NSCTRS,SECTRS
*DELIF,TE FINACC.9,FINACC.15
13 SECTRS,COSTAC
*DELETE PRNSTA.8,PRNSTA.11

SECTRS,PLAY
*DELETE STATS2.8,STATS2.39
B ACCNT1,ACCNT2,DCURVE,PECON1.HECON1,LINKS,NSCTRS,QUNDST
13 TRAN,FISHES,FLIFE,REGLAT,PLAY,RRCSS
*DELETE NEWG.1220,NEr..7G.1253
B ACCNT1,ACCNT2,DCURVE,PECON1,HECON1,LTNKS,NSCTliS,QUNDST

TRAN,FISHES,FLIFE,REGLAT,PLAY
*DELETE NEWG.1399,NEr:7G.1403
B PLAY
*DELETE STOCKS.118,STOCKS.166

PLAY,LINKS,NSCTRS,FISHES,REGLAT,FSHY,FLIFE,QUNDST
6-7-8-9

The routines ALTER, NICAAC, MACW, and WDF9R are on files
x, x4-1, x4-2 and x4-3 of tape "aaa", GAMES is On file "y" of tape
"bbb", and the rcdimensioned GAMES is written on file "Z" of
tape "ccc". The "BEGIN" con-,:rol card scans the file "TAP" for the
program ALTER, which initiates and controls the activities of the
other three routines. The latter read in the Equivalence Block,



33

the Variable Dimension Block, and the UPDATE correction deck from
the standard input file, and write out the modified UPDATE deck on
a file named OUTX. OUTX is subsequently Used to update the-version
of GiV4LS on tape "bbb".

The Equivalencesnock is between the first pair of '7-8-9'
cards and defines a particular configuration (a 'maximum of 2
harvesters, 3 stocks, 4 processors, etc.) which a user can change
simply by punching different numbers to the right of each equals
sign. The Variable Dimension Block is between the second pair of
'7-8-9' cards and the UPDATE correction deck is between the third
'7-8-9 card and the '6-7-8-9' card.

The Equivalence Block is the only thing a user changes in order
to redimensioa GAMES. The necessary symbolic dimensions are
defined in the following table:

. symbolic
. dimension meaning

no. of harvesters
no. of stocks
no. of processors
no. of products •
no. of markets
no. of regulators
no. of locations

A no. of ages -
N no. of points on the demand curve -* 1
MO , no. of months per year (usually=12)
MPH the maximum of P and H
MDS the maximum of D and S

no. of spawning grounds
a dimension used in the STOCKS program
'which currently equals 10
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APPENDIX III

GAMES was intended to be as general as possible, but no
program can anticipate all situations. A user who intends to
model a complex system must be prepared to interpret some
system components in non-standard ways and to make minor pro-
gramming changes by means of the UPDATE system.

Example: a harvester and a set of stocks and locations are
linked as follows:

3

The above configuration is illegal in GAMES because a harvester
may be linked to at most one location in a given month (however,.
he may move to another lbcation in the succeeding month). The
user can simulate the configuration by means of three harvesters,
each of which is linked to a single location, provided that all
three are assigned to the same harvester set (see sectionV,.
part F). Then most of the output statistics are summed together
and treated as a unit. In general, the logical constraints of
the program may require a user to introduce additional entities
(harvesters, processors, stocks, etc.) in order to represent a
single entity. Fortunately, one can usually combine the output
statistics by means of the set and group constructs in the fi-.
na,ncial and physical reports (section V, parts B.2 and F). The
variable dimension feature of GAMES can be extremely useful here.

Example: a harvester is linked to a single location and to
several stocks, and allocates fishing effort according to stock
biomass. This goes beyond the available logic in GAMES in that
fishing effort EFFD(h,$) is obtained from data cards. However,
the user may use the UPDATE system to insert code in the routine
HARVS which computes EFFDI(h,$) (the input value of EFFD(H,S))
as a function of biomass, where biomass=CE'ASUS(s,a,k)*WEIGT(s,a,Z).

Example: a user wishes to create output categories that cannot
be implemented within the rules of the current output package.
This is possible by inserting UPDATE corrections to the routine ,
SdSTAT which assigns values to one or more of the groups defined
in section V, part - 13.2. The general form of the correction
deck ist

*INSERT NET:7G.1324
GR,UP(i,iIONTH) = {some expression}
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In general, the user may insert any code in E7,1STAT provided it
does not conflict with the rest of the routine (for example, any
statement number should exceed 300).

For example, .a user may observe monthly bicimass for the
subset consisting of fish of stock 1, age 1, in location 1, and
fish -of stock 2, age 1, in location 3, by means of the following
UPDATE deck:

*INSERT NEUG.13?-1
GROUP(1,MONTH)=CENSUS(1,1,1)*WEIGHT(1,1,1)+CENSUS(2,1,3)

*WEIGHT(2,1,3)

In this case, the biomass is assigned to group 1 but it could •
be assigned to any group n where n < 10. The expression to
the right of the equals sign may involve any variable from the
following common blocks: ACCNT1, ACCNT2, DCURVE, PECON1, HECON1,
LINKS, NSCTRS, QUNDST, TRAN, FISHES, FLIFE,'FISHES, REGLAT and
PLAY. The variables in the above common blocks are displayed in
APPENDIX 11.
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APPENDIX IV: Sample Input

The keywords in block 0, block 1, and a few in block 6 are
underlined; all bthers are punched left justified in columns 1-8.
Somg of the keywords or 'combinations initiate mutually exclusive
actions and cannot he included in the same sample input; these
are listed below.

Block 0:
SUPPRESS OUTPUT OF DEFAULT INPUT
SUPPRESS OUTPUT OF CARD INPUT

Block 1:
FINAN. STATS.• 'ARE ACQUM. FROM TIME OF LAST PRINTOUT
PHYSICAL REPORTS ARE ACCUM. FROM TIME OF. LAST PRINTOUT
ZERO OUT PREVIOUS OUTPUT coNTnms

Block 2: the user may "delink" components that were linked by
previous data cards by means of the keyword DELINK, e.g.

PPLINK PROCESSORS 1 =';TO* 3 ARE DELINKED FR, n PRODUCT 1
SLLINK STOCK 1 IS DELINNED FROn LOCATIONS I *TO* 3

Block 3: only one of the following three keywords may appear
in block 3 at any one time: CBONLY, SPCOMB, SP,INLY

CBONLY WRITE OUT MIBINED REPORTS ONLY pp HARV. AND PROC.
SPCOMB WRITE OUT BOTH SEPARATE AND COMBrIED HARV-PR :C REPORTS



•41 NE 4 VESIC4 OF At“;HOV,.:Y STOCK moo(C---

 3LocR7tJtI AND CARD OUTPUT CCNT.ROLS
PRINT JUT iEFAuLT INPur

PRiNT OJT CARO INPUT
•••••

----- --31.0C< I INPUT—OUTPUT CONTROLS
THE SI1JLATION RUNS F3M 170 TO 1373
F.I:ANCI4L POTS ARE PRODUCED FOR YEAS ***( 19701 1972 )

PROCUCED FOR IONTH

••••••••••••••••

CUIULATIVE FINAN. STAT. AFL:. PRINTED 1(4 YEAR 1970
STATS. AR.," t.COL,:l. FOR ONLY 0:-1-7 YEAR AT A TIME. 

PHtSICAL REPORTS L,P.r: F.RINTD FOR YEARS 444( 197:D 11971 )
ST)C‹ARE Pr),INTLD FOR MONTHS '4 (.•• • •• ...•. .•...._••.... • ...
MARKET 'PJTS ARE PiRis4TEC FOR tiONTH.
PR)C.:SSOR AT-'L PRINTED FOR MONTR

,••••••••••

• • •• •.• ••••• • ••.• • • 
.•

HA 'JESTER PORTS ARE PkINTE0 FOR MONTH
CU1ULATIVE PHYSICAL REPORTS ARE PRINTED FOR YEAR 1970

• • •••••••••••._ • .___ 
PHYSICAL REPORTS iV•ZE ACCUM, FOR ONLY G:4E YEAR AT A TIME
P.F.3TOR-1 THE PAGE FOR ,::,1CH  !;z7.PORT FOR e.:Aez_s_._.1.97IL:frT04̀. 1971 
RE3T3P,E THE PAC, FJR-:-;ACH :R=PORT--FfR :1ONTHS i *TO* lf—

•••••• •••••• ....••••••• •••• •••••••••••••••• 
C THE FOLLOWIAG l/RIAeLS ARE TO BL COABIN'a.D

ITC GOUFS AND PRINTED OUT IN THE PHYSICAL StAMARIES
1,1,1 )

V:."-Zi..t.:.3L-7 2 IS CP'. NSUS( 1,112 )
3-15 -CUS(-1,14—)

V:,I,f4L-7 4 IS CATCH ( 1,1,1 )

•••••••••••••

.••••••••••••••••.••

••••••••••• •

•••••••••••••••••••••••••••••••••

t•-;"'IIAL 5 IS CATCH C 1,1,2
E IS CATCH ( 111,3 )

G:::)..jP 1 CC13INES RIAr3LE ‘f04. 3
GRYJP 2 CC19INFS 1/ARIA9LES I TO#
-5;"<jtjP- 3. CC1.31N€S AIA3LES 4 + TO* 6.

,••••••••

•••••••••••••••   .••••••••••••••.••••••••••

a.

••••••••••••••••



------3LOCK 2 ° S k-UCTU2E INPLf1-76. OT-E:NT I-f-17-ZS -4.113 LINKS
NPRO; 3 PR)3Ec3 )RS• •

P 'JOU cr
• STO<

 •••••••••••••••••••••••••••••

i4 LOC 4 . •

1 RE.c.;ut_Ar
. :4 .1 :<< 1. MKET

:4 HARJ 3 H./EST-:RS
P PL.L < PROCESSOS I 4-T-75-4. 3 SELL PRODUCT 1.-
'1 PI P RO3JCT I. IS SOLO .11\ MARKET 1

--r5-7-1(.14-!< :ucis sc1 4-TU4'' 3 T MARKET
HPLIN 7-1,:iRF:ST'S 1 TO 3 SELL TO PROC:SSO.ZS 1 4TC* 3

G
LLI1< A VNVESTERS I 4. T34. 3 FISH. IN LOCATIONS I TO 3

-.i.--.C.C.-F.0-UVS-1.11-1:0C-M-roFF5-1--4:1-0-**--3
SLI 1 < E3iES 1 41-0* 3 FISH FOR STOCK I_

TO; 1 CONT, OLS PRGa:: SSORS I 71;-0--- 3—

••••••

••••••••• ..•••••••••••••..• •••••••

•••••••••••••

••••••••••••••••••• •••••••.......• • • ••• ..•••••••••••• 
•••••••••  ••••••••••••••••

Fii4 -0/. PrWt.i• t 013 I ROC, - z_t) riA RV, S;;TS
I PSET "ROC:.:3S.0 SET 1, ENT1ES 1. TO 3, CONTAINS PROCESSORS I. *TO 3
• S ARVES Cti
• riPS7: T SET 1 IS C4Isic.7.0 BY PROC.ESSC SET I • •....P 0 1: L Y EP, S PROCESSORS

—3 LOCK L ° MA:<KE.T.I.NG

...........••••••••• • • • • •• • • ••••••• • •
3 ( 1,1 ):-.••• .1
G 1, )= 1.3

  •••••••••••••••••

R ( 1 TO ÷ 3,1,1 ) .2
?DC AXIS FO°. P-WO 1 IN MARK I. = "1. 275,21..,...1/50,1.20 1 9.0

4 IT --AL 511671-i117-8, 3 E
OPP, K TOTAL VAL jE OF MARKLir FCR. PtiOCUCT J. IN MARKET I= 165300

T T 4-G—T T AL • VI A.; < 2 8 ;Li Cti

3 -1: -C; 3-"P RUCTUR
13P3-1. .111-.R‹ t1A FCR PROC .1 4.1•J* 3,FRGO i,IN 11;4RK 1. = *4.4 .245 .355,,L, •

••••••••

••••••••••••••.•• .

• • . ..•••••• •••••••••••••••••••



I NVNI I N.Vt--..::4TORY FCR -PROCE5SOR 1, PRCO.OT I= 1..3000J UNITS
1..:Vt•ir NJ: IT OR( - FOR P,-;OCESSOR 2, PRODUCT . I = n CI) UNITS

/ -IJORY-FU PjL3uR 3, PCJUCT 1 2)GUJ UNITS
IN J LL 1 V-11 LUE • OF I'1;V:IIITORY FOR PROC I PROD -1 = 00 

JIN J3LL.0 vLUE OF ---.E. :.•11010' C, 03
D LUE. OF INt.irORf FOR PROC 3 PROD 1 = 100 Catig0
t3iE AN) CLIP. FOr PROS3QR 1= 11E53DiU
TOTP E PL..!4441" ANJ ECUiP FOF, PRCN: SOR 2= 1450G0'300
POTE AN.) fLIP - 1RCCjSORr 3 = ---"b
30.ST U OOST PR .UNIT OF PLANT AND EQUIP. F(2) PROC 1 *TO *• 3 = 3
S'?CA-( 1 t) C u 0 1.4 0 0" i

P RT'.7 1"0 EARNINGS FC PROCESSOR 1_ *TO* 3 =
u AL) FORPCaSSO1Tb4 3- C

PUC;,D CAPACITY PE R OF PLANT FOR FROG 1. TO* 3 STOCK I = 3119 
C JIICT L3C. COSt UNIt—du-vp :-Z 0 0 1 =

IRE'07 L\ 30R cosT. P UNIT OUTPUT OF RAW MAT. P 2 r-'. 00 1 =. 53
jCrJ :R.:F. 0 "—LA R — -it A-T P 3 P 0 1 =5 a
7)R:-,1* F.,. EPRECIALIO'N RATE. FOR P. AND E. FOR PrROC I TO 3 o3OLfI5

..< tvl "S-;.t o , f+ dr: )
T;NT .: •75—r ,ZATL: FO e.; PROCESSOR I. '.1. TO 3. = .1

PCATL CAIT.L F jR FROC.:-.:SSCRS 1 :1- T04- 3 = •v--1/414. 11300.07 1337 1311.30
? LOC< . CC:,T ON FOR PROCiS3RS 1 *T0* 3 = 171 )

T G rERI LIAILiT1 FOP3tSsiRs 1 r 04. 3 =
? OPE?, X -Z Aid TE .CAL OP. COSTS FUR PROC 1 TO* 3, STJ = 1

•••••••••••••••• ••••••••••••••••••••••••••• ••••••••••••••• •••••••••••••••••••••••• ••••••••••••• ••••• ••••••••• ••••• ••• ••••••.••• •••••••••••• • •••••••••••••••••••• ••••••••

•••••••••••••..••••••••••••••••••

(..;QCLC

•••••••••••••••••••••••••••••••••••  •••••••••••••••••b••••••i••••••••••••••• •••• •••••••••••••••••••••••• ••••• ••••••••g••••••••• •

•

T.••

LOCK 5 I HA-ZVES.TER STRUCTURE
• H ?LCXNITIA L J.i T 1-0 ff—Sit—H S-T * TiY3 = 1 7

"4 SAiNITIAL CASH FOR HAR4. i TO' 3 = 444' ,..350i)C 13.3'23000 )
• TOTE TOTAL PL. T ANU rOUiPtIENT FUF< HARVESTER 1 = i3O a

TOTAL PLAIT AND EQUIPMENT FOR HAF.Z.JESTER 2 = 1.10(i3J6)
rTCTrOTAL PLA .1T Aft) .3,QUIPNENT FOR IriARV:STR 3 = 1.446U GOU
-COST C 031 PER JNIT OF PLANT Ai.13 EQUIP FOR HARJ. 1 TO 3 =. 100••••••••••••••••• 

• • ••• ••••••••• ••• • ••• •• • • • ••••• ••••••••••• ••••• ••••••• •••••••••••• 

-?LrAN 3 4 < LOAL) FL,: ti VzS1t,RS I TO 4 3 = 0

••••••••••

•

....••••••••.••••••••••• •

• •

............••••••...••••••••.•••••••••••••••••••••,••••••••••••••"•••••••••• •••••••••  

CA?TL CAPITAL FOR HAF‘',/SLE:S. 1. *TO* 3 = *** ( 4396120 OC.166007.130077947c:COC
1.) rd Ai' ON IP; "A-T -75
HFiP FOR HAR V. 1 TO 3 = ***( 200C.3GC 1 22.7f3a )

• 1INT.S I 41 FR riAVc,SitRS 1 TO 3 = .1
HA.;.,/ ES TERS. 1. TO 3 =

'iLTLL3L01 1-R1. Li 1 T E f R.8- iJTO3 = 0 .
H/CE JIRECT 0'. COST PER UNIT H PER OAY ,H 1 TO* 3,5 1 = 1300

••••••••

•••••

••••••

- H T • f- :Z VEIN cCTiUIrT"kARVESTJFO.H.... lb
• c;. T T a'ICE .;El.%"1-2 0 COSI. PEP, HARV UNIT PER UNIT 01ST, H 1 TO 3,5 1 = 1.• •

LLLA?. ‘11 iNt/..:.14 1 OkY FO k H 1 * TO 37 S 1I-. 6



LXiJ15E- FO:-: TUC< I. =
H4JGRD 4 WI E CF I = 1
S G4 D I ND::.X OF. SPA:MI-JIG G:<OUNOS FOR STOCK 1 LOC . 1 *T04--
ECR LENGTH .67

•

•••.• WO .7. ••,•• 3 LaC( s loci( INPUT
•, ,

LINFN
3K --

I ZER)

4 INF

INF

S

•••••••• ••• •

•••••••••••••••••• • 

••••••••••••••••••••••••••••••••••••

3 =

••••••••••• ".••••••••••••

. el OR;Ifft E.; SUR114,5.1- STCCK 1 = ..33G15 .
_.'..)„/A L FRCY.--SP-;42k-hi..11.:4G • TO- RECRO11. 7 STOCK 1 = :2 M.011TH

O11C LENGTH, STOCK. i = 16•2
V0.4- FOR STUCK '1 = 1•1dLiti

FOR STOCK I =
• 

 C.0
-1.t:c-r-0ir-s-rak—f------1.--7,-Ctrt -C7-2-CC 7 -3—

1 AX. 3 TC.:;< SIZE FOR STOCK J. IN L01,3 1= 1-.H003;30 TONS
s;J;)(.• S Z

••••••••••••••••• ••••••••••••••••••••• • •••••••••••••••••••••••••••

•

••• ••••• •••••••••.• ••••••• ••••••••••••

••• •••••••••••••••• ••••••••••••••••••••••••••• ••••• •••••••••••

▪ AX, FOR STOCK  I IN LOt.3 3 = 23(33:.);.; TOf1S  

f▪ GNITUO OF FISH NUIEERS=13OOCO3 • '
O OF FISH'S 1,AG!..-: 1 4 TO 6,1. 1 = 4**( 293.9 130,1,19.814.9 s1.1,4 24. )

-a- z -1 .NSJ S OF FT. SH,S 1,Aroc. 6 f t. e = ,;01 c•-s. • . .1 .29 )
CENSJ S af C. OF FI :31-i S 1,AS,.. 1 *TO* (..?,t. 3 = ( i3., 20 74. 9,1. 2 ?• 27,. (.6 )

Fa 1- ACTI H I C .F 0 C .1:-; •ki-0--',#• ••••15-•-••••=----f)*;
R:diAT F MA LING FRAcTioN ls 1,4 I 41*04. S = 444 ( • (.151•45?•53?. 75,0767, F55 )

F ),!11 M 141i.4GF c*(J,<*-±-;-A--1.-- T 4.47-; 0-5 -0-6 / , *;;; )
1 ASHITUDE OF E.SSS PER FEMALE= 100J.
EGGS Ek FamAt.c--_,siocK = 3 '3 0.2,1509,13.27194 3 )
;1:1G'i1TUD: OF COZE:FICIENT OF CATCHA..9IL. ITV= C•0 01

FESCS

F COEF F
1LiA H
.1'107ir

H

• • • • •• .••••• • • ..

30EFFICI.ErIT OF 0.41CH4CIL1T.Y 7 STOCK liAGE 1 *T3'‘" = 3
I ATIRt-il.. 101-Zi, ?STOCK iASE: 3 = ***( 1,1 • 2,1.• 2 .4•4 /•472 )

S 1, 1 'TiA 4. ra IL. 1 7,6:4111•24,1.)• 1:•0,1 1fl4LNGItia,l'.),35,13,72 )
H LIUGTH S 1 7 A 1 41.04 .3 = (2-4 t il• 24,13. L+c-.) 714, 63 ,15, ,1'.30 72 )

S 1,A• I TO 0 1 1. 3 = 7.21+,11, 24,13.46,11i* 68715,3:J1154 72 )
S 1,6 1 r(:)4 i-F,L 1 ( ,OGV:f3.277.1•00CV..11.G35,•':;01.01.7a3,,C10.7A23C9

1.01 1 4. TO* 11-1.L "7. = ":""( iii-JCUC27-7 Ofi(;21C3:),•u.;:it.i1.7;i2,0 ..;1;•.:323C9 )
3 17A 1 TO* 14,L 3= 4"4( 000C:03277,a OC.-.CO1U7:6 litii)f.,C1730,G'3'.1 2309 )
.) 10 5 * -ro.' .L.3r.;!:4-4.7 1.1jDuJ284/
3 1,4 5 *TO* 6,1_ 2 = ***( 0!)O2645 ?, ;JZIC:.;2347

1,4 2 4- 1.04' 6,1._ 4 ( 2:.:“{`:.) 14 0(.3 28Y )

SUTIATICI MATRIX STCCK 1,6 1 4. TO * =
.)U:11AT ICI. MATRIX FOR STCCK 2 1 A I. o =
SU11161 ICI MATRIX FO.- STOCK 3,A 1 *TO 4 =

ICYCL 40, OF C(CL...:7'...; 1 :1 *Tu* 12 = 4"*4 )
1,1 4- T0' 12= 4"-7- C C -97•31,..(:ji,i09,• 1+,•31,•16 7•15S4 )

FREC IAG:1.CTUD:. OF rtECiUlf NOS. ltii00301:J00
c-r•z•pio 1.1 s 1,M112-= 4-7** ( 30 3 ,40 0,1‘.50 73,0 7 0 )

. • . . • • . . a. • . • • • • ••••••• ••• • . • • • • • • .• .. • • . • • • • ..

• •••• • • • ••• • •• • ••••••••• • ••••••••••••••••••••.• •••• ••••• •••••• •••• •••••••••••••••• •••••••••••.••••

• • • • • • • •• • • • • • • • • • •• •••••••••••••• 

••• ••• 

•••••••••••••

••••• • ••• ••• •• • ••• • ••••••••

•••••••••••••• •••• ••• ••••• ' •••••••••••••••••

... • .. . . . . • • ••••••• • • •• • • • • • .• •••••••••• • ••• •••••• •••• • • • . • • • • • • • • • • • • . • • ••••• •••• ••• ••• ••• ••••••••••••••• • ••••••• •••••• ••••••••••••••• •.••••••••••••• ••••••••••• •

•

•••••••••••••• •••• •••••••••• •••••••• ••••••••• •••• • ••••••••••• ••••••  •••••••••

•••••••••••• ••• .• • ••••••••

•••••••••••••••••••

  ••••••• •••••••••••• r ••• •••• •••••• ••• •••••••••••

••••••••• •••• • • • ••• •••••• •••••• •••••• •••••

. . . . ....•• • ••••••••••• • •• ••••• • • • • • •• • • • • • • • . • • . • • • • • • •••• •• • ••• • • • • • ••• ••• ....I • • • ...I.. ••••• • . • • ••• • • .
••• ••• •••• • • • • • • • •••••• • • ••• •



V'FR FR.,\V S IL 10 1 41 1-04 4.44*( i* C32,1e13te9.2,•95.1033,,b5,.73,.6,•51 )
At/FR* FPW S t,L 1,11 10 = 4.4( . , 36 )

• v F F "1 S 1 T 0 T • 1,7i, 1,214;9.. •..•
'IFR FR„.1 S 1 ,L 2 M 10 .t 1-04̀  12 = ***( .93,1.37,1.72 )

A VFR• FR.i S t,L 3 M 1 .10‘ = 1.32,1. 311.11.11,49'6'. )'+,.33 ,.37 ,.71,49L )
A VER FR,AV S 1,L 3 M 1 IO* 12 = 4'1.4 ( .93,1.26,1017 )

*T7ii‘ 12 .= ,175,733,640,312,c.3,78 )
ARK 1,1 1 *TO* 12 = "*( .1 ,.2,.27. )

•••••••••••••••

MU LT z:GG SJV AUL. S 1 K 1 TO 1C = *4-* ( 13,1 1. 3,91 ,. r.;3 • r: :;19t: )
L:1ULT LiIGT 1.1'3R a" MLJL S 1,K 1 TO 10 = 1 _
r ;i, FiAL S L SCH. S T :3, 1.?? , 11 , 12- , 13 , 16 )
F 1 ALE SPhl L SCH. S 1,K 1 TO 13 = 44*( v8.3 79,1C,11,12,13,14,15,1b ) . . 

••••••••••• •••••.....••••••
•••••••••••••••••••••••••••••

--3 LOC< .3 PROCESS3R DECISIONS  
-P R 0 C.', 1 TO 3 'STOCK 1 = 210.1100

P ADD? E .DOITIOkL PLANT AN G LOLIP. FCR P:?,0C• I TO 3 = 0

RKT4 G iAR<iTIN:, FOR PUr, 1 #TG4 3, PROD- 1 ,r.r I = 44'4 ( 0)0, 7 6T., G C E73 Or:0 )
R rdc K I 1J

PRICES 3 "--LLING PRICE FOP, P.:WC 1 TO 3,? 1,1 1 = 13)
RLO N t.Y :•1E1'; r- OFLA YR LSSORS11U* 3 = 0

•••••••••••.•••••.••••••••••

••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••

----- --3 LOCK 9 t HA-RVLSTIR DECISIONS
H ADO-) F-_• A DDITION\ PL;dIT AND EQUIP , FOR HARVESTERS 1 TO '3 = G 
ri RA;00 ESCb AND ,DEVz.l_OrlENT FOR HARVESTES 1 TO 3 =
H CAP\ C AP,V -i.TY PER 3OAT PE TRIP PER H 1 TO 3 IS 1 = 500 TONS
d RLOA N EPii.f OF LOA.IS fJSTR 1 *TO* 3. =
OELIOE COS PE:R PLANNE.0 3Y H 1 *TO* 3,S I• • _...... • • • • • , ..___•.• • .. • . •• • . . • •..... _•
fST-ZP TRIP I11 -7 IN F(.. 11 I 41O4 3,S 1 = 1

-1 FEDI M3, OF H.:I), Jc1STING IMITS USED 9Y 1-1A-V 1 TO 3, STOCK 1 = 50
-F PWDI ;:: r it,;•-• F
• L 0 CX AR*/:STI1G LOCATION FOR HA RVST:.:P, 1 = ( 11,11 )

r-1,42,VE3T1 LOCATION FOR HA' RVE.STE,R 2 = 1,1 )
•• .• . . • .. _• _ • . _ • _ • • •

HLOCX  t,P,VESTI IG LCCATICN FOR HA R %/ESTER 3 = ( 1,1 )

SIB Sin NI.

•••••••••••••••

••• ••••••••••••••••••• • •• ••••••••• ••• ••••• ••••••••••••• • ••••••••••••••••••••••••••••••• ••••••••••••••••••••• ••••••••

3.-OCK 13 REGUL:%1OR DECISIONS •

..............•••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••.•••••••••••.••••••••••••••••••••••••,••••

•••••••■••••••••.•

••••••••••••••••• ••• . •••••••••• • • • • ... • •-• • __•••
CQUOT A CATCH OW IA FOR STOC‹ 1 I;s1 LOG 1 TO 3 125 LOGO T-c-iTi
XI -ZUO TA ;11P... I IPLIL:=1,S , FOR 3 1 LOC• 1 4'T TO 3 = 1.0

LICENSE • F. 7: S FOR UNI1S HVESTIN STOCK I Ih LOC 1 TO* 3
CATCH. QUCTA

.1 A U T • 1

0 PLL t.XIIU1 UPD;ATIt'IG LEVEL  FOR PROC. 1 *TO* 3,ST OCK 1 = 360000
SLIILT SIZEL I vi T FCFUCK1,LJ.0 1 4' TO4 3 = At 1
DELT F 3:..ASCN FOR STUCK 1 LOC. 1 *1104' 3it-"- 2J DAYS •

— 1 Ciii ti 0 TA FuC STuCK1LOC.1 TO 3=9)u0TONS"
EFL X (Y. J;-* Q.. 7' ' T T f: r i; <7 1 Hi •I i Tfl-I. 7 = t; n

••••••••••••••••••••••••••••••••••••••••••••••••••  ••••••••••••••••••••  

•••••••••

•••••••••••••••  ••••••••••••••••• •••••

•••• •• •••••••••••• • ••• • • ••••••••••••••
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APPENDIX V: Sample Output

The following sample output was generated by the sample input
given in Appendix. IV.

•



••• .now no.

+TT.. • .• • • • . • . • • •• • ••-• . • .... • • • 
•••••••••••••

///YR 1 .37 7 11C4TH 1/1/ •-;E:PO:T5 FOR STOCK S.ICTOR;   •••••••••• -•••••••••••••• •••• • •• ••••••••••••••

3 P U._ .r-4. T I O I': 0 I-7 AGc: 1.AGE 2 AG Z •3 AGE ti - •• • AGE 5 •3 TOC< 1 T N LOC 1 . 3, .-.1r::: c.7. +1.1 '3-0 3.64E + 10 2. 236E +1 r. 5 . 9F. •ie D9 1 . 271C. + C 9 . _....•....................._......._.........................•_....._______ ............_•_.• •....•........... __. 2. 664 + :J....3. .._. _._.... ...___.. . _
S IOC< 1 I N LOG c 4.25 i E+11 1. 10'.E.+11 2. 6r.t3.-7.f1:1 6.. 318:: f 09 1 . 532E +r..•!9 3. 2672:+033 T 00‹ 1 I t: LOC 3 i • •:, I .:) ,-...+1 . ...1 2. 22 3!2. 4.10 3,33+O3 I. 3.•;;8E+D° 3.139E+C 6 6. 35' ::+.:!7

G--i T OF FISH CF AGE 1 AGE 2   AGE 3 AGE 4 AGE 5  A3E b  S 102< 1 - i L0 1 3.32 0. 33E.JS 1. 63 9S: C. 3 202 16 E 05 2, 531E -4 5 2.8213100< 1 I N L30 2 6 S. 334E-06 18 635-:-05 2021.6L-ea5 2.533Ee-C 5 2 793F-C.5 .00<-- J C

LENGFH OF FISH CF
S *ICC< 1 I N LAC 1

. • • • .. • • ....TT.. T....T.

AG 1 AGE 2

S FQC.;‹ 1 IN LOC 2 7.8 2
3100< 1 IN LOC 3 7.32'

;• -\ TC-i OF
• 00-C. 1 IN

1C.?
1 0.7
10.7

LOG 1

A
70

-  AGE 3 AGt.-. 4 AGE 5 ' AGE 5 . - -.,..,t.,,1 7 , r :

 13.1  14.5  15.2  15.7  
13.1 . 14.5 15.2 15.?
13,1 14.5 •  15.2 15./ _

•••••••••••••••

  AGE i AGE 2 AGE 3 AGE 4 AGE 5 AG:: 6  
. 3 :3E. + .4 4 2, 731 + 6 E --;e 93-S rUC‹ 1 IN L)C 2 3, 631-7+34 1. 30 1 +04 3.0 ‘35-24•33 le C5EE+C 3 365-3 1.00‹ 1 I -N L3C 3 7.37 / E 3-Y.-E.' II 1.0 24-5

W. TM. 411. •••

:•••••••••••••....

A.. -7 •
r-t

/ AR 1370, MC 1 t 1/1/ Rc...rURT t•O MAR<Ei :)CTOR

T T P.< CO 1
1RKIT 1

PROD

••••• ••••••••••••••••••••••••• •••••• •••••••••••••••••• •

• PROD 3 • PROD 4

••••••••• ••••••• •••••••••1. ••••••• ••• ••••

PR3O rP

1••••••••••••••••

J

TrTT.TTTTTT.

!-14.,ZKETI;IG • POD 1 PROD  2 PROD 3  PROD 4 PROD 5. . PROD 5 PR Y...1I 0JT 1 e..•..h...L+J
•

CiRJE -110q- qb0'JtT-. 1 IN Kt.7 T 1
ITY AXr.,; 1.b-ifl...+34 3. 50CE+ 3'33,i+Cii • 7.0r:01:f 34 6.9080. 30E4-04

-r) I C S 2(t. 210 . 100 . • 12C
OM O. TO TO We T. .10 IMP

• .. • • • ••••• • •• • ••• • •••••• • • •••••• •• • •••••••••••••  

TTTTTTT....T.



•••• •• • ••••• •• • •• •••••• ••• •••••••• •••• •• •••••••••••••• •••••• •

•••• •••• OM .10 •

 - ••••••••• •••••• •••••••••••••••

/ *-1C4T 1/// ;;L:PGRTS FOR HAT'ZIESTER SECTOR:. . . . . . ..• •

JI7 HVESTEO   STUCK 1 STOCK 2

Y P,VSTE.7.R 2 '1.1.17+35
t  3

STOCK 3 STOCK 4 S.TOCX . STOCK 

••••••

•••••••••••••••

ST(.K 7 cTDC<

••••••••• •••••••••••• ....I...I..... • •• ••• ••••••.••••••••••••••  "••••• •••••••••••••••••

) SOLD YSiUCK 1 STUCK 2 S TO—CK 3—STOCK 4 STOCK 5 STOCK 6
• •!::-Z1 1 TO P7-13C.; 1 235E:+3LF

iJ PDC 21.1.17 ET:15
1—..) PRY,' 3

USOLO
Tc..r)% 1

2
T

••••••••• ••••••••• •••••• •••• •••• •••• • •••••••• ••••••• •••••••••

STOCK /STu:s 
77-77 —

<

  •••••••••••••••••••••••• ••••••• MI. • • •••• •••••• ••••••••••••••••• ••••••••••••• ••• •••••••I•• •••••• •••••••••••••• •••• •••••••• ••••••.•••••••••• •••••••• ••••••••••••• •••••••• •••••• •••••• •••• ••••••••• ••••• ••••••••••••• •••••••••••••••••••

STOCK 1 STOCK 2 STOCK 3- STOCK 4 STOCKS _  STOCK .S  STOOK 7 cTCC.<
Lc
Co
C.

^ • , • - • •••••••• •••••• • • •• •••••••• ••••••••••••••••••••••• ••• •••••••••••••   •••• ••••••

O. r h-t70/, UNITS FLT 1 FLEET 2 FLEET 3 t-Lc..cT FLEET
FOR -1

FLEET 6 FLEET 7

FOr; 4 ARV:. T S 2 5U00
F OR 1M..T%

IST4 NCE. TAJELEO
Y T
Y RVEST R 2 • •

P, -3 I •

• R 1.• 1G TI
(TN YSI FLEET 1 FLEET 2 FLEET 3 FLT 1

••;•••

FLLT 1. FLEET 2 FLEET 3 FLEET 4 FLEET 5 FLE-F. 
r.

FLEET

•••••••••••••••••••••

FLEET 5 - - -..•-
✓ ,4 r: .• r: I:. S. . 1

• =OR 1RI:: SP: 2 2,C
✓ 3z, J 4
14111 .111 tear OW .1111 OM 

•

•
••••••

• CAG IJPLJT FOP JUN:.( MGNTh.ô ) 1970

••••• • •••• • • •• • • •• • • • • •
•••••••••••••••• ...........••••••••••••••••••••

•••••• ••••••••• ••••,••,••••••••••

••••••••••••

•

• •

•••••• •••••

FLtET • : t -11. 7. ._ I / I

•••••

•••• ••••••••••• •••••••••••••••••••••••

  ••••••••I•••• •••••••• ••• ••• • ••••••••• •••••• ••• •••••• •••• • I..... • • • • •.•••••••••••••••••••••

•••••••••• •••• •••••••••••••••••••• •••••

• 1



1PP 40 00 00 .10 OM.

///.ER 1 97C,

•••• •

_ . . - • - ------ - - - - - • *"
0 T 1/// CRT:, FOR PO SSO. Sz.-.GTOR

1T1 PU-S
PD, SOR 1

•
Y POCSS3i:
Y PCCSSOR 3

S I LTC K
• 2.35E+]

1. 11 7t_
"'),-s- 174-u 4

STOCK 2 STOCK 3 .STPOK 4 STOCK 5 STOCKS "

F IN13 GOO)S DEC P:CD 1
SOR 1 1, 7c.-.+3Lf

13 P3, 30:S SOR 2  2233E±+
3/ it. +•,., 3

444.444.

FRCO 2 PROD 3 PROD 4 PROC 5

• ...........4••••••44 4444

PROD 

 44..44. 44.444 .444.

,7"•••1()

101 OF IHENrORN UNI—IS
• (FTR SLES) PROD 1 PRCC  2 PROD 3
FOR :0-07.SS 0-Z 

1' 

F :DP; ?.DC-.: SSC?, 2 1. 43(-1E+05
• . • . 

. • • . • 4 4. • .

OR -3 ;WC:: SS3-; 3 is L, +0

PUD
1 1:4 :1ARK 1 1. 33F*JL.

? ROC 3 1.4 .1 ATV, 1 2.7J:4E+3 4

PROD 4 PROD 5 PROD 6 PR JO 7 P.Re_.•

4444444444.4 .44 44.

PR00-2 p 53  PROD 4 FROD 5 PU0 PrRjD 7 P-):0

JIT SALES PU.CE. BY POD 1. PROD 2
13 C.)

•

ROC 2 1.4 1< 1 133

. PRO.° 3

• • • . . • • 4. . .. • • . • • . •••• • • • • 44 • • 44444 44.44.

ROC:, 3 11 1K 1 13C

PROD

PROD 4

PROD 5

•••••• .44.444.4 .4..4..

1 AR: FOR P.; 00 1 PROD 2
PROC 1 'IA '1A-',K 1 211
?ROC H :1"),.< 1

_ .
4

'ZOO  3 H IA R< 1 $ 424j
44. .444 44 4

ITO; TUR--•S
. . . .• ... • • • ..... • 

• 4.4... • • • • • • • • • . • .

•

PROD 3

PROD S  PROD 7 PRO

.44

PROD 5 PROD 6
•••••••••••••••••

44.4 ...• •
• •••••

• PROJ 7—

• 4444.4

PRC

FOR POD 1 • PROD 2 • PROD 3 PROD 4 PROD 5 PROJ PRO') 7 i7R0,3 ").0C I Ii 1144Z<
2 11 :1A.:e.K. 1 ,

.•- . •- .

p":;00 3 1:4 tia,.< I
. • .. • . • . 444.4. 44444

40 40 40 44. 40 40 44. 410

• ••

444444- 4 • • • •• .44444 .4.4...4.. • • • .4.4 ... • .



.01 41. .11 OW

. .

Y MC I TH 2:// •R:..-PRT:, FOR STOCK SECTOR

P 0 r TIJN Or L.-. 1 AGE 2 AG i: 3 AG: AGE 5 AG"-- 6
S 1 ILX1   1. 223E+11 3. 135E+10 7.7222+09 1.834E+r-9 3.c3:+8_
S TOC< 1 1 N LOS 2 1. 329+11 3. 927-.:.+1C 9.595E+09 2.-293E +C.9 =4...795*-7+C3
3100< 1 1 N OC 3 •"=, 3. C73E+10 7, 679E+09 1.913E1-C9 ti.22.211_7E+C•3 9.5437+07•

7

i.:EIG-4. T OF F.T.3:-4 CF .GE 1 ' AGE 2 AG: 3 AGE 4 AGE 5 AS: 6 A5',.... 7_____•___ 3100< 1 i N LX 1 3...-.2:7_ -.:Jo 7. 11 E•-•36 1. 356......-05 2.0 ..-..-0 2.449c..-C 2.7137-05
3100< 1 IN LX 2  3, )331:: -3 b 7. 113E-t:O 1.30[i • 2. : -35 2.431E-C..7 247/V7-r.5 
3100< - .1--1.-S---1.0,3 33. :-.,:,' 5i-_-36 7, 115I-36--1:-...- 74:i-z-0-5----2.003E-55 2.449c-C.5* 2.713I5

GTH )F F13i. C:-
S TOC-: 1 IN LOC 1 
3100< 1 IN )-c-
'FCC< 1 IN L,Y.; 3

AGE 2
9 192 
9 .92
9.92

AGE AGE 5
1.-{-• 0 15.3
114 • 

1 5 0
14. C 15.

J G

: -1TC.1 OF AG: 1 ' AGE 2AGE 5    AGE 3 .......... AGE....4_ AG:: .5
- - -S- T c-Jc... --i--f-K L 5...f -1.-- 2, -=. ' t} 2. 359E +l+ 11 073-3:'• +:611---14 0 1 f. q i'... f 03 1 . a-27E 4-13 29-3-- -

-..- . --. - -.-
3100< 1 IN LOC 2 3. 771L+0/+  2. E69:-:+0 1+ 1. 395E“,f+ 5.?30.E+3 1.55.3E+13

.3 :;---,7:4*31" 0C;i1.-.1 --LOC3- •'.... • i , .5c. + -..) ,) , • 9.-.:).- af-4---;:;-3 3-. -10 .3-1 . 1 i? 5 c: +.23 - . 339
0/1“111 OM 41.1, MD OW •IIP MO .1 41.0

•-•:;--... -. '- . .“-'. .::.....' ....... - --..- ... “:17.0 .C;;O<----r-r.--1...iCP-Ci 1-:----67 T P U-I-00iT-r-R-o L s
0 Tki: .''..2 GROUP IS FRO ...)::::1.ISTRAT ION FLRPOSES ONLY. NO PARA AsET:EP,S WILL 

AGE AGE_.____________•__________

Mit KT Tri;'i-s A*43 LINKS

TT- -PI-5.15-c---01-C-1.'6-1:1A-5----- 3 < %, H., 'I. P mOC. 0 • -1 • S S

• •

NM NO .16 WO 1.111. AM r <

••• •• • • • • • .

4 : .1R rcc .i. P.+RAM S

rTRLCTURE

 •

4119 OOP ..... 4104, OSP " 0-K
..• 7 c „ 

..... I". GC< 5 I PrIjUESSOF:

  3 • t 1-44R OECISIOtbOw ...a eillo

• ••••....

1 tl:(3UL,1. CP. CLuIsIO:4S

•••• • ••••

•••••••• • ••• ...•••••• • • • .



••••••,••••

/ //I) :4THL. Y RE.PORr • t EAR 157) MO..4TH 7/1/
•••• • • • • • . . •.• • ••• ••• •••• ••••••••••• •••••••• •••••••• • •••••• -•-•••••••••••

••••••.•••••••••

•• INCOME ST AT EM.7NT •. .
I. T .c-:_ SkLES
LESS  —OICT COST OF SAL S

!1.1 r N G X12. JITu 4 • 9 9 C + G 6
A3X:NIS, ID OVERHEAD 5[:3E+C6

uz.N A ..4 . A
j:PRIf..‘d. ATI )N S E 3 637E-:+05
SEH 4.-11 0-0 V L

IITE-R-Z3T PAID t..•
TOTAL CU t:. c, ,

•••..........•••••••••••••••••••••••••••••••••• •••••

P-10CZSSOR SET 
•

OF Ca7o.i FLO.4
3 8,5485i. +QC) TOTAL SALES 7÷.

• tr.:14 LOANS   S

3 3. a tTs17.—+-
•••••••...•

•••••••••••••••••••••••••••••••

•

TOTAL CASH FR) %/IDE:3
LESS 01.P.ECT LA-3OR COST =

COST OF RA iAi IAL,
 CPaRATINGCOST$ Z.

— . •

D INIS . A .1 D 0 -7 '741.0 .; 7 /4

L10E.1SES Ai10 TAXES
'RESEARCH AND VE-1  • Cl 
INTEREST PAID z
ADDL. cLA,4T AN .:7r)UTPs

LOAN REF AY 1"--..1T-
-10T AL .3ASii OUIL

••••••••

 •••••••••••••••••••••••••,....... •••••••••••••••••••••••••.•••••  ••••••••••••••••LET ICO1E3 4.7390= +05 • fiE-TT CASH FLOW
• *

••••• •••••••••••••.•

• Ite$4 10•414111114• 6 40 ••• **••••••••••• •4•4•444•4••••••4•400154004•000041011••••••••••••4• 4••0••••04141•4 ••94 4 44

•••••

40 BALANCE S i.:ET .6.  ••••••.••••• •••••••••r••.••••••••••••••••••.••• •••••••-•••••••••••••••••••• •••••••••••••••••••.............•

, UR--,-.-. NI A Z)SiT3 -- . --CURRETt LIABILITIES —
• CA SH3 1-4-.2 /9E+0 8  ..  .. _____ ......•• ..... .......... ...• ... . ................ • ....... _......._ ..... .....•..- • LOANS OUTSTANCING  I 0, 

- - ---.I1 •;i:fi IT-O-k-Y---- — . _
-. 1 • 92 b7c.+_1 7 LONG _TERM LIABILITIES —

TOT AL 7,..iRE: S 4.17 0‘..):::+38 LOANS OUTSTANDING i "-.'•. 
R4T ASSE TS..........  • 

TOTAL LIAEILITIE.S

F.- 1XE)- AS3 ETS
.4:13 QUI ?../.711T le 221djE+.3 8

3,
TOT AL FIXEJ ViSr:TS 1 1.1.394:F.408

r --;) ASS 4,5,35)J+Qô

.••••••••

• • ••••••••.-....... • -• • . •••••••••••• ••••
••••••• •••• ••••••• • • •••••••••••.•••••••••••• •••••.••••••••• •••••• • ••• •• ••••••••••• ••••• . • ••• • ••••••-••••••••• •••••••.••••••••••

tNE.T WORTH
CAPITAL

•••••••••••••••••••••••••••4

•••••••••••••••••••••••••••••••••••••

^

(.4

T A SARNINGS . 7
TOTAL LET WORTH • 4. — •

TOTAL LIAiLIT1ES AND t..JET WORTH 3
• *4:9 WO 00 9 9P 099 9 900 4 4 .9 4 49*4 499 01440454 4$44.1050.444 0009 If IP*100404404 ill 444$4444 4•144•9 • •• ot $ .4.4 4•4



 ••••••••••••••• • • •••••••••• •••••••••••••••••••••••••••••••• ••••••••••• •.••• .......•••••••••••••••••••• ••••••••••••••••• • • • • • • • ••• • •••• • • • • •• •

f -RI-PORT 19f) , t<J:4T1-i 7/// ''ESTER SET.•••_. ••••

S. • .• • • I• •
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Appendix 2 - Listing of initial input values



••••••:;:-?.<

. • • . . . • • • •••

cOUTFic:a.
oATA1 2
OATA1
DATA1 4

3

OATA1 3
DATA1 

r

5
DAPAI 7
°Alai 8
OATA1, 9

----------21OCK 1 - •INPUT-OTTPUT CONTROLS . OAT41 13
fHE SI.:ULaTION RUNS FROM YEAR 1 TO 20 UATAI 11

FINi,NCIAL D,EP0TS ARE ACCUnIATED ONLY ONE YEAR AT A TIME DATA1 12
-0Uni_.!iTIVE FLIANCI4L Ri:PORTS ili: PRINTE0 YEAR 20 DrkTA1 13.7.HYSI.CAL --!EnRIS AZE PRINTED YARS 20 OATA1' 14
STOC . TS PRINTED ;10kTHS 12 CAT A1 ti

! ..?..P0iZTS PRINTED :1ONTHS 12 DATA', 15
P:',OC:-"SSOR i:ZEPOR.TS P;;TNTED NONTHS 12 ' . 

DAT4l 178

----------DLOCK 2 - STRUCTURE INPUT ;:J.? -11-. .4,1
2 P.?OnCTS '31'41 20

1..1. , 211 P0;=-3S0S OATAI 2i

CALIFORNIA rii...;HOVY MODEL

SINGLE sroc.< NOOEL

•

- DEFAULT AND CARD OUTPUT CONTROLS
SUPP,ESS iTEFAULT- INPUT
SuP.,=*RESS:CO. INPUT '

... 7.. ... .•••• 3L0cK 0

:P,73L I '.-7G'..) 1 .
I , •

"..1. r.1.N. 4 1...riC11.1-10i1
n I .S.TOCK

0:), 1. SELLS P:WOUCTS 1 *T0'.' 2 .
1.3L7!:: f I TO 2SOLO.CN NAP,KET1 TO

1 3ELLS TO MARKT 1. TO 2
L.rif.:)VFST,.-..4. ''LLS.TO PROCESS0a 1

GULA Pt 1 CO:ITROLS HAPVf:STFR 1•
OG::RATES IN IOCAIYOU

ST; 1, t IN LOCATIOA t
I ; ; F.E 11.-: .3 ;I); I f,31 ,3 C ist

PE'JL fR 1 CONTROLS PUCES3OR

.• •

nAT1 23
2+

OATA1 25
cr
OATAI 27
Of-Jfkl 23
CArtL -.7

a r A 1 *.J

DAT14.1 3t
0:417(.1. 3?
01.17,1
i2AVAI
DATA1 •3'5
OAT41



110.------ --11LOCK 3 HARV IPROCIPROC-HARV SETS
PROC=SSO-Z SET 1 7 ENTRY 1 7 CONTAINS PROCESSOR 1
H.r.:3:VESTE-..), SET 1) 214FRY 1) COATAINS HARVESTER 1
ti:-.:-"STEi-; SET I 0,i- D BY PROCESSOR. SET 1
P..),TT OW' SEPARATE ANO COMBIED•REPORTS

BLOCK Lf MARKETIAG PARAMETERS
1 TO 2,1 TO 2 1= 0.1
1 0 2 7 1 v- TO" 2 0.1
1 f=10:' 271 2 )= 0.1
i7 10. = 0.20 NA INro MT OF lEAL
1 7 1. 7 2 )= 0.01 NA INTO M TOiAS'OF OIL
PRICE AXIS FOR. PROD 1 IN MARK 1 = 250

CUAAJITY AXIS FOR PUOUCT t I:1 MR<ET 1 = 10000000
PjC AXIS FOR Pa)o 2 IU ;I:A ..RK 2 = 110
.:;flTITY AXIS FOR PRODUCT 2 IN MARKET 2 = 1.00000CI

qrss 1,ILOCK 5. - PROCESSOR STRUCTURE.
SHARE FOR PROC 1 r PROD i

COST PEfR UNIT .PLA:IT-EQUIP;1=T

CAT- CITY

*TO* 27 IN NARK 1 TO
PROC 1 = 300030.

PLA:T AN) "E:2,UIP;1ailT FOR 2:)..00 1 = 1200000
PER ; OF PLANT F07, PZIDC 1 STOCK -1 = 0.02548

* 2 = 1.00

FIXEI) COST PROC 1 = 3.00G0
:ATRIAL OPP,ATING COST PROC 1 STOCK 1 = 5.50 / MT'

LOCATION OF P:;OCFSSOR 1 = ( 0,0 ) •

"-----13LOCK 6 - HARVESTER STRUCTURE
CO SF PE.', UNIT CF PLANT AND EDUIP FOR HARVESTER I = 279300
rOILLPLANNEOUiPil:-"NT FOR HARVESTER 1 = 21226300
FI/3T HIVEST.--- 2. 1 = 1215:3 PER VI:SSE:PER MONTH

r;OST PF'D. WILT PR JAY y HARVE 1 7 STOCK 1 = 77.75
COST 1):.?. IiT HA:',VSTE0 F(,,1 HARVEST:ER 1 STOOK
iff',Vr.:..ST.=:.Z 1 =C 0 7 0 )

DATA1
DATA1
DAT:41
DATA1

) 1.20 
041.A 1
OAT Al
CA T.', 1
CiATA1
OATA1
DATA1
DATA1
DAT:11_
DATEll

Ct:)1TTT;k1

IDA TA 1.
DATA 1.
OATAI
OiWAI
OATAI
OP,TA 1
OATAL
OATA1
04141

04 TA 1
2.2CATAI

OA CA 1
DA TAt

37.
33
39
40
41

43
4 :f

43

47
43
43
50
51
32
3

54
55

5.3
63

;St
62
53
04
,
0?

53

(0



---75LQK -7-: - STOCK INPUT FOR SINGLE STOCK 'MODEL • DATAi 71
,

.0 DATA1 72 •
, s-roc.< CO1POSITION 73'1:: •DAT41

.C. OATA1 /4
.AGF .f:X '“UV.AGF FOR . STOC‹ J. .-1.- I, _ CATAI 7-

.. 2
r ,r1._ ! .i-7 “.'JTJA .iiiTCH IS FE1Ali7).STO“ 1 1 AGE 1 TO .7•.= .56 , • oaTA:1 7.5

STC:',K SIZE FOR STOCK 1'IN -LOCATION 1 =7. 455000077OATA1
FFI,IH '1,!-AGITUD OF FISH :.41J1E3e,=RS .=. 1000.0(30000.0 DATAI 73
-,ENSUS I:0 OF EISA y S .1., AGiE 1 TO 5,L is= ***( 0.1,-228.85,76.18,25•36 78.44 ), OAT 79
CEN:PjS NO OF FISH 7 S ly AGE 6 -7- 1.0':- TyL 1 = .''( 2.811.-0.94 ) OATA1 'SD
C •-. 
r. 

. DATA' 61
, SPAI.:::ING 0A-P1 62
C OATA1 33

TF FEW4LE.14TING FRACTION yS lyA 1 *,.10* 7 "T( 4_10,•40.1.480 7.95,1.0,7 1.0,-1.0 )0ATA1 34
FTM . ;.',ALP1-;IATING FRACTION yS 10 r *•10 . 7 *"( 410y.40:..oily.951 1.0 11.0,.1.0 )0!;TA1 35

•S., 1, :I 1 -1-.1(3 .1. 1 2';-:: - $( .207..1) )$06.1.027.-)4/ .C6: .G6 y 1. 2.2 1 .40 y .34 y ,31+, .16 ) DATAI 63
:-..V,S, :G7 JITU'.3E EGGS :=E;: -FEMALE :" 100).0 

.• 
37'

( FELEy S 1fA 1•*TO':- 7 =.***(•5.2y.3.6,11..7 1 14.10.16.6,18.3,196 =1. 33
UGNO i:IJ:13E OF SP44NI 14r r 7- OUNOS STOCK t = i .

, o o DATA1 39
SPG-7:ND. IhOEX of. SPANNING GROUND STOCK I LOG I. F 1 0A141. '-.3...,,

r.; 7•'.'70;:•ZULT:';'''UT 
.ONTA1••.,. 91
.01T41 92

r•, 0.4T AI 9'3
L'::;STH ..)17. ,7).ECPUITS FOR STOCK 1, = 8.9 .CM . . 04TA1 94
W.P.NAL -.',;(; SURVIVAL ,..),A.TE FOR STOCK '.1...-=•0•000 -30-

$11U.-T ESG SU:RIV;IULT-S i K i TO 10 .-"(-22;21.1....9ily.,6.84.51 7..4i ..35 1.301..26,0 )DATAI 95
P.:“.:INT 7.!;:.1.7RV,L F?,OM SPAWIING. TO P,ECRUITy STPCX 1.::: 6 MONTHS .

ilY;J!ITijj;:.: "Or R'ECRUIT ,u is UO0070000 . . . : g.q .r4j .(?) -(3
5 17G 1:1 -1: -TO.7. .12'..*:12.090.5481,33.291 70.,79.,7 .i9433.310 )9:3041741

.C. 0 -A T ,•7 i
C . !1,0?-1%LiTY OATA1 1J1
C CATA1 132,,,1.,;: , F7..4V/X0 3 1 1 L 1 1 M i TO 9, "4( .72,6749 ,767.78 .8.0 7 1,0y,937.,57 1.53 ) CATA1
.*-1F).' F..1./1:.:: S J.:t- ty 1 13 AtT04. 12 "".( $48y,66).70 ) OA T I, i .i.-.3 't
FS(.:Fi7 f.f...,!;1IlijE CF. COLFFICUNT OF .CAT3HA3ILIT( = .01. 0.0t OATAI:..)..")

.... 14 • ‘ . '..e . i Cr:EFFV;I,--::!T :OF CATCHAUILITY.S 10. 1 4.TV-7 "*t 0.14,1•370.04 ) OAT:k1 .1'..J6
0").T W,TiThrd. ;10.0141-ITY•.S I AGE 1 -I- T04 7 = 1•10. • —.. — - •.. .•-• •:• OATA1 :107



OATA1 1:33
GROWTH 0.WA1

CAT41 113
LIN"=N ASYMPTOTIC LENGTH, STOCK 1 = 15.91 CM BATA1 ILI

A VON Oc.;TALANFFY PA.ZA:-;ETE'), FOR STOCK 1 = 0.32 clrAl 112
11E110 FOR STOCK 1 --.:*-2.0e1 DATA1 113
L.:WLT LENGTH .1!ICRENENT '1ULT S 11 K 1 *TO* 10 = 1.0 DATA1 114
V;3'.) LENGTH—WEIGHT :IULTIPLIER STOCK 1 = 0,C0300001016 aarAl 115

L'7NGTH S 1,A 1 TO 70- 1 -T"'- ( 7.9.10.1 1 11.77 12.91 13.7,14..37 14..7 ) 0NTA1 116
S 101 1 1O ;,L 1 = .0.33'0051 1 .9060105 7.3.O00163,.0000216 ) OATAI 117

'f:-.7 T3HT S 1yA TO 7 1 L 1 .= "-r-( .0303251.1 .C300297 2.000C326 ) . OATA1 113
MARKING FRACT S 1yM 1 :;- "1.0c- 12 "( 010 70,0 1 0,0,C-7.17y.18y.23 1.2=5,.1i5 ) CATA1 11

;!C.C,L. .NO. CYCLES Si, M 1 TO 12 = 4 OATA1 123
SUNMATION mATRix FOR STOCK 1yA 1 TO 7 = 1 DATAI 121

DATA1 122(-•  DLOCK 3 P';OCESSOR'DFCISIONS DATA 1 123
OPi.-:ATIi!G LEVEL P;OG 1 STOCK 1 = 30576 OATA1 1.24

Pj7).-:?,I Kit:CHASE PRICE. PROC i l STOCK I = 25 011'141 42
.*

?ICES:),ICS SELLING PUCE PROC 1 PROD 1 APAK I= 250 OATA1 121?
P:.FS SELLING PRICE PROC 1 PROD 2 sAARK 2 = 110 OATA1 127

DATA1 123
HARVF.ST,ER DECISIONS DAT11 129

,3NO, OF HilLSTI:IG HA 1 .RJ 1 STOC‹ = 76 DATA .1 13
Hr:,t.(3 CAPACITY PER VESSEL PR TiTP HARV I STOCK 1 = 191. DATA1 131
F? NJI AVE. HA7,VF_STIHG EFFICIENCY dARV 1 STOCK i = - i.726 DATA1 132
Dy37.7, TRIP TrAE IN UAYS HA:),V 1 STOCK 1'= 1.0 DATA1 1$3

LOCATION HARy 1 = ( 0125 ) DATA1 134
DATA1 135,

C ------------n0C‹ IA — REG:JLATOR. . DATA1 136
XI FLEET—CONTHySEASON CONTRCL F:)R STOCK 1 LOC 1-= 3 DATA1 137

I3d
; (V:i UT 1 ''T..- 2 :: 1 ANNUfki. AN) !IONTH1Y QUOTAS NOT 'ENFORCED DATAI
rj2IL HAY, C.::-..1.!-,TING LEVEL ? 1 S 1., = 10000000 DATA1 149

;i/d.i.Vi: I I Ur; i.F.4 ITS S ifY;4 1 LOC I. 4 503 DA I Al 14,0
r i4.7-1.4,.-rfir., 1:.;:ASO!! frifiCK I L)C i : 31

f[dG EFFICI 7 C( LI:irf STOCK I.LOC 1 20.00 
OATAI 411 
OATA1 iq2
CATr%1 143





_ItE_EDI.LOINL_FINANCIA4-STATEMENI_EAS_BEEE_ACCUMULA/ED_ME12._LhE_PASI___I_YEAR5-

///5ti1Aci-Ry RF5ORT. YEAR 10. MONTH 12/// PROCFSSOP SFT 1 --- HAPvESTEw SET

INC014E STATEmENT
,TnTAL sALFs .
Lrss - OPECT COST or SALES S P.A972E.07

mapKE7IN6 Elfpc4otroPF.s* A.
ATAINIS. AN) nvE0.HEAD $ 1.95HmE•07

_____ na 
TWPDFCIATIoN $ 0.

.L.ILA. PO.
INTET PAto $ 0.

  T9TAL cuvuEuT jExREusEs

sTAT.7:vFOT OF CAce4 Ft.n^
% 9 gWer.n7  IOTAL_LALLS  

LOAmc

• LESS - nT0FCT 1440P rOcT * n.

c_ ....u1.2.11.aLt_IJ 
• opFuATIwr. Cruk;Tc 7.(41;:ofeve,

It13 F• X!,1-:In
•ANn wir:grAo t.0,:,81.',7

5 4,A560F40.7  __LICEMSES_A"..a_LAXES tA.
• prcFA4CH W41) OF.VPI .
 Ulla"..'-T 

0'19• 
 _ 

AnoL. 11 'NT Miq romp. .1.
10A!i_....RE.PkYlEN?

PITA!. CASH ntITLAY
s 1.1410DF.07  ILO' t:E21._1

:

••••••••.•••••••••••••••••••

t_. * • • 1-t-2-t-1.1-11  t• • --• • t_• • I• • L•

•
///YFAR 10. MONTH 12/// PEPORTs FOR STOCK SEcTno:

CUP!JIATIVF ran-A

STOCK I IN LoC 1 7.624F•PS

///YEAR In. moroTH 12/// REPORTS FOP PROCFSSOR SECTOR:

JNITS SOLO RY PPon 1 PRon 7 PRIVI
DPOC I I!! MADK I 1.525E.05 A.
0P0C 1 IN PAR< 2 0. 1.6?4E.01

3 PQ00 4 PPnn -5 PROO A PIM) 7 P.1011 8 4 P.-4,; .1 ̀ •

UNIT SAIrS PPICV BY P.M I pPon 2 pRon 3
0Q0c.. I Tu .'•1 ii j___
PC7OC I 1 ,4 MtPK O. 110

•••••• •••

tvno 4 pPnri 5 Pi-/Oft pRo0 7
  •••••••••••••••..•••••••••••.=...•••••••••••

///19,740 10. mON74 I?/// REPORTS FOR HARVESTER
••••••••••••••••••••••••.•••••.••••• ••••••••••••••••••••••••••••••••••••.•••••• •.•••••••••••••••••••••••••••••••••••

SFCTOso:

'PITTS HluvESTEO STOCK 1 STOCK 2
RY H.V4vFcTER 1 7 6P4E.05

ONITc triSnL0 STOCK I 5T0rK P
qy .00vFSTEP 1

--.7)--..6e-.."-ii6v..Thiffi.-.F.CEET I
rno .4LovFsTEP5 1 122

wAPvFcTINn TIuF.

STnCK ? STOCK 4 STOCK 5 STOCK A •STOCK 7 cToCi<

.sToCK 3 STOCK 4 5TC c STOCK SjOrK 7 cITICW 4
•

FLEET P ELFFT 3 FLEET.4 • FLEET S FLEET A FLFcr 7 vt.e.;T A .t- • • t. • I

It% rAY51 •
Fop. mtRVFSTF0S 1•

FLEET 1
19

FLEET 7 ELEFT 3 FLEET 4 FLEET s FLFET A FLEFT 7 rLFIT
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