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Summary

A fully i1nteractive beet production model 1s described The beef component
15 based on the Kahn model built at Reading University, which 1tself
originally shared a lIimited number of features with the Texas A and M model
of the late 1970s Herds of up to 30 animals may be handled for up to 20
years of simulated time The model 31s flexible, and the structure allows
mob grazing, rotational grazing, and grazing among multiple forage species
finimals may be bought, sold, culled or weaned as reguired Cash flows are
produced, along with net present values and internal rates of return, and
for any particular run, economc re-;nalysxs may be carried out to
investigate changes 1n economic parameters Provision also exists to
investigate dual-purpose beef-milk systems The major relationships within

the model are documented, 1ts use 1llustrated, and output files are

gescrabed
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) INTRODUCTION

These notes describe a beef production sioulation oodel for the oxtensive
ranching systems found i1n the Eastern Savanna plains of Coleabia Changes
and modificoations are outlined up to version & 2, coopleted on 20 Decanber,
1988 The core of the system ({(called RUSHOB} ie a oodel built and
described by Kahn and others (Keshn and Spedding, 1983, 1984; Kahn and
Lehrer, 1984) which was taken as a starting point and oodified oponewhat,

leading to 1ts validation for conditione 1n the Llanas

The first section describes the basic relationships wused in the beef
production sodel (with their sources), and how some of these have changed
since earlier vorsjions of the onodel, The growth of forage and the aninal
plant 1nterface 18 described in the second sectiony currently this 13 the
nost dynasic area of the system, so work in progress 18 briefly outlined
The third section examines the structure of the whole cosputer-based
system, 1ncorporating a small nupbar of economic routines to calculate cash
flows, net present values and internal rates of returny; the interactive
tnterface allows the wuser to run the onodel as a managemsent gaae,
essentially The fourth section is concerned to denonstrate the use of
the nodel, by listing internal assumptions and explaining output fron the
ondel These notos conclude with an indication of arcas where devolopoent
can be expected to continue over the next few months Appendices contain
varioble nape 1li1sts, the ainteractive panels, a subroutine 1list and
subroutine call 1list, and sample 1nput and output files A coaplete
listing of RUSHOB is not given here, since 1t coaprises sose 7500 lines of
FORTRAN code (or 120 pageé). split 1n two approximately equal parts beatueen

the sioulation oodel and the interactive systonm

Throughout these notes, nases in capital lettero follow the following
convention: RUSMOB refers to the entire copmputer-based systea; FRRTRAN
nares for subroutines are referred to as ‘"subroutine NAME®; any other
FORTRAN nane 1n capital letters may be taken as referring to a variable, a
short descriptien of which can be found in Appendix 8 2 If the wvarizble
15 ap array, 1t will upually be referred to as NAME(:), uhere 3 may be the

letter 1tself to denote generalsty, or a nunber, to denote a particular



position 1n the array, or a range, such as 1-4, denoting the first {four

posytions 1n the array

2 THE BEEF HODEL
2 { Structure and Major Relationships

The mode]l used 15 an adaptation of one built by Kahn {(1982) which shared &
limited number of features with the TAHU model of Sanders (1977} The
pajor variables which have to be input to the oeodel, and which betueen
them, 1t is hoped, are capable cof describing the whole variety of
production systems of interest, are as follaows

- feed quality and quantity, 1n terme of crude protein percentage,
digestibility and availability,

- the average adult weight of the cows, 1f all the cows are of one breed,
then one value sutfices 1f not, then 1ndividual values have to be
1aputed This variable enables the model to distinguish between brepds
and sexes for the calculation of growth rates and 1ntake capacity, for
exanple

- the obpaxipun potential peak pi1lk yield per cow, again a breed-dependent
characteristic

- a oultiplication +actor +or standard activity energy expenditure;
different environeents can thus be accounted for (sparse pasture, difficult
terrain, heat stress etc)

The dynanics of the gystea are represented by & 4$low ©o©f energy Anipal
performance 18 troated on an i1ndividual basis, i e each animal s growth,
nilk production etc are calculpted at each :nteé}atinn tiae step
(henceforth dt}, which 1itself 183 variable between | and 30 dayse The
model is deterministic, with the +following stochastic discrete events:
cal+ deathz adult death, cow abortion, pestrus 1n non-cycling cows, oestrug
in cycling cows, conception following oestrus, calf sex at birth, and long-
term steri1laty following dyotocia or delayed reconception following the
saae [t pay be noted that real-system levels of variability can be
introduced by what amounts to internalising previously extrineic (driving)

variables, for instance pasture production, which 1s dependent, inter alis,

on weather



A diagrao 1llustrating herd dynameics and the fate of i1ndividual aembers 1s
given 1n Figure ! Calves, following weaning, enter a followers herd for
as liong o time as 18 requiredy wultimately, they die, aro sold, or tha
heaviest are used to replace natural losses in the breeding hard. Breeders
and followers can be bought, also The beef component 18 organised into a
three-ti1er hierarchical structure The effect of this is to divide the
progras into two npajar loops These can be s8een 1n Figure 2, an
gevent-sequencing diagran, showing the calculations porformed for each
anipal :n the herd at each dt This diagren shows the logical flow of the
program, and not the structure of the nodel as written in code The
structure of early versionse of the neodel (V3 0) 18 shoun 1n Figure 3

Bubsequent paragraphs describe the quantification of the oodel in terns of
energy requiresents and dry oatter aintake, lactation, weight change,
normative weight, and reproduction Hhat follows 18 a resumen of Kahn
{1982), Kahn and Spedding (1983, 1984), and Kahn and Lehrer (1984} As
regards the sources of these equations, ARC (1980} 1s responsible for ouch
of the energetics relationships, Conrad (1%966) +4or voluntary intake,
Sanders (1977} for lactation, Brody (1945) {for normative weight, and Kahn
and Sanders for reproduction The death routines have been changed
conpletely to account for 1pcal death rates, and other significant

nodifications are noted below

DRY RATTER INTAKE
Dry opatter intake 1s calculated as the oinioun of two functions, the
physical lim:t,

I = VICOEF # HH / (1-D1B),
where HH = noroative ueight: DI6 = DH digestibility, and VICOEF, foecal dry
matter output per kilograo of liveweight, = 0 0094, varying with stage of
lactation to a pnaximum of O Q116 1n the f1fth month, and the physiological
limit,

1 = DM / DIB,
where DDH = HENEED / (18.3 # 0 B2), MENEED 18 the HE requirenent of the
anioal, 18 5 HE 18 the gross energy content per kg DR of feed, and 0.82 18

the ratio of ME to digestible onergy The requirenent of the animal can
be partitioned,

HENEED = (HAINT + AC + PREE + LACT),



FIGURE 1 RUSMOB HERD DYNAMICS
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FIGURE 2 GENERAL EVENT SEQUENCE. BEEF MODEL
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FIGURE 3 RUSMOB V3.0 PROGRAM STRUCTURE
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where MAINT = the maintenance requirement, AC = the activity requireoent
(about 25% of MAINT in grazing anipals), PRE6 = the requireesent for
pregnancy and LACT = that {for lactation In turn, these are calculated as
follows:

HAINT = FH / KM,

o COF * ({W/1 OB)e#0Q 47)/(D1G%0 Bi#Q 35 + 0 3503)

where FM = +fasting metabolism, KM = wutilisation efficiency, DIE =
digestibilaty, and COF = 0 53 for cows, heifers and stoers, and 0 &7 for
bulls In calves, FH = FHC # H ## 0 73, where FHC 18 a coefficient which
varies wWith age

AC = 0 012 » W % F,
where F = a factor varying #ron ! 0 for lush grazing conditions to 2 0 for
more sparse and rigorous conditions

PREG = (10#%{a-b*exp{-ct})*0 0201 #exp(~-ct)) / 6 133,
where a = 1351 645, b = 151 64, c = 5 74E-5, t = number of days pregnant,
and 0 133 = the efficiency of wutilisation of metabolisable energy for
pregnancy

LACT = PPM/KL,
where PPH = energy content of oilk yield and KL, the conversion efficiency,
= 0 35 # ME/BE +0 42, GE being the gross energy content of the feed

LACTATION
Lactation potential 18 given by a two-phase function,
PROP#PMA + (1-PROP)I#PHA/ND % (LTIME+DELT®#0 5) pre-peak
PH =
PMA # exp{(LTIME-ND+DELT#0 S¢PHEXP) post-peak,
where PMA = maxioun potential daily yield, PROP o the proportion yielded at
day 0, ND = number of days to peak yield, LTIME = nuaber of days lactating,
and PREXP = the rate of decline post- peak The datly amount so
calculated 1s reduced by two factorst
- age,
CFR = 1 0 + 0 Q1% (ABE-7) ~ 0 Ol (ABE-7)%%2, 0 (= CFAR <= 1,
~ previous under-nutritaion,
LDEP = LTIME/240, 0 (= {DEP (= 1},
whereby the present nilk potential 18 reduced oven 1§ present feeding
tevels are oore than sufficient to oeet wundanpened Jlactation potential

after a period of undernutrition In this way a reduction 1n nilk



potential releases energy for weight gain, the only oethod in the nodel as

yet of taking explicit account of coepensatory gain

Tissue 1318% Dpobilizable +to help peet lactation potential, the asount being
given by

HCONV = HFAC & MFAC # LFAC,
where HFAC = HAAX-B#exp(~-3#W/HM), RAFALC = HWHAX-Stexp(-2&#HM/HHA), LFAC =
(270-LTIRE) /270 14 LTIHE <o 270 or @ if LTIHWE > 270, WH is normative
weight, +HA = pature pornative weight, and HMAX = maximus amount of tissue

mobhilizable per day, here | 4 kg per cow

HEIGHT CHANSBE
Height gain or loss occurs when the the energy balance has been calculated,
1 e the surplus or deficit of energy i1n minus energy cut for production
The following equations are used
- the efficiency of HE utilisation for tissue anabolism,
KF = 0 78 # ME / BE + ¢ 006,
1s adjusted depending on feed levels by the factor
L = KM/{(KN-KF)/(L-1) # {i-(hF/KH)®2(L-1),
where L = HER/MAINT, and RMER = the total HE intake by the animal.
- the energy value of gain 1g
EVE = 3 12 + (26 0 - 5 12) / HMA = W
Kahn (1982) has a very long discussion of the derivatien of this key

variable

NORMATIVE HEIGHT
Nornative weight is calculated as follows:

MM = BH + (0 3I3#WMA - BW) / 180 ¢ t,
a linear section from birth with birthweight BYH to & oonths, and an
exponential saturation curve above 6 months of age,

HH = HMA # {1-0 &7vexp(-k#{t-1801/30)),
where t = age in days and k = growth rate coefficient, O 065 to give 98% of
HHA @ 5 years, or 0 0533 to give ?8Y of UMA @ & yezars Calf birth weight 18

calculated as BH = HHA/LS, nales are assufed to weigh 10% oore than
fenales at birth Fenale nature weight 1s gultipiied by 1 15 to give
steer nature weight Birth weight 1s reduced by a factor (H/JH)&20 5 1f

the den 15 underweight



REPRODUCTION
The derivation of the reproduction foroulae 1s based on little evidence, as
the different effects are essentially i1opossible to separate and gquantify
Basically we have

PEST = PESTCO # CFT % CFH * CFH % CFDW & CFABE,

CCYC = CFW #%¥ 0 1 & CFDW #% 0 1,

PCON » 0 75 # CFT#20 5 # CFH##0 2 & CFDH«#0 2 & CFAGE®40 5

# SEASON,

where PEST = the probability of oestrus given that the cow was not in
vestrus the previous cycle, CCYC = the probability that an animal 1n heat
last ponth cpoes back into heat, and PCON = the probability of conceptien
foilowing cestrus The factors 1n the equations are listed belows
- CFT = {1 - 1/exp(9 E-7Tx(APTIME-ARPDELT)*#3 9) , 0 00! (= CFT <= 1,
2 correction factor for time since calving, where APTIME = no of days

post-partum, APDELT = 10, a suckling factor,

- (HH/ (0 b*WHA) - O &7)/0 33 , NM C O &%WHA,
CFH =
i, HH >= O bEHNA,
a correction factor for animal maturityy
- -0 35+ 15 & (H/EM) , CFH > 0, H/WA < 0 9,
CFH =
1, H/KH = 0 9,

a correction factor for conditiong

CFDH =1 - 0 &#HL , CFDH > 0,

a correction facter for weight loss, where HL = weight loss per dayj
- 1 - (ABE - 4) # 0 01 , AGE >= 4 0,
CFOH =
1, RGE < 4 0,
a correction facter for age
PESTED = 1 0 -~ O 15#%(DELT/30) to adiust for values of d¢ other than 30,
where DELT = dt, and SEASON = 1 i1n the breeding season and O out of season

One last factor affecting reproduction 1s that of dystocia; 36% of cowus
hasve difficult calvings, which delays pestrus by 29 days The probability
of resultant sterility 18 colculated os

STER = | ~CFA,



where CFA = 1 + O OL1%{ABE~9)-0 OY*(AGE-9)®%2, O 001 (= CFA (= i, 1§ RBE 7
9, otherwise CFA = 1 0

2 2 Development to V4 2

General changes included a sodularisation of the Kahn oodel with the aim of
improving efficiency and reducing running tine, a transcribing of the
ori1ginal FORTRAN IV (1964) code into FORTRAN 77, and heavy revision and

restructuring of 1nput and output code

MORTALITY

The wmortality routines have been changed radically from those used in V! 0
and V2 ¢ The old TAMYU routipes were too complicated to allow of
objective adjusteent Death rates have now been changed so that the

probability of death 15 minimal except for old age, the first 30 days of
life, and starvation The prelieinary validation runse have shown that
simple death probabilities can accurately reflect the age structure in a
herd over ten to twenty years in the savannas, whilst death 15 assuped to
occur 1f the weight index falls below O 48 (Kleiber, 1961) Calt death
and abortion probability (the latter introdured because of its i1mportance
in extensive systems) are defined to be nutrition-related and parametric,
since 1t 18 not reasonable to postulate causal gechanismas for such events
{apart froe starvation}) 1n a wmodel of this level of resclution The
possibility of abortion exists for the geventh to ninth nonth of pregnancy

The probabality of calf death during the first oonth of 11fe 18 high, but

decreases thereafter

HERD DYNAMICS

A followers herd was 1ntroduced; in V2 0, calvoes were eirther soid or
entered the breeding herd immediately post-weaning This wmodificatson
aeans that a calf now becooes a follower for as long or as short a period
as 1s required by the managenent policy being pursued The model can now
handle wup to 200 breeding cows and 400 followers {sege Figure 1), but nate
thet an anigal rdentification nunber (for a breeder, up to 200, and from
201 to 400 for a follower) is unigue and 1s not re-assigned on death or
resoval tros the anerd Array overflows occur 1§ more than 400 4followers

accrue during a run, with all sorts of ensuing probiems (1 & other



variables are over~-writteni

PARAMETER RESETTING

In resetting paraneters, 1t ras felt that unless there were good reasons
for changing anything, 1t was better to leave as puch as possible
unchangedy; the paucity of dats on pany of the ioportant relationships
would make it extremely difficult to render these in nathematical terms
with any degree of objectivity The bajyor reason +#or having to reset
parameters at all 1s the fact that the Llanos represents a poor-quality
production systen, where reight i1ndeces (the ratio of current weight tao
potential weight) of the order of 0 5 to 0 75 are observed oost of the
tige; the original validation runs were concerned with weight 1ndeces of
0BStol O

The following were reset:

- RATE, the paraoeter which describes the $1rst derivative of the grouth
curve for heifers, was reset to O 054, the lower value gquoted by Kahn, in
accordance with Bos irdicus cattle elserhere

~ the mi1lk curve was redrawn (Figure 4), giving a plateau of 5 0 kg fron
day 0 to 60 of lactation, focllowed by a =ehallow exponential decline to
approximately 2 B kg at day 270 Integration of the turve gives a total
lactation potential yield of sonme 1100 kg

- suckling calf roughage intake on poor diets was grossly wunderestipated
Calt weight was therefore replaced with calf norsative weight in the
voluntary i1ntake equations, thus bringing the relationship into line with
that for post-weaners and adults

- tissue opobilization for lactationg this was increased from the zero
allowed at low weight indeces i1n V2 0 in a manner shown 1n Figure 5 This
18 based on no evidence at all, but 1s intuitively reasonable

- conception probabilities, two functions were redrawn and the paraceter
probabilities adjusted (Figure &) 1n an attespt to obtain realistic
conception rates (in excess of 50X where earlier version of the model would

have none) and also a realistic relationship between conception and weight

ADJUSTRENTS HADE DURING VALIDATION
Prelinminary valadation work, described in another docucent (Thornten,

1887), highlighled a nuober of problens, particularly siih respect to
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WFAC

FIGURE 5 TISSUE MOBILIZATION
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FIGURE 6 CONCEPTION CHANGES 1
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conception probabilities and weaning weights The problen for the first
of these was 1dentified to be the maturity factor Since norpative uweight
increases 1rrespective of plane of nutrition (unless death occurs), the
nodifi1ed factor defines maturity to have no effect on conception ability
once the ratio WH/HMA has reached values in excoss of 0 & The shape was
adjusted to inhibit conceptions at low liveweights and in cosparatively

inpature animals (Figure 7)

For weaning weights, 1t was concluded that 1t 15 possible that plane of
nutrition acts on milk production potential {(and hence weaning weight) 1n a
way not explicitly accounted for 1n the nmodel, «when diverse production
systems are considered In effect, this paraoeter may be geen as a measure
of genetic potential coupled with the overall quality of the diet in the
relevant production systen This poses no real probless, but resains

conceptually unsatisfactory

3 FORAGE RODUTINES

Historically, two aspects of +forage have been of interest for bheet
simulation oodelling - 1ts gquantity, and its quality, oeasured usually as
dry oatter digestibility and/or protein content The interface botueen
animal and plant has always been the hardest part of podelling animal-based
production systems, and post nodels by-pass the problens i1nvelved due to
their complexity and the lack of data which surrounds this i1nterface The

present oodel goes only a small way towards tackling these problens

Both the TAMU and Kahn s model make use of tabular forage; forage quality
on any day is calculated by 1interpolating between two (often monthly)
digestibility and crude protein values Thus 1+ digestibility for day 30
and for day &0 of the year are 42 0 and 44 C¢ percent respectively, the
value used for day 45 would be 43 ¢ It 15 wusually aosumed that such
tables do not change {from one year to the next This 13, in fact, a
pore flexable way of deriving forage quality values than would at first
appear to be the case, there 18 no resson why the table values should
repain constant, but could eas:ly be cade to change in response to certain

wealher variables, for excople A oore profound craiticiso of the approsch



FIGURE 7 CONCEPTION CHANGES 11
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15 that there 18 no feedback between growth or accuoulation of bionass on
the ore hand, and forage quality on the other Bhen cnipal behaviour 1s
added to the picture, 1t is apparent that tabular representation can
atcount for only a fraction of the coeplexity of the real system The
problem 1s really as follows anical growth can be eodelled wi1th a good
degree of accuracy, 1f 1t 18 known what sort of paterial 1s actually
tngested Plant growth can also be oodelled, given suféicient information
The behaviour of the aninal, and 1ts effect on the sward, through selective
prazing both within and between species, make the prediction of what the
animal eats, when presented with a particular pasture, extrecely hazardous

indeed

In the present case, pasture has had to be treated in opany ways 1like an
experioental wvariable To date, savanna has been treated as a honogeneous
resource, and data have been so few as regards 1ts growth that there has
been little alternative to the tabular approach {although the codel makes
provision for animale grazing different types of savanna, such as recently
burnt or bajo savanna) The probliem here 18 to impute "reasonable® values
for digestibflaty, crude protein tontent, and growth rate over time, which

may be taken as being typical

The oituation for :pproved pasture 1s rather different, especially 1+
grass-leguoe mixtures are being considered In contrast to savanna,
availability of such pasture would appear to be ouch oore critical,
necessitating some sort of explicit growth oodel Considerable effort s
being expended on the construction of a si1mple twe-species pasture which
can be used to examine animal-pasture 1interactions, and as a bonus 1t
should be able to be used i1n RUSHMOB also A short supopary of the salient

features follous

PASMOD

At this stage PASHOD 15 a purely conceptual oodel of gqrazing i1n a
two-apeeies pasture It was constructed ({Fisher and Thornton, 1987
Thoraton and Fisher, 1987) to help set up an expericental progran for the
Ecophysiology section 1n Carinagua, 1n an effort to understand the dynamics
of gress-iegupe pastures both with and wilhout grazing amipals It

currently has 1the status of hypothesis, although 1t appears to react 1n



sengible ways to variopus external stipull The 1dea for a oipople oodel
cane from the work of Noy-Heir {1975, 197&), who ronsi1dered continuous and
rotational grazing 1n a cono-species pasture, using just two functions - a

net growth function and a consumption function

The original PASMOD mode! used oix basic functions, five of which are shown
in Figure B The sixth was a simple ramp function relating 1intake to
biomass This number 18 1i1n the process of being extended, to allow

multi-season simulations Pasture growth 1tself uses three:

1 Leaf Area Index = f(Biomass)
Il Senescence Rate = f{Biomass)
111 fotenti1al EBrowth Rate o +#(Leaf Area Index)

Potenti1al qrowth rate may be oodified te Actual growth rate by a
consideration of competition, both spatial and non-spatialy the latter 1s
accounted for by the fourth function,

1v Actual Relative Browth Rate = § (Potential Relative Browth Rate)
The effect of the animal 13 limited to a consideration of 1ts consumption
pf the two species and the feedback which thi1s has on subsequent bionass,
the selection (or preference) function

v Proportion of legume in diet = f(Proportion of legume available),

(in PASHOD, the sixth function relating intake to bicpass coopleted the
or:ginal specification of the opdel,

VI Intake kgDM/100kglé = f{Bi1omass),

but <clearly this 1s5 not needed here, since the beef model has 1ts own
intake eguations to drive the forage component ) A seventh {function 18
being evaluated, to allow forage to be grown from one season to the next,
this consists of a factor which modifies actual growth rate in response to

water-limiting conditions

Simulation proceeds on a daily basis, first by calculating today s biooass

on the basis of yesterday s, and then subtracting today s consumption (14

any}

Two aspects 1n particular are 1aportant with recard Lo the use of this
mooel 1n RUSMOB seasonal changes in the functicn naraceters, and herbage

quality For the first of these, 1t 1s possible that the effect of season

19
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on such & model can be limited to changes 1n potential growth rates,
brought about primarily because of 'ack of water at regular tiamee of the
year Thrs 15 currently being 1nvestigated For the second, no
satisfactory npethod of linking the cthanges in digestibility i1n some way to
the functions tonsidered has been found vyet A wpechamism relating the
proportion of new growth in the pasture to 1ts quality proved too
inflexible Again, pending further investigation, digestibility 15
handled wusing tables over time, with the attendant disadvantages of this
sethod The subroutine corresponding to PASMOD within the systean
1s called PASMIP

A full description of this pasture podel may be found elsewhere (Fisher and
Thornton, 1987, Tharnton and Fisher, 1%B87) Its 1ngcorporation into RUSMOB
necessitates only slight oeodifications; consurption has to be calculated
outside the growth routine, for example, and provision has to be npade to
marry up the daily time step of PASMOD with whatever time step i1s operating
in the rest of RUSHOB The general structure of all forage routines 1s

outlined 1n section 4 2

4 SYSTEM STRUCTURE
4 1 General

General features of the systen i1nclude the following

- simulation runs of up to 20 years can be carried out, with bhreeding
herds of up to 30-40 animals

- the type of run 1s set by a mode variable; the aode of a run cannot
be changed once the run has started

- a run can be carried out entirely 1n a batch mode, whereby decistons
are made using fixed decision rules built into the model

- & run can be carried out in an 1nteractive node, the sioulatyon can
be halted at any tioe, the animals, forage or cash flows inspected, and
almpst any canagement may be 1nposed for as long or as short a time as
regquired

-~ ot the end of the run, net present values and i1nternal rates of

return are colculated, i1f possibie, these may be incremental, compared



with a base-line cash flow Economic re-analysis 18 then possiblie, by the
re-reading of the entire event file for the run T~i1s f1le kemps a record
of every sigmificant event (conception, death, sale, for instance) that
happens to each animal Thus, the influence of a drop 1n price can be
examined on the same biological sequence of events without having to re-run
the entire simulation

- animals mpay be divided into opobs on the basis of age, sex, or
physiological status, and then fed a whole variety of forage within mobs
Provision alsn exists for rotational grazing of improved pasture

- avallable forage resources number four, three different types of
savanna ar2 allowed, as 1s one paddock (or oultiple paddocks for rotational
grazing) of improved grass-legume pasture How this is fed 13 entirely up
to the wuser, within the lisits bt an extensive set of allowable
conbinations

- ponthly cash +flow data are output 1n a fashion to faciiitate
subsequent analysis, 1f, <for example, they prove to be i1ll-conditioned
{aultiple roots etc)

- 1ndividual animal weights may be output to a +fi1le +4or subsequent
input tp a graphing program, for example, to obtain a visible record of
weight evolution over time

- provision exists {for 1nvestigating dual-purpose systems, by

specifying a mi1lk offtake rate and a milk price

The therbage routines, econonic routines, input-output capabilities and the

interactive system are now described in some detail
4 2 Herbage and Brazing

Control of any run 1s handled by a number of user-set paraneters One of
these 1s IRUNM I+ this 1s set to zero, then the simulat:ion makes use of
the original forage tables as used in early versions of the oodel and
during the prelicinary validation runs In this case, there is only one
type of forage {savanra), but the area (ARE) and starting biromass (BIOL)
are set internally, since there 1s no feedback from the amount consumed to
the coount of dry natter in the pasture, 1 e , availability 15 wunlimiting

This run oode has been preserved to fatilitate de-bugging after gross

changes heve been oade to the nodel code (by runming the oodel wusing thre



same 1nput data to see if the output data are directly comparable wWith

those obtained before the changes were mate)

14 IRUM is set to 1, then the amount of forage i1s determined on a daily
basss for up to four different rescurces With areas of AREA(1) ha and
starting biomasses of BID(i) kg/ha Resource numbers 1 top 3 are reserved
for types of savanna with significantly di1fferent characteristics, whilst
respurces 4 and 5 refer to a legume and a grass vrespectively 14
both a grass and a legume ex:st, then a mixture 18 assumed (hence there 1s
a marxioum of FOUR forage resources) The three sgavannas are Hhandled 1in
separate pedules, and so can have different growth and quality

characteristics Thus, for exaeple, 1f the following values are entered,

Resource Nao 1 2 3 4 S
Area ha 20 0 0 2 0
Biomass kg/ha 4600 ¢ ¢ 3500 0

the run starts with 20 ha of savanna with an 1nitial biomass of 4 & t/ha,

and 2 ha of pure legume pasture with 3 5 t/ha dry matter

New resources can be bought 1nto the run at any stage of the simulation,

simply by entering relevant non-zero areas and starting biomasses

Two subroutines are concerned with sorting out what a particular animal
has access to among different forage resources at any time, called HOBRAT
and HOBGRA First, an amimal :5 assigned to 1ts relevant physiolegical
status group {(Table 1} Ieplanted decision rules or interactive
intercession then assigns a five digit code which ts stored in one of the
positions of each animal s array (V¥V(1,23), where ) 15 the aninal nuamber)

This code starts with a I, the next three digits, 1 or 0, refer to the
availability or otherwise, of the three types of savanna, whilst the fifth
drgit refers to the grass-legume 1mproved pasture Thugs, an animal
assigned a <code of 11001 thas access to savanna type ! and whatever
yamproved pasture there may be Khen 1t 1s the anieal s turn to eat, the
code 1s decoded, and 1f te relevant digit for each resource sumber is not

zero, then that sorage resource gees to help pzhe up the aninazl 3 diet at
that time

The mxing of tre diet for any particolar aniecal, where that animal has



TABLE

1 ANIMAL PHYSIOLDGICAL STATUS GROUFS

Status

Groun

Status

13

N

W o~ e s

10
il
12
13

Dry empty
Pregnant 1-3 mps
4-& mos
7-9 mos
Lactating 1-3 mos
4-4 mos

7-9 mos

Preanant 1-2, lactating 3-& mos

7-% mos

Pregnant 4-46, lactating 7-9 mos

- pull -~
Calf male ¢ 12 mos
Calf female < 12 mos

14
15
16
17
ig
15
20
21
22
23

Female ag

Male aoe

e
-
-
3-
?

<1
I_

]

2 -

(%]

[0}

S
B

1

2
3
4
4
yr
yr
vr

yr
yr

FOLLOWERE

HER

D

Kote

- pach animal s status {not calves)

- *the mumher ir Eech Qroug

25

i

In ans

Also NHEAD(Z24) = NHDSUM{m,1)

2

3

aonth
no of
no of
no of

15 stored 1n array VYv(:,9)

1t stored

1n arrey MPEADL

enimals i1n breeding herd,

calves,

followers,

1n menth o



access to more than one resource, i8 carried out in gubroutine HMIXER or
subroutine CALHIX, depending on whether the anipal is classified as an
adult (breeder or follower) or as a calf, except for the selection of grass
and legume from a mixed sward, which 18 carried out 1n subroutine PASMIP
directly In many cases 1t i1s not necessary to use this routine, since
mpst animals will often have access to only one resource at any tine
{although this may change through time), and clearly such a diet would not
have to be nixed It 15 apparent, however, that soeme type of preference
fupctions will be required when subroutine HIXER has to operate, at
present, information 18 scanty regarding such functions, so that oultiple
forage resources shpuld be wused with care The +following +forage code
combinations present no problem, being essentially single resources
11000 savanna type |
10100 2
10010 3
10001 improved pasture, aixed 1n subroutine PASMIP
The next wnost wuseful set of codes 15 that concerned with the grazing of
snall banks of 1aproved pasture,
11001
10101 savanna + improved pasture
10011
Many of the other possible code combinations can be seen to be wunrealistic
for most uses; at any one time, it 1s unlikely for an animal to have
atcess to more than one type of savanna {bearing in mind that the code can
be changed as often as possiblel Generally speaking, then, 1t 1s

reasonable to restract the codes to those considered above

The consideration of forage codes has a direct bearing on the types of
grazing system that can be accommodated 1n the mode}l The types of system
that users are likely to be interested i1n are 1llustrated {§n Figure 9
Obviously 1t 1s difficult to i1nclude every type, but 3t will be apprectrated
that "grazing systea” really rafers only to a thanging aof available
resources Lhrough time, seen 1n this sense, the model 15 1n fact capable of
handling sost systems Of the svstenms considered 1n Figure ?, cthere 18

only one wrhere explicit prererence funclions are required outside PASHIP
{tyoe 1)



FIGURE § EXAMPLES OF RUSMOB GRAZING SYSTEMS
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1§ 1t transpires that a savanna oosaic 18 of 1mportance, 1 e., an anipal
having instantaneocous access tn more than cne type of savanna and some sort
of improved pasture, then this can be handled at the cost of deriving or

imputing a preference function which may or may not change over time

leposing rotational grazing for a aob {(code 10001) necessitates the input
of special datay this 18 described in section 4.5 on the anteractive
systen The constituent paddocks can be of any (unequal) size, and there

1s a srmlar latitude in allowable occupation times

Suckling calves constitute a mob 1n their own right, and can be assigned

different pasture from that consumed by their dams

Rll four 4{orage subroutines (SAVI, BSAV2, SAVI and PASHIP) are built on
similar lines Each is 1n two main parts the first deals with gronth,
the secend with subtracting the aopunt of that resource consumed during
tine dt from the current biomass The point of entry to the routine 18
controlled by the value of the one passed parameter in each case (1 or 2)
The sequence of events for herbage i1s shown 1n Figure 10 The seguence
can be 1llustrated by reference to one resocurce, e g savanna type 1
Assume that the beef model time (dt) step 18 5 days, and that day 100
starts with there being 4230 kg of dry matter:

DAY 100 BIG{!) = 4230
+ net growth day 101 = 4270

+ day 102 = 4312

+ day 103 = 4334

4 day 104 = 4402

+ day 105 = 4450

Assume 32 animal unmits have access to this rorage,
Availability per AU per day:
RB{1) = (4450/(3Z€5)) & AREA(1) = 28 © AREA(1)

Corsumntion FEUM(L) = 5 # 32 » ¥ |
14 VI =¢£0 tand VI (= BR(1), aise availabiiity 18



FIGURE 10

HERBAGE EVENT SEQUENCE

N
4

TIME LOOP
T 71+ DT

N
CALL HERBIJ (1)

A
CALL MOBRATY

7
CALL HOBGRA

ANTHAL LOOP
1A = 1A +

A4

oo

C4-1-7-2-7-7-

doooooo

CALL "lXER Loooonoo

s
CALL HERB1J(2)

cCocer

CALL SAV(l) AND PASHIP
B10({I) = BIO(1) + GROYTH(L)

ASSIGN ALL AHIHMALS TO KOBS

ASSIGN DEFAULT FORAGE CODES:
CALCULATE AVAILABILITY PER AU
OF EACH RESOURCE

YOLUNTARY INTAKE -~ MIXES DIET
FROU ~MOUNT AVAILABLE PER AU

CALL SAV(I) AND PASHMIP
Bl01) = BIOKI) ~ COMSUMPTION(D)

13
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iipiting), ESUM(L) = §40 kg

Thus, BIO(I} = 4430 - 950 / AREA(1)

DAY 10% BIO(1}) = 4418
t

An interesting point to arise from the above example 1s the following what
happens i+ B80(1) is less than voluntary 1intake (i e, availability 1s
liaiting)? At present, the decision rule operating in the codel sioply
assigns whatever 18 available to eacth anisal umt Clearly, rationing
rules could become very complex, and this 18 one area where the interactive
nature of the computer systen can help to overcone problems associated with

animale running out of forage

4 3 Economic Routines

The objective of these routines 18 the followings

1Y to keep track of every sale or purchase, and whare one occurs, to
note the relevant price and store and cunulate the result until the end of
the run

2) at the end of the biological run, to try to calculate the net present
value (NPV) and i1nternal rate of return {IRR) 4for the cash flow

3) 1f required, to calculate the 1ncreaental NPV and IRR of the present
cash flow and a previocus cash fiow stared 1n a file

4) 1f required, to re-analyse a particular bioleogical run using

ditferent economic parameters (1 e , go back to 1}

Subroutine PRICE 1s called every dt, to set the prices for the categories

of animal considered At present, these are as follows:

1=1 cews bought $/kg
2 cull cows scld $/x%g
3 fepnale calf sold §$/xq
4 nale calf sold $/kg
5 fecale rollower sold $/kg
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b nale follower sold $/kg

These can be changed or added to as required

Annual price data from 20 years at the Feria 1n Medellin were analysed to
try to identify cycles and trends in the data Monthly data from 1975
were analysed to investigate seasonal variation 1n price The paucity of
data would make a nonsense of spectral analysis} a case could be made for
a cycle length of 4, 5 or & years Thus price simulation 18 crudetr it is
assuoed that & cosine wave of & certain period and amplitude 18 sufficient
to fi1t the data (judged wholly subjectively! The vyearly data were
deflated using the Coloobian Censuner Frice Index, and de-trended using
linear regression (a aethod open to debate! to produce the tiee series
shown 1n Fygure 11a It should be noted that the trend line has a negative
slope, in contradistinction to Juri et al (1977}, although why this should
be 15 not clear fAnnual prices are currently calculated in RUSHMOE wsing a
cosine cycle of & years with no trend 1mposed This average value 18 then
multiplied by a monthly factor to account for seasonal variation about this
pean, the monthly factors being the average of 1t years oscillations about
recorded aeans It 1s recognised that this 15 not an elegant method for
siaulating prices There are two separate price cycles, for male and female
animals Another input reguired of the user, 1n addition to cycle lengths
and amplitudes, is the point in the cycle where the user wants to begin

It 1s assuped as a starting point that the relative sncrements between the
various categories are always the same (1 e the same form of cycle applies

to each price category within the sexes)

The buying prace of an animal 18 assuned to be correlated with the female
sale price 1ts actual value is detera:ned randomly, using a relation
which takes account of the theoretical degree of correlation, so that at
some timez, the sale price 15 grezter than the buying price, and at other
times 1t 15 less This was done to preclude the possibility of the rancher
{or the user) becoming 2 cattle dealer The relationship used 1s as
follows:
BP = (SP -~ BP./s.) ¥ CORK + ({1 C-CORRZ)*RNN)® 2 ¥ 5. + BP,
where
BF

5P

buying price at tipe t,

it

selling price at tiae t,
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SP., = pean selling price,

8 = standard devietion of the selling price,

CORR = theoretical correltaion coefficient between SP and BP,

RNN = a randon mormal number,

B2 = standard deviation of the buying price, and

BP. = mean buying price
Price standard deviations were estimated from a large nuaber of randoas
generations Figure 11b shows simulated prices for 24 years {(four complete
cycles), with a correlation coefficient of 0 70 between selling price and
buying price Random normal numbers are generated using the Marsaglia-Bray
variation of the Bex-Huller gethod {subroutine HARSAB), which returns two
randor normal nupbers for every call (although only one 18 used) This
subroutine 1n turn calls a different random unyform nusber generator from

that used i1n the rest of the system, to allow separate seeding

For ltack of 1information, the milk price, 14 used, 15 set at a constant
value (at the time of writing, C$32 / kg), although this tan be changed

between econo@ic analyses

Whenever an animal 18 bought or sold, subroutine ACOUNT is called to
cumulate the number of pesos paid or received for that category At the
end of each ponth, subroutine ECONON is called, and the month s cash
balance 1s calculated At the end of the run, the NPV is calfulated at §,
to, 15, 20, 25 and 1007, and the IRR 1s found using 2 simple iterative
procedure (subroutine IIR) The month & cash flow 18 defined as follows
BaL(y) = BEN(1) - COST(1)
where BEN(1) = CULL(1) + CARF(1) + CFOL{1) + CAPIT(1) + ZHILK{1) andg
COST(1) = CHERD(1) + CBUY(1) + CBABT{(1)
for month I CulL vy, CARF(1) and CFDL{1) contain the money received froa
the sale of rculls, calves and followers, respectively, while CAPIT(1)
refers to the capitalisation of the herd at the end of the run and IMILK(1)
contains the oonth s i1ncose froe nilk sales, 1f any CHERD (1) contains the
capital costs, CBUY(1) the money paird out for new cows, and E£5ASTG1)  the
variable «costs that month These last costs oay ve ca:culated esther per
head of stock or through explicit input, 1 e
CEAST(1) = CVAR # nunber of anicals + CBAST(1),

ragre CVAR 1s a f.xed charge for zers) and the CBAET(1) on the right hand



FIGURE 118 CORRELATED BUYING AND SELLING PRICES., 4 CYCLES
CORRELATION COEFFICIENT (THEQRETICAL) = 0.67 (0.70)
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side of the equation 18 an i1nput datum (again, this pay be zero) Cred:t
and borrowing are not considered in this schema The IRR of the resultant
cash #low 18 calculated twice, the first time on a monthly basis (being
converted to a yearly basis)y for the second, the flow 15 cumulated 1nto
years first, and then the IRR of the annual flow 15 calculated All
printouts from the economic analyses go to the file on logical un:it 11 (see
Table 2) For each twelve-oonth period, the average prices paid or

raceived are calculated and printed

The next task 1s the calculation of the increaental +flow and subsequent
calculations This 18 controlied by a variabhle NIND, whose operation 1s
described 1n Figure 12 The possibilities are as follows:

1) the run 18 seen as a base-line simulation; the cash flow 18
uritten as the first record of a new file

2} the run 15 subsequent to a base-line simulation, and the user wants
to compare the current production system with the base-ling one In this
case, all cash flows are written as records subsequent to the fairst
{base-line) record 1n the file, and incregental flows are calculated for

each analysis and re-analysis of the biological data

In the sequence of tasks, the re-analysis of a run coses next This 18
controlled from subroutine ANALIZ, which rewinds the fi1le on logical unit 4
(the calendar of events), and then goes through this file recalculating the
monthly cash #low, wusing parameters which may have been changed 1n PAN
{either 1n situ or interactively) For example, the next event read +fron
the fi1le wmay bhe the sale of a calf; subroutine PRICE 15 called with the
correct simulation date for this event, and the price received 18 cumulated
in the relevant arrayjy 1f the next event to occur happens i1n the
subsequent month, then subroutine ECONOM 1s called to calculate the cash
tlow for the “present” month 0f course, 1f the next event does not occur
until 2 mnonths later, then subroutine ECONOM 15 still called +or the
subseguent wronth {(all the relevant arrays for that month will then contain
zero) Obvious changes that can be made to the re-znalysis would rnclude
the form of the price cycle (anplitude, trend, or stariing soint), the
relative prices pertaining to each category, or the price received per
kriooren of a2lk At the ronclusion, the sume sequence of analysis taxes

place as for the or:iginal run ~ monthly and vearly IRKRs are ta:sculosted, and
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the incremental flow is calculated Up to six additional analyses may be
stored in unit 12 by coluens, 14 pore are carried out, then the coluen

containing the most recent analysis keeps changing

Two points relate to all analyses

- 1t may be that the cash flow 15 11l-conditioned and hence not amenable
to the calculation of an IRR {(multiple roots etc) A subsidiary prograa
could then be wused to read the cash flow(s) 1n unit {2 and print to a
file with a format suitable for reading into Lotus 1-2-3, for 1nstance,
where the nature of the 1ll-conditioning could be 1nvestigated, 14
required

- in accordance with usual practice, for the annual cash flows (which are
cusulated from the wmonrthly values), the capital costs and variable costs

for month | are assigned to year 0

4 4 Input-Output

Data may be entered in one of two ways - by file, or through wuse of the

interactive system (see section 4 5) The major input fi1le ecccupies
legical unit 15 {(Table 2) This is largely unchanged froo early versions
of the beef model, although there are scpe additions Table 3 shows the

contents of this file, record by record, as read by RUSMOB {Refer to
Appendix B 2 4for variable name list) It should be noted that there are
as yet no data checking routines 1n RUSHOB for this file; great care 18

needed, therefore, when changing this file

A large amount of data 1s entered as defaults in the actual FORTRAN code of
the endel Many of these can be changed with care The major 11mplicit
assunptions are outlined in Section 5 as these relate to paraseter values
and decision rules currently opereting in the model A number of these can

be changed using the interactive systenm
Results {from the run are printed o a nuober of fi1les (Table 2) In
norcal ose, unils &, 7, 10 and i! m1]l ce of nost interest, many of the

other files being concerned with do-bugging tasks

Data input-oulout 15 controlled by & nurver of paraselers

-



TRELE 2

RUSHDE EXTERNAL FILES

Function

Frog
Reads

ram Nanes

Writes

Logical Name

Uniit

4 ARG

] terminal
5 QuUTPYUT
7 ANIMAL
B DUMF

g FOSTO
10 PASDUNMP
i1 CASHFLOD
12(%}  INCFLO
13 RXOUT
13 x REDDAT

biclogical event calendar

run progress report

amimal output file

ind vidual animal weight

animal debug output
pasture output

pasture debug output, improved pasture

economic routines output

incremental cash flows
interactive debug output

data 1nput

MAIN
+ANAL

INCRE

HAIN

INLOOF

17 +ANLGOP
MAIN
MAIN
+[NLDOF
+ANLOCP
+MOFGRA
+CONCEF
ANLOGOP
+MATN
ANLOGF
REKBIJ
PASMIP
+ROTERA
ECONDM
4+ INCREM
+ANALIZ
+I1IR

M INCREM
NX----

¥ nrLessary for progtam operation {the rest are crested as

(%Y ad=zsuged 1o evist 34 NIND=1, 1¥ not HNIID 135 set ic

required?

16



INFUT The initial herd size is sspecified by NA This number of
anipals records 15 read from the 1nput f1le 1+ there are wmore aninmals
tn the file, then these are read i1nto an array SPARE Then, 1f MODE:9,
that 18 to say, the buying of breeding cows 35 allowed for this run, and
sufficient numbers of heifers for replacenent purposes cannot be generated,
animpals may be bought automat:ically, their weights, ages etc being <$ound
in the array BSPARE For interactive runs, or where default nanageaent
decisions are by-passed (IDEFLA=), see below), the buying of breeding
animals operates rather differently, and 1in onost cases the aniaeals 1n
SPAREL{1,3) wil)l not be used

OuTPUT JEV = 0 suppresses printing the calendar of events
= | the calendar 1s printed to umit & (DEFAULT)

JHERD

H
<

suppresses the print-out of yearly herd conpos:ition
tables

= } prints herd composition tables (DEFAULT)

= 2 prints very large guantities of information to unit &

for de-bugging purposes

JA = 0 unit 7 not used
= n vital statistices of animal number "n" are written to

lIogical unit 7 in Genstat-readable format {DEFAULT:
n=1)

IPRDEL

]
o

unit 8 not used (DEFAULT)
= 1 prints 24 variables for animals | to § at each dt for

debugging purposes to unit B

0f the other files, un.t 4 15 desiened for internal reading and writing of
the event calendar, unit {2 holds monthly cash flows (whence they may be
transcribed to unmat 1), and umit 13 contains all responses cade using the
interactive system, f{or debugging and for storing i1nformation relating to

pararever or panagesent cranges Excoples of progree output are discussed

in Section 5 of these noles
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4 5 The Interactive Systen

The wacdel can be run 11n three nodes pure batch, semi-batch, and

interactive This 15 controiled by the value of MODE

MODE = 0 or 10 results 1n batch mode, the sodel operates solely on the
basys ©f the contents of the main data 1nput f1le and the decision rules

built into the model The i1nteractive system plays no part

MDDE = | or 11 results 1n seamt-bhatch mode, two 1nteractive panels are
called up, allowing the user to change some i1mportant run parameters, such
as run length or nusber of animals in the herd, and the other allows the
user to carry out economic analyses interactively, where prices and costs,

for example, can be changed

MODE = Z or 12 results in full interactive wmode The user can set f{our
(default) annual stop dates, and when these occur, or at any other time the
user wiches, the simulation stops, and animal nupbers, weights, sex and
status can be displayed, pasture status can be investigated, the cash flow
to date or the svent calendar can be displayed, and stock c¢an be weaned,
sold, or bnught as required

As noted 3in Section 4 4, 1§ MODE i1s greater than ¥, then anipals may be
bought automaticelly 1f there 18 a shortfall of breeders HODE options 10,
11 or 12 are wunlikely to be used much, since mest users will want oore
tontrol over the buying of stock One further point of relevance is that
1f MODE 1s set to 0 1n the input f3le, the interactive systee will never be
called, whereags 1§ 1t 135 set to 2, the 1nitial panels will be called wup

tand the epode can be changed, 1f required)

The whole of RUSMOB 1s shown in Figures 13 and 14, with the original
relative residence locations i1ndicated in Figure 15 At a later date a
oodale will be created, tnus simplifying the use of the system for the

general user The interaclive routynes {tnose enown an Figure §4} are now

descrioed in turn

Suvroutine INTRACL 1s Lhe anterfzce bewwren tle 5 suletion codel and the



o-a DENOTES CONNECTION TO THE INTERACTIVE SYSTEM

FiGURE 13 RUSMOB V4.2 FORTRAN PROGRAM STRUCTURE (PART 1)
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FIGURE 14 RUSMOB V4.2 FORTRAN PROGRAM STRUCTURE (PART 2)
[INTRAC ]
[ T l
NXBEGO NXMENO NXPANO NXEND]1 o
| n— e
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FIGURE 15 RUSMOB V4.1 PHYSICAL LAYOUT OF PROGRAM

RUSHOB FORTRAMH IHTRAC FORTRAN

MAIN ;;j_______._, INTRAC

INLOOP .. |
PTBINT | ANLOOP NX-=~~-

PAN e e |

BITS TXTLIB

ZEROI1 PANEL?2
ZEROI2 TABLE
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ZEROR1 CHASET
ZEROR2 MOVE

ZEROR3 FIXOUT
LEFJUS BLKOUT
REALIN STRING
FIXIN RELEAS

SAKM TXTLIB &
SYSTEM ODISK

K 15 A PACCID PARAKITER TO GITORAICE THZ POINT OF EXTRY TO [OTRAC
THI CLAQx CIMOD RIFGEUIHT OIFFORINT PHYSIGAL LORATIOND ¥RI LIsS
CIRELIIT SURRUIICATION PATHEAYD
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interactive system, and calls up the relevant routine at the next level
down 1n the «system hierarchy, depending on the value of the passed
parameter At the start of the run, this has the value 1, 1n which case
control passes to subroutine NXBEGO and thence to subroutine NXBEGL, the
first panel of the system, which simply spells out what the system 1s and
the date of the last update

Subroutine NXBEBZ, the next panel called, 1% the major data entry panel at
the start of the run, this and the previous panel are always shown unless
MODE=0C fros the data i1nput f1le If HODE 18 then set to zero, no pore
panels are seen If HODE is set to |, then no more panels are seen until
the econonic panels at the end of the siaulation, even 1t simulation stop

dates are entered Data i1nput facilities are as follows

- a run name (up to 235 alphanueeric characters)

- a random number seed { a four-digit integer)

- the run type - 14 IRUM=0, original tabular forage data are used, and
avairlability is unlimiting If TRUH=l, the areas and starting biomasses of
the farage resaurces have to be specified Once set, IRUM cannot be

changed

~ the run oode - currently may take the values 0, I, 2, 10, i1, or 12

To summarise

HODE = ¢ 1s pure batch pode,

{ semi-batch modej

2 interactive mode) )

10 pure batch mode + automatic cow buying, :f available,
11 semi-batch mode + "

12 interactive node + e

The conditions under which cows are automatically bought were described
above 1n section J 4

= 1un length - this 15 the sinulation length in days An wppor lamt
of 7200 exists, ard 1t .5 not recoraended that values sess twan 720 are

ased  Gn fart, 3400 saould be regarced as a working cininuae, to avoid
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possibilities of floating under- or over-flow pending the 1nclusion of data

checking routines)

~ the cash flow flag (NIND, see Figure 12) If NIND=O, the sioulation
18 assuaed to be the base-line run, and no subsegquent re-analyses will
result 1n any incremental NPVYs or IRRs If NIND=1, then 1t 1% assumed that
the base-line cash flow already exists, and i1ncremental analysis will take

place, as long as all cash flows are of the same length

- the time step - this 1s variable between | and 30 days Validation
work showed that & good compronise between accuracy and efficiency wuas
achieved with DELT set to 5; unless there are good reasons for changing it,

1t 1s recoppended that this 1s left well alone

- annual stop dates) four of these may be set They aust be
between 0 and 340 inclusive, and divisible by delt If a stop 15 wmanted at
time t=0, set ISTGD(1) to 0 and ISTOD(2) greater than 0 Note that the
manual stop date ISTOP, settable from the main msenu panel, overrides these

spt dates 1n a particular way {(see bhelow)

- potential milk yield for the breed of amimal 1n question, kg per day

- 1mitial herd size; 1t 1s recomaended that this bte left at 30

individuals - the same comments as for DELT apply here

- forage areas and i1nitial bromasses - these have to be set 14 I[RUR=1
Note that pasture can enter and leave the productien systee during the run

at stop dates, so choice here 1s not bdinding

It may be noted, from an 1nspection of the panels {(see Appendix B 3) that,
in general, keys FFI or PF2 take the user on in the simulation or up and
down 1n the hierarchy of panels, and that the run can always be abandoned
using PF9 The user has to press PF9 once only to abort Lhe run, and there

18 no possibility of recovering, sa'e starling again

I+ {re nmerancler pgasced with subroutine INYRAC nus Lhe vaiue 2, then

control passes {o tne ca'n renu (subrcutine $XHENYU), which 1s Lie ease at




all stop dates Arrous are used to move the cursor until it occupiles the
line contnining the option wmanted, and PF1 t%“en activates that option In
order of appearance in the menu, these options are as follows (subrouttine
NX---0, a panel controlling progran, calle up subroutine NX---1 (and

subroutine NX---2, 1f 1t exists) which i8 the panel calling progran):

a) display the ponthly cash fiow (subroutines NXCAS0, NXCAS1} from the
present {current date) back to the start of the run, with cuoulative totals

displayed at the bottoo of the screen

b) display ¢the breeding herd (subroutines NXHERO, NXHERi) - each
aninal s adentification nusber, age, weight, norpative weight, days

pregnant, days lactating, and age at last calving

c) display the followers herd <{subroutines NXFOLO, NXFOL1} - eath

animal s ID numsber, sex, weight, normative weight and age

d) display all caives {subroutines NXCALO, NXCAL1} - the 1ID of the

dam, the calf s sex, weight, normative weight, and age 1n days,

e) display the status of the pastures (subroutines NXPASO, NXPASt) -
for each of the five types of pasture (with &4 areas), area, current
bionass, ungrazeable res:due, digestibility %, crude protein content %, and

availability 1n terms of kg/AU This panel has no meaning 1f IRUM=0

f) display all events from the event calendar that have occurred
within the last year (subroutines NXEVEOQ, NXEVEI) - this shows the day, the
year and the month of the occurrence; the event, and detailes of the
animal {(s) concerned Events reported are adult death, calf death, birth,
conception, abortion, wearing, replacement (1 e , a fpllower becones a

breeder), adult sale, calf sale, or aniscal buying
g} go to the panagecent options nenu (sze belew, subroutine NXHAN)
h) 58t  tue peat halt date (subroutine HXDATL) - a date thus sct will

cverrade the apnual dates set at the start of the run Thus 1 f

ISTOD(. =180, ISTOD(2)=160, 1IS10D(3,=I18T0D{4}=0 and ISI0P +5 set wnenually

4¢
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to day 270, year 2, at the second stop, the sequence and dates of run stops

will be ag follows:

stop nuaber 1 ITIME 180
2 360
3 630 (360 + 270)
4 720 (340 + ISTOD(2))
5 900 (720 ¢ ISTOD(i))

H ! etc
1 1
The wuser can thus 1mpose an express run, by setting the next stop date

nanually to the end of the run

The Hanagenent Henu {(subroutine NXMAN) « this 18 the second oenu in the
hierarchy Again, options are selected using the cursor, but here PF2 1s
used to activate each option, since FF1 returns the user tp the nain aenu

The available options here are all controlled through subroutine NXRDTO:

al buy animals for the breeding herd (subroutine NXBUY1) - there 1s
puch flexibility here, as the user enters the age of the animal in aonths,
1ts wHeight, oature weight, and days pregnant The herd ID nuaober i
assigned automatically non hitting the returs key A naximum of 10 animals
nay be bought at egach stop date Note that each anipal s condition 18
implied by the interplay between age and weight ({(which betusen then and

mature weight 1mply a particular normative weight)

b) cull breeders <{(subroutines NXCULO, NXCUL1) - the entire breeding
herd 15 displayed, along wmith ueights and age at last calving, and 1f
culling of an animal 18 to take place, the cursor 18 positioned on thse
relevant line and the return key pressed After this, an asterysk appears

next to the animals ID number As many cay be culled as required

c) Wean «calves (subroutines NXHEAO, NXHEA1) - calf dam ID nunbers,
ages, sex and weights are displayed, and weaning may be done manually using

the sace ncchan sm described above for culling an aals

d) ouy folio crs (subroutine NLBUF1) - lhis 1s the sare s for huving

breeders, except pregnant r1oliciers ten not we wought, but ctex ~ay be



specified Again, a linit of 10 per stop date exists

el sell followers {(subroutines NXSELO, NXSEL]) - displays ID number,

sex, weights and age, and the mechanism 18 the same as for culling anisals

) select followers as replacers (subroutines NXREPO, NXREPL) - the
entire fenmale part of the followers herd is displayed, and replacers say be
picked nanually using the sanme cursor oechanign as for «culling anioals
Note that 1f an anipal has already been selected to be sold, then an "5*
appears by the amimal ID nusber Similarly, 1f an anical has been
selected as a replacer, and the follower sell panel is called, then an °"R"
appears by the ID number The oost recent selection overrides any nother.
The sane thing happens 1f a8 breeder 193 selected for culling (°C") and the
talf 15 selected for weaning ("H") Since the oost recent selection |is
the overriding one, weaning the calf and culling the dae would have to take
place on successive stop dates {which could be as close as successive tioe

1ncrenents)

g!) pasture and oob canagement (subroutines NXFOR1, NXSYS50, NX8YB1} -
three things can be done with this options

- change the forage areas, and phase out or brang in diffarent forage
resources by setting the relevant biomasses and areas to zero or to values

greater than zero

- change mob forage codes; f{or instance, the uner night want to assign

1oproved pasture to pregnant animals

- use PF4 to bring up another panel and i1opose rotational grazing, by
entering the number of paddocks in the system, their aregas and bicmasses,
and the nunber of days of occupancy Note that rotational grazing applies
only to those animals with forage code 10001} for codes such as 11001, 1f
any, such animals are restricted to savanna only Rotatienal grazing will
then take place irnediately, clarting from paddock | Nole also that 1
tote*ional grazing 1s concluded during a run (by telecting th s renu and
cetling the nupler of paddocks to 1), Lhen the current biorass on the

Godootk seing grazepd at the tice of the soiop date vecores the (one)

46
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improved pasture resource - this may not be paddock number 1

h) burn any of the three types of savanna (1f their areas are greater
than zero) being utilised (subroutines NXBURO, NXBURL) - place the cursor
on the relevant savanna number (1, 2 or 3) and press the return key The

resultant {(burnt) biomass may be entered or changed by the user

1) change the breeding season (subroutine NXSEAL1) - assign | or 0 to
each eonth 1n the panel, corresponding to whether the breeding herd has

access to bulls during that month or not

j) change policy rules in the nodel {subroutine NXPOLI)

Possabilities here 1nclude the following:

- change the mininue age at weaning Wote that weaning 18 always done
automatically at whatever age this 1s set to, 1 e , as soon as & suckling

calf reaches this age, 1t 15 weaned This oust be set >= 30O days

- change the default an:mal panagement dates, these refer to the dates at
which pregnancy tests are carried out, replacers imtiated into the herd,
etc , on the basis of the automatic decision rules {(see Section 4) Both,

one or neither may be set

- <change the wmaxieum age of aninals in the breeding herd, beyond which
culling 18 autopatic This may be set to zero, 1n which case old age wi1ll

uitimately be responsible for death

- change other «culling criteria - the nupber of permissible consecutive
negative pregnancy tests (use 1n conjunction with the default anioal
management dates), or the maximum permissible nunber pf days since the last

conception

- follower sales nay be made to conforo to ninieun ages or weights (both
saex -deptndent}, P g an 1ndivrdual ~a.e follower nay he sold off as spon as
1t reacnes a minidLp oge or 2 ranpi~um terght, or, 1f at lea2st ore of the
ananrrent oates 13 net et {o zero, the anical w11l be zo0ld aff at the

first ooporiumity cpecifird by Lnat dete) s :ong as 1ts oge or desght (or
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both} exceeds these ainima

~ the required number of breeders can be changed, with the difference being
bought or sold off automatically The full 1oplications of <changing this
from the starting value have not vyet been explored, 8o 1t 1s strangly

reconmended that this 15 not touched

- the setting of a flag (IDEFLA) to override all dafault managepent rules,
with the exception of weaning, which takes piace automatically at the age

specified 1n this panel

- the nilk offtake rate (OFRAT) can be changed, and the constant price
recieved for milk can be adjusted (PREIS)

At the conclusion of the day-to-day simulation, subroutine INTRAC 18 called
with a value of the passed parameter of 3, which then passes ctontrol to the
additional economic analysis panels (subroutines NXPANO, NXPAN! and
NXPAN2) One analysis 1s always carried out with the default settings for
costs and prices For any additional analyses, the following paraneters

can be changed from the first panel:

- variable costs per head (CVAR - see below); this may be set to a positive

nupber or pesos, or to zero

-~ paraneters +for the sale apd fenale price cycles - aoplitudes and yearly
trends (both percent), cycle lengths in vyears, starting potnts 1n the
cycles {between 0 0 and the cycle length - note that cosines are used, so0
starting at 0 0 is equivalent to starting on the crest of the wavel, and
the 1nmiti1al prices {for the animal categories {(in pesos per head for cows

bought and pesos per kg for cows sold)

- the milk price can be changed; 1t should be noted that the offtake

rate obviously cannot be changed, and 1s a parameter enbedded within each

Lipcliogical run

In the second ranel, detarled cost schedules ra; be rnler.d, Fr2 eay be

used 1o cSHitch back and forth betesen the tuo sconoric data nanels The
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arrays CBAST {direct costs) and CHERD (capital «costs), both of length
12#20+1, are of interest here There are default values for these, month
by month, used for the first UNPROMPTED economic analysis Generally,
CHERD(1) = O,
and CEAST(1) = conetant, n
or =n + CVAR ¢ no of animals, 1f CVAR > 0O

To change these for subsequent analysiss

- rapital costs, enter a quantity X for each year (1 to 20}, otored as
IHE(1), and then & woonth H, IME(1) The cest wi1l)l then ocecur 1n oonth
numsber Hy 1§ H=0, then each month of that year will have an associated
cost of X/12

- direct costs, enter a quantity Y for each of 12 nonthsy the values are
assuned to be unchanged from year to year These quantities then become
CBAST(1), subject to the value of CVAR (as above)

All values are set to zero before the call to this panel I+ all are still
zero on return to the calling progras, CEAST(1) and CHERD(1) are UNCHANGED

Thus 1f all zeros are really wanted as part of the analysis, enter ! peso
sopewrhere Because of the nature of the arrays (1 e their 8i1ze}, the
defaults cannot easily be reflected 1n the contents of the panel at call
time, thus, 1f the defaults are wanted for a subsequent analysis, enter any
one of the m@onths [IME(1) as 99, this will over-ride everything without
exception, and CBAST(1) and CHERD(3) will be set as per the block data
segment 1n subroutine ECONOM, that 15 to say, the default values (subject,

of course, to the user & value of CVAR)

Once the user has decided teo end all analysis, subroutine INTRAC 1 called
once more, passing the value 4, and subroutine NXEND! 1s called, announcing

that the run 1s finished and telling the user where to #ind program output

R final connecting link for the interactive systerm 18 that provided by
subroutine PTBINT This handles the actual management decisions decaided
upon after the interactive system bhas been called It works through
arrays for each of the six basic events (cull, sell, wean, buy breeder, buy

follower, select breeder from followers) For all but the buying arrays,



these cons1st simply of +flags 1n the relevant array positions for the
aninals selected for each of the events Subroutine PTBINT then goes
through each array, sorts put the pertinent counters, writes the event to
the f1le on umit 4, and calls subroutine ACOUNT 1f weoney changes bhands

It can be sgen as a vyersion of subroutine INLOOP, but for
interactively-performed events For the buying arrays, the new anigpals
are injtialised into their respective herds (breeders and followers) 1n the
normal way of subroutine INLDOP The whole routine can be skipped 14 the

logical 4lags remain unflagged from one ITIME to the next

5 USE OF THE SYSTEM

At present, RUEHOB 18 run wusing the compand RUMTEST, which runs an
executive file of the same name (listed 1n Appendix B 6) This section 1s
toncerned with two areas first, the ainternal assupptions and data
parameters set 1n the model are listed (Some of these can, and some
cannot, be changed wusing either the input data file or the interactive
system; where a parameter :1s purely internal, i1t is i1ndicated as such ) To
change an 1internal paraseter, i1t 15 necessary to edit the FORTRAN source
code and then recompile using the VS compiler with optimiser level 3
operating The second area 1s to analyse the data output files produced

from a specisen run, and to explain what 1s produced
S 1 Internally-Set Paranmeters, Decision Rules and Default Values

The variables which can be set from the data input file are shown 1n Table
3, whilst those which may be changed using the interactive panels are
listed 1n Table 4 Table 5 shows a li1st of parameters and their default
values at the start of any run The values i1n this table can be changed
using the interactive system, or the defaults can be changed through
editing the source code and recompilation, or through the input file

Note that only the nmost 1mportant input file defaults are given - the rest
are either obsolete, or their value will be very much run-dependent The
digestibility and crude protein content figures pertain when IRUM 15 equal
te 0, the source for these was Lebdosocekojo (1977) A list of the

internally-set parameters 1s given 1n Table &, the only way to change



RUSHMOB DATA INPUT FILE

Vari1abie(s!}

o

FORTRAN

format

TABLE 3

Fecord
1

2-3

A

5

&

7

B

9

10

11

12
17-15
le-18
19-20
21

22

23

24

25

2h
27-32
33-38
G-y
45-50

S1-500

NSEED IRUM MODE NIND TITLE

ANAME

ACF (1-12)

SEASON(1-12)

PMA VIP WMA) MINWT PF WMR EYTRA APDELT BIOL SUPROP

FINTIM DELT CDELT JEV JHERD DATE NA IAREA IPRDEL JA
FDELT ICCC

AREA(1-5) BIO(1-5)

AMF(1-2) TREND(1-2} CYCLIC(1-2) START(1-2)

FRINIT(1-8)

NWEAN MANDAT(1-23} CCUL MCUL KCUL SWTF SWTM SAGEF SAGEM
IDEFLA OFRAT PREIS

NDIE NCF NDM NCFW NCF NDMLIM NLD NCD NFMC NSUP NDIGS

DIGF(1-2,1-14)

CPF{1-2,1-14)

DMF (1-2,1-14)

CFHF (1-2,1-5)

CFDWF (1-2,1-5)

DML IUL (1-2,1-4)

LDEPF (1-2,1-3)

COF(1-2,1-6)

FMCF (1-2,1-5)

SUSDMF (1-2,1-28)

SUPDIG(1-2,1-28)

SUFCEF (1= 1-08)

HGF (1-2,1-28)

WWii,n), =4 1 2 5 3 10 12 13 14 15 1B 20

415,725,A25
98

12F6 0

12F6 0

12F6 0

12F6 0

1215
12F6 O
12F6 0
12F6 O
12F6 0
12F6 ©
12F6 @
1ZFs O
1286 0
12F6 0
{(12F&6 )
{12Fe 0}
{1256 @)
(12F& 0)

Note - refe- to variable name list (Appendir 8 2Z), some 0t the vzriables

are cbsolete,

- number of cows records read must be greater than NA+!
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TABLE 4 INTERACTIVE PANELS AND DATA ENTRY

RUSMDBE Calling User-Changeable Variasblies
PANEL® PRaogram

0o NXENDI

01 NYMENU

02 NXDATI MYR MDA

a3 NXMAN

04 NXHER1

05 NLFOL1

06 NXCALL

07 NXFPASH

0B NXCASH1

vy NXBEG !

10 NXBEGBZ ANAME NSEED IRUM MODE FINTIM NIND DELT ISTOD PMA NA
AREA BID

11 NIEVEL

21 NXPANE IDYk CVAR AMFP TREND CYCLIC START PRINIT PREIS

22 NXPANZ IDYK CHER IME CGAS

30 NLSEAL SEASON

3 NXBURI AREA(1-3) BIO(1-3)

12 NYPDL1! NWEAN MANDAT CCUL MCUL »CUL SWTF SWTH SAGEF SABENM
rFA NA IDEFLA OFRAT FREIS

3% NxCUL1 icuL

34 NXSEL1 ISEL

35 NXWEAL IWEA

3b NxBUY1 1BUY

a7 NXFORI 4REAR ICOL

3B NAREF1 IREP

39 NXBUF1 [eUF

40 NY5YS1 NFAD VFAD

Note - refer to variable pame list {(Appendi: B 2)
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TABLE 5 DEFAULY VALUES OF USER-CHANGEABLE VARIABLES

Varieble Value Where Set
CH{1-241} capital costs by month, C$ 241+0 BLOCH DATA
CG(1-241} direct costs by month, C$ 10u00,240%0 BLOCY DATA
CVanr direct costs per head, C#f 0 BLOCK LATA
NWEAN @in age at weaning, days 270 INLOOP
MAMDAT management dates { and 2 210, 330 INLOOP
CCUL max oW age, years 12 INLOGP
mMCUL max no -ve preg tests & INLOOP
KCUL max days since last conception ¢ (not set} INLOOP
SHTF min wt at sale female, ¥g 0 ' INLDOP
SHTH win wt at sale male, kg 0 " INLOOP
SAGEF min age at sale female, years 0 " INLDOP
SAGEM min age at sale maie, years 0 INLDOF
BFERAT milk offtake rate 0 Input File
PREIS milk price c$/kg 3z Input File
ACF activity coefficients 12#1 0 input File
VIF taectal da output/kglw/day 0 0G94 Input File
DATE start of run 0 Input File
WHAX max tissue mobilisation, kg/day 1 4 Input Fale
MINKT min wt of replacer heifers, kg 100 input File
PF adult wt / bGarth weipght 15 0 Input Fale
AMF price cycle amplituces, / i1z 1z 7 Input File
TREND price cycle trends, 4 / yr ¢ ¢ Input Faile
CYCLIC price cycle lengths, yr b b Input File
START price cycle starting point, yr ¢ Q Input File
PRIKNIT ini1ti1al prices, C% 109 109 109 Input File

132 100 (32
DIGF monthly DY, IRUM=0 43 45 446 48 44 44 Input File
43 46 45 446 43 40
CPF monthly CP4, IRUM=0 95610491 %698 94 input File
84 8B782%91¢t 101 100

Note - the variables set 1n BLOCF DATA or INLOGP can be reset using panels,

the others can be altered directly through the input f1le
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TABLE & INTERNALLY-SET PARAMETERS

Variable Value and/or {oamments

RATEMK 0 00273 rate of decline parameter, mill yield post-peak

DAYSFK 60 days to peal m:ilhk yield

PROPIN 1 0 proportion of ma, milk yield attained on day |

- B8O dav number for start of wet season

- 340 day number for start of dry season

DIGEN 15 185 digestible energy content of feed, Ki/kg

RATE 0 054 growth rate parameter

- 360 nupber of davs 1n a vear

WMM 1 J¥UMF male adult wt = 1 3 # female adult wt

FREF1 00, t 0, 10,10, 00,1 0¢, 1 0,10 11100

PREF2 00,10 to0,10,0¢0,1¢,t 0 10 11019

PREF3 ¢ o, 10,10, 10,00, 10,110,100 11001

PREF4 o, 10,t10,10,900,1¢0,10, 10 10119

PREFS 00, 10,10, t 0,00, 190,10, 190 10101

PREF & 090,10, 10,10 00,10, 1! 0, 10 10011

Mone of the apcve 1s set, each reco-d concsistz of 4 x-coerds,
then 4 y-ceo-aos to descr be the linear segmen- functions

Savl DI O 43 0 45 0 K5 0 3B 0 44 (¢ 44 0 45 O 46 O 45 0 46 0 43 © 40
CR 96104 91 96 98 94 B4 B7 B2 91101100
Av g0 00 2005800500700 50w 500 300300200 00

S/ 7 o7 O 42 6 4T N 40 0 4E O 13+ L4 § 43 O Ag w 42 0 w5 b 4T (0 41
CR 6104 51 94 9B T4 E4 B7 B2 21101100
av 00 © 0200530005 07000500253%00300300200 00

SAVE DI 0 43 0 45 0 40 0 4B 0 44 0 44 0 43 0 46 0 45 0 46 0 43 O 40
CR 246104 %1 %4 98 94 B84 B7 BZ %1101 100
Ay 0 0020050050 07C¢ 0500500300 3u0200 0w

Set to the same values as those 1n Table 5, monthly values of

digestibility, crude protein and growth rate pe- day



{Table & -continued-]

Variehle

Lit
CLL
DGG
LBG

M !
-]
1
=

o
™
Rl

SDEV2
SDEV
CORR

Value and/cr Lomrznts

09, 20, 70, 70, 00, 45, 38, 3B
00, 20, 70, 70, 00, &0, 50, 5¢0
00, 30, 50, S0, 00 17 0, BO 0, B0 0
00, 30, 60, &0, 00, 20 0,100 0,100 0
0o, 15 40, &5, 00, t70, 730, B0 0
60, 15 40 65, 00,220 90 0,1050
00, 04, 10, 10, 10,080, 00, 00
00 04, 10, 10, 00, 080, 10, 10
o0, t0, to, to, 10, 00, 00, 00
o0, 16, 106, 10, 00, 10, 10, 1
o0, 0% 10, 10, 06, ¢3, 1¢, '¢
6o, 04 07, y0G, 000G, 025 082, 10
00, 03,075 10, OO0, 045, 065, 10
6o, 5, 10, 10, 00, 06, 10, 1
a6, to, 10, 10, 0¢, L, 10, 10
61 0, 90 0,330 0 360 0, 00, 10, 10, 00
61 0, 90 0,330 0,360 0, 00, 10, L O, 00O

Four x-coords, four y-coords, define each function

G 4% O 4% 0 44 © 4E O 44 O 44 O 45 € 4s O 45 0 46 9 47 O 40
946104 91 34 ¢8 %4 B4 B7 B8Z °®1 101 1w

0 43 G 45 0 45 ¢ 4B 0 44 0 44 0 45 0 45 0 43 0 4L 0 42 0 30
246104 91 96 %98 74 B84 B7 B2 %1 101100

{egume digestibil.ty and protein content followed by the

values for grase wmonthl, tri1gares

F9Z,r 94,0 93,1 24,1 07 1 Q7 1 04 § 01,0 99 0 Bz, 0 97,0 ©F

¢ =7 0 55,0 98,1 03,1 Oo,1 05,1 62,1 00,0 29,1 00,0 99,8 97

Monthlv seasonal orice adjucstaent factors, male and fermale

12 70 Standard deviation, female animal celling price
12 70 Standard deviation, cattle buying price

© 70 Correlation between cattie sell and buy price

¢



these 18 through re-coepilation Many are unchanged from the model of Kahn

(1982), where a discussion of some of these values may be found

The major decision rules buslt into the oodel are summarised below

1) There are ten events of interest; with 3~letter codes as they appear 1in

the calendar of events , these are as follows

conception [CON]
birth {BTH]
weaning [HND]
talf{ death [p-Ci
follower or breeder death {D-Al
sale of a breeder or follower [§-A]
sale of a calf [5-C1
a follower becoaes a breeder [REP]
an abortion {ABO]

2) The 23 physiological status groups are zssignhed to the 15 forage mabs

using the folleowing correspondence table

VV{1,9) = CORRES(1)  ICOD{14) CORRES(13) 1COD(14)
2 1 14 2
3 3 15 2
4 5 14 4
5 7 17 6
b 9 18 b
7 11 19 8
8 1 20 ]
9 1 21 10
10 3 22 12
11 15 23 12
12 15

Mob 13 1s reserved for heifers, defined as female breeders whose date of

last conception and age at last breeding are both 0, and whose age is less

than or equal to 4 0



I) Management Rules

a Weaning - an animal 18 weaned

carried out automatically, but can be
b culling - 18 «carried aout

negative pregnancy tests (carried out

days elapsed since last concepttion

c sell followers - on the basis

£}

1¥ age >= NHEAN days This 15 always
carried out manually in addition

on the basi1s of old age, or too many
at the management dates), or too nany

of weight and age by sex, or, 1f none

of theose 318 set, at each management date

d replace breeders - fron the followere herd, the heaviest are chosen

first, provided that weight >= MINWT
1f
the

e buy breeders -
replacers to be had froms
automatically fros the array SPARE
Note that b to e
a toe
interactive system at any time
can be suppressed (with the exception
to 1

4) On

18 greater than this, 1t 18 initi1alised

enforced early weaning)

3}

run mode allows,

followers

may be done up to twice a year automatically

and the activity "buy followers” can be done

adult death, any suckling calf 15 sold 1f age ¢ 4 amonths;

and 1f there are not enough

herd, then animals are bought

Policies

manually wusing the

If this 15 done, then the automatic rules

of activity “wean") by setting IDEFLA

Refer to Figure 1 for stock movement possibilities

1¥ age

intoe the followers herd (1 e ,

There extsts a non zero probability of abortion at each dt for aniamals

in the seventh, eighth and ninth months of pregnancy

6)

1 - type 2 - type I -

area greater than zero 1¢ assignegd to
7) Economic re-analyses
exists in subroutine PAN,

a situationy editing ang

Any of these burlt-in defaults can be changed

required

Initial forage mob assignoents are made using the order "savanna

taproved pasture”g

when IRUM 16 set to 0 are not carried out

type
the first of these to have an

all mobs at the start of any run

Space

however, to allow variables to be changed 1n such

recompilation would then be necessary

with little diffaculty as
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5 2 Output File Explanations

1t should be emphasieed that the print-outs discussed arose #froe oore than
pne run, in  addition, the input data wused are to be regarded as

11lustrative only, and should rertainly not be regarded as ameaningtul

LLOGICAL UNIT & (ssc Appendix B 5)

f run paraseter table 15 printed first, with the values of major variables
pither as they were read from the input file or as they were entered using
the anteractive panels This 18 followed by the contaents of nost of the
data i1nput file, annotated with variable nanes A yearly herd composition
table 1% then pranted dfor vyear 0 (1 ¢ at the start of the run) Thas
consists of all the animals 1n the breeding and +ollowers herds, the
latter can be distinguished from the former because their 1D nusbers are 1in
excess of 100 Such a table 15 printed at the end of every year The
table for year 10 1& shown next, note that there 1s one follower (1D 183},
weaned just after day 330 (the last management date, when the {ollowers
herd was dispersed) and before day 360 (the date at which this was
produced)

A monthly conception event table shows the total number of conceptions by
month and by vyear Following this 18 a pasture consumption table for
adults and suckling talves, again by months and by vyears The vyearly
production table shows various calculated or cumulated data for each year
of the run, for each, an B-character description 18 printed, and on the
same line i1s given the mean and the sum of squares, and following this, the
yearly values These data are as follows

calf sls - cumulated kg, calf sales,

cull sls - cupulated kg, cull sales,

conceps ~ number of conception events)

b h feos - nuober of breeding herd females at day 340,
no weand - number of calves weaned;

wean wt - the average weaning weight that year,

cow age - average breeding cow age at day 360y

no repld - nusber of followers that becace breedersy
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dead ade - the number of adult (breeder + follower) deathsy

dead cls - the number of suckling talf deathe

rep age - the average age of any replacers at date of replacement}

rep nt - the average weight of any replacers at replacement;y

12 mo wt - the average 12-month weight of all animals that attained this
age during the year,

surv 12 - the number of animals completing 12 months of lifey

surv 24 -~ the number of aninals completing 24 oonths of life;

24 mo wt - the average 24-nonth weight for anipals attaining this age;

no abs - the number of abortions,

no bthse - the nusber of birthsj

age part - tho average age at first parturition for relevant aninalsj

con int - the average conception interval in days)

wt/100 - inventory weight of all animals at day 360 / 100

no orts ~ number 0f calves whose dams died before weaningj

an units - the number of amimal units 1n the breeding herd at day 360

fec fems - the number of fecund females (age > 2 yrs) at day 360,

wt eods - average herd weight at the end of the dry seasonj

wt eows - average herd weight at the end of the wet seasonyg

nu@ buy - the number of anisals bought during the yearj

milk off - average yearly milk production {excluding calf consusption}

Jrue monthly average stock nuabers follow this table, for the +4ollowing
categories all breeders, breeders under 2 years of age, all fcllowers,
followers less than a year old or greater than two years old, calves,
followers older than two vyears, and the total number of animal units
{where, i1n accordance with the ETES project (Vera and Sere, 1985), animals

from 0 to 12 months = 0 &, from 13 to 24 aonths = 0 B, and over 24 months
ot age = ! unmit)

This 1s followed by a production summary, giving the folleowing information
conception percentage, weaning percentage, cow mortal:ty, calf
mortality, age at first calving, meaning weight, conception 1nterval, 12-
and 24-month weight, percentage #first-year survival, meat production as
sales per head, meat production as sales per anical umit, and pgesat

production calculated, again as for ETES (Vera and Sere, 1985}, as 4follows:




bo

Production = [no of cowrs # weaning % % wt at 12 months +

no of yearlings # wt gQain / yr ) / animal units

This calculation 18 performed twice, with both yearly and monthly stock
average nuwmbers, stored in variables ETEE and ETEZ respectively (these
corregspond to ETESPROD and ETES 2 1n the printout)

There +follows a weight-against-conception table for all animals, for
heyfers, and for dry and for lactating cows, giving the cunulative
probability of conception 1n various weight quantilas Finally, the
calendar of events 18 printed, giving the date and details of the anipal(s)
involved for all significant events This output fi1le can be long - for 20
years and good quality forage (hence many events), 1t weay run tao 2000

records

LOBICAL UNIT 7

This contains the weight evolution of cow nuober 1| of the breeding herd

Eath record contains the ID, the date (run day number, year and month}, the
weight, norsative weight, liveweight change per day, and the netabolisable
energy content of the feed ingested, the #E requirement for @aintenance,
and the ME balance for weight change Fren the calendar for this run, 1t
was seen that this animal first conceived on day 865, gave birth at day
1135 (note the heavy weight loss at this tine - lactation coabined with
poor quality forage}, and after producing two nore calves, died on day
2835

LOBICAL UNIT 8

This 1s the debug file for the animal component, five animals var:ables
are printed at each dt until the prograe 15 stopped, or until the user runs
out of storage space, which does not take long with this option in effect
(IPRDEL = 1) The variable names are listed below a sample print-out in

the Appendix




LOGICAL UNIT 9

This 15 the general pasture output file For the run 1llustrated, IRUM was
get to 1, and there were specified to be 30 ha of savanna type | and 35 ha
of 1aproved pasture The r1oproved pasture was not fed until day 30 and
then only to pregnant cowms Each record shows the run day npumber, the
number of the relevant forage resource (for which AREA(2) > 0), the nuober
of anipal units assigned to that forage, the proportion 1t sakas up of the
diet, the digestibility, the available bivmass per anipal, the available
biomass per hectare, the total intake by all animals grazing that resource
over time dt, and the total intake of that resource by calves over the saae
period Improved pasture was fed until day 330, when 1t was taken out of

the si1oulation run by setting AREA(4) to zero
LOGICAL UNIT 10

Untt ten contains the ospecialised output 4roe subroutine PASMIP, the
improved pasture simulater The first line lists the options i1n effect for
this run - 1nitial biomasses, ungrazeable residues, the data output option
(here, as often as poss:ble, 1 ¢ each dt), the fi1fth gselection function is
selected, and no non-spatial competition 18 to take place There follows a
listing of the functions used i1n the oodel - four x-coordinates, then four
y-coordinates, eacth line wmaking up one of the linear-segaent functions

The order is I legume and grass, Il legume and grass, 1il legume and
grass, IV legume and grass, IV no competition legume and grass, V

selection functions | to §, VI and VII legume and grass (not user here)

Each record of what fo0llows contains the day number, the biomass
of the leguee and the grass, the total biomass, actual growth rates,
potential growth rates, proportion 1n the diet, leaf area 1indeces, the
competition factor, the rates of senescence, and the oseasonal
growth-nodifying factor from function VII, for first the legume and then

the grass

LOGICAL UNIT 1t

LCash  flow output starts wmth a printout of the price paraneters:
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applitudes, trends, cycle lengths, starting points, and initial sprices

The cash flow 18 printed month by month, show ng cull, calf and follower
receipts, and capital and direct costs and cow purchases The cash flow s
then assembled intoc a vyearly form, and net present values at various
discount rates are printed Fer the calculation of the ainternal vrate of
return neither by oonth nor by vyear does the cash flow appear to be
well-conditioned, this 1s not very surprising, i1n view of the ¢freguent
changes of si1gn of the cash flow A table of yearly average praces paxd
and received 1s then printed, and the prices pertaining &t the very end of
the run It an entry here 18 zero, this i1mplies that no transaction took
place far that category during that vyear No 1ncremental analysis was
perforped for thia run, but the output is very sioi1lar to that already

described
LOBICAL UNIT 13

The $1le on unit 13 can be useful for keeping a record of an 1nteractive
run Table 7 shows the data printed from each i1nteractive subroutine, from
which 1t pay be deduced that pregnant cows were fed 1epraved pasture and
savanna type 1 +from day 30, and that they were taken off the improved
pasture at day 330 Sioilarly, cow numbers 27 and 29 were culled on day
330, year 3 (note the two values of -2},

[ FUTURE DEVELOPMENTS

These npotes have tried to set out the basic structure and operation of
RUSMOB There are two aspe:ts'tu future work with the model - what the
system 218 to be used for during the experinentation phase of the project,
and, hand 1n hand with this process, what may be done to parts of the
system to ioprove the waodel The f1rst of these 15 dealt with 1n full

1n another dotumsent (Theornton, 1987), and will not be touched on here

There are & number of obvious problem areas, some of which would benefait

from nore attention The ma)or ones are as follows!

a) coopensatory growth of the animal Probably the only way to include




TABLE 7

Subroutine

NXDARTI
NXMAN
NAPANI

NXPAN2
NXFPOLI

NXSEAL
NXBURC
NXCULO
NXSELC
NXWEAC
NXBUYL
NXPOL1

NXFOR
NXREFQ
NYEUF?

¢3

QUTPUTS FROM THE INTERACTIVE SYSTEM TOD UNIT 13

Cod

in F

PANZ
POL

SEA
BUR
CuL
SEL
WEA
BUY
POL2

FOR
REF
BUF

e Variables Printed Printed

1le From
ITIME JT ISTOP FINTIM DELT IWIT NXMENO
IWIT ILLN NXMENO
1DYt CVAR AMP(1-2) TREND(1-2) CYCLIE(1-2}

START(1-2) PRINIT(i-46) PREIS NYXPANI
THE (1-20) IME(1-20} IGA(1-12) NXPAN2
ITIME JY NWEAN MANDAT{1-2) CCUL MCUL RCUL SWTF

SWTM SAGEF SABEM kNA IDEFLA IKIT NXPDOL1
ITIME JY IWIT BSEASON(1-12) NXROTO
ITIME JY IWIT BIO(1-5) NMRDTO
ITIME JY IWIT ICUL(1-NA} NXROTO
ITIME JY IWIT ISEL (1-NUMFOL) NXROTO
ITINE JY IHWIT IWEA(1-NA) NXROTO
ITIME JY IWIT IBUN{1-10,1-3) NXROTO
ITIME JY YEIT KWEAN CCUL MCUL KCUL MANDAT(1-2)

SHTF SWTM SAGEF SAGEM KNAR IDEFLA OFRAT PREIS NXRBTO
ITIME Jy IWIT AREA{(1-D) BID(i-3) ICOD{1-14) NXROTO
ITIME Ty DUT(Jy,€) INA IWIT IREP(1-NUMFOL) N}ROTO
ITIME JY NUMFOL IWIT IPUF(1-10,1-5) HXROTO
ITIME JY NFPAD VPAD(1-3,1-4) NXSYS0

NASYES

5YS

Note -

IK'T 1= an internally-used parel return code

ILLN 15 the panel line number chosen from the management menu

For
For
for
-1,

all

arra

other names, see Appendix B 2

ys IWEA, ICUL,

ISEL and IREP, all elements are zero except

those amimals selected, whose corresponding elements cantain

-2, -3 and -4 respectively



1ts effect 1n a eodel pf this level of resplution would be by the use of an
enpirical factor to increase either intake or the efficiency of uvtilisation
at certain times of the year for particular classes of stock dfor varying
lengths bpf time Compensatory growth 15 undoubtedly important, but 1t may
be best to ignore 1t at this stage, on the grounds that 1ts 1nclusion would
make use of an essentially arbitrary mwmethod, and that i1ts effect over
twenty-year s:ipulations may not be significant vig-a-vis the oprecision of
the rest of the podel (although 1t 18 recognised that i1t 1s desirable to

denonstrate this!

b} a savanna growth podel Tabular quantity and quality oodels have a
number of problees, some of which were touched on 1n section 1 There are
also problens with a PAEMIP-type of approach: there are (again) no datas,
savanna 18 a multi-species resource, and the ungrazeable residue would have
to be considered Hhilet avaalabilaty per se 18 rarely limting, the
effect on voluntary intake can probably be satisfactorily represented
through the seasonal changes in digestibilaty Biven the time constraint,
work here 1s likely to be concentrated on imputing 1mproved values to the

growth and quality tables for the different types of savanna

t) the effect of weather on primary production Hoe to obtain stochastic
weather series, and how to oodel their effect on forage growth to allow
some sort of risk analysis, are gquestions which will have to receive some
attention The first 15 puch oore simply answered than the second Simple
techniques exist for generating largely subjective outcome distributions
apenable to risk analysis, and these oay have to be resorted to 14 the

constrainte of tiee and lack of data prove teo be overwhelming

d} price generation The current price generator was criticised in
Section 4 3, but whether the uti1lity of the syster would be much enhanced
with a more elegant (perhaps #fully stochastic} price generator 15

debatable, i1n view of the variable precision of the constituent conmponents

el preference functions Field expericents are under may to generate a
certain quantity of information for deriving such functions There is
little that can be done to speed this process, so unti1l such data are

available, the specification of preference functions will have to be
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treated as an experimental variable, 1n effect Sinilar remarks apply to
the exact specification of subroutine PASMIP, in teres of growth, seasonal
changes 11n the paraemeters, and quality In other worde, the structure of
the system can ke regarded as being reasonably complete, while the exact
specification of soee o©f the relationships within 1t awaits further
research It 18 hoped that the f1eld experiments noted above will help to
restore to a small extent the patent i1mbalance 1n knowledge that exists
between the response of the animal to certain levels of nutrition and the

nature of the forage responsible for those levels of nutration
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APPERLIY B 1  SUBROUTINE LIST

Kage Funriren Loazon  Locat:ior
ACOUNY CALCULATE CASH FOR A SALE/BUYING EC0 t
AFGEN LINEAR INTERPOLATION ROUTIKE 1Al #
ANALI?  RE-ANALYSE BIOLOGICAL DATA FOR CASH FLOWS  BLK ¥
ANLDDF ANIKAL LOOr BLX +
BLKDUT  FILL A STRING HITH PLARKS + SARN
CALKIX  CALF DIET MIXER BLK #
CHASET  EVALURTES TYPE OF A CHARACTER + SANN
COoMPAR  RETURHS 1 1F X13=¥2, ELSE O %
CONCEP  COUNT CONCEPTIONS AND CALCULATE PERCENTARBES BLk 3
DELAY CALCULATE PREVIODUS VALUES OF AN X-Y TRELE #
DIGBEN  CALCULATES IMPROVED PASTURE DIGESTIBILITY #
ECONO®  CALCULATE HONTHLY CASH FLOWS ETC BLE $
FIXIN CONVERT CHARACTER TO INTEBER SAMN
FIXOUT  CONVERT INTEGER TO CHARACTER + SAHH
HERBIJ  HERBABE BROWTH CONTROLLER BLK i
INCREM  SETS UP INCREMENTAL CASH FLOW ANALYSIS ECD L
sHLOOP  TIMER LOOP BLY t
INSH RETURNS X3 IF X130, ELSE X2 t
INTRAC  INTERACTIVE ROUTINE CONTROLLER BLk L
LEFJUZ  LEFT-JUSTIFY A STRING SANN
LIN:T CHECKS BOUNDS FOR AN X-Y TRELE #
HATN HAIN PROSRAN Btk ¥
HARSAE  RANDOM NDRMAL NUMBER BENERATOR ]
HIXER RIX THE DIET FOR AN ANIRAL BLK £
HOBRAT  ASSIGN ANIMAL STATUS BLK 4
ROBGRA  ASSIGH ARIAAL 1O A HOB BLK ¥
HIVE FILL UP A STRING + SARN
NURPRT  STRIPS DEC PT, RETURNS INT FROW EBCDIC CHAR + SARN
RXBEBG  INTERACTIVE CONTROLLER, PANELS 9,10
NYBEG1 INTERACT(VE CONTROLLER, PANEL 09 t
WXBEB2  INTERACTIVE COMTROLLER, PANEL 10 £
NIBUF1 INTERACTIVE CONTROLLER, PAREL 39 +
NXBURD INTERACTIVE CONTRDLLER, PANEL 31 4
NXBURS INTERACTIVE CONTROLLER, PANEL 31 3
HiBUYI INTERACTIVE CONTROLLER, PANEL 0b H
NXCALO  IRTERACTIVE CONTROLLER, PAKEL 06 INF $
NXCALY INTERACTIVE COKTROLLER, PANEL 0& t
HXCASL INTERACTIVE CONTROLLER, PANEL OF FECIF) %
NXCRS) INYERACTIVE CONTROLLER, PAMEL uB +
NXCULO  INTERACTIVE CONTROLLER, PAMEL 33 IKT i
HXCLLS INTERACTIVE CONTROLLEF, PANEL 33 #
NXDAT! INTERACTIVE CONTROLLER, PANEL 02 £
HXEKD1 INTERACTIVE CONTROLLER, PANEL 00 H
MIEVEQ  INTERACTIVE CONTROLLER, PANEL 11 i
RYEVE! INTERACTIVE CONTROLLER, PANEL i} 1
KIFOLO  [HTERACTIVE CONTROLLER, PANEL 05 INY :
RYFOLY INTERACTIVE CONTHOLLER, PANEL 05 £
NXFOR! INTERACTIVE CONTROLLER, PAMEL 37 t
NXHERO  INTERACTIVE CONTROLLER, PANEL 04 INT f



[ Subroutine List -continues- }

NIHER]
NIMAN
NLKENL
NIKENOD
NXFANG
NXPANI
NIFAN?
KYPASY
RIPASH
RYFOLE
NIREFO
WIREPE
HEROTO
NISEA]
NXSELO
NXSELY
NS5
HI5YS!
NYHEAC
NYWEA]
PAN
PRNELZ
PASKIF
PRICE
PIBINT
RANDOH
AANZ
REALIN
RELEAS
ROTERA
SAv]
SAvZ
ShYS
SEGLTH
STPINE
TABLE
H&17
1ERDIG
TERQIY
1ERGI2
1ERD:3
LERGHO
LERD™
LERDORZ
IERORZ
IIR

INTERATTTVE CONTRD.LER, PANEL (4
INTERACTIVE CONTROLLER, PANEL (3
IKTERACTIVE CONTROLLER, PAWEL 0)
INTERACTIVE CONTROLLER, PAKEL 01
INTERACTIVE CONTRDLLER, PANEL 21,22
INTERACTIVE CONTROLLER, PANEL 21
INTERACTIVE CONTROLLER, PANEL 22
INTERACTIVE CONTROLLER, PANEL ¢7
INTERACTIVE CONTROLLER, PANEL ©7
INTERACTIVE CONTRDLLER, PANEL 32
INTERACTIVE CONTROLLER, PAKEL 3E
IXTERACTIVE COMTROLLER, PANEL 3B
INTERACTIVE CONTROLLER, MBY RDUTINI.
INTERACTIVE CONTROLLER, PANEL 30
INTERACTIVE CONTROLLER, PANEL 34
INTERACTIVE CONTROLLER, PANEL 34
INTERACTIVE CENTROLLER, PANEL 49
INTERACTIVE CCNTROLLER, PANEL 40
INTERACTIVE CONTROLLER, PANEL 35
INTERACTIVE CONTRDLLER, PAREL 35

SET KE®h ECONOMIC PARRRETERS FOR SEAMALYSIS
SYSTER PANEL CALLING ROUTINE

BRGHTH ROUTINE, LEBUME/BRASS ASSOCIATION
GERERRTE PRICES FOR THIS IT

IRTERACTIVE PARTB

GENERATE A NUKBER FROW U(0,1)

BENERATE A NUHBER FREM Uid,1) FOR KAPaaD
CONVERT CHAR NUWBER 7O A REAL WUMBIP
RELEASE A PANEL

RUTATIONAL GRAZING SUBRODUTINE

GROWTH ROUTINE FOR SAVANNA TYPE |
EROWTH ROUTINE FOR SAVANHA TYPE 2
BRORTH ROUTINE FOR SAVANNA TYPE 3
LINEAF INTERPOLATION ROUTINE

FIND= ¥aLUE OF A STRING

FIND REA. ADDRTSSES OF PANEL FIELD DATA
CALCULRTE NORMATIVE HEIGHT OF AN AkiNMAL
IERD 10 THTEGER SCALARS

TERD & 1-0 INTEBER ARRAY

IERD A 2-D INTEBER ARRAY

1ERD A 3-D INTEBER ARRAY

IERD 10 REAL SCALARS

/EFD A 1-D REAL ArRnY

IERD A 2-D REAL ARRAY

IERD A 3-D REAL ARRAY

CALCULATES IRR DF A STREAN

BLK

INT

BLK

INT

3

INT

ECD
+
BLE
ECE
BLK

It/
BLK
BLK
BLK

+
BLK

W oW W mm o MM Me W A W sk Mt e sk W MR e W e TR W

A
—
-~
=)

PR L

file pf the sane nane (#}

hote COMHON refers to naced Coason Blocks - BLK contains blocks A, B,
C, b, E, F, EC, NX, LOBIX, and SCALES "+* 1mplies an assenbler,
routine, all others are in FORTRAN 77
Isbrary naoe (GANM, BIT2), system disk 1319 P), or coopiied text

Flocation" refers to text

[



AFPEND1IX B8 2 RUSMDB VARIABLE NAME LIST

Fuaction

ACc
ACF
ACI
ABE
AGR
ALDN
AKP
ANARE
APDELT
APT1HE
ARE
AKEA
ASEX
Al
AUR
AVAL
AVDM
BAL
BALL
BALYR
BEN
Bl6
BID
BIOL
BL
BRAL
BRE
B&
BYR

£

CA
CAGE
CAPLT
CAR®
CBUY
Gl
CCuL
cevc
COELT
CFA
CFAGE
CFDu
CFDWF
CFL
CFLEV
LFH

ABORTION=YES FLAG

WE REQS FOR ACTIVITY

CALF HE REG FOR ALTI¥ITY

AUTIVITY ALLOWANCE FACTOR 0,1,

KONTHLY ACTIVITY FACIOR

COW ABE

ACTUAL SROHTH RATE | LEG 2 BRASS
ACTUAL DA INTAKE

X AMPLITUDE OF CYCLES

VARIABLE NAKES IN AFGEN

SUCKLING FACTOR, RECONCEPTION DELAY

NO OF DAYS POST-PARTUM (HAX 30)

AREA, OLD HDU, FOR IRUM=0

AREA OF FORABE RESOURCES

TEXT SEX, MALE, FEMALE

POST-FARTUM CLOCH INCRENENTOR

ANIMAL UNIT CALCULATION VARIABLE

TRUE AVERASE ANIMAL UNITS

¥

BEMEFITS - COST% BY MONTH

DN MEEDS - DH INTAFE CAPACITY

CUXULATED YEARLY BALANCE, COSTS AND BENEFITS

BENEFITS BY HONTH

A LARGE NUKBER

TOTAL BIOHASS

DH/HA TOTAL, FOR IRUM=0

INTERHEDIATE VAKTABLE, CFLEV

CUMULATIVE AS YDU-BD BALANCE

CURULATIVE AS-YDL-50 BENEF:T5

BIRTHWEIGHT RATIC TO 40Y6

YEARLY BENZFITs

CP1

CALF DIET CPY

CALF ABE

BENEFIT FRON CAPITALISATION

PESOS FKON CALVES BY MONTH

COST OF NEW COK™ B* HONTH

CONCEPTIOK ¢

AGE AT BHICH CULLING 1S AUTGRATIC, YEARS

PROE BF BESTRUS IN CYCLING COMS

INTEGRATION STEP, CALVES

ABE REDUCTION FACTOR, CONCEPTION

HODIFYING FACTOR FOR PEST/PCOR X ASE

HEIGHT CHANGE REDUCTIDN, CONCEPTION

CONCEPTION PROBABILITY X HEIGHT INDEX

LACTATION REBUCTION FACTOR, CONCEPTION

FEEDING LEVEL, MULTIPLE OF MAINT LEVEL

HATURITY REDUCTION FACTOR, CONCEPTION

N

22

241
241
41

2,5

M M0 M0 e 3TN0 M X Im XWX DD M0 X ;o

SLALES
PASKIP

EC

A
SCALES
ANLEOF
SCALES
3
ARLOGP
ARLOOF
INLOOF
FuLOGF
C

F

ARL OO~
£cowon
F
PASHIP
E

3
ANLOCP
F

4
ANLOuP
ECONIR
3
CALPIX
SCALES
ECOHON
ECOKD
ECORI™
IR0
F

&k DaF
SCALES
ANLOOP
ARLOD®
AN, O0F
B
ANL{RP
AYLOOF
ANLOOP

AN/DRY
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[ Variable Haee List -continued- ]

L m
CFi
Cri
CFhr
L6
CBAST
CER

CH
CHERBL
CHEPD
CLACT
Cx
CHERT
CHOR
CoF
oM
CONCC
CONCHE
COND
CGRDRA
COMDRC
COKPRC
CORn
EORRES
£osT
ce

CPA
£rC
CPF
CPL
CPLE
LR
CROS
CeEx
£5LPA
E5UFg
CEUPT
ETIRE
C12
CiL
Cvas
Lk
ZXPAGE
CYCLIC
CYR

b

b4
DATE
DAYEPK
DDLACT
DED
DELT
big

PESDS FROM FOLLOKERs »7 MONTH
POST-ver i UN INTERVAL R:DUCTION, CONCE: TEON
K1GYT INDEX CORRECTION, CONCEPYIDK
CONCEPTION FROE % WEIGHT INDEX

INITEAL DEFAULT VALUE. FOR CGAST

DIRECT COSTS BY MONTH

CALF GRONTH RATE

INITIAL DEFAULT VALUES FOR CHEPD

CUN CALF PASTURE CONsUNP IK DELTA, KE DX
CAPITAL COSTS BY HONTH

NE CONTENT OF MILK AVAILABLE 7O CALF

COW HORTALITY X

ME CONTENT OF SUPP FEEDS INCLUDING COMCS
CALF HORTALITY {707 DEAINS/TOT BIRTHS)
FASTING METABOLISH [OEFF  S3<F  67:=M
PERCENT REGRONTH CONTFIBUTION MABE BY 1 L 2 §
CONC CONSLNP, h§ DM/DA

ME VALUE OF CONC

HEIGHT INDEX

WELGHT INDEX

BEIGHT INDEX IN CALVES
CONCEPTION % BY COM CLASS

COK BUY SALE PRICE CORPELATION

CONVERSION TABLE, W(,,%) T0 1CO0D

E0STS BY WONTH

CPUDE PROTEIN OF PASTURE, IRUM=y

WEIGHTED CPC OF TOTAL DIET

CP CONTENT OF CALF DRY FEED

HONTHLY CP BF PASTURE % TIHE

HAX VOLUNTARY INTAKE LIAITED BY TP AND DIG
PRYSICAL LINIT T0 DK INTAKE FOR CALVES
GURVIVAL TO 12 MONTHs

CUMULATIVE 5-YOU-BO COSTS

CALF SEX

CALF CONC CONSUMPTION 15/DAY

CALF RECYCLED FEED CONSUNF, K6/DAY
RECYCLED DM CONSUNPTIOR, CALF

TALF ABE, DAYS

CALF ABE CLOCK INCREMENTOR

PESOS FROM CHLL COHS BY HONTH

DIRECT LOST PER HEAD OF CATILE

CALF KEIGHT

EYFDNENS OF § TIMa BROK f CURVE, CaLVES oN3s
PRICE CYCLE LENGTHa, YEARS

YEARLY CDSTS

D16

EALF DIET BIS

DAY OF START, POST 1 JAN

ND OF DAYS T0 FEAF Hilk YIELD

POT HILK YIELD DECR AS PROP GF PREVIOUS YLDS
ADULT DEATH PROBABILITY

INTEGRATION TIKE STEP, ADULTS

DIE OF PASTURE, IRUA=0

]

2,5
241
R 241

o O N Try Xy

R 241

R 241

[+

F Y

L

241

2,14

24}

MM oen W A e TR WM TR TT OO RD D IO N M~ 3D T ID DR R0 S0 ON v YD D0 TN ST OO Ny D R ™ oo D
LA R S I S |
[N

ECOROX
ANLOOP
ANLDC
B

EC

EC
ARLBOP
EC
SCALES
EC
ANLGDP
IHLOGP
SCALES
INLODP
ARLOOF
PASKIF
ARLGOP
ANLDOP
ANLOOF
ARLOO™
ANLDOP
CONCER
PRICE
HOBERA
F
STALES
SCALES
AKLDBP
B
ANLODP
ANLOCP
IRLDOP
F
SCALES
AL o0
ANLGOP
ANLOOF
SCALES
ANLDOF
ECGNDP
EL
SCALES
SCALE.
EC
ECONDY
E
CALMIY
SCALES
ANLDBD®
ANLDOP
ARLODF
SCALES
SCALES



[ Variable Mane List -continued- 1

Dise
DTE"h
16F
DiGFRD
Di6s
1
il
Il I8
DKF
DHLIK
DML INL
DENEED
DrO
BONN
DRATID
E
ECAR
ECOH
EE
1318
ENCON
£PS
EPT
EPTIRE
s
ESun
E1
ETES
ETEZ
E70T
ET!
EVENT
EvE
EVE
EXPAGE
EXFh
EXTRA
FACH
FACF
FCo
FDAY
FDED
FELT
6l
FBil
FBIII
FBIV
FBIVN
FEVII
FE4
FINTSH
FINHAT 1
FiNmatT 2

DIB OF DFY FEED O CALVE®

FEcf DIGESTIBLE ENEPCY

HONTHEY DI6 OF PASTURE X TaMo

DIGESTIBILITY PROPORTION FALTOR

U16 OF RECYCLED SUPP FEED WEIGHTED AVERABE
WEIBHTED DI6 OF TOTAL DIE:

DM OF PASTURE, IRUM=0

DR OF SGLID FEEDL IN CALVE

FAaTURE BROBTA RWTE X TiMc

DH LIRIT, PASTURE AVAILAELE

BE IKTAKE INCREASE X LACTATION STAGE

DM EQUIVALENT OF ENEREY NEELDS

CALF DM AVATLABILITY LIRIT

INYEREST RATE HALVINES FOF 11K

30 7 DELT

AHOUNT EATEN PER ANIMAL

KE DH EATEN BY ALL CALVES THIS DELTA 1

Kb DR EATER BY ALL COWS THIS DELTA T

WET ERERBY FOR PRODUCTION

HET ENERGY FOR BGAIN TN CALVES RJ/DAY

ENEREY CONTENT OF § kG DIF BM, M
CONVERGENCE CRITERION FO+ IIR 0 00001
EXFONEN: IN PREGNANCY EN REE EQUATIBN
ARJUSTED PTIHE, + HALF A DELT

CUMBLATIVE CONCEPTIONS BY WERGMT CLASS
AMOUNT EATEN OF RESDURCES, CURULATIVE PER DT
INTERHEDIATE VARIABLE, PReb EN RER
FRODUCTION /AU/YR, YERRLY AVERABE HERD NIS
PRODUCTIDN /AU/YR, HONTHLY AVERAGE HERD NOS
AHDUNT EAYER PER RUN (ERAKD TOTAL)
INTERHEDIATE VARIABLE, PREE EN RER

EVENT ARRAY

ENERGY VALLUE DF BAIN 83 MI/KG GAIN

EVE IN CALYES

EXPONINT OF OFTIHoL BFOWT= EALD , ADULT
EXPONENT, ADULT COMDLITiON FACTOR CALT (FCuND)
EXTRA CONC FEED FED TD HEIFER REPLACERS

RALE SEASONAL PRICE ADJUSTEFR

FEHALE SEASONAL PRICE ADJUSTER

CALF WEIGHT, = CH

ABE CLOCx INCREMENTOR

PROZAB:LITY DF CALF DEATH

CA_F DIET RESOURCE INDTLaTua

X-Y TRAELE LAI AS A FUNETIGN OF W/1000, BRASS
I-Y TAELE ¥5M A5 A FURCTION OF V/1000, BRAS.
1-Y TABLE PGR AS A FUNCTION OF LAI, GRASS
X-Y TABLE CON AS A FUNCTION OF PY{Z}, BRASS
1-Y TABLE NO-CONPETITIOM FUNCTION, 6RASS
I-Y TABLE AGR SEASOMAL MOLIFIER BRASS

X-Y TABLE SELECTED CON FUNCTION, GRASS
DPTION TO ABBRT RUN BEFDPE FINTIM

HERD PASTURE CONSURPTION I¥ YEAR IY, RONTH JH
HERD RECYCLED FEED LONSHH"TION

03 M MDD NN N M D NN DM DD DOm0 Xy

2,14

2,b

W oen ooLn

%)
L]
E
v.]

Mo H0OTH O DR 3 I D o a0

12
12

P s e e s e e e

- w w s

-

R MR RN R

ANLDOF
SEALES
B

SCALES
ARLDOF
SCALES
SCALES
ARLDOF

B
SCALES

B
AHLBOP
CALNIX
IR
SCALES
E

E

E

ANL 0P
ANLOOP
AKLBOF
I1R
ANLTGF
ANLOOF
CORCEF
E
ARLDOF
INLOOP
IHLOOP
3

AL DOF
MAIN
ANLOOF
ANLODF
SCALES
ANLOGF
SCALES
PRITE
PRICE
SCALES
ARLDOOF
ANLOUF
CALKLR
PASHIF
PASHIF
PASRIP
PASHL®
PASHIF
PRSHIF
PASHIP
SCALES
C

C

L



[ Variacle Nams List -continued- ]

FIhfpy & HERD CONC CONS'-TiDh
FiNM<T & CALr PASTURE CON-UMFTIOM

FiNkel © CUMSATIVE W) Mo IN CONC FEE S

FINTEN KOG DF DAYS FOF MDDEL RUN

i FEEDING LEveL AS A MULTIPLE OF MAINT RERS
FLI X-Y TABLE LA1 AS A FUNCTION OF v/1000, LEGUNE
FLIY X-Y TABLE PSH AS f FUNCTION OF ¥/100D, LEBUME
FLELL  X-Y TABLE P&~ AS A FUNCTION OF LAI, LEGURE
FLIV Y-Y TABLE CON AS B FUNCTION OF PX{2), LEGURE
FLIVN Y-V TABLE NO-COMPETITION FUNCTION, LEGUME
FLYII X Y TABLE AR SEASONAL NGDIFIER LEBUNE
FL4 X-Y TABLE SELECTED CON FUKCTION, LESURE

3 FASTING HETABDL 5%

FKB FASTING METABOLISH, ABE > & DS

FNCB FASTING METABOLISH COEFF, > & HDS

FNCF FAST HAINTENANCE X CALF AGE

FACR FASTING METABOLISK LOEFF, < & NOS

FHR FASTING METABOLISH, ABE ¢ & HOS

FORMG Al S ASSIGNED Tu EACH RESOURCE (4=4 AND/OR 53
FRAK CP, CUHULATIVE CONCEPTION OCCURRENCES

Fy X-v TABLE SELEC PD = F(PK), ND 1-5

F5 1-y TABLE SELECTED SELECTIDN FUNCTION
BRNEED  ME REE FOR BAIN IN CALVES

BROKTH  DAILY GROWTH REQ , CALVES K6

HEADER  OUTPUT FILE HEAJER

HEADS  MD OF CDHS BY PHYSIOLOGICAL CLASS

HEREDM DR EQUIVALENT OF HERBEN

HEREEN  MAX ME CONSURPTION FROM DN

HERBL  CALF DH CONSUHP K6 DM/DAY

HERBME  HE EQUIVALENT OF HERBL

HS 44

HSF i

IA ANIHAL NUMBEF, ANIMAL LOOF

TACE INTEBF OF AGE

1A, CGUNT FOR EACH COW CONSECUTIVELY BARPEN
1BUF AGE,HT,MA,SEX, 10 OF (MAX 10} MEW FOLLGHENS
IBUY AGEHT,WNA,PTINE,ID OF (HAX 10} NEW BREEDERS
I COR NUMBER, EVEMT FILE (L U &)

1CCL AMDUNT OF CREEP CONC FED T0 CALVES

ICOD 1 FORAGE CODE P -3

IEBD '¢  FORAGE CODE MALE 2-3

100D 11 FORAS: CODE L 7-9

ICOD 1.  FORASE CODE ®ALE 3¢

ICOD 13 FORAGE CODE MEIFERS

ICOD 14  FDRAGD CODE DRY-EMPTY

ICOD 15 FORAGE CODE CALF MOB

ICOD 2 FORAGE COBE FEH 0-2

ICOD 3 FORAGE CODE P 4-

ICOD ¢ FORAGE CODE FEM 2-3

ICGD 5  FORAGE CODE P 7-9

160D &  FORAGE CODE FEM 3+

106D 7 FORABE CODE L 1-3

ICOD B FORASE CODE MALE 0-2

Bt bt bt Bt Bt b bl B bt Bed el bl ot bed bt bt pad b o ke a3 T OO0 D DD

100
10,5
10,5

[

L
StALES
HHL OGP
PRIMIP
FAEHIP
FASHIP
FAEAIF
PASHIP
PASKIF
PASKIP
RRLDDP
RHLOOP
438.00P
I}
AKLGOP
ARLOOP
£
CWLZF
PASPIP
PREMIP
ANLDDP
PHLOBF
A

¢
ANLODP
ABLODP
ANLOOF
ANLOOF
SCALES
L

f
RHLOOP
L

f

3

RATH
SLALES

T TR MY T T R T e M T Y T T



{ Varrab'e Nage List -continued- }

itoD 9
il
10N
[

1D

1pA3
IDCOW
IDEFLA
FDELT
DY
IEV
IFAIL
IFIN
IFLAB
IFLRG
IFus
6k

IHE

11

13K

I¥

IME

iop
IPRDEL
1PREG
IREF
TREFF
IRUK
IRUN
ISEL
ISELL
[STOC
1570F
TTIMC
HIT
IKEA
THSHCh
IY
IYIND
I
JOELT
JEY
JHERD
I
JONAT 1
JONAT 2
JONAT »
JONAT 4
JONAT §
JONAT &
JREF
JRUN
J¥

FDRRBE EGDE L &-&

COKPETITION FUNTSON (G D

COUNTEP FOR VALID CONCE®™ INTERVALS “HiS ¥ 4
il RUKBERS OF INTERACTIVE CuLLINGS

CURFENT DAY OF BIMULATION RUN

LENGTHS OF f.D CASH BALANCES IN UKIT 12

COW 1D WUMBER, = Wi )

SLIPS DEFAULT MANAGEHENT OPTIOko Ik PAKTE fr=|

= DELT =8}
KG OF CURRENT ECOMOHIC RE-ANALYSIS
EVENT DUTPUT OPTION

FLAG FOF IRR CALCULATION MES-UP (0 OF, ERF -4

TOTAL RUN TINE + 1

FLAG FOR SELECTING REPLACEHENTS
FIRST-CALL-T0-ROUTINE FLAB

COUNTER FOR FIRST PARTUMS THIS YEAR
MONTHLY VARIABLE COSTS, CONVERTED TG C6
YEARLY CAPITAL COSTS, CONVERTED 10 CH
CURRENT HONTH HUNRER

REPLICATE COUNTER

CUPRENT NONTH, JAN = 1

MONTH OF YEARLY CAPITAL COSTS, USE §ITH Ik
SKITCH USED IN BRE

CONTROLS LAPBE DUTPUT 0,1

CONCEPTION FLAS

1D NUMBERS OF INTERACTIVE REPLACEMENTS
REPLACEMENT HEIFER COUNTER

RUN TYPE {0=) KAKN BRIGINAL, 1=)OTHER)
0,1,2 CF DR TAMU CFW - STERILE PROE FACTOP
ID NUMBERS OF INTERACTIVE BREEDER SELLINGS
SELECTION FUNCTION TYPE (1-5)

AMNUAL 5TOP DATES, INTERACTIVE RUNS (JULIAM)
NEXT STOP DATE, INTERACTIVE PUN
CURRENT DAY - !

INTERACTIVE FLAE (95=ABANDIN)

1D NUMBERS OF INTERACTIVE HEANINGS
SK:TCH 0,1

CURRENT YEAR - 1

KONTH NUNBER OF RE-ANALYSIS
ANIXAL NO , QUIPUT 10 LU 7
DELT/CDELT

EVENT DATA OUTPUT 0, !

VEED T&TH BUTFU, 0,1

CURRENT MONT4, START = 1

AVERKGE aH FEMALES

AVERABE BH FEMALES >= 2 YEARS OLD
AVERABE FDLLOWERS

AVERABE FOLLOWERS 1, (=2 YEARS OLD
AVERABE CALVES

AVERAGE FOLLOERS > 2 YEARS OLD
1D NOS OF REPLACEMENT CALVES
0,1,2 RUN TYPE

YEARS CONPLETED DURINS RUN

Mt et et 2T D0 SO O D DD e = bme bt bt bed ba pmd et et A bt bt pmd et et DX bed bt bt e by bent et bemd bt Rt ek b Bl Bais R Pt s et md e bend et bmd b b e ey

100

100

12

20

20

200

200

16(

F
FASHIF
SCALER
F
SCALES
IKCRER
ANLDDF
F

ANLODP
(38

SCALES
1IR
MATH
INLDOF
PASHIP
SCALES
KLFANO
NIPANO
1L DD
SCALES
SCALES
HXPANO
STALES
SCALES
ANL P
F
INLDD®
SCALES
ANLOCP
F
PASHIP
F

F

A

F

F
SCALES
IHLOBP
ANALTY
SCALES
SCALES
SCALES
GLALES
SCALES
IKLOOF
INLBOP
INLOOF
INLODP
INLOOF
INLODR
B

HAIH
T4 DOP



{ Yariable haee Lrst -continaed- )

%
JU'N
FFR
3

Kt
KN
LACT
LEAL
LEEF
LDEPF
LDH
LDH!
LFAC
LIA
LOL
LOMDS
L1
LTINE
LY
LYR
NAINT
HAINTC
RERDAT
RCOD
ACUL
MDA
RECDNV
HEP
HEPC
HEPRT
HER
HERC
NFA
MEAL
#oact
MFE
RFBCC
HINT
HINKT
nLogp
HROS
¥t
R
HERE
By
HYR
HYRS
NA

NB
NCD
HCF
HCFH
HCP

{' ENT YEA™ §7 RUN

gt, Wi DAVS SINCE LAST CALVING FOF ANTOCU.
REBUIRED HERR SITE, INTERACTIME

VILOEF #WM)

ENRBY RER FOR HILk, H) ME/KE FCM

DESIRED HERD SIIE

KE INVESTED IN AIL% PRODUCTION WJ3/DRY
ENERGY BALAMCE FOR LACTATICK

LACTATION REDUCT10M FACTOn, FRON LDEFF
PREVIGUS HILK YIELD X LACTATION STAGE

VoL INTAKE OF DR LIAITED BY CP, DIE, AVAIL
ACTUAL LIMIT TO IRTARE BF SOLIDS, CALVES
LACTATIDN STAGE FACTOR, TISSUE MORILIZATION
HEAMED ANIWAL NUMBER

PASSED PARAMETER {1 GROWTH, 2 POSTLONSUMPTION
LENETH OF OLD {STORED) CASH FLOW IN HONTHS
LACTATION STABE CLOCR INCREMENTOR

HO OF DAYS LACTATING

CURRERT HONTH OF RUN (CUMULATIVE]

NO OF DAYS IN YEAR

ENEREY RED FOR MATNTENANCE

AATNT RER OF CALVES

RENAGEMENT DATES (JULIAN} PER YEAR

PHYS STATE WUNBER ASETGBNED FOR ICOD (1 - 14)
KD OF SUCT NEG PREG TESTS FOR AUTOCUL

DAY NURBER, PANEL VARIABLE

AE EQUIVALENT OF HCDNV

ME BALANCE FOR WEIGHT GAIN

HE FOR BAIN TN CALVES

HT GAIN IN ADULTS AND HEANED CALVES

HE OF DAILY FEED [OMSUMED, ADULTS + W LS

HE OF DAILY FEED CONSUHED, CALYES

RALE INCREASED BTd HT FACTOR A, ADULTS {10%)
¥eTHRITY FACTGR

#R_E INCRASEL BTH T FACTOR 4, CALVES ( 0%}
HALE INCREASED BTH BT FACTOR B, ADULTS

MALE INCRERSED BTH 8T FACTOn B, CRLVES
INTEBER EAT CODE ( = W{IA,23) }

HIN WY OF HEIFER CALVES RS REPLACERS

NG OF COWS + FOLLOBERS, NA+NFOLS

KUMBER OF HONTHR IN RUR

RUN RDDE 0-% WD BUY 10-19 Buy IN

ButFt) FRIRTED EATH HDF DAYS

FLab FOR EOF LU15 - CAN T BUY AKY HORE COWS
= 1Y, BR = Y-} IF NO REPLACERS

YEAR NUMBER, PANEL VARIABLE

RUMBER DF YEAKS DF RUN

CUMULATIVE MO OF ANIMALS

N0 OF FEMALE CALVES IN HERD

LENETH OF ARRAY CDF

LENETH OF ARRAY CFDEF

LENGTH OF ARRAY CFUF

LENGTH BF ARRAY CPF
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SLALEC
F

F

HIXER
ANLOCP
SCALES
SCALES
AKLDOP
AK: BOP
B
SCALES
ANLODF
AMLGGF
L}
PASHIF
INCREH
SCALES
SCALES
£C
SCALES
AN DOF
ANLDOP
F
#OBRAT
F
NILOOP
AMLOOP
ANLOOP
ANLDOP
ARLDOP
ANLOOP
ANLOGP
SCuLES
ARLGGP
SCHLES
SCALES
SLALES
HIXER
SCALES
INLOOP
EC
SCAaLES
FASRKIF
1RLEOP
IHLBOP
NILOGP
EC
H--—-
SCALES
SCALES
SCALES
SCALES
SCALES



[ Variable Nape L1s5t -continued ]

NDIE
NR1B
ROIES
NBis

NDH
NDHLIN
NEED
NFEH
NFHE
NFOLS
NHDSUH
KHEAD ¢
NHERD 10
NHEARD 11
NHERD 12
NHEAD 13
REEAD 14
NHEAD 135
RHERD g
NHEAD 17
HHEAD 1k
NHEAD t§
NHEAD 2
NHEAD 20
NHERD 21
NHEARD 22
EHEAD 2%
RHEAD 24
WHEAD 25
NHEAD 26
HHEAD 3
KHEAD 4
NHEAD 5
NHERD &
NHZAD 7
KHEAD 8
HHEAD 9
NIND

NIT

NLD

NKE
NORIG
HPhy
RREF
NRES
HSEED
NSUP

NUM
NUMFOL
118!

NV

NHEAN
BEST

INTREGUCED FRINTOW) INT , INDIVIDUn. LBH:
LENSTH OF ARRRY DIEF

LENETH OF APRAY SUPE

tereinal date disolav frequency, 30 or 167
LENGTH OF ARRRY DNF

LENETH OF ARRAY OMUIML

TGTAL HE REES

NG UF FEHALES 1N ANY YEAF

LEWSTH OF ARRAY FACF

NUMBER OF WEAMED-UNSOLD-UNREPLACED ANINALS
KD OF ANIMALS BY HONTH COWS, CALVES, FOULS
ANIRALS DRY EWPTY

ANTMALS PREG 4-5 LACY 7-9

HULL

CALVES HALE AGE ¢ ¢

CALVES FERALE AGE { 1

FOLLOWERS FEMALE ( 1

FDLLOWERS FEHALE 1-2

FOLLOWERS FEMALE 2-3

FOLLOWERS FEMALE 3-4

FOLLOWERS FEMALE > 4

FOLLOUERS HALE < 1

ANIMALS PREG 1-7

FOLLOWERS MALE -2

FOLLOBERS MALE 2-3

FOLLOWERS MALE 3-4

FOLLOWERS MALE > 4

TGTAL HUHBER OF COWS

TOTAL NUHBER DF CALVES

T0TAL WUMBER OF FOLLOWERS

ANIHALS PRES 2-6

ANIHALS PRES 7-9

AKIHALS LACT 1-3

ARIRALS LAPT §-¢

RN[¥n S LACT 7-9

AKTHALS PREG 1-o LACT 3-6

ANIMALS PRES 1-3 LACT 7-9
INCREHENTAL ANALYSIS FLAG (0,1,99:
Wb DF ITERATIONS BEFDRE CORVERGENCE
LENCTH OF ARRAY LDEFF

CUMULATIVE RHIMAL NO (=MR, POINTER FOF W)
UPIEINAL NUMBE® QY BREEDERS

MitstF OF IRFa0VED FASTURE PHBBOCHS
NO OF REPLACERS HANTED

RESOURCE 1 EATEN OR NO (0,1

RANDOH NUHBER SEED

LENGTH OF ARRAY SUFDMF

RENTH HURBERS

ON-BOING WUMBER IN FOLLDHERS HERD
YEAR HUMBERS, } TO 20

3,7 [DLD COLUA% BUTPUT

POLICY ABE AT HEANING, DARYS

TIME SINCE LAST DESTRUS

DX ke hed b A Bt hen ket as et bt ket b vt bk bl bt bt er rd At i et St bt bt B bid bt bt ek bt e bt bk A A A b4 et b ad s Mam b bee TED bt b b et e m

281 3

rn

12

20

AR_0C*
SCALES
HAIN
galn
SCALES
HAIN
ANLDOP
IWLOOF
SCALES
!

EL

Lo e B e B e B - Y o I v Y e BN o B B e B o B - B o B o T o O o B v B o T o Y 5 N o B o N i TN o |

)

EC

1R
SCALES
SCALES
h

E
SCALES
3
SCALES
SCALES
0

it

D
ANLBOF
f
ANLDGP



[ Yariehle Mane List -contipued- ]

GFRRT
GLBAL

out
ot
BET
out
our
i
Pl
ot
Buy
pty
fut
oyt
out
BT
ouy
out
our
out
out
ouY
ouT
out
ouT
BuT
ouT
out
out
oot
out
out
oyt
out
auT
gyt
pur

v

i1

1,10
1,11
1,12
1,13
I,14

- m

- o =
o> BV SR SR I S L R P I

b P e

w1 e m um e m am s wm e e wm e aa e

OO ~4 @ LN e G Gl LN A rI g BRI RT RT RD RY RD R RS R e e

20,1

0uT 21,1

out
out
Gut

22,1
23,1
2,1

QUTNAM

3
PABD
PAY
PCAL
FCON

PLTIRE

PD

PLELT

PDH
PEST

PESTTO

HIK OFFIRRE RWTE O 0t - 1 0

0D BALAMTF M MONTH FRO- LU 2
HO O COHS BOUBA TN YEAR Ty

rAST CON, LB PRSI

WEAN T, OLD AVCH

HEAN AGE, OLD AVCABE

CON ABE, OLD AVABE

k0 REFLACED, DLD NMR:P

DEAD ADULTS, OLD NADEAD

DEAD EALVES, OLD RCDEAD

REP ABE, DLD REPABE

REF MT, OLD REPHT

12 KO WT, GLD YEARET

SURY TO 12 KOKTHS, OLD SURV1Z
EONA CON, BLD CONA

SURV TD 24 HONTHS, OLD SURV24
24 D HT, OLD YEARSH

WO OF ABORTIONS, GLD KUMABS

KO BIRTHS, GLD KUMBTS

AGE AT FIRST PARTUH, DLD FUSPAP
CONCEPTIDN iNTERVAL, OLD CONINT
HERD BIOMASS /100, OLD BID

KD OF ORFHANS, OLD NPRER

NG OF ANIHAL UMITS IN HERD, OLD AUS
HUHBER OF COWS )= 7 YRS

CONE COW, OLD CONE

COW BT, DRY EHPTY, END OF Dxy SEASON
Cow WY, DRY EMPTY, END DF BET SEASON
NUMBER COWS BOUBHT

KILK OFFTAKE PRODUCTION

COKC HEJ, DBLD HEJ

CALF SALES, OLD SALEC

CULL SALES, OLB SALE

CONTEPZ, OLM YPPER

B H FEHARLES, OLD NFEM

NG HEANED OLD NOWEAN

ARRAY OF DUTPUT DATA, 20 YEARS
SUM GF 20 YEARS DATA

HUMBER DF KON-ZERD YEARS

TRUE AVERABE (EXCLUDES 0 IF HECESSARY)
SUM OF SRUARES

PPODUCTION PARAMETERS ARRAY
Praf OF FEEL IN DLET

PROE OF AEORTION

AVERABE PRICES PAID/RECEIVED PER KB PER YEAR

PROPCRTIONS IN CALF DIEY
PRUB OF CONCEPTION

CTIHE - CDELT, PREVIOUS TIRE INTERVAL, CALF

PROPCRTION OF 1 L 2 6 IN DIET

COKCEPTION INTEBRATION PERICD (IN EFFECT)

PASTURE DM INTAKE
PROE OF BESTRUS
FROB BIUSTER FOR INTEBRATION STEP

24,

XN R s IO ORI (DD o X S0 O30 M 0 g i 0 oM A oM D MM N DN N DX n,m

£l
TRCPCF
D

l~ =N - - =N BB NN — R~ - = R — T - B = — - - I~

NLOOP

[an S ol — T — N B L L=~ - |

ARLDBDP
£ CONDH
CALKIX
ANLOOP
ARLOOP
PASHI?
SCALES
ARLBOP
ANLDOP
AKLDOP



[ Yariehle Nage List -continued- ]

PGF
rHD
PLACT
FLUS
21
PHEXF
PN

PF

PRDIE
PPM

PP1

PRDA
PREF
PREE
PREGK
PREEP
PRELS
PRI
PRINIT §
PRINIT 2
PRINTT 3
FRINIT ¢
PRINIT 5
PRINIT &
PRL
PROL
PROFP
PROPD
PROFH
PROPIN
PROPL
pSK

P1

FTINE
PR

PX
PXPRSE

It

&R

BC

ar

oL

[ 1

1]

BMILE

g

RATE
RATEAL
RLA]

RO

R1

R2

R3

POTENTIAL BROWH RETE L L 2 6

AVERABE rRICES PAID/RECEIVLD FcF HERD PE *lhr
PREVIOUS NILF EREFty YIELL

DELT/2

BREED LACTATION POTENTTAL KB FCM/DRY

RATE 0¥ DECLINE OF HMELK YIELD

DISEQUNT RATEE FDR HPVS

FRALTION OF COW ADULT WY REFRESENTING Bi- H W1

BELECTS COMS WITH DIFFICULT PARTURIION: 10 1)
ENERGY CONTENT OF HILK YIELD

EXPONENT, TOTAL HT INCREASE DUE TH PREBNRMCY
1231

PREFERENCE FUNCTION

ME REGS FOR PREGNANCY

N ENERGY REQS FOR PREGNANLCY

INTERHEDIATE VARIABLE, CALC OF WPREG

MILK PRICE, $/LITRE

CURRENT HONTH § PRICES FOR & CATEGORIES
COST OF COW REPLACERS, $/HEAD

PRICE RECEIVED, CULL COWE, $/Kb

PRICE RECEIVED, FER CALVES, $/4B

PHICE RECEIVED, MALE CALVES, $/KB

FRICE RECEIVED, FEN FOLLOWER, $/k6

PRICE RECEIVED, WALE FOLLODHER, $/K6

ADJUSTS PTINE TO EPTIHE, =27¢ IF LYR =3s(
CURULATIVE PASTURE GROMTH L L 2 6 3 T0T
PROP OF SUPP FEEER IN DAILY INTAKE DM
INTERREDIATE VARIABLE, SUP FEED CONSURPTION
PROF OF SOLID ENERGY IN TDTAL FEED EMEREY
PROP OF PHA ATTAINED ON DAY 0

PROF OF RILK ENEREY IN TOTAL CALF FEED CORSUNP
SEWESCENCE *GROMTH® RATE t L 26
PREBNANCY CLOCh INCREMENTOR

ND 0F DAYS PREDRAMT

PREVIDUS OPTIRAL CALF WEIBHT

PROPORTION OF 1 L 2 B IN SkAnD

EXPONENT, PREVIOUS OPTINAL CALF HT
EFFICIENCY OF ME UTE OF SOLID FEED FOR MAINT
DH/1tP BERST DAY

[N/HA AVAILABLE TO ANIHALS

EFFICIENCY OF ME GTE FOR TISSUE ANAEDL:SK
EFFICMENCY OF HE UTE FOn LACTATION

PREVIOUS VALL. OF LACT - NUT UaEn
EFFICIENCY BF ME LTE FOR RAINTERNANCE

kS HILE PER MONTH

BIORASS PER ANIHAL

BROWTH RATE PARAR (AHATZI=0 045, HERE=0 054 )
RATE OF DECLINE BF HMILK YIELD POST-PEAN
RESIDUAL LERF ARER INDEX I L 2 B

RANDOR WUHBER, TALF SEX

RANDD® NUMBER, STERILITY TRIGGER

RAKDOM NUHBER, ABNORRAL PARTURITION

RAMDOM KUMBER, ADULT HORTALITY
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E
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L)

(o)

P>

L oon

L
=
—

(%]

PASHIP
ECONOM
ANLOOP
ANLDOF
SCALES
ANLOOP
11IR
SCALES
ANLOOP
ANLOBF
ANLOGE
C
MIXER
ARLOGF
ANLOOF
ANLGOP
Ef

EC

EL

EC

EC

£

EC

EC
ARLDOP
PASHIP
ANL BOF
ANLODP
ARLDOP
ARLOOP
AKLDOP
PASHIP
#NLOOF
SCALES
ANLOCF
PASHIF
ANLDOF
ANLOOF
E

£
ANLGOP
A} OGP
ANLOuP
#k._BOP
ECONDH
E
SCALES
ANLODP
PASHIF
ANLDDP
ANLODF
ANLOOP
ANLODP

¥



[ Ya 1able Nawe L1st ~cpontynued- ]

R

RS

Ro

R7

Re

RY
SABEF
ShuEK
ST
SBEV
SDEVZ
SEASDN
BEY
SHUH
SPARE
STAFT
STER
STERB
SHPA
SUpCP
SUPCPF
sueple
SUPDHR™
SUPT
]
SHTF
SHTK
TOLALT
M
THERBL
TIHE
TiN1
TIMX
THLE
TLaCT
™
1001
TPD%
TPREE
TPRD
TRALT
TREN
TREN
TRIE
TRIGAE
TRIBC
TRIEP
T5UPR
TSUFE
UANS
up
uToT

¥

ARNLOR NLESER  STERILITY
RAMDD¥ K WPEF, CACLIN-

RANDTR NUKBER, ABORTION

RANDOY NUKBEF, DESIRUS

RANDO¥ NUMBER, CALF DEATH

RANDOH KUMBER, CORCEPTION

FEMALE FOLLONERS MININUM AGE AT SALE
NALE FOLLOWERS MINIMUM RBE AT 54LC

STOFE ARRAY, OLD CASh BALANCES IN UNIT 52
STANDARD DEVIATION, COH BUY PRILE
STANDARD DEVIATION, COW SALE PRICE
BREEDINE SEASON 7 0,1

DF WEAMED ANIMAL 1=f =N

NO DF SAMPLES FOR CLASS NUMBERS

SPARE COS DATA ARRAYS, READ FROM UNIT 1S
STARTING POINTS FOR PRICE CYCLES
STERELITY FACTOR, AGE

STERILITY TRIGGER

EXTRA CONCS (EXTRA)

CP OF RECYCLED SUPP FEED, HWEIBKTED AVERASE
SUP FEED CRUDE PROTEIM

SUP SEED DIBESTIBILITY X TIHE

5U° FEED X TIME

SUP RECYELED FEED ALLOCATION

HEIGHT

FEMALE FOLLONERS MINIMUM SALE N

WALE FOLLOWERS HINIRUM SALE HT
CUMULATIVE POTENTIAL HILk PROD

TOTAL PASTURE DM CONSUMPTION, LIFETIHE
TOTAL CALF PASTURE CONSUMP TO HEAKING
CURRENT DAY - 1, = ITIKE

DATE, DAYS POST 1 KOV

DATE, DAYS POST | Jak

TITLE OF Klik

TOTAL HIL+ EMERG® PRODUCTION, LIFETIME
DN CONTINT OF CONSUMED MILK

TOTAL N0 OF CONCEPTIONS BY WEIBHT CLASS
¥4

ARRAY FOR STORING CONCEPTION GCCURRENCES
HILK OFFTAKE SUMNER PER HONTH

ME REGS FOR TRACTIVE BORY

TRALTIVE WORE 01,2

LINEsr 1 IMCREWSt FER YEAF [N PRICE LY™__S
ADULT DEATH TRIGBER

ABORTIGR TRIBGER

CALF DEPTH TRIGSER

CONCEPTION TRIGBER

TOTAL CONC CONSURPT, LIFETIHE

TOTAL RECYCLED FEED DM CONSUHP

NDS, TS, PESDS FOR ¢ CATEGORIES EACH MDNTH

INTEREST RATE HALVINGS FOR 1R

CURULATES UANS TC BET YEARLY AVERABE PRICES

TOTAL BIOAASS 1L 2 6
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e
Lt S v Rine |

T A 0O S0 DO NN UM B s IO D oM DM T TR A0 R M A RN M X RS0 M N NSO e 30 0 Do oom o
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AR DD
ANLDCF
ANLDD™
ANLBOF
ANLOCP
ANLDOP
F

3
INCREN
PRICE
FRICE
C
SCALES
SCALES
HI

EC
ANLOOP
ANLOOP
ANLOOP
ARLOOF
C

L

C
ANLDO
INLOOP
F

F
SCALES
ANLDDP
SCALES
SCALES
SCALES
SCALES
HAuH
ANLOOC
SCALES
CONCEF
L

£

EC
ANLDEFP
SCALES
EL
ANLGDP
ANLODF
ANLODP
ANLDOP
auLoae
AkLODR
EC

IIR
ECONDH
PASHIP



T ¥a 1able Naoe Lrst -continued 3

Ve
v
VICOF
VIF

LHE

VA

vPal 1,1
VRaw 1,2
vral 1,3
YPAR 1.4
VR

YRES

v i,
W 1,10
win
Wi, 12
W 1,13
W14
wWl,1s
Wil
W
W

—
[y
0 0 ~J

W
w
W
W
W
w

LA A A B) e

~d

- am v e B v e e M o . o A

Jmﬂbrﬂhwwg)MMMMMMM_H

T
¥ DN
[1™
5
kx4
WHAY
B
¥HEB
WM
CEL NS
HHE
WHp
BRR

V1) AS T/HA {LESUME

V{2 AS T/Hf (ERaSS)

= Vip

PROF INCREASE IK VIF IN LACTRTIME COa.

OM INTAKE COEF, FAECAL DH OUTPUT/KE/LET/DAY

TOTAL BIDMASE LEG+BRASS

ROTATIONAL 1P PADDOCKS - LEGUHE BIOMAS
BRASS BIOFA
AREA
DAYS OF OCCUZANCY

BIGNASS ~ RESIDUAL UNGRAZEABLE 1L 26

SEY OF ITH ANIMAL 1=F 2:M
PREE STAGE DAYS {PTIME)
POST-PARTUR STABE DAYS (AFTINE)
CALF ABE DAYS (CTIHE)

LACTATION STABE, DAYS (LTIME)
HHC, €Y

EALF SEX {CSEX)

TLACY

TOLACT

ND DF LIVE CALVES

THERBL

AGE IN YEARS

DATE (IT1ME) OF LAST CONCEPTION
TSUPA

AGE AT LAST CALVING

EAT CODE FOR MOB CRAZING

NO OF ANIWAL UNITS

HAC

HH

CALF MDB CODE

COH MATURE HEIGHT

CO¥ IERTITY NUMBEC

HE1EHT

oK

TSUPE

DEST

PHYSIOLORICAL STATUS

HEIBHT, KE

AVERAGE-HE 1BHT-OF -CONS CUMULATGF
MAX TISSUE MOBILISTAION FOR LACTATICK
W1 NBEX rACTOF FOC TISSUE MISILISAT 0K
POTENTIAL MEIGHT, K6

NATURE HEIGHT

HAX BODY TISSUE ROBILISATION TO SUPPOFT LACT
MATURE NEIBKT, BULL

= WM

OPTIRAL HT DF CALF {=INITIAL WT)
HATURE HEIGHT OF CALF (M=t 3sF)

ADULT FEWALE HT OF BREED

AV WEIBKT OF MATURE HALES

PRO® OF ADULT WT ATTAINED MID-APRIL

W o ma A DX AN D0 m M m DT XM NS N T I A S0 0 NN Do S TN N N0 oM T M Tm T 0

PAEMEP
ERSK)
SCALES
ANL OGP
ECALES
PRSHIP
E

E

3

E
PASHIP
F

LH

GH

KX

L

RI

il

Lk

NI

HX

NI

N%

L]

KX

NI

Ni

NX

L

L}

L}

K1

L1

NX

LY

N

(i}

L H

H}
SCALES
INLDaP
AXLOOP
AKLOCF
ECALES
SCALES
SCALES
ANLDOP
ANLDOP
SCALES
SCALES
SCALES
SCALES
ARLOOP



{ Varyable Hape List -continued- )

HHX vV 1 EQUWTTON WEIEHT, = ®M IF ABEC 75, ELSE W R SCaL ¢
ur COB LY INZLUDINE PxtE DR CALF LB IAL BUT FILL k. AN OC
HREB W1 INCREMENT DUE TO PREGNANCY R ARLODP
RIDIF DIFFERENCE BETHEEN DFTIRAL AND ACTUAL CALF ¥7 R ARLIL
He HEANINE I R ANL 0P
HuAF HATURE HEIGHT, FERALE R ARLDOr
WHT REFLACEMENT BEIBHT LIMiY R INLBOP
YE& COKCEF TIDN DCCURneHCES BY HEIGHT ELASS k 16,4  CONCEP
i 0%/ kA R ANLDGP
1BAL INCRERENTAL BALANCE BY HONTH R 241 INCHER
1BALYR INCRERENTAL BALAKCE BY YEAR R 22 IHCRER
IBUF FLAEG, ANY FDLLOWER BUYINBS THIS YIME L LOB'X
1BUY FLAB, AMY BUYINGS THIS TINE L LDBiX
It FLAG, ANY CULLINES THIS TIAE L LBBIX
IMF OLD BALANCE BY YEAR R 22 INCPER
1INE DELT/270 R ANLDOF
138 REAL JH R AKLOOP
13y REAL JY R ANLDOP
IR PRODUCTION, KG/AN/YR R Inoop
IHILK MILK OFFTAKE PFBD PER YERK R 241 ECONDX
I PRODUCTION, FB/AN/YR EYES R INLa0?
IREP FLAB, ANY REPLACEHMENTS THIS TIREL L LOB:X
ISEL FLAG, ANY SELLINBS THIS TIHE L LOEIS
THER FLAG, ANY HEANING: TH:S TIKE L LOBIX
11 INTERHEDIATE VARIABLE, SUPPLEMENT INTRIE R ANLODP
Hote Function - obsolete variables are indicated thus 84

Type - R is a real variable, I an integer, L a logical and A a

character variable Fer I#H, N 15 the size in bytes where
this 15 non-standard, and an array of size H 15 shown as
M, mhere ¢ the va able type

Location - 2 A, B, T, D, E, EC, r, SCALES, KX, LBEIX, this refers {0
a naned Conson Block  Ail other locrations refer to FORTRAK
subroutine naoes

Ths list 15 not exhavstive, neither does 1t include loep counters or
nanv interoediate variablecs
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APFENDIY 8 3 INTLRACTIVE PANELS (SEE TABLE 4)

BEuswobh (U
JaN 1987 RUSMOB V§ 2z CIAT FRT
INTERACTIVE

RUN COMFLETE

QUTPUT 1S STORED IW THE FOLLOKWING FILES
OUTPUT FT& (ANIMAL PERFORMANCE)
FASTO FT9 {FORAGE RESOURCES)
CASHFLD FT11 (ECONOMIC ANALYSES)

_ee

PF1 - QUIT

JAN 1987 RUSMOB V4 2 CIAT PKT
INTERACTIVE

JULTAN BATE {(YF DAYE) _&8& _GEe
MAIN MENU

- DISPLAY HONTHLY CASH FLOW
DISPLAY BREEDING HERD
DISPLAY FOLLOWERE HERD
DISPLAY CALVEE
DISPLAY FRETURES
DISPLAY LAST 12 MOHTHS EVENT SUMMARY
MANAGEMENT OPTIONS MENU
SET NEXT HalLT DATE

PF! - ENTER OPTIODN FF2 - COKTINUE RUN FFg ~ ABANDON



¥i

Rusrob 02

A 1587 RUSHMOL ¥4 2 CIRT
INTERRCTIVE

JULIAN DATE (YR DAYS) _Btg _ged

SELECT NEXT HALT DATE

YEAR _ee
JULIAN DAY NUMBER _&@e

PF1 - MAIN MEsU PF2Z - ENTER FFS -~ ABANDON
Rusmob 03
JAN 19B7 RUSMOE V4 2 CIAT
INTERACTIVE

MANAGERENT RENLU
DATE (YR DAYSY _EE& _@€8(

BUY BREEDERS

CULL BREEDERS

WEAN CALVES

BUY FOLLOWERS

SELL FOLLOWERS

SELECT PEFLACERS

CHANGE FORRGE FRIODRITIES
BURN SAVANNA

CHANGE BREEDING SEASON
CHANGE POLICY PARAMETERS

FF1 - MAIN HMENU PF2 - ENTER FF% - RBANDGN
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Rusmob (&
JAN 1987 RUSMOE vy 2 CIAT FRT
INTERACTIVE

CALVES DISPLAYER PANEL &€ 0F _ee

DAM 1D 5t WT NORM WY AGE (DAYS)
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_0u0u000Guo000ee000000G00000000000000000000000000000
_000000000000000000000000000000000000000000CG0000000
_0000000000000000000000000C0000000006000000000000000
_00000000000000000000000000000000000000000000000000
_00G000000060000000000000000000000000000000000C0000
_0000000000000000000000060C¢0000000000000000000000000
_00000000v0000000000CGLT000000000000G00000C0000000000
_0000000000000000Q00000000000000000000000V00D0000000
Ragaagdadiiguaauaaigaidaiaaaiaadaqil g QU aadedsidac
_000G0G0000000000000000000060000000000000GG00000000

Frl - MAIN MENU FF2 - BACK PF4 - FDRWARD PF4 - ABANDON

JAN 1987 RUSMOB va 2 CIAT PrY
INTERACTIVE

FASTURE STATUS

————— SAYANNA----- - -~ IMFROVED---
1 2 : LEGUME  GRASS

AREA HA _BREEE _EBREE _EERER _GeE8E _eegee
BIDMASS ¥G DM / HA _GREEE _EEEEE  @EGEQ _eeERE  peeesd
RESIDUE k6 / HA _PEEEE EEEEE €EeEE @EERE  @REEE
PERCENT DIBESTIEILITY ge 86 @8 _ee et
FErCENT CulDE PROTEIN KX _BE KL K1 K1
AVALAEILITY kG / AU _e@ee  gRee _e@ee _eees _@ebe

PF1 - MAIN MENU PF? - ABANDON



Rusmob (8
JAN t5cT RUSHM{ o V4 7
INTERACTIVE

CASHFLOW DISFLAYER PANEL @& OF_g€

YEAR MOKTH SALES €058 BALANCE
_00000000000000000000000%0006000000000000000000UV00
_0000000000000000V000000000000000000000000000C00000
_000000000000000000000000000000000G0C00000000000000
_0000000000000G000000000600¢0000000000000000000G00000
_0000G000000000000000000006000000000000000000000000
_Q00e0ou0touQ0o00000000C000000000000000000000000000
_00000000000000000000000000000000000000000000000000
_0060¢00000000000000000000006000000000000000000000000
_00000000000000000000000003000000000000000000060000G0
_0u0u00Go0u00e000006000600000000000000000000000000000
_00000000000000000000000000000000000000000000000000
_0u000000000000000000000000000000000000000000000000

CUMULATIVE TO DATE _0000000N00000000C000000000000000000

PF1 - MAIN MENU PF2 - BACK I YR FF4 - FORWARD 1 YR PF? - ABANDON

¥e

Rusmob 09
JAN 1987 RUSHOPE va 2
IRTERACTIVE
RRRFRR U ] §568¢: M M 0000 BBEBE
R R U t 5 MM MM 0 0 B
RRRRER U u 5558 M MM M 0 0 BEBBE
R R u U € M M 3] 1] B
R R yuuy §588€8 M M 0aao BEBEB

AN ANTMAL FRODULCTION SIMULATION MCDEL FO~ EXTEWNSIVE RANCHihG
SYSTEMS IN THE LLANDE ORIENTALES 0OF COLOMBIA BUILY AROUND
THE READING UNIVERSITY MDLIL OF H E KAKN BY P h THORNTON

é

PF1 - START RUN FF9 - ABANDON



Ruemnb 1¢

JEN 197

RUN CONTROLS

HERD CONTROLS

FORABE (IRUM=1)

AREAS
BEIOMASS

£y

HIEM0E

SEnl

RUN NAME

RANDOM NUMBEF SEED

RUN TYFE

RUN MODE

RUN LENGTH, DAYS
CASH FLOW FLAB
TIME STEP, DAYS

ANNUAL STOP DAY NOS

POTENTIAL MILR YIELD
INITIAL HERD SIZE

~---SAYANNA----
i 2

4

_@EAEEE PEGREE _@EEEER
_BEEES

_EBREE

PF1 - BTART RLUN

_ERERE

'y 2
BATECH

_befe@cpECeEEcREECREEERRRRER

(NSEED) _e&e&e
{IRUM) X
(MDDE) 8B
(FINTIM) _eeee
\NIND) K
{DELT) &6
{1STOD) _ege

_ee
(PHA) _geee
(NA} N1

IMPROVED FPASTURE

GRASS  LEGUME
_eeBREe
_EBEEE  EeEEE

FFY ~ AHBANDDN

g8
_eee

JAN 1987

oAy YR MO

EVENT
O 00udeN0A0NN0G0B0060Cu000000

RUSMOB

V4 2

INTERARCTIVE

EVENT DISPLAYER

AN1HAL EEY

PANEL ee OF ee

W Wh

LDaM-1ID
QOMLO0UNGUGH0DI00NDLI00VICOCO00G0 1 DLUNGH00

ARE W Wi

Rugadaigdaauidaadadaaadaadadanidauauaiuidaaaaaadadiiia i qela T auTaRaeR v i)
_G0000000000000000000000000000000030000000000000000G000000006000000000000000
_00000000G000000000000G0000000000000G00000000C0000000000000000000000G000000
_00G0000000000000600000000000000060000000000000000000000000000000600006000000
_a0ygr 00000000000 C0000N00000UG00000000000000000uC00000G0QC¢00U00OGLE00A00000
00002 0n00Ga000000000000N000000000000000G00000C0000000N00VEN00LEN0GEG00000
0 g QG0 Gue{ 000ua0as0c00utd0 0 00 iGO0aeY Q0O G0C00C00000BCEUNVDIGTEN(
0Ouy) CugtQueuluGinQulutan O NQNQO0T GudCOQouor CaQr n0Q0Lad 100 10U HYQul
_00wGo0u00e000000GaG000G00600000MR0u00u0G0000000u000000E00YGa0000VLLIa000G00
_DOUNCOu00aGOAGH0R0000000u00NIU0ULOG0DG0C00000000000U00000GNGU0V0A00G00000
_G0L00e0000000000GA0000000N00G000R000G00G00000G00000000000000000000000UB0G0G000Y
_00uuu0o00000000600000000000001 GOOOVGD0G00000000000000000000LOO00UL000000000
_0u 10000000 000000000000H0N0000000000000G0CA0000000C000Q00000000G00000000000
_QQGo000Go00000000000000000000000000G0000000000000000000000000000000000000

FF1 - MAIN MENU FFZ - EACH

FF4 - FORWARD

FF? - ABARDON



Rusmob 21

JAN 19&; RUSHOE Vi 2
INTERACTIVE

ADDITIONAL ECONOMIC ANALYSIS NUMBER

VARTABLE COSTS FER HEAD (%) _bees

FRICE CYCLE AMFLITUDES (PERCENT! _e@es

ANNUAL PRICE TRERDS {(PERCENT) _gace

FRICE CYCLE LENGTHS (YEARRS) _emes

FRICE CYCLE STARTING FOINTS _BEEE

INITIAL PRICES COWS BOUGHT ($/HD} _Bepeaae

CULL COWS ($/KB» _Eggge

CALYVES SOLD {($£/KB) F_eeerg

HILk PRICE

FOLLOWERS S0LD ($/K¥G) F_@egee

(§/L1TRE) _eaee

&%

M_
M.

FF1 - PERFDRHM ANALYSIS PFZ -~ NEMT PANEL PF3 - @UIT

117

_eeEe
_egee
_eeee
EEEE

eeeee
gpeee

PF? - ABANDON

JAN 1987

RUSMOB V4 2
INTERACTIVE

ADDITIONAL ECONOMIC ANALYSIS NUMBER

CAPITAL LOEST SCHEDOULE

YR MO
! EREEEEE B¢
2 _eeeees _ge
3 _EEEEEE _pe
4 _eeeppee e
5 _EEeEEE  @E
4 _eeEBEE el
7 _BE(EEE _@E
P _GEEECE €@
¢ _EeREEE 6@

v _@eeeee @e

YR MG
ti _@EBEEE @@
12 _EREEEE Q¢
13 _eeeeee &
14 _Eeeeee _ee i}
15 _eepEeE €8
16 _eegeee @@
17 EEEREE &
18 6EeEGE @@
15 _eEeEsE _EE
20 _BEEEEE @@

_ee

EIAT & PKT

MONTALY VARIARLE CO5TS

Mg
i

o~ O~ L I LN M)

faj

10
11
12

_eEREBE
KIXT:
_eegege
_eeeeee
geEERE
_@eEREE
EBEEEE
@eeBER
K113
eEEReE
_EBBeEE
_Besees

FF1 - PERFORM ANALYSIS FF2 - PREVIOUS PANEL FF3S - BuUlT FF9 - ABANDON



Rusmob 3¢

JAM 19T RUSMOR J4 L £ nl
INTEFRLTIVE

CHANGE BREEDING SEASON BY MDNTH
DATE (YR DAYS) _BE _E&E

JAN FEBR MAR APR MAY JUN JUL AUG SEP GCT NOV DEC
CURRENT g & @& @& @& @€ € ®B €& @& & _¢€
CHANGE TO B €& ® & @ € ® @ e e _@& @

{1 = BULL ACCESS, 0 = NB BULL ACCESGS)

FFi - MANAGEMENT MENU PF2 - ENTER PFT - ABANDON
Rusmob 3.
JAN 1987 RUSMOBE Vg 2 CIAT
INTERACTIVE

BURN SAVANNA (TYPES 1, 2 AND/OR I}
DATE YR DAVEY &@ _EvE

» SAVANNA 1 SAVANNA 2 SAVANNA 3
AREA HA _éeeee _eeeee _eegee
UNEURNT BIOMASS kG/HA _e@aete _geeee _eeees
BURNT EIDMASS KG/HA _BegEE _BEERe _EEEEE
EURM ! ? -

TOD BURN, PLACE CURSOR ON HELEVANT NUMBER THEN HIT PF4
BURNT BIOMASS MAY THEN BE CHANGED

FF1 - MANAGEMENT MENU PFZ - ENTER FFY - ABANDON



Rusmob 32

90

JAr 19E7

JAN 1987

FF1

RUSHMOE V4 2 CIAT  PAT
INTERACTIVE
POLICY CHANGES
DATE (YR DAYS) _E& _eae
MINIMUM AGE AT WEANING, DAYS _gee
DEFAULT ANNUAL MANAGEMENT DATES KT T
MA IMUM AGE OF BREEDERS, YEARS _eeee
MA) NO OF NEGATIVE PREBNANCY TESTS KL
MAX NO OF DAYS SINCE LAST CONCEPTION _eee
MINIMUM SALE MEIGKT, FEMALE, k6 _ge
MINIMUM SALE WEIGHT, MALE, KB _eee
MINIMUM SALE AGE, FEMALE, MONTHS e
MINIMUN SALE AGE, MALE, MONTHS _ee
NUMBER OF BREEDERS WANTED e
FLAB (0,1) TD OVERRIDE DEFAULTS BAR WEANING K
MILF DFFTAME RATE (0 0 TO 1 ©) _geees
FIXED MILK PRICE, $/LITRE _eeege
- MANAGEMENT MENU PF2 - ENTER PF3 - ABANDON
RUSMGB V4 2 CIAT ¢ PKT
INTERACTIVE
BREEDING HERD cuLL PANEL @& OF ee

B

AGE

WY HOPM ®T DAYS FREG DAYE LACT

fi5E LAST CALF

_w00Gatu0000000006000000G0G000000000000000000000000000000000900 U000
_un000u0ui0eR0000G00000000000000000000000000UL0H00u000000000G00UER000
_0000000000000000000000000000000000000060000000000000000000006000000
J0000000006000000000000006000000000000000000000000000000000060000000600
_00000000000000000000000000000000000000000000000000006000000000000000
_G00000000000000000000600000600C0000CQC000C0000000u0000Q0C0A000MN000000
_0000200000006000000000000000000YOCU0GE000000000000000000000G200GOG00
_o w00 aooa0eo00oeu0000ou0e0unn (G C00C0000000Gu00C0GA8000000000G00
_bO0 v gugo00u0aCe00uta 00 20 su0uudL 00N3UI0URuI0L00000UI0VNLDTV0D
_D00ueou00000600u0G000GR00000000v000GUU0000000u0a000G000000000000000000
_0a00o004e0000000000000000000000000000CGV00000G00000G00000000GG00G000
_U00000000aG000000000000000600000000000000000600000000000G000000000000
_0G0000v000000000¢006000000000000000000000000000006000000000000G0000L00
_0e00000000000000000000000:0000000000:00000000G00000000000000000000000

TO CULL AN ANIMAL, PLACE CURSOR ON RELEVANT LINE AND PRESS ENTER
FF1 - MANABEMENT MENU PFZ - BACK FF4 - FORWAKD

PF9 - ABANDON



NOGNYAY - &4d QHYMHOY - §dd 1JY8 - Z4d INGH LNIWITYNGYN - T4d
HILNI LTH ONY 3INIT INVAITIN NO HOSHND 32914 ‘NuIM 01

0000000000000000030000000000000000000000000000000000™
00000000¢000000000000000000000000400600000000000000000°
6000000000005000000000000000000000000000000000000000°
000000030003000000000000000000000000000000000006000000
000000000000050000000000000000000000006000000M00NNNNG"
ONNHQOONGANG YL OANGO0UBNLINE RYBD QNG00 a0Ad00AN T
H0000900004000000003000000000G000G00A0INNA0N0INN) 10
0000060000000000000D000000000000N00U0H0000C0900000U00
0000000000036030000000000000000000000000003000000000°
00000000600000000000000000000000000000000000000000000
0000009000000000000000000000000000000000000000000000
200C0000000000000G0000000000000000000000000000000000°
DONBO0NONHONOBAGNANONDNALNLONNANDONAGA0GONDENHNNNN0D
0Q0O00AGONN0G 0N IVENUCRUU0E DONDINN0ON0ANNL,UAN000000

(SAYM) 334 LM WM LM (35 al wya
33 40 29 13INYJ NY3M $3ATYD
IATLIVHILNI
M4 191D Z A 40DWSny LB6T NYT
"""""""""""""""""""""""""""""""""""""""""""""""""""" s qowsny
NOANYAY - 64d TYYMYDd - bdd 1399 - Z4d ANIW INIHIGUNYW - T4

HALNI LTH ONY 3NIT INUA3TIY ND HO5H0D 30¥7d 'ST9MING 1335 Of

0000206000000000003000900000000000300004000000000500
00000006000000000000000000000000000000000000000000000
HO000000000000000000000000N3000000000000000060000000
0000000000000000000000000000000000000000000600000000°
20000000000000000000000000000000000000000000000000007
00000000000000000000000000000000000000000000000600000™
0000000000000000000000000000000000000000000000000000°
00000000000000000000000000000000000000000006600000000
D6000000000300030000000000000002R0NGO0IHOA0NONON00NT)
0000000000000000000000000000000000000000000000000000:
D060000006000000000000000000G00000000G000006000000000

0000000000000000000000000000000000000000000000000000
0000000006000000000000000000004000000H00000000000000°
000006000000000000009020000000000000000000000000000600°

Rl iM WHON LA X3S ar
98 40 38 13INYJ 113S dY3IH SHINCTTO4L
INTLIUHILNI
M4 L¥I3  ¥A g0WSNY L8841 WUT

pS gousny



a1

Husmob 36
L otesr ausmos  ve z CIAT  FhT
INTERACTIVE
NEW BREEDING ANIMALS BUY _8& ANIMALS EN HERD
ASE KEIGHT MAX WT DAYS PREB HERD 1D

_000000000000000000000000600000000G00U000000
_00000gU00000000000000aa0000000000G00000000000
_00000000000000000000000000000060000000000000
_0006u00000000000000000000000000000000000000
_00G00000000000000000000000000000000000000000
_0aQooa00auoeut000000000000000000000000000000
_0000000000000000000000000000000000000000000
_0u06000000000000000000000000000000000000G00
_0000000000000000000000000000000000000000000
_0000006000000000000000000060000000000000G0000

===} COW AGE (M0S5)_ee HEIGHT _€eg MATURE WEIGHT_&ee DAYS PREGNANT @@

TG BUY, ENTER RELEVANT INFORMATION {ON DATA ENTRY LINE, THEN HIT ENTER

PF1 - MANAGEMENT MENU PF9 - ABANDON
Rusmob 37
JAN 19B7 RUSHORB V4 2 CIAaT P¥T
INTERACTIVE
PASTURE MANAGEMENT DATE (YRS DAY) _ea _eeeg
CHANGE PASTURES
AREA SAVANNAS _eeeee _6EFeEe _EeBee IMPROVED _EQEEE
BIOMASS _9gagd _@aeee _Geeaa LEGUME _@€ee& ObLRALSS _eeced
CHANGE M0OB CODES
_ {MDS5) {(YRS)

BREEDERS PREGNANT 1-3 _EBeged FOLLOWERS FEMS 70 2 _edgea
4-p _BREEE 2-3 _EEERE
7-9 _BEERg 4+ _BBEESE
LACTATING -3 _@k@ew MELES 7D Z _BREER
4-4 _@Egae 2-3 _@edag
7-9 _egeee 3+ _@EeEE

HEIFERS _@BEeee

DRY EMFTY _EeteEe

CaLvES _eQage
MOB CODES 1---- WHERE - I8 0 (FORARBE NOT IN DIET) OR 1 (FDRAGE IN DIET)

FF1 - MANAGEMENT MENU PF2 - ENTER PFB - SYSTEM PANEL PFZ - ABANDON



T e e e e A e e o e e e e R o e m et e TR e = s Mk o e T e o - -

NOONYEY - &4d ANIW INJWIDYNYW - 14d

HILINT LTH NIHL “"3INTT AMIN3 YEYA NO NOILUNMOANI LNYAZTIN HILNT ‘4ng 0L

8 X35

399 LHITIN I¥ALUW 383 LHOIIM 83 (SOW) 39Y THHINY (===

0000600000000000000000000000000000000000°
000000¢I000N000000000000000000000000000"
000000000000000000000GRYNHNINBOSNONGONND
0000000000000000000000G0000000000000000
0000000000000000000000006000000000000000
000000000000000000000000000000000000000°
600000000000000000000000000000000000000°
000000000900000000000000000000000000000
0009000000000000003000000000000000000000
00000000000000006000000000C 000000000000
a1 (434 L35 IR Yl LTHIL3H 19Y

GH3IH S¥3IM0TI04 NI STUMINY 32 Ang SY3M07104 MIN

FAILIVHILINI
Z A gO0WSNY LB6T NUT

o i - R e e e e e e e e T T i S T e e o e s L e e ek em e A R G = n = e - = = % T . = Am - - - — — —

NOENVEY - 64d GYYMH0d - bdd 43%d - Zid ANIW LNIWIGUNYKR - T4d
¥ILINI LIH GNY INIT INYAITIIY ND 40SHND 33YTd 'S¥30¥143¥ 4314 01

0MR0BOBNN00CA00DNE0008000000000000000DN00000000000000
0000000000000000000000000060000000000000000000000000
00000000000000000000050060000000000000000000000000000
0000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000600000000000000
0000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000°
0000000000000000000090000000000000000000000000000000°
00000000000000600600000000003000000000000000000000000
0000000000000000000000000000000000000000000000000000°
0000000000000000000000000000000000000000000000000000
00000000000000000000000600000000000000000006000000000°
006000000000 00000000000000000000000000000000000000007
0000000000000000000000000000000000000000000000000000
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Qu

Rusmob 40
JAN 1987 RUS®OE Ve 2 CIAT FET
INTERACTIVE
IMPROVED FASTURE GRAZING SYSTEM DATE (YR DAY) _ee e@fe
NUMBER OF FADDOCKS (1-3) _E
PALDCCK | 2 3 4 9

INITIAL BiDMASS, LEGUME _BEEER _@BEER _Beeee _eeeE@ _eeaee
INITIAL BIDOMASE, BRASS _BEBRE @RERAE _bEeEE _eEREE _@eee
AREA OF EACH FPADDOCH _BEEEE _QAeeeR  @eEeE  AEERE _ee@E@e
DaYS, ANIMAL OCCUFPANCY _Bag _@ge _eea 1 _EEE

NOTE CHANGES TAKE EFFECT IMMEDIATELY AREAS AND DCCUPANCY PERIDES
MAY DIFFER BETWEEN PADDDCES SIMULATION RUNS WITH ROTATIONAL
GRAZING MAY BE YOLATILE, S0 CHECK PASTURE/ANIMAL STATUS OFTEN

FF1 - LAST FANEL FF: - ENTER CHANBES PFe - ABANDON

Notes - a standard data entry fi1eld i1n a panel 15 indicated thus _€€8 where the
number of & = 1ndicates the 1encth of the fi1eld Fieldes ma *hols eirther
real or i1nteger variables, ond some are orotected (1 e , thev cannot bhe
changed by the user)

- other panels have, i1n additien long data fields i1ndicated thus _0Q0
This 15 done to i1mprove the efficiency of loading these panels gn
display, many of the fi1eld positions hold blanks



APPENDIX B 4

PATA INPUT FILE

{REDDAT FT15)

kefer to Table 3 for a record-by-record explanation of variables

5177
DIGF
SUFDMF

2

1

50
3600

ti
109
270

240
410
0 00
0 00
¢ 00

Y STANDARD SAVANNA

¢ 2
CPF pnf CF
SUPDIE HSF sU
2 2 2
i 1 1
0094 14 100
5 5 1 1
0 00 00 00
2 127 ¢ 0 00
2 109 2 1¢% 2 13
Z10 330 12 0 4
14 12 3 ]
43 30 45
45 210 44
43 390 45
AN 3¢ 10 4
84 210 B 7
26 390 1G4
0 30 ¢
50 210 50
00 50 00
001 -1 50 0ot
10 60 1 14
00 240 I 6
15 70 15
o8 30 o8
29 30 o9
269 270 299
424 425 440
6 00 ¢ 00 0 00
0 00 0 Q0 © 00
¢ 00 000 0 Q0

WF
FCPF
2
1
i3
0

21
uoo
&
&0
240

ol

240

&0

240

-t
on

60
300

0 00
0 00

CFDW
SERS
2
1
t
30
00
6 U
109 2
000 v
3
46
45

20

G35
100
12
1 0

15

56
74
329

¢ Ovu
¢ 00

F DMLIN LEFF COF FMCF
ON
2 2 2 2 2 2
1 1 ! 1 1 i
1 1040060 0
400 0 1 3 0
0000 0 00 00 000 0 0000
6 0 00 00
132 1
e ¢ 00 0 00 O 0 0 060 00 0
b S 2F
940 48 120 44 130 44
270 46 300 43 330 LY
g0 20 120 2 B 150 g 4
2790 71 Joo 101 330 10 0
90 50 120 20 150 FAS
270 T 760 20 380 0
0 80 1 v 1 G 1 0
00 1 o 3 1
150 ' 24 240 1 14 300 t 00
B: B g0 3 1 1
180 52 360 46
75 89 9¢ 20% 210 239
330 3599 360 38O 320 400
0006 0 0G0 600 000 O 00 O 00
0 00 000 000 000 000 0 QO

73

-



[ data input f:le REDDAT FT13 -continued- ]

0
240
510Q
0o
000
000

280
310
o0
000
000

240
410
000
000
000

P IS B

n

0 @~ o

in

11
12
13
14
13
16

17

29
267
424
o0
000
0060

29
26%
424
000
050
000

29
269
424
0og
000Q
g0

[ I S N N OS] ~a k3
L= = A = = I = = B - [

.4 (] [} A L¥

PO

75

0
0

- o o

30
270
425
000
000
000

30

59
295
440
000
oov
0go

2%

449
000
000
000
50
299
440
000
000
000
450
448
447
448
450
449
448
449
448
449
45¢
445
443
442
452
441
449

e
300

oao
000

000
000

&0
360

000
000

(= B < I = = S o S e B o B S = T = Y o S o )

180
210
210

—)
o

kAl
]
~0

000

000
000

74

GoQ
000

=~
wn

o
[
o

000

000

[ =
J

330

000
000

000
000

B9
339

000
000

B9
359

000
000

89

aog
0oo

oo o O

L= e B~ =

o0 OO0 O O O o

90
360

000
00

000
000

000
000

000
000

209
380

000
000

209
380

000
000

B R s = - e s = = R o o o A = e T =]

219
390

000
000

210
I30

00
000

210
370

000
000

I¢]

0

=90
~40
=60

ac

239
400

000
000

239
400

000
000

239
400

0eao
000



[ data 1nput fxle REDDAT FT13 -continued- 1

18 1+ 4 v 310 449 0 U 0 U 0 L 0
19t 4 06 300 434 150 0 ¢ ¢ 0 0 -12v
20 1 &4 0 305 447 186G 0 0 0 0 0 -0
21 1 40 310 458 0 0 0 0 0 0 o
22 1 5 0 40 447 18y 0 Y o o ! -96
23 1§54 1290 445 210 0 0 0 0 1 -60
248 1 5 0 335 442 0 G 0 0 0 i G
2% 1 85 0 340 442 0 0 0 ¢ 0 1 0
26 1 & 0 28BS 445 120 0 0 t 0 1 -130
27 t & 0 350 447 150 0 0 0 0 1 -120
28 1 &6 0 345 449 0 0 0 0 0 i 0
2% 1 & 0 320 344 0 0 0 0 0 1 0
¢t 70 305 439 120 O {0 0 0 1 -150
1170 10 458 0 ¢ o 0 0 1 0
32 1 7 0 340 447 0 0 0 ¢ 0 * o
3 1 B O 320 844 0 O 0 G 0 i 0
34 1 % 0 335 447 0 0 ¢ ] 0 1 a
35 1 &6 0 340 442 0 Q 0 ] 0 0 0
38t 6 0 28BS 445 0 0 ¢ 0 0 0 0
37 1 & 0 350 447 0 0 0 0 0 0 0
38t &6 0 345 449 ] 0o ¢ 0 0 U 0
I 1 &0 3&C 4% ) 0 g 0 0 ¢ G
40 1 5 & 295 449 7 {t u U 0 1 {
41 1 7 0 310 458 ¢ 0 ¢ 0 0 0 0
42 1 7 0 340 447 ¢ ¢ G 0 0 ] 0
4T 1 7 0 290 444 0 0 0 0 0 0 0
44 {7 ¢ 335 442 O 0 g O 0 ] ¢
45 1 7 0 340 4472 0 0 0 O 0 ¥ 0
45 '+ B 0 265 445 0 { 0 0 0 0 0
47 1 8 0 350 447 0 0 0 0 0 0 0
48 1 9 0 345 449 { 0 0 0 0 0 0
49 1 % 0 330 444 0 0 0 0 0 0 0
30 1 10 0 380 444 0 0 o 0 0 G 0



APPENDIY B S GAMPLE EDITER DATA DUTPU: FILES - UNITS &, 7, B, 9, 10, 11 & 13

log tat Untt &

RUSHIB ¥4 2 1P ALL 10 YRS
FEHEHE R L P LR E RS MR TR B

HEEERERERERERERREERELENEL

¥ LU6 HKAIN HERD QUTPUT ¢
FEVERERERSRRRREEFREREREEE

RUN PARAMETER TABLE

NSEED = 6421 IRun = 1 MODE = € NIND = 0 FINTIN = 3800
PR = 50D DELT = 3 CDELT = 5 PRELT = 5 BIOL = 40000
AREA = 400 0 JEV = 1 JHEPE = | DATE = 90 kA = 30
IPRDCL = 0 A=

AREAS = 000 ¢ 00 0o 60 0 60 00

BIOMAS = ¢ 90 ¢ 00 g0 1000 00 1000 60

Vip HMAY  HIKWT PP Lt EYTRA APDELT SUPRDP ILCC
00094 140 10000 1500 100 000100 00 ©

NHEAN HANDAT(1) HANDAT(2) CCUL MCUL KCUL SHTF SWTH SAGBEF SAGEH 1DEFLA
70 210 330 120 & 0 00 00 00 00 0
OFRRT PREIS
00600 320
HDIE NCF NOM NCCh Nu” NDHLIM NL™ MCT NPMC NSUF HD.CS
o e 3 & 3 5 5 N 4

ACF
200 200 200 200 200 200 200 200 200 200 200 200
SEASDN -
1O 100 500 1 OO 100 100 £ 00 OO 1 OO LOD LOO 100
DIGF
GO 4300 I0 00 4540 b0 oy A6 GD 3000 4E 05 120 0N 44 0
3 o0 48 00 1By O 43 0v 210 0 4L 0 28v v 4300 27w 00 44 00
000 A3 G0 33000 40 00 Jbu GG 43 00 390 00 45 0O
CPF
0066 960 J000 1040 6000 FHC 9000 940 12000 96D
13 00 %40 iBOOC B 40 21000 870 24000 B 20 27000 910
306 00 1010 33000 10 00 36000 9 60 370 00 10 40
DsE
0G0 000 3000 00D BOOC 2000 9600 5000 120 00 59 OO
150 007G 00 1BO 00 50 00 210 00 50 00 240 00 30 00 270 00 30 0C
300 66 2000 36000 000
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FEH
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FEH
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FEN
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FEH
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FER
FEN
FEn
FEr
FER
FEH
FEH
FEH
FEH
FEM
FEH
FER
FEH

0 50
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60 00

240 00

070

30 0C

& 00

0 du

114
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13 00

¢ 3B
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1 00

3 00

360 60

¢ 73
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15 60
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YEARLY HERD COMPOSITION TABLE FOR YEAR 0
FEERERAREL RS RSN R EE B R SR E R R RN R R E R R E L

AGE

075
100
1 o6
100
200
200
200
2 00
200
200
300
300
T
100
306
300
4
§ 00
500
L]
& On
S
300
30
500
& 00
]
b 00
6500
700

HEIBHT
129 00
160 00
150 01
155 00
200 00
215 00
195 00
210 00
203 00
185 00
210 0
250 00
Zof OO
280 00
%6 00
285 00
300 06
310 00
366 00
305 00
n o)
GAC D

290 00
335 00
140 00
285 0
350 00
345 00
320 00
305 00

PTIHE

000
0 00
000
0 00
Y
0 00
0 60
0 00
000
0 00
000
o or
180 0
210 of
216 00
G 00
0 00
150 00
180 00
0 o
1B 0C
21y 00
0 00
0 00
120 06
150 00
¢ G
000
120 00

ETInE

¢ oc
8 00
000
0 00
000
0 00
¢ 00
0 00
400
000
000
G b
0 00
v o
¢ 00
e
0 00
0 0
RU]
006
¢ ol
0 vo
¢ Oy
0 60
0 00
0 ov
0 00
0 06
0 o0

LTINE

000
00
¢ 60
0 0
0 00
0 06
0 0C
000
000
9 00
000
0 oo
G 0C
0 00
000
0 00
0 00
000
000
0 Gu
406
0 0g
0 00
o 00
0 60
¢ 00
0 006
000
000

CALF HT CALF SEX

0 00
0 Qv
000
0 00
000
0 00
0 00
000
0 00
0 00
000
Lo
g Oy
0 Ou
¢ 00
0 00
000
000
0 0
0 0¢
g Q)
0 00
¢ 00
0 00
0 00
000
0 00
0 o
0 00
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10001 10001 10udY JOCCT 1000

YEARLY HERD COMFOSITION TABLE FOF YEAR 10
EEERAEEERR SRR R AV E RV R R RE NI RRRRE Y

=
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—
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SEX RBE  BELBHT  PTIME CTINE LTIRE  CALF WY CALF SEX
34 FER B 92 34B 69 205 00 240 00 260 00 126 6B FEM

35 HEr B892 TAL A3 22000 0DOO OO0 D00

It FER B33 303 7% 180 00 200 00 200 00 10B Q9  FEM
8 FER 762 33518 000 7500 700 4B Q7 FEM
FER T O3216 000 500 500 2B3&  FEM

40  FEH 692 32178 000 2000 2000 3734  MALE
41 FEH 6BF 34043 20500 000 000 OO0

43 FER 653 3% B 000 D00 D00 000

M ~t O LA e L D =
ol
-~

? 44 FEM 607 2087 24500 09¢ 000 000

16 45 FEM 592 30572 500 100 0v 100 00 80 & RALE
1 & FEf IR 320 7% 230 00 240 00 240 00 122 56 MALE
12 47 FEn SBT 32812 22000 000 0G0 000

13 48  FEH SBy 32800 2U50C 006 000 0 oOf

14 40 FbY S6L 33t &7 2000 OO0 000 00O

15 50  FEH 325 33249 16500 0G0 DOv OO0

16 9 FEH 917 337 40 22500 000 D00 G OO

17 52  FEH 3029306 000 2000 2000 3317 HALE
18 33 FEH 4B 32639 7500 000 000 000

19 54  Fin £92 32188 17000 Q00 D00 OO0

20 55  FEH A7% 35046 23500 000 000 000

21 56  FEH 382 3983 19500 00 000 00U

21 57  FEH 3178 297 % 18500 006 000 000

7O FEM 375 36102 17000 (00 O0C 007

"4 T9 FEH 314 3629 000 1500 j05 (L 6B BY  MALE
23 60 FEE 303 29543 19300 000 OO0 0 Ov

2 61 FEH 292 28455 21500 Q00 000 000

2] b2  fEH 28 26309 20000 000 Q00 000

2B 83 FEA 258 27378 10500 000 000 00O

29 t4  FEM 206 23070 1000 000 000 00O

30 &3 FER 100 154 At

7T RALE 0 BF 138 72

323 BALE G 7B 137 18

33375 FEH 078 131 48

34 370 FEM 07e 13374

R R R R R R R R RS F R SR L RS L R T L H R NS
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HONTSLY CONCEFTION EVENT TABLE
FRRARSPERERREAREEN L EF R R R
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o LN OOt G e ] e
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D e RO s e B
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34
V]
23
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i
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1.4
o
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HOKTHLY CONSURPTION TABLE {here months 1 to 10 only)

FEAF RSP ERE RN AR EE 41

2

6369
0

Ay

7748
1633

7528
1722

av

7741

1947 _

Av

7394
1954

fiv

3

6746
0

13719 2

BA47
1954

113719 2

BO79
248¢

1319 .

8370
1992

113749 2

Bi9E
1339

11°1g 2

8039
883

113719 2

6934
758

B738
2262

B348
Ze30

8305
2011

Bus72
1542

7902
104E

6998
SB7

B4
2536

8580
2609

B7Z2
2233

8312
1816

8003
1768

7107
17

B85
2993

B974
1922

B3AL
2562

BaO7
1452

7854
202¢

T0%5
1414

8954
2721

6931
1911

1741
2143

7h57
19322

Theé
2434

7673
2099

64632
1451

6786
2188

7854
1934

6383
1868

10

6416
1245

1375
2118

1408
25485

6974
2801

bbie
2321

6210
2097

100
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2078

Y& 112250

7280
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£rs

YR 116119
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£895
2014

YR 119199
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CPS

6853
966
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R 1 2

CALF SLS
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6 00
COKCEPS
3460 2500
I HFEXS
3000 30 00
WD HEAND
JO00 2500
HEAN BT
126 9 148 47
HEAN AGE
0 £3
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N REPLD
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DEAD CLS
100
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075
REF M1

0 Q0
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300
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1283
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a
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7429
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1137
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1834
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8782
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1840

B!
1551
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30 0l

G0l

5

g 00

26 40

1300

20 00
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160

¢ 52

072

¥ &

5 00
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0 00
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L od
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23 00
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17 00

23 00
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13 00
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Bed2 BaTs
2293 2663
B341 8383
1893 2184
B §
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2747

7018
1740

NEH]
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Bb21
2871

to

1292 83 0892950 00
100 443306 053643 BAZ226 322248 491718 302786 SB2523 Bi2778 072096 19

147 22 143 53 150 29 152 00

G673

T 38
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b 0f
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0 94
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"
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2 00
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3000 50 0v 30 Qv
17 by J4Ge 00

1900 1B 0n 17 00
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072 3 2k
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£ gk 817 14
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3 50 171 00

600 308 100
33 157 00

00 260 000
070 7 0

000 200 100
10 10 55

116 112 092
1od G1 277484 9%

137 33 fol 43 168 46 148 11 159 76 140 B% 194 63 174 79 175 85 156 55

7758
1928

744¢
1998

7363
2513

7884
2480

7300
2244

LY
213t

1592
2340

69,3
185°

132
2531

6904
3017

7474
2190

to
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12 HC WS
‘54 92 157 93
SURY 12
400 900
SURY 24
600 & 00
24 RO W7
201 &7 2 97
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360 ¢00
NO BTHS
17 60 24 00
ABE PART
397 342
EDR INT
331 47 402 05
HT /100
% 86 95 01
NO BRFS
100 300
AN UNITS
36 20 3o 40
FEC FEKS
2400 W
HT EDDS
226 50 198 34
BT EDHS
227 99 183 87
NUR BUY
go0 000
BILE OFF
6o 000

TRUE AVERRGES

inl 93 17

700

300

226 46 23

000

2100 2

29

197

700

100

365

200

400

2%

39: 25 382 17

99 90 100

0 00

3580 3

2700 2

199 44 29

26579 4

¢ 00

000

BH FEMS
250

PRODUCTION SURMARY

3 00

b 4

5 00

5 82

1 2&

000

0 00

IhY B2 lee 3

1100 1400

00 500

241 13 255 B3

¢o0 100

20 00 20 00

272 ;B4

lot 41

260713 0c

162 2B 19% 4% }ed 30 137 &7
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12 00 10 00 10 0C

440

BO0O JO00 500

23y 02

BbO 00

2 00
218 0

4 00
530134 12

235 30 228 B2 233 34 234 BS

1 50

200 200 440

0 &0

26 00 1B 00 400

303

27 3102 292

379 BY

32 00

b 00
426 09

24 00
%3 18

2 Ba
1448829 00

379 13 347 94 368 57 392 63 10 26 389 05

%6 32

92952 19

90 B0 9C 44 98 06 95 16 92 23 104 39

406 600

260

200 I00 200

35 42

3580 3420 3OO 3020 I a0

2470

2000 2000 2600 24 00 24 00

237 19

133 00
000
12604 98B
74w
6163 00
2300
585848 69

257 75 188 97 217 48 295 73 2534 99 251 B2

227 04

574950 &9

173 24 207 20 266 &b 211 19 247 14 24B 0§

000 000

000 000

0 00

000 000 000

000

000 000 000

22 FBL. {122 CALVEs FOLSHZ
257 4 g

FETHEHEFEEERRREERE

CONCER % B4 42 HEAN L S5E B.
ABE{CALF 303 HEAK BT 147 s
1o HGO¥T O tol 4 PLEE N ATV ASIE

K&/AN/YR Bl 00

CALFMORT 3

K6/AU/YH BB 37

8 ETES 2 7 7

L]

1359 000

600
000

4 00
000

AU &
3% &2

COUNDRTY 1t 02
£0h 1IN 379 8¢
ROBURL R 57
ETESPROD 76 33

10}



{ Unat & -continued- 1

HEIBHT ABAINST COMCEPTION
SEVEIAREERELREREIRRERE2 YD
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220 0
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260 0
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3200
340 0
KUY
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1
3
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5
5
5
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[
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90
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1
iit
120
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CoN
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BTH
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BTH
Con
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CON
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COM
CON
BTH
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BTH

P

0 00
0 05
012
024
03
0 47
0 40
0 =9
1400
100

£ Hef WO

6 187

LY

1017

Cp & SEC WD
000 0
023 ¢
(L} {
0 B3 i
0 52 3
0 98 4
098 11
L] 3
100 ¥
1 00 ¢

3 330
24
872

ce

000
0 00
¢ e
0 04
017
033
07
092
100
Lo

CALENDAF OF EVENTS (CHROGNOLOGBICAL)
SRR RIS RERE R B L HEFREERTE

W M ome M MR M W e B W W M e W M e TR e W e WM M e

NO

18
L
28
25
n
11
£5
16

1T
Lo

17
13
4
20
22
th
e
27

&

]
12
it
3
27

SEX

FEM
FEA
FEX
FER
FEH
FEH

ABE

401
501
601
503
6 04
310

FALE O 00

FEX
FEH
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*ER
FEX
FEM
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FEN
FE
FEP
FEN
FEN
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FEN

L)
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0¢
1y
22
G0
00
00
3
kY
21
233
23
333
000
]

R e O D Oy b e O

HALE (00

T

AR
33
346
hL)|
323
278
28
25
24
318
285
23
23
29
yall
344
335
258
254
293
26
290
29

H¥T

416
424
441
424
438
3%4
3
29
3¢
413
392
29
30
kM
393
434
4.
357
357
kL H
30
433
13

# LAL ND

13 236
178
1628

KO

15
16
23

14
20
27

19

27

0
H
2
15
2b
b8
&b
19
|
¢

ABE

1w
17
517

£
[ I Lt I A ]
L oh on

b 13

orp

00
6 01
902
R
025
0 63
0 89
099
1 00
100

Ui

276
27
285

171
304
33w
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356
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198

=
o]

X}

397
42

—
)
-
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446

| ot



Logical Unit 7
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1
i
i
1
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1
1
1
1
1
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1
)
1
!
i
1
1
i
i
1
1
1
i
1
1
i
i
i
1
1
1
1
!
1
i
1

EOD

¢

36
&0
0
120
130
1BO
219
240
270
300
330
360
330
420
450
480
510
240
570
&0
&30
b0
650
720
130
780
810
840
870
900
530
950
95
102¢
1030
1080
1110
1140
1176
1200
1230
1260
1290
1320
1330
1380
1416

2790
2820

e e pe e e P P d e e G ) L ol Gl Bd Gd e Gl G Cd G B P B B3 PRI ORI R BRI BRI BRI BRI B3 ek e s ke e ks S S s e e e

12¢ 00
128 45
18 3B
133 26
138 1R
140 79
144 72
150 42
156 53
162 &0
167 B
169 35
17t 17
176 41
183 M1
192 73
5 200 59
& 205 10
721017
B 24 4%
$ 222 B2
18 228 7%
1 .35 58
17 234 47
{ 234 93
2238 98
324503
yam2n
5 259 3%
& 262 bt
7 266 21
B 270 93
2275 5%
w79 38
11 Mt 55
12 277 &
1 269 14
2 260 3%
3 215 43
42875
3
)

— e
B N R A I = TRV < B « « N = L A BT PO g o B

238 32

230 81
TR b
8 233 67
T 242 03
10 247 10
1 249 92
12 149 88

10 325 40
11 38 83

193 59
207 97
219 84
231 54
243 &80
254 26
264 55
274 30
283 54
292 29
300 5B
308 43
315 87
322 N
129 &0
335 93
M9
347 &1
332 9
358 09
1h2 92
37 3¢
371 64
I W
179 B4
383 53
187 02
390 33
193 47
396 W4
399 25
§0t 92
404 45
4045 B4
409 11
411 46
413 3
415 23
817 05
418 79
429 43
421 o8
423 45
424 8BS
426 17
427 42
LY NH
429 74

448 3
448 49

-0 177
¢ 027
0 14
¢ 228
0 078
0104
0 167
0221
0 18l
§ 230
0103

- 008
013t
0 227
0 264
0 348
0150
0130
0194
0 234
¢ 180
0 zH
0 (b2

-0 037
4 098
0 1Bé
0224
0 306
0108
0103
0 143
0178
¢ 117
0 142

-( 038

-G 2%8

-0 245

-0 395

-0 271

-0 $07

-0 138

-0 993
{108
0 254
0 142
0 204

-0 024
0 063

-0 363
-0 612

20 B4k
24 1By
26 73
30 o0
27 298
28 518
30 8%¢
I3 353
33113
35 540
32 36k
29 350
34 013
37713
40 077
44 252
38 4B
I8 983
41 225
§3 541
47 385
44 HBS
40 040
TN
40 901
44 791
47 059
51 430
44 128
44 482
46 528
49 871
§7 234
49 4L9
44 Q04
3913
4% 504
48 493
5 303
39 &8k
54 225
oh 949
b0 499
63 770
5% 781
L0 492
52 076
40 894

54 511
48 647

20 961 -3 154
20 432 0 71
20 234 3 0%
20 BB & 474
21 7182 2201
22 082 3 073
22372 505
22 855 & Bes
2359 S
24 079 7 558
24 933 3 A4
25 448 -0 147
25 262 4 643
23 544 T 9N
26 132 9 53
26 145 12 892
27 kB 5 G
28 387 5 &7b
28725 7 45k
29 170 9175
29 B73 7 lud
30 267 B 92B
oz 3322
31 821 -1 473
33 4632
31307 7 748
31 893 9 iR
32 074 13 289
33 224 4 6B
33500 4510
I[PASS 6 IR
33 %03 7 978
34439 527
34 605 4 4s4
35 259 -1 091
33 375 -B 692
34 210 -h 90m
33 157 -10 788
3748 -7 057
30 B7L -2 701
31 0% -3 a4
30 124 -7 397
R{OIST-V AN 1Y
30 895 7 BG2
3579 4453
31 B73 4 4BG
12 953 -0 654
32 999 1 B89e

38 407 -11 404
37 313 -19 048

{0}



lob

togical Un t B

® 9 ! ¢ 0 { 0 ¢
- 1 00y 0 00v G 00¢ o 000 oo 160 Ov 0 000
0 Qo 0 00( 0 00 o 000 0 000 0 000 0 00u

000 3193 ¢ 000 0 000 0 gan 0 000 o 000
0 o0 0 oor 6 000 0 000 ¢ 000 29 000 0 000
0 00¢ 0 000 ¢ 000 15 943 0 o0 0 000 0 000
0 000 0 430 0 095 MBLA FLSS 0 000 0 600
v 000 0 000 193 592 0 007 0 00y 0 o060 v 000

0 0t 0 06 0 600 ¢ 0oe
0 pd ¢ 0 0 0 0

1 000 0 000 0 000 0 000 0000 180 000 0 000
¢ 000 0 000 0 00¢ 0 000 0 600 0 000 0 000
¢ ot 3 BOE 0 000 ¢ 000 0 006 0 000 ¢ 000
¢ oD 0 000 ¢ 000 0 600 ¢ 000 2% 000 0 000
0 000 0 000 0 000 39 003 0 000 0 060 0 000
= 0 000 0 430 6 094 3 808 3 BOB 0 000 0 000
= 0 ooc ¢ 000 230 309 o 009 9 000 0 800 0 000
= 0 000 0 000 ¢ 000 0 000

H

LA N T | B ¢ ] )

Yari1ablec Printed Here

ITIHE 1A HRES(1)  HRES{2) HRES{3)  WRES{M NRES (35)
Pi1) Fi2) P{3) Pi4) P51 aad1) 8e{2)
Be3) Beis) eats) pi1) D(2) Di3) D4
DS} ElL) B2} E{3} £l E13) BIO)
BID(2 BIR(S) BIO{4} BIDS) 111 FORNB{I)  FORND(2)
FDRK9.I} FORKO(Z:  FORNG{D} ESUR{D) ESU¥ iy ESUR(D) ESUX (41
ESUMS  DIEX cra LoM ALDH HEREDH CPLL
LEAI HMC ) VICOEF WILR, 230 VW(IA 240 BALY)

Bal2 ga(3) fals) 8A13)



io¥

Logizal Umt §

RUMOE ¥4 2 IP ALL 10 YRS
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# 119 PASTURE DUTPUT ¢
FHEEREHE R EIRERRERERARY
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DAY NO BID  FORND P D ESHK ed 1’18 ECON  ECAR BA
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551267 14 29 00 O 532 0 443 531 86 528 00 1276 00 531 B& 0 00 528 00
16 4 1218 61 29 0G G 440 0 509 442 46 507 30 1225 9% 442 45 0 0G 507 30
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Logical bnit 1l

RUPSKOE "4 2 IF ALL 10 YRS
Y R e e R ER T TR PSR RYTIL S
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# LUj1 ECONDNIC SUMHARY +
SEHEREHTEEHFVERRES HERA I

ANALYS]S PARAMETERS (AHP TRE CYC START PRINITS#4 OFRAT PREIS)
112127 60 00 60 60 00 00 10921092 10921321 10921321 0000320

CASH FLOW DETAILS

HO 70T 4 187 - BAL  CULSLS  CRFSLS  FOLSLS  HERDCAP  CAPCOST  COWBUY
1 0 7488 -7488 0 0 0 o 0 0

2 0 7488 -7488 0 0 ¢ 0 ¢ 0

3 0 Th49 -764% 0 G 0 0 0 0

4 0 781G -7810 0 0 ¢ 0 0 0

] 0 1317 -1917 0 0 0 0 0 ]

b { 79710 ~1970 0 { 0 0 0 0

7 0 7899 -78%9 0 0 0 0 0 0

B 14645 7827 1017 0 0 14845 0 0 G

k] 0 7827 ~1827 0 0 0 0 0 0
10 0 1952 ~7952 0 0 0 0 0 0
{1 0 1952 -1952 0 0 | 0 0 0
12 ! 8024 ~8024 0 0 0 0 0 0
13 ¢ 8291 ~§291 0 ¢ 0 0 0 0
14 ¢ 8L48 -8B 0 0 ] 0 0 0
13 0 8826 ~B826 0 0 1 0 0 0
It 0 Bc74 -8734 G u b 0 i a
17 { 7041 -9041 ¢ { 0 ¢ 0 0
lo 0 B4l -Fu4l 0 G { 0 U 0
19 i 9023 ~2023 0 0 0 0 ] 0
20 183050 8577 174473 { 0 183050 ¢ 0 0
21 9 8826 -8826 0 0 0 0 0 0
2 0 8896 -BBYE 0 0 0 9 0 0
V! 0 Be31 ~8%51 0 ¢ ¢ 0 0 0
24 199377 B14e 191228 0 ¢ 199377 G G 0
25 v B4c -BI45 0 " { 0 { {
11&  BoB29 B398 76461 0 0 BEESY 0 0 0
17 0 8505 ~8503 0 0 0 ] 0 0
118 0 BedB ~Bh4g 0 @ ¢ 0 0 0
114 ¢ 8737 -B737 0 0 0 0 0 0
120 1231412 8202 1223209 41697 0 141058 104845 0 ¢

3935210 1015718 2919491

YARCOS

7488
7488
Th45
7810
1917
7976
7899
1827
7827
7952
7952
8024
8291
B54E
882¢
3934
304
9041
9023
B377
8324
8898
951
B14e

Ba43

(09
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[ei i = IR - = =2 B~ B = = — R = R - R~ R R = A e I -]
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0 9 7488 -7468

1 14842 Ba3t6 71471

2 382426 105204 277222

3 407847 104080 30376b

4 259150 101440 157710

5 291147 10243% 188708

b 247740 100405 147335

7303637 101890 20196B

B 35398 103420  25254E

¥ 354169 101190 252979

10 1318271 102047 1216224

BY RONTH
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BY YERR
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IER« = 275 M4 2 7553892 2 7553883 24

AVERARBE PRICES PAID/RECEIVED

Y (R meemmmemmmmmemeoees 14,48} -mmmmmm oo
COR-BUY  CULLCOM:  CALVES-F  CALVES-K FOLLONTRS-F FOLLONERS-H
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BER
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AFPENDIX 8 & RUMTEST EXEC

BLOGBAL TXTLIB EUDSTXT USERLIB VFORTLIB VALTLIE SAMM FORTMODZ BITZ
CP SET EMSG OFF

ERASE AR4 FT4 4

CP SET EMSG TEXT

FILEDEF FT04F001 DISK AR4 FT4 A4 (DISP MOD
FILEDEF FTO0LFO0O1 DISk OUTPUT FT& A

FILEDEF FYO7F0O01 DISK ANIHMAL FT7 A

FILEDEF FTOBFOCO! DISK DUMP FTB A

FILEDEF FTO9FGO01 DISK FPASTD FT9 A

FILEDEF FT10F0O01 DISk PASBUMF FTi0 A

FILEDEF FT11FC0O1 DISK EASHFLD FT11 A

FILEDEF FT12F001 DIS* INCFLD FT12 Al «XTENT 242
FILEDEF FT13F001 DISK NXOUT FT13 A

FILEDEF FT13F001 DISK REDDAT FTI3 Al

MAC BEN FORBITS BLK

GLOBAL MACLIB FORBITS

LOAD PARTA PARTB PARTC FARTD PARTEC

START

FLIST

Note - this exec runs RUSMOE, having first set un the necescary file

definitions



My

APPENDIX 8 7 SUBROUTINE CALL LIST, WITH LOGICAL UNIY CONNECTIONS

# HRputine Contains Calls To Reads Hrites
Froo # To 4

1 ACOUNT

2  AFGEN b
3 ARNALIZ 1 12 70 73 4 i1
4 ANLDOF 1 2 & % 1018 21 23 75 B6 9! 4 o 7 8
5 BLXDUTY

6 CALMIX g2

7 CHASET

8 COMPAR

9 LCONCEP 21 6
10 DELAY

11 DIGBEN

12 ECONOHN 16 73 92 %3 9§35 b
13 FIXIN 7 28 84

14 FIXOUT

15 HERBIJ 2 72 78 B0 Bl B2 93 9
16 INCREM BB 92 93 94 i2 it 12
17 INLOOP 1 4 15 1B 19 24 24 26 73 74 Bb6 BB 92 4 &
18 INSH

19 INTRAC 29 43 53 54 77 BB b
20 LEFJUS 27 B4

Z1 LIMIT

22 HAIN 3 9 17 19 BB BY 92 93 94 4 15 2 67
23 MARSAB 74

24 MIXER 18 B3

25 HDBGRA &
26 MOBRATY

27 MOVE

28 NUMPRY

28 NXPEBO 76 3

30 NXBEG! 3 71 B4 85

31 NXFPEBZ 913 14 20 27 71 70 B4 BS

32 NXBUF1 S5 13 14 20 27 71 B4 B5

33 NXBURO 34

34 NXBURI 5 13 14 20 27 71 B4 85

35 NYEUYL 5 13 14 20 27 71 B4 BS

36 NXCALO 37

37 NYCAL1Y 5 14 71 B4 8BS

38 NxCASv 9

39 NxCASH 5 14 71 B4 B3

40 NXCULO 41

41 NXCUL! 5 13 14 20 27 71 B4 BS

42 NXDATI 5 13 14 20 27 71 B4 BS

43 NYENDi 3 71 B4 BY

44 NXEVEO 45 BY

45 NXEVE! 5 14 71 B4 BS

46 NXFOLO 47 89

47 NXFOL1 o 14 71 B4 BS

48 NXFOR! 5 13 14 20 27 66 71 76 B4 85



§ Routine

Containe Calls To

Reads
From ¢

Wiy

49 NXKERQ
50 NXHER?
51 NiIHAN
52 NIMENU
33 NXMENO
34 NXPANu
35 NYPANI
56 NXPANZ
57 NXFASO
58 NXPASI
59 N¥POL!
&0 NXREPO
&1 NXREF1
42 NXREOTO
63 NXSEA!
64 NXSELO
65 NXSBEL!
66 NXEYSE0
&7 HNXSYSH
48 NXWEAD
69 NIWEA!
70 PAN

71 FANREL2
72 FASMIF
73 PRICE
74 PTEBINT
75 RANDOM
76 RAN2
77 REALIN
78 RELEAS
79 ROTGRA
80 S5AVi
81 &aAvV2
B2 54V3
B3 SEGLIN
B4 STRING
85 TABLE
Bb WAIT.
B7 -null-
B8 IERDIt
89 ZEFDI2
20 -null-
21 LERQORO
92 ZEROR!
93 ZERDR2
74 ZERURS
25 1IR

72

21
21

21

18

71
27
27
42

14

14 2

71
14

14
35
14

14

3 14

14

B3

27

B4
71
71
44

B4
20

U
40
20

20

B4

83
B4
B4
456

27
48
27
27
27

27

BS
85
49

71
71

71
71
o9
IR
71
71

71

51

76
B4

764
84
60
B4
B4
76

B4

52
B3
B3
84
85
63
85
BS
g4

85

57 &2 77

85

&4 68 77 89

BS

13
13

13

13

13

10

10



