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ABSTRACT

4 computer—assisted course was designed to provide
students with an understanding of modeling and simulation technigues
in quantitiative ecology. It deals with continuous systems and has
two segmants. One develops mathematical and computer tools, begimning
with abstract systems and their relation to physical systems
Modeling principles are next presented, with emphasis on
compartment-flow models, followed by discussion of sinulation. The
FORTRAN IV language and the IBM 360 Continous System Model Progranm
are then described in detail, and equilibria and stability are
treated. In part two, students were burdened by the math required anad
the amount of time spent on programing languages. The first
difficulty was overcome by the introduction of cqompartment-flow
models, the second by the development of an easy-to-use computer
program. This Compartment Flow Model Simulation Program (COFLO) is an
input language which takes a description of a cqompartment-flow model
and simulates the behavior of the modelled system, converting the
model system into a FORTRAN program for compilation and execution.
COFLO has been implementea on the UNIVAC 1106 computer at the
Southeast Regional Data Center of Florida Atlantic and Florida
International Universities. (LB)
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COFLO: A COMPUTER AID FOUR TEACHING ECOLOGICAL SIMULATION

Profersor Roy b. Levow
Departaant of NMatlematics
Florida Atlantic Universiz
Foca llaton, Florida 33432
(305) 395~t5100

In  this paper the author describdes his experiences teaching a course in modeliing and
simulation methods in ecology at Florida Atlanctic University during <he spring quar%=r of the
1971-1972 academic y2af. Ha also describes a new cinmulation language d2signed specifically
for stadant use in ecological simulation which was developed ais an ocutgrowth of the course.
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The course was scasvhas  unucual in that i< brought togather a group of studen*s wich
diverse backgrournids--pathematics, computer science, cr bhiolcgy--and attempted *o0 give rthem arn
understanding of <those god=ling and simulation techrniques which are most rele-vant to
quantitazive scolojy. The neel for such a course is obviours n severdl  grounds. (a)
systeas ¢ ‘ogy 1is an emergent discipline whose full devs:logment will r=quire contributions
from mathen.cicians and ccmputer ccicutists as well as 2colcegists., (b))  Rapid developamens of
systeas  ecoloygy amuse be encouraged to facilitate lcng range planning to pre<ect <he
environmant., (c) The problems of systeas ecology are cufticiertly different  froama  +~hose
encountered in modeling and simulation in businé¢ss ahd erngin-zering <ha*t a sSeparate coursa 1s
required for modeling and simulation methods in c¢cology.

The course was ceoncerned primarily with sodeling continuous syatens with only slight
attention to discrete and probabilistic systems. It was divided 4into <=wo segnints, The
first dealt primarily with the developmant of the mathematical and computer wouols réquired
for continuous systee sirulation, and the second segment ccensist-d of an  examination of
several papers in systems wcolcgy to permit observation c¢f agplications ot the tools which
had b2en developed. The principal source of material for ttle first sagment of the course was
part I of systems Abalysis and simulation in Ecglogy, volume I, edi:ed by Bzrnard €. Patten

[3). Papers for the second seqment of the course were selectsd primarily firom the remainder
of Patten and from Heinmets [1).

The first s2gment essentially followed the form of part I of Pattern [3]. The notion of
an abstract system was introduced, and the features of such systems and their vr<lation o
physical systeas was discussed. The principlzs of modeling were discussed next with smphasic
on compartmént-flow models. This having been donhe, the notion of simulation was introduced.
First, analog computation was discussed, and then digital computatiorn. Since the class did
not have access to an analcg computer, the IBM 1130 Continucus System Modeling Program, which
proviles a digital ccmputer simulation of an aralcg computer, bas:d on input containing a
description of the analog computer circuit, was us<d. Th2 FOETRAN IV fprogramming language
was briefly described, and then the IBM Systen/360 Continuous System Modaling Program was
presentad in detail, The first segment of the course concluded with a brief discussion of
equilibria and stability.

In the second segment each student was given the task of providing a hrief oral
presentation of a published paper in systems ecology for the rest of the class.

The @most striking dmpr2ssion of the material of .<he ccurse was that <the non-
mathematicians were heavily burdened by the mathematics--particularly differenctial
eguations-~and that an extr2mely large amount of tims was spent on vrogramming languagas at
the expense of other material. Further analysis cf the material in <he cours:s revealed <hat
the use of coopartment-flow models, which are quit:s ratural for many ecological systanms,
could permit a reasonably full development of simulatiorn «corcepts withour the <xplicit
introduction of diff2rential equations, provided that a mechanism was availeble for the
direct simulation of & model e<xpressed in ccmpartaent-flow foronm, Furtharmore, <ha
development of an easy to use computer proyram to handle this problem would substantially
reduce the amount of <ime spent cn prograaming languages.
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The Compartment~Flow Model Simulation Program (COFLO) was designed ¢to ameet the
requirement set forth above, while alloving for the greatest possible variety of
applications. COFLO 4is an 4input language which takes as its input a dascription of a
coppartment-flov model and simulates the behavior of the modeled system for a 9given time
period, printing the results at prescribed time intervals. It functions by converting the
nodel description into a FORTRAN proqgram which it then causes tc be compiled and executed.

The program requires that the aodel have the following form. The non-conservative
compartzen* is labeled 0, and each of the other compartments is labeled with soaze integer
between ¥ and 99. The coapartmeut labeled i is asscciated with the variable Xi. The
independent variable may be referrcd to either as T or TIKE.

There are five control statements: *NAMES, *FLOWS, *INITIALIZE, *TIMER, and *RUN. The
contral statements appear in the input in the order indicated above. The first four are each
followed by model description statements.

*NAMES is wused to dindicate that the following statements describe naame:; with a fornm
other than Xi which are to be used for the variables associated with certain <compartments.
The statements have the form

Xi = nanme
or
T = name.
The *HAMES section is optional and is only present if non~standard names are usad.

*FLOWS precedes the actunal description of the model in terms of the individual flow
equations., The equation for the flow from compartment i to compartment j is entered in the
form

F(i,J) = expression.
The expression is written using the usual FORTRAN conventions.

*INITIALIZE indicates that the following statements prcvide initial values for
compartaent variables or values for computational constants. These statements have the
form

variable = expression,

Any variable which is not otherwise initialized is imitialized to zero, and if all wariables
are to b2 initialized tc zero the section may be omitted.

The *TINER section is used to sot START and STOP values for the timer, and DELTA which
dateraines the interval at which results are printed. The values are entered in the form

nama = value,
and if value is za2ro the entry may ke omitted.
ihe ¥RUN card indicates “he end of the model description and starts the simulation run.

TOFLO has been implemented on the UNIVAC 1106 computer at tha Southeast Regional Data
Canter of Florida Atlantic and Florida Internatioral Universities. It may be used either
frem cards in the batch mode or from the interactive terminals in demand mode. 1In the later
case the user receives immediate diagnostics if errors are made in entering the model and
receives the results of the simulation without the delays inhereat in batch utilization.

The operation of COFLO is best illustrated by example. 1Irn Appendix I we have a COFLO
run £5r a partially forced non-linear version of odum's food chain model for Silver Springs,
Florida [2],[3]. The compartm2nts are numbered as fcllows:

RIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

1 - producars (plants)
2 - herbivores

3 - carnivere

4 - top carnivores

5 - deconmposers

The garameters T:ij are feeling rates, Ri are respiration rates, ¥i are natural nor+ liny
rates, and Li are lcsses downs:ireanm.

The program may also be used for models whizh do not fit the ccmpartment-flow model form
as illustrated by the exaaple in Appendix II which uses the Lotka-Volterra equations.

Sevaral iaprovements are planned for COFLO in the near future In particular a ploting
capability is planned and a library of special functiorns will be adaed. Copies of the COFLO
code and users quide will be mads available in the near future.
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KPPENDIX I

*#X0T «COFLO +« SIL¥CR SPRINGS MODEL

COMPARTMENT =~ FLOW MODEL SIMULATION PROSGRAM

s FLO%S
F(293)=F
F(2r2)=F2
F(192)=112e%1eX?2
F(293)=T122eX2%3
F(314)=134eX3eX4
FL113)=M1a X1
F(245)=M2eX2
F(395)=M2eX3
F(A1S5)=MbeX4
F(19d)=LR1eX1
F(222)=R2ey2
F(3+2)=R2+X3
F(4s2)=R4rx4
F(S90)=R5+X%5
s NITIALEZE
X12342126
X2=213444
X3=€2.26
X4=2487
X5324438
Fl1=24
F2=486.
112=2674¢/(X1%%2)
123=2382/7(%X27X23)
[34=21e/7(X30X4)
M1=34057X1
¥2=1295¢/X2
M2z46e/X3
Y4zEe/X4
R1=1137447X1
L1=24984/X%1
RLT=R1+L1
R2=1891./X%2
RI=J17e/X2
R4=13e/X4
R5=45384+/X5
» T | MER
ST0P=13»
DELTA=D45
*RUN

TABLE OF INCLUDED FLCHS
3 4 5

L]
-

NN e
DC > K DK %
»
>
XC ;I M

END OF PREPARATION PHASE

O

ERIC
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ERIC

Aruitoxt provided by Eic:

1= 239
T= +53
T= .20
T= 1452
1= 2430
T= 2453
T= 3.0¢
T= JeE2
T= 42
1= 4452
1= 523
I= 553
1= 629
1= G52
T= 7422
T= ;-59
T= 8e2¢
1= 8452
1= 328
1= 9e50
T= 10283

x(1)=
x(1)=
x(1)=
x(1)=
x(1)=

x{1)=

x(1)=

x(1)=
x{(1)=
x(1)=
x(1)=
x(1)=
X({4)=
x(1)=
x(1)=
x(1)=
x(1)=
x(1)=
x(1)=
X(1)=
x(1)=

©3421+24
«1577404
+8520+23
«4722+23
+2638+03
+1482+23
+8323+(02
+4035+32
02639+2
©1487+22
«8378+01
4722+
+2661+31
«1523+31
0384

[Aa]

5+00

4766428

*2686+07

¢1514+H9
«38535-91
«4811-21

2712-91

02134422
«7233422
«4735+22
4072422
«3783+22
3642432
«3565+02
€3525+22
03502+32
3493422
¢3483+32
«34793+22
«3477+32
«3476+32
3475422
e3474+22
«3474+32
03474402
e3474432
03474402

03474+22

END OF SIMULATION

6226+02
233802
2242421
2173423
«2231-21
«1853-C2
«1663-21
«1493-04
«1333-35
«1182-26
01249-47
«9322-29
e8244-12
«7326-11
e€474-12
e5736-13
«5382-14

«¢4532-15

«3989-1€

03535‘17

«3131-18

$3872e 00
«7201e 01
2339+
« 1213+
«3477+08
¢1192+22
«4383-21
«1399-M
«4705-22
«1643-22
¢5€629-31
«1929-23
+5613-04
+2265-234
+77€1-35
e2659-75
+3112-06
«3122-26
0 137C-36
+365€6-07

«1256-37

e2438+02
+1059+22
«4446+01
03257+
«1862+21
«1673+21
«1779+02
«1164+21
e5323+83
<1010+
+3019+38
9718420
«9538+232
«9535+02
+9191+02
«6187+22

+9342+63

¢9454+20

+0455400
*3451+38

+ 3451402
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Aruitoxt provided by Eic:

eXQT +COFLO

*NANES
X1=P0pP3
x2=p0p2
*FLOWS

F(€r1)=R14PO0P1%(1e~POP1/K1-ALPHASPOP2/K2)
F(012)=R2+POP2#(1e~POP2/K2-CETA*POP1/X1)

s INITIALL
PoP1=12,
POP2=93.
K1=52,.
K2=120.
ALPHA=-2,
BETA=z€
R1=e5
R2=e6
*TIMER
STOP:15.

. DELTA=1,

*RUN

T=  4.¢9

T= 19.00
T= 11400
Tz 12403
T= 13.20
1= 14.22

T=  15.82

-

APPENDIX II

o LCTA ~ VOLTERRA EQUATIONS

COMPARTMENT - FLOW MODEL SIMULATION PROGRAM

43

x(1)=
x(h)=
X(1)=
x(1)=
x(1)=
x(1)=
x(1)=
x(1)=
x(1)=
()=
x(1)=
x(1)=
x(1)=
x(1)=
x(1)=

x(1)=

TABLE CF

INCLUDED FLOWS

END OF PREPARATION PHASE

2 1002+32
032€3+92
+6933+£2
28258+82
09227+32
28434+¢2
*7999+02
*762€+02

0 7365+82

7180402

07265+22
26982402
06327+32
+6892+432
+6865+¢2

0€849+32

0 920¢+32
18434402
o€712+32
04818432
03563+82
02855492
02455402
02218442
02873+02
«1982+32
01924422
01886482
+1862+32

1846482

+ 1836432

+1829+402

END OF SIMULATION



