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ABSTRACT 

J. H. CARNEY, D. L. DEANGELIS, R. H. GARDNER, J. B. MANKIN, 
and W. M. POST. 1981. Calculation of probabilities 
of transfer, recurrence intervals, and positional 
indices for linear compartment models. ORNL/TM-7379. 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 
76 pp. 

Six indices are presented for linear compartment systems that 

quantify the probable pathways of matter or energy transfer, the 

likelihood of recurrence if the model contains feedback loops, and the 

number of steps (transfers) through the system. General examples are 

used to illustrate how these indices can simplify the comparison of 

complex systems or organisms in unrelated systems. 
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INTRODUCTION 

When considering problems involving the flow of nutrients, toxic 

chemicals, or radionuclides through an ecosystem, one is often 

interested in the likelihood of a molecule of nutrient or toxic 

chemical starting at one part of the ecosystem and reaching another 

part, on the average time it will take to get there, and the number of 

ecosystem components it will pass on its journey. These problems can 

be solved (at least partially) by means of compartmental models. In 

such models, the pathways from one compartment to another are made 

explicit and the rates of transfer are specified. The task of solving 

the above problems becomes one of proper model conceptualization (e.g., 

adequate representation of the real system) and computation of 

numerical indices that reflect the passage of material (or energy) 

through the system. Such a capability provides the modeler with a 

means of comparing systems whose rates of transfers and 

interconnections differ. 

Although there have been quantitative discussions of recycling 

(Harte and Morowitz 1975, Wise et al. 1960), connectedness of 

ecosystems (MacArthur 1955), and measurement of trophic distances 

(Gallopin 1972, Tansky 1976, Kercher and Shugart 1976), we are unaware 

of a useful computational formi In this report, accordingly, we 

develop some indices, provide examples of their use, and present an 

interactive computer program for calculating these values for 

donor-controlled linear compartment models. 
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Throughout this report, the definitions for all indices are based 

on a unit of either matter or energy. For computational consistency 

and convenience, all models are augmented by a compartment representing 

the forcing functions. This makes possible the calculation of values 

for models where more than one compartment is forced. Hence, in those 

indices where the number of steps from compartment 1 to compartment N 

is calculated, e.g., lndex 3, IU, the first compartment reters to the 

source of material or energy. 

Two basic quantities can be used to define the response of the 

system to external influences. The first is the probability, pij' 

that a given unit (of matter or energy), residing initially in 

compartment j, will next be located in compartment i. It is clear 

that, since the unit must eventually either stay in the jth 

compartment, move to one of the other compartments of the system, or 

else leave the system, then 

n 

i~l Pij + Pn+l,j = 1 

where n is the number of compartments in the system and Pn+l,j is the 

probability of loss from the system. The second basic quantity is 

tij' the average time it takes the unit to arrive in compartment i, 

measured from the time it entered compartment j. 

In a fully described system, the values of p .. and t .. for all 
lJ 1 J 

(1) 

transfers between the connected compartments are specified, as well as 

the inputs to the system. This is illustrated in Fig. 1. 

A common way of representing the flow of mass or energy through a 

system is by means of a set of differential equa"ti ons. In such a set 
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Fig. 1. A food web model illustrating indices 1, 2, and 3. 
The forcing function is indicated by the bold arrow. 
The upward slanting arrows indicate losses from the 
system, and the decimal quantities are the transition 
probabilities. 
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of equations, for example, the rate of change of mass or energy in the 

ith compartment would be given by 

dx. n n 
l + ak.x. dt = u. l: aikxk - l: - r.x. 

l k=l k=l l l l l 

k;i!i k;i!i 

where xi is the mass (or energy) in compartment i ' aik is the 

transfer rate from compartment k to compartment i • IJ 1 is thP. fnrcina 

function 1 nto compartment i , and r i is the rate of 1 ass from 

compartment i to the external world. The first summation in Eq. (2) 

represents inputs from other compartments to compartment i, while the 

second surrmation represents outputs from compartment i to all other 

compartments. For each of the n compartments in the system, there is 

an equation of the form of Eq. (2). 

The differential equation representation can be reinterpreted in 

terms of the pij 's and tij 's mentioned above. The probability, 

p .. , that a ~iven unit initially in compartment j will next reside in 
lJ 

compartment i is simply 

a.. a .. 
____ ,~J'-- = _!J_ 

P;j=. n -a .. 
r. + 

l 
z; a. . JJ 

1 =l lJ 
i;i!j 

while the average residence time of the unit in compartment j before 

moving to a new compartment is approximately 

1 
T·'V-J - -a .. 

JJ 

(2) 

(3) 

(4) .· 
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The compartmental model defined by Eq. (2) has the property that 

if the fluxes from compartment j to compartments i and k are the same 

(i.e., aij = akj)' then the average time it takes for a unit that· 

is originally in compartment j and then moves to compartment k is the 

same as the average time it takes for a unit originally in compartment 

j to move to compartment k. In this sense, the compartmental model 

defined by Eq. (2) is slightly less general than the system described 

in terms of the p .. 's and t .. 's. 
lJ 1 J 

In the latter system, the time it 

takes for a unit to get from one compartment to another, tij' can be 

prescribed independently of the fluxes between these compartments. One 

can imagine there being pipelines between the compartments, in which 

units may spend varying amounts of time in transit. 

BelON we describe our proposed indices (Table 1) for the 

compartment system. In the computer calculations of the indices, 

matrix methods are used but, for simplicity, these will be described in 

the Appendix A. 

Table 1. Positional indices 

Index Number Acronym Plirpose~ 

PPTC Calculates the probability of a unit 
reaching a compartment. 

ENPTC Calculates the expected number of passes 
of a unit through a compartment. 

3 TD Calculates trophic distance. 

4 MIT Calculates the mean time of transfer of 
a unit from compartment l to N. 

MRT Calculates the average time it takes for 
a unit to recur in a giYcn compartment 
if there are direct or indirect 
feedback loops to that compartment. 

6 ETP Calculates the trophic position as given 
by Kercher and Shugart (1975). 

aA unit refers to any arbitrary quantity of matter or energy (e.g., a 
molecule or a calorie). 
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DESCRIPTION OF INDICES 

Index 1: 

This index calculates, for each compartment, the probability that 

a unit of mass or energy, starting at compartment 1 in the system, will 

reach some compartment N at least once. 

Consider the hypothetical compartment model in Fig. 1. There are 

eight compartments, which might perhaps be eight species in a food 

web. The decimal numbers on the arrows between compartments are the 

probabilities of transfer, pij. For example, the probability that a 

unit of mass or energy, given that it has arrived in compartment 6, 

moves next to compartment 5, is p56 = 0.25. The values of the 

transfer times between compartments, t .. , are irrelevant to the 
lJ 

present ·index. 

The possible paths between compartments 1 and 7, along with the 

path lengths and probabilities of occurrence, are given in Table 2. 

Table 2. Possible paths from Compartment 1 to 7 for the food web 
illustrated in Fig. 1 

PdLl1 Length of path Probability of following p.ith 

1+5+7 2.0 (0.20)(0.lO) ~ 0.02 

1+5+4+7 3.0 (0.20)(0.10)(0.40) = 0.008 

1+6+5+7 3.0 (0.30)(0.25)(0.10) = 0.0075 

l +6-+5-+4-+ 7 4.0 (0.30)(0.25)(0.10)(0.40) = 0.003 

1+6+8+5+7 4.0 (0.30)(0.25)(0.40)(0.10) = 0.003 

1+6+8+5+4+7 5.0 (0.30)(0.25)(0.40)(0.10)(0.4) = 0.0012 

.•. 
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The probability that the unit starting at compartment 1 ever arrives at 

compartment 7 is, 

= 0.0427 (5) 

The general algorithm for calculating PPTC(l N) is 

n n n 
PPTC(l+N) = PNl + E PNipil + E E PNipiJ.pJ.1 + ••• , (6) 

i=l i=l j=l 

where the index N of the final compartment is permitted to occur only 

once in each term. This restriction reflects the index's representing 

only the probability of first passage through compartment N. It can be 

shown that PPTC(l+N) is always less than or equal to 1.0. 

Index 2: Expected Number of Passes of a Unit 
Through a Compartment (ENPTC) 

Suppose now that a feedback loop is introduced into the system 

pictured in Fig. 1 (see the dotted line connecting compartment 7 to 

compartment 1). The possibility exists for a given unit to make 

repeated transits through compartment 7. The expected number of passes 

a unit will make through compartment 7 before leaving the system can be 

written as the infinite series, 
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ENPTC(1+7) = PPTC(1+7) + PPTC(1+7) PPTC(7+7) 

+ PPTC(1+7) {PPTC(7 7.)}2 + ••• 

= 0.0427 + 0.2(0.0427) 2 + (0.2) 2(0.0427) 3 + 

'\, 0.0455 

The first term [PPTC(1+7)] is the probability that the unit reaches 

compartment 7 at least once, and the second term is the probability 

that the unit reaches compartment 7 at least twice. The remaining 

terms follow the same pattern. 

The general algorithm for ENPTC(l+N) is 

ENPTC(l+N) = PPTC(l+N) + PPTC(l+N) PPTC(N+N) 

2 . 
+ PPTC(l+N){PPTC(N+N)} + ... 

As an interesting sidelight, let us demonstrate a connection 

between the index ENPTC and the equilibrium values of a differential 

equation compartment model. Consider a very simple two-compartment 

model (Fig. 2) described by the equations 

The steady-state values of x1 and x2 are x1 = 1.333 ••. and 

x2 = 0.666 •... It can be shown that ENPTC(l+l)"' 1.333 and 

ENPTC(1+2) "' 0.666. Hence, if there is some rate of input, u1, of 

(7) 

(8) 

(9) 

(10) 



· •. 

9 ORNL/TM-7379 

ORNL-OWG 79-17814 

.. 1 
0.5 

2 
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quantities indicating the values of the transfer 
coefficients. 
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units into the system, then ENPTC(l+N) is the number of units in 

compartment N at steady state. 

Note that the probability that a unit passes through compartment N 

exactly M times, RNT, is 

RNT(l+N;M) = PPTC(l+N) {PPTC(~N)}M-1 {1 - PPTC(~N)} • (11) 

In this expression, the factor 1 - PPTC(N+N) is the probability that 

the unit does not return to compartment N again after the Mth passage 

through. 

Index 3: Trophic Distance (TD) 

Consider again the hypothetical compartment model pictured in 

Fig. 1. By "trophic distance" we mean the average number of links, or 

transitions from compartment to compartment, that a unit makes in going 

from one compartment to another, possibly remote; compartment in a 

system. In particular, we are interested in the number of links 

between compartment 1 and some other compartment, N. 

Basically, the trophic distance is found by summing nverall 

possible probabilities of pathways between the compartments and 

multiplying the length of each particular path by the likelihood of its 

being followed. For example, for the system in Fig. 1, the average· 

number of transitions needed to reach compartment 7 from comp~rtment 1 

is found by first summing the conditional probabilities (conditional 

meaning that the unit reaches compartment 7) of the unit taking each 

path between compartments 1 and 7 and multiplying by the lengths of the 

.· 
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paths. The conditional probabilities are next divided by PPTC(l+7}. 

The average number of links, or the trophic distance, TD(l+7), is then 

TD(l+7) = (2P75P51 + 3P74P45P51 + 3P75P55P51 + 4P74P45P55P51 

+ 4P75P5aPa5P51 + 5P74P45P5aPa5P51)/PPTC(l+7} 

= 0.1165/0.0427 ~ 2.728 

The general algorithm for calculating TD(l+N) is 

n n n 
TD(l+N) = (pNl + 2 E PNipil + 3 E E PN·P· .p. 1 + ••• ) 

i=l i=l j=l l lJ J 

/PPTC ( l+N) 

(12) 

(13) 

The effects of feedback on trophic distance are especially 

pronounced. Consider the food chain shown is Fig. 3. As the feedback 

(a) from compartment 5 to compartment 3 increases, the trophic distance 

between compartments 1 and 6 increases. 

Index 4: Mean Time of Transfer from 
Compartment 1 to N (MTT) 

This index calculates the average time required by a unit to travel 

from compartment 1 to compartment N. The transition probabilities, 

p .. , associated with traveling each possible pathway from compartment 
lJ 

1 to compartment N, and the amount of time spent traveling along each 

of these segments, tij' determine this interval. For example, in the 

system pictured in Fig. 4, there is a U.3 probability of the un1t 

traveling from compartment 1 to compartment 3, and it takes 2 days to 

complete this path segment. 

1~ ' 
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A food web model illustrating the concept 
of the mean time of transfer, MTT (1 + N), 
of a unit from compartment 1 to compart
ment N. The decimal· quantities above the 
arrows connecting compartments are 
probabilities of a unit traveling on a 
given segment. The time in days needed 
to travel along each segment is also 
given. 
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The possible paths from compartment 1 to compartment 6, as well as 

the associated transfer times and probabilities, are shown in Table 3. 

Table 3. Possible paths from compartment 1 to 6 for the food web 
illustrated in Fig. 4 

Path Len{th of path Probability of following path 
days) 

1+2-+6 8 (0./0)(0.10) = U.U/ 

1+3+6 9 (0.30)(1.0) = 0.30 

1+2+3-+6 14 (0.70)(0.20)(1.0) = 0.14 

1+2-+5+6 10 (0.70)(0.50)(1.0) = 0.35 

1+2-+4+5+6 10 (0.70)(0.20)(1.0)(1.0) = 0.14 

The mean time of transfer, MTT(1+6), from compartment 1 to compartment 

G is, 

MTT(l+6) = (BP21P62 + 9P31P63 + 14P21P32P63 + lOp21P52P65 

+ lOP21P42P54P65)/l.O 

= 8(0.70)(0.10) + 9(0.30)(1.0) + 14(0.70)(0.20)(1.0) 

+ lO(U.70)(0.50)(1.U) + lU(U./U)(0.20)(1.U)(l.U) 

= 10.12 days 

{14) 
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The general algorithm for MTT(l N) is 

n n 
+ E · E PN·P· .p.1 (tN. + t .. + tJ.l) + ••• }/PPTC(l+N) 

i=l j=l 1 lJ J 1 lJ 

where N is the total number of compartments in the system. 

It is possible to show that MTT(l+N) is often positively 

correlated with TR, the time of return to equilibrium following a 

perturbation, for a food chain model. Let us show this for a simple 

four-species chain described by the equations 

• 
xl = xl (ul - a12x2 - glxl) 
. 
x2 - x - 2 (Ya12Xl - a23X3 - g2X2) 
. 
X3 - x - 3 (ya23X2 - a34X4 - g3x3) 

. 
(ya34X3 - g4x4) X4 - x - 4 

(15) 

(16) 

( 17) 

(18) 

(19) 

where u1 is the input into the lowest (autotroph) compartment, the y's 

are the efficiencies, and the gi's are density-dependent loss rates. 

Although these are nonlinear equations, we can apply our indices to the 

set up equations linearized about the equilibrium point of the system. 

We wish to evaluate TR and MTT in the vicinity of the equilibrium . . 
point, at_ which x1 = x2 = x3 = x4 = O; the equilibrium point is 

0 0 0 0 (x1, x2, x3, x4), where 
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0 94 0 
x = x 3 Y a34 4 

· where 

.) 

This demonstrates that x~, x~. x~, and ·x~ vary linearly with 

u1• Next we look at the stability matrix, fi, associated with Eqs. (16), 

(17), (18), and (19) 

0 
-glxl 

0 
a12xl 0 0 

M 0 0 0 0 = Y al2x2 -g2x2 -a23x2 (20) 

0 0 
Y a23x3 

0 
-g3X3 

0 
-a34X3 

0 0 0 
ya34X4 

0 
-g4X4 
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The eigenvalue equation is 

~ • 'i_ = A'i_ • (21) 

Since all the elements in ~ are proportional to u1, then we can write 

M = u M' = 1= 

where~· is independent of u1, so that Eq. (21) becomes 

Hence A. is proportional to u1. 

(22) 

(23) 

What we can conclude from the above analysis is that, if all the 

real parts of the eigenvalues of M' are negative, then an increase in 

u1 will make them more negative. Since the return time to 

equilibrium, TR, of a stable system is proportional to the smallest 

value of -1/Real (A..), where A.. is the ;th eigenvalue, TR 
l l 

decreases with increasing u1• That is, increasing u1 will cause 

the system to return to equilibrium more quickly following a 

perturbation. 

Note from the expressions for x~ (i = 1,4) that as u1 increases, 

0 0 0 1 . the transfer constants a12x2, a23x2, and a34x3 a so increase. 

Therefore, the transfer times tij decrease as u1 increases, and 

MTT(l+N) also decreases. Therefore, MTT(l+N) is positively correlated 

with TR in this case, since both quantities decrease as u1 increases 

and vice versa. 
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Index 5: Mean Recurrence Time (MRT) 

This index applies only to models that contain feedbacks. The 

index calculates the amount of time required for a unit that was once 

in compartment N to return to compartment N. 

If there is feedback in the system, it is possible that a molecule 

starting from compartment N will eventually return to the same 

compartment. For example, Fig. 5 illustrates a variation of Fig. 4 in 

which there is a probabil i t.v of feedback from compartmP.nt n to 

compartment 2. Hence, a unit leaving compartments 2, 3, 4, 5, or 6 has 

a nonzero probability of returning to those compartments. We assume 

that at each time step the unit has a probability equal to 1.0 of 

leaving the compartment in which it currently resides. 

A fonnula for MRT(N) can be found by adapting the formula for 

MTT(PN). We obtain 

n n 
+ E E aN.a .. a.N(tN" + t .. + t.N) + ••• /PPTC(N+N) , (24) 

i=l j=l 1 lJ J l lJ J 

where N is the total number of compartments in the system. 

Index 6: ~ffective Trophic Position (ETP) 

The index of effective trophic position (ETP) has been defined in 

Kercher and Shugart (1975) for lower triangular models only (Table 4). 

The method presented here has been generalized to consider any linear 

compartment model without feedbacks. Only a sunmary of the concept of 

this index will be presented here (see Appendix A for the algorithm). 
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Fig. 5. A food web model illustrating the concept of 
the mean recurrence time, MRT(N), associated 
with compartment N. This model is similar 
to Figure 5, except for an additional 
transfer coefficient from compartment 6 to 
compartment 2. 
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Table 4. Values for Index 6 (Effective Trophic Position) for three 
lCMer triangular modelsa 

Model Compartment Flux; G; 

1 2 1 1 
3 0.1 1 
4 0.01 1 

2 2 1 1 
3 0.0909 0.5 
4 0.1 1 

3 ?. 1 l 
3 0.0909 0.5 
4 0.0091 0.5 
5 0.0909 0.5 
6 0.0091 0.5 

z 

1 
2 
3 

1 
1.74 
2 

l 
1.74 
2.74 
1.74 
2.74 

ain all the models compartment 1 acts as a dummy compartment that is 
forced (no respiration losses and transfer from 1+2 that is 1.0). The 
transfer rates between all other compartments are 0.1 and respiration 
rates for all compartments are 0.9. Model 1 is a straight chain from 
2+3+4. Model 2 is the same as Model 1 except there is an additional 
transfer from 2+4. Model 3 consists of 2 chains originating from 
compartment 2. One follows the path 2+3+4. The other follows the path 
2+5+6. 

ETP of a food web member is defined as a function of the net 

energy. input (e.g., cal t- 1) to the population. Consider, for 

example, a simple food chain at steady state where each member of the 

food chain has the same transfer efficiency, a (net 

production/ingestion). If the input entering the herbivore from the 

autotroph is G then aG is delivered to the first carnivore, a2G to 
th . 

the second carnivore, etc. The flux entering the k member is 
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Solving for trophic position k 

ln(Fluxk/G) 
k = 1 + ln (a) 

The calculations for ETP are accomplished in a similar, though 

more complicated, fashion. Assume a flux matrix has been calculated 

where 

F 1 ux = [ Fi j J N x N 

(25) 

Fij is the energy transfer from j to i in unit time at steady state. 

Compartment 1 is an energy source. The proportion of energy entering 

the system going to the maintainance of consumer (Gi) is 

N F .. G. 
G. = 2: l J l 

+ F i1 l j=2 N 
Fkj 2: 

k=l 

and 

N N 
Since the total flux entering consumer i is 2: Fik' then 2: Fik/Gi 

k=l k=l 
is the flux entering the system devoted to the maintainance of i. As in 

Eq. (25) we can calculate ETP of consumer i as 

1 
Zi = 1 + ln a [ ~ Fikl k=l 

1 n G. 
l 

where a is the average transfer efficiency of the entire food web. 
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UTILITY OF INDICES 

Uncertainties associated with the modeling process make it 

difficult to compare the behavior of ecosystems. If several ecosystem 

models predict a set of reasonably similar values, then the choice of a 

specific model will rely on a variety of factors which include the 

objectives of the model, the physical description of the mathematics, 

and confidence in the robustness of the model (Mankin et al. 1977). 

Models with extensive feedbacks (e.g .• nutrient cycling) are sensitive 

to the explicit value of the transfers describing the cycle; and, 

because these models are condensations of reality, subtle differences 

in model conceptualization can produce critical differences between 

predictions (O'Neill and Gardner 1979, Carney et al. 1979). We believe 

that the indices presented here can be an important tool for comparing 

models. 

Models which behave in a reasonably s1m1lar manner can be 

anal.vticall.v compared and compartment specific values for several 

indices verified in the field. For instance, four alternate models of 

a calcium mQd~l were formed that predicted identical values of calcium 

at steady state. However, the nature of the compartments and 

connectances within a model differed. Values of PPTC and ENPTC were 

conserved in all models, but the mean transit time and the total time 

of passage differed significantly be~ween models. If this value is 

used as a measure of resilience (response to perturbations), then there 

exists significant differences between models in spite of their overall 

similarity. The critical differences identified by this analysis 



23 ORNL/TM-7379 

allows a method of field validation of the models (Carney et al. 

1979). Once the model has been selected, then comparisons between 

ecosystems are possible. 

These indices can also provide some theoretical insight into the 

general behavior ~f model systems. An initial effort along this line 

(DeAngelis et al. 1978} has shown that transit time is a measure of 

response of the system to perturbation. In food chain models this 

index (MIT) also indicates that longer food chains can respond as fast 

as shorter food chains to perturbations if the energy flux is high 

enough. ·Other indices hold similar promise of insight into system 

dynamics. 
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APPENDIX A 
COMPUTATIONAL ALGORITHMS 

I. GENERAL ALGORITHM 

This section presents a general algorithm that is used in all 

indices except Index 6. We consider systems that may be represented by 

a system of equations. Our concern here is in transition probabilities 

through the system when a unit is input at the source. Therefore, 

consider the system of equations 

Ax + u = 0 (A-1) 

where x is the n-dimensional state vector, A is the nxn coefficient 

matrix, and u is the n-dimensional vector of forcing functions. If D 

is a diagonal matrix whose elements are given by 

n 
d .. = 1/ r a .. 

11 j=l Jl 

j~i 

we can then write 

Py + u = 0 

where 

x = Dy 

and 

P = AD 
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If the unit initially enters from the source, we can consider the 

initial vector Yo as given by 

I Yo + u = 0 

or 

Yo = - u 

If the forcing vector u is restricted such that 

the vector y can be considered as the probability state vector and the 

matrix P as the probability transition matrix. Therefore, we represent 

the progress of the unit through the system by the Markov process 

Ylc+l = Pyl< (A-3) 

This gives the sequence of probability state vectors 
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At step m, the state wi 11 be determined by m tr an sf ormati ons of the 

probability matrix, P, on the initial state, y0. If we restrict 

ourselves to unit inputs, say to compartment i, at step m 

n 
(ym)j = 2: P. m 

(yo)i i=i Ji 

= P.m 
Ji 

(A-4) 

Therefore, the probability state vector will be identical to the first 

column of Pm. This eliminates the necessity of calculating the· 

probability state vector. Indices i through 5 make use of this 

algorithm with suitable modifications. 

I I. INDEX i: PPTC 

Index i is the probability that a unit will pass through a 

compartment when it enters the system at the source. In computing this 

index, we need only the transfer probabilities, so the diagonal 

elements of the P matrix are set to zero and the contents of each 

compartment is transferred out at each step. For the moment, assume 

the system contains no loops. Then the probability that the unit will 

pass through compartment j (jri) is 

m m 
I.= 2: (y.). = 2: (Pi)J·i 
J i·i 1 J i=i 

(A-5) 

where m is that step in which the first column of Pm is a null vector. 
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We are interested only in the probability that a unit will pass 

through compartment j. Once it has entered compartment j, it is of no 

further interest. This poses no problem unless the system contains 

loops. The probability of a unit passing through compartment j may be· 

affected by loops that do not include compartment j, but it is not 

affected by loops that include compartment j. Therefore, if we set all 

transfers out of compartment j equal to zero at each time step (i.e., 

the .i th column is a nu 11 vector). Eq. (A-5) becomes 

(Pi)kj = 0, k = 1,2 ... ,n 

where I(l) is the value of Index 1 for compartment j. 
J 

II I. INDEX 2: ENPTC 

Computationally, Index 2 is calculated identically as Index 1 

except for the inclusion of feedback loops. Thus the only adjustment 

needed to the Algorithm for Index 1 is the deletion of the requirements 

that no transfers be made out of compartment j. 

Since an infinite number of passes are now possible through 

compartment j, a stopping criteria is needed. We suggest a reasonable 

limit to be PPTC (j + j) < 0.0001. It should be noted that for all 

indices that include loops this criteria will be applied. 



31 ORNL/TM-7379 

IV. INDEX 3: TD 

This index is the expected number of steps that a given unit will 

take in the transition from source to compartment j. We take the 

viewpoint that the unit is already in compartment j, and we want to 

know the number of steps taken in its transition from the source. This 

perspective allows us to simplify the calculations by ignoring losses. 

Also, if compartment j is within a loop, it may recirculate. Since we 

are interested in the expected number of steps, the feedback loop is 

not broken in this case. The expected number of steps from the source 

to compartment j is 

I(~) 
m m 

{Pi)jl = L: i(Pi)j1;
1
:,

1 
(A-7) 

J i =1 

where I~3) 
J 

is the value of Index 3 for compartment j. 

v. INDEX 4: MTT 

To accomplish the proper form of Index 4 with the p's as products 

and the t's as sums, independent transformations on the P {probability) 

and T (time) matrices were needed. 

The P matrices are computed as in the Index 1 algorithm with all 

transfers out of compartment j set to 0. That is, no feedback loops to 

compartment j exist. 

The T matrices were computed for each step 111 so that 

rm = ro(I) * rm-1 + ro * TfTl-l(I) 

where 



ORNL/TM-7379 32 

T(I) indicates all elements that are not null elements are 

replaced by 1. The first term on the right-hand side extracts the 

transit times from previous time steps. The second term extracts the 

transit times for the present time step. 

Combining the P and T matrices, the computational form for Index 4 

is 

I . ( 4) 
m 

(Pi)jl * i = L: ( T ) j 1 J 1=1 
m 1 
L: ( p ) jl 

i=l 

In some cases, several pathways of equal lengths are generated. 

The resulting probabilities are stored separately so that 

multiplication by the correct transit times occurs. Due to this 

storage allocation, the upper bound on the number of equal pathways 

stored is iuu. 

VI. INDEX 5: MRT 

Index 5 is formulated by adapting the algorithm of Index 4 so 

that probabilities and times are sunmed for (j ~ j) elements rather 

than (1 1 j). He~ce, 

I~5) 
m 

(pi ) . . * (Ti ) .. = L 
J i=l JJ JJ 

m (pi) .. L: 
i=l JJ 



33 ORNL/TM-7379 

VII. INDEX 6: ETP 

The steps involved in the algorithm for Index 6 are listed below. 

(1) Input the matrix A of transfer coefficients where 

compartment 1 is the only one that is forced. Compartment 1 is a dummy 

compartment with all ail = 1, and a11 = -~ai 1 • 
l 

Forcing vector is then represented by 

F = 

1 
0 
0 
0 

0 

(2) Find equilibrium values for all compartments x. 
l 

xl -all a12 . 
x2 a21 -a22 . 

x • 

. aln 

a2n 

• -a nn 

-1 -1 

0 

0 

= - A-lF 



ORNL/TM-7379 34 

(3) Make X into a diagonal matrix 

0 

x = 

0 

and multiply by A matrix to form flux matrix FLUX 

FLUX = AX = 

Let F .. = a .. x. 
lJ lJ J 

Fl! Fl2 

FLUX = 

F nl 

-a x nn n 

F 111 

• Fnn 

(4) The computation of trophic position is calculated from the 

flux matrix. The computation is presented in four steps. 
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(a) Calculate Gi i=2,N 

Gi is the proportion of input into the system that goes to the 

maintenance of compartment i. 

G. = 
l 

F .. F .1 F .. F .kFkl 
F

1
.
1 

+ E lJ J + E E -~1-><-J_,J,___~~ 
j F nj j k E F nj E F nk 

n n n 
n1j n1j n1k 

(b) Calculate ZFLUXi. This is the total direct flux into 

compartment i. 

(c) Calculate a 

ZFLUXi = F .. 
lJ 

1 a = - E n . 
l 

E a .. 
jf1 lJ 

a . . 10 
lJ 
j11 

where n =number of non-zero aij. 

(d) Calculate trophic position of compartment i, z1 

l [ZFLUXi] 
zi = log a log Gi + 1 

Note; This index will not allow feedback loops. Gi will not converge 

with loops since F ij > 1. 
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APPENDIX B 

PROGRAM DOCUMENTATION 

ORNL/TM-7379 

POSIT is an interactive FORTRAN Computer Program used to calculate 

six indices that describe aspects of the flow of matter or energy in 

linear compartment models. POSIT provides the user with simple input 

and convenient output for the analysis of linear compartmental models. 

POSIT is modularly structured with each index calculated in 

separate subroutines. Information and work space is p·assed through 

common blocks. The main program is a driver for input of model 

parameters and output of specified position calculations. MAIN also 

provides options for editing data, calculating steady state values, and 

creating new data files. Table B-1 lists POSIT variables and their 

purposes. 

Execution of POSIT 

Execution of this program on the ORNL PDP-KLlO may be effected by 

typing: 

.EX POSIT.F4 [ppn] 

where (ppn} is the project programer number (DEC manual reference). For 

approximately one year after the appearance of this document, the 

source code for POSIT will be located DECTAPE D2315 and may be copied 

from this source. Subsequently, the program will be available directly 

from the authors. 
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Table B-1. List of variables 

Name 

N 

A 

TI MEO 

I 

J 

B 

PROl3A 

WORKl 

WORK2 

TSUM 

FLUX 

POSIT 

rd 

i 

. i 

rd 

rd 

rd 

rd 

rd 

rd 

rd 

Dimension 

Input variables 

14,15 

14,15 

14 

Execution variables 

14,14 

14,14 

14,14 

14,14 

14,14 

Output variable~ 

6~14 

ai = integer, rd = real double precision 

Purpose 

Nu111ber of compartments 

Matrix of transfer rates 

Matr1x of transfer times 

Ith and Jth location of A 
and TIMED elements 

Vector of forcing functions 

Normalized A matrix 

Work arrays used for 
matrix multiplication 

Sume of transfer times from 
compartment i to j 

A*B 

Matrix of position 
calculations 
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POSIT Input 

Input requirements for POSIT consist of model data and specific 

instructions for interactive execution. Input variables (Table B-1) 

include the number of compartments in the model (N), the transfer 

matrix (A), the rate of transfer matrix (TIME0), and the forcing 

function vector (B). Input of transfer matrices (A and TIME0) is 

simplified by reading in I and J values that indicate the location of 

nonzero elements. The N + 1 row of the A matrix contains the 

parameters for losses from the system (at least one element of this row 

must be nonzero). 

These input values can either be read from a user data file or 

from input directly during execution (see Table B-2 for a sample data 

file). All values are accepted in free format with a row of zeros 

indicating the completion of data input. Specific input ordering is: 

I,J, A(I,J), TIME0 (I,J) values per record. For data file input, N 

forcing function values follow. The default values for the TIME0 

matrix and the B vector values are set such that TIME0(I,J) = 1.0 and 

B(l) = 1, B(i) = 0, i = 2,N. 

Program Options 

After initializing terminal type and desired position 

calculations, program control is transferred to the user. At this 

point, the user is asked t·or some command by the question 11 NEXT 

OPTION?" A suITTTiary of commands and their meanings is given (Table B-3) 

as a result of the user specifying the command L. 
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Table B-2. Sample data filea 

I J aij Tij 

Transfers: 5 1 0.2 1.0 
6 1 0.3 1.0 
5 2 0.3 1.0 
ll 2 0.3 1.0 
6 3 0.5 1.0 
7 4 0,4 l.O 
4 5 0.1 1.0 
7 5 0.1 1.0 
8 6 0.25 1.0 
5 6 0.25 1.0 
1 7 0.2 1.0 
5 8 0.4 1.0 

Respirations (losses): 9 1 0.5 1.0 
9 2 0.4 1.0 
9 3 0.5 1.0 
9 4 0.6 1.0 
9 5 0.8 1.0 
9 6 0.5 1.0 
9 7 0.8 1.0 
9 8 0.6 1..0 

arhis data file corresponds to the model in Fig. 1. 

.. 
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Table B-3. Sample computer session* 

.EX POSIT [6137,347] 
LINK: LOADING 
[LNKXCT POSIT EXECUTION] 

TERMINAL TYPE? (O LISTS) 
0 

1 --- TERMINAL WITH HARD COPY 
2 --- SCOPE TERMINAL 

TERMINAL TYPE? (O LISTS) 
1 

SUMMARY OF POSITION DEFINITIONS? 
Yes 

1 --- PROB. MOLECULE PASSES THRU A COMPARTMENT (PPTC) 
2 --- EXPECTED NUMBER OF PASSES FROM COMP. 1 TO N ( ENPTC.) 
3 --- TROPHIC DISTANCE BETWEEN COMP. 1 AND COMP. N (TD) 
4 --- MEAN TIME OF TRANSFER FROM COMP. 1 TO N (MTT) 
5 --- AVERAGE RECURRENCE TIME (FEEDBACK ONLY) (MRT) 
6 --- EFFECTIVE TROPHIC POSITION (ETP) 

NUMBER OF POSITION CALCULATIONS? ( 6 MAXIMUM) 
5 

POSITIONS TO BE CALCULATED? (SEPARATED BY COMMA) 
1, 2, 3, 4, 5 

NEXT OPTION? (L LISTS) 
L 

CP --- CHANGE WHICH POSITIONS ARE CALCULATED 
ZM --- ZERO MATRICES AND INPUT NEW PARAMETERS 
AM --- AUGMENT MATRIX AND/OR CORRECT EXISTING MATRIX 
CF --- CHANGE FORCING FUNCTION 
TM --- TYPE OUT MATRIX AND FORCING FUNCTION 

ORNL/TM-7379 
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Table B-3. (continued) 

CO --- CHANGE OUTPUT TYPE 
EX --- EXECUTE 
L --- LIST OPTIONS 
SD --- SAVE DATA IN USER DEFINED DATA FILE 
SS --- PRINT STEADY STATE VALUES 
PM --- CHANGE MINIM.JM PROBABILITY 
SP --- STOP PROGRAM 

NtXl OPTlON'! (L LISTS) 
ZM 

NUMBER OF COMPARTMENTS? 
8 

INPUT TYPE? (0 LISTS) 
0 

1 --- INPUT FROM DATA FILE 
2 --- INPUT FR~M TERMINAL 

INPUT TYPE? (0 LISTS) 

TIME MATRIX INPUT? (0 LISTS) 
0 

1 --- TIME MATRIX SET TO ONE 
2 --- INPUT TIME MATRIX 

TIME MATRIX INPUT? (0 LISTS) 
1 

A MATRIX OF MEAN TRANSFERS 
TYPE IN I, J, A VALUE SEPARATED BY COMMAS 
0, 0, 0 WILL STOP INPUT 
5 1 • 2 
6 1 .• 3 
9 1 • 5 
5 2 • ,3 
9 2 • 4 
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Table B-3. (continued) 

6 3 .5 
9 3 • 5 
7 4 • 4 
9 4 • 6 
4 5 .1 
7 5 • 1 
9 5 • 8 
8 6 • 25 
5 6 • 25 
9 6 •• 5 

1 7 • 2 
9 7 .8 
5 8 • 4 
9 8 • 6 
0 0 0 

NEXT OPTION? (L LISTS) 
TM 

... INPUT VALUES: 
1 J A VALUE T VALUE 
1 7 0.200000 1.000000 
4 2 0.300000 1.000000 
4 5 0.100000 1.000000 
5 1 0.200000 1.000000 
5 2 0.300000 1.000000 
5 6 0.250000 1.000000 
5 8 0.400000 1.000000 
6 1 0.300000 1.000000 
6 3 0.500000 1.000000 
7 2 0.400000 1.000000 
7 4 0.400000 1.000000 
7 5 0.100000 1.000000 
8 6 0.250000 1.000000 
9 1 0.500000 1.000000 
9 3 0.500000 1.000000 
9 4 0.600000 1.000000 
9 5 0.800000 1.000000 
9 6 0.500000 1.000000 
9 7 . 0.800000 1.000000 
9 8 0.600000 1.000000 
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Table B-3. (continued) 

FORCING FUNCTION: 
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

NEXT OPTION? (L LISTS) 
SS 

COMPARTMENT STEADY STATE 
1 1.00861360 
2 0.00000000 
3 0.00000000 
4 0.03076271 
5 0.30762713 
6 0.30258407 
7 0.04306780 
8 0.07564602 

NEXT OPTION? (L LISTS) 
EX 

COMP. NO. PPTC ENPTC TD MTT MRT 
1 1.0000 1.0736 1.0000 1.0000 1.0380 
2 0.0000 0.0000 0.0000 0.0000 0.0000 
J 0.0000 0.0000 0.0000 0.0000 0.0000 
4 0.0307 0.0327 3.6514 2.4872 3.4426 
5 0.3050 0.3274 2.6322 1.4426 2.6842 
6 0.3017 0.3221 2.0185 1.0183 3.9026 
7 0.0427 0.0458 3.9137 2.7283 3.2651 
8 0.0756 0.0805 3.2189 2.3998 4.2857 

NEXT OPTION? (L LISTS) 
SD 

OUTPUT DATA FILE? 
MDL.1 

NEXT OPTION? (L LISTS) 
SP 
STOP 
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Table B-3. (continued) 

END OF EXECUTION 
CPU TIME: 0.66 ELAPSED TIME: 3:53.20 
EXIT 

ORNL/TM-7379 

*This sample corresponds to the model in Fig. 1 and the parameters in 
Table A-2. 
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Input questions and responses are initiated by the cormnands ZM and 

AM. The ZM option causes the transfer matrices to be set to zero and 

then expects new data. The AM conmand is used to correct, delete, or 

add to existing matrix values. Current transfer matrix and forcing 

function values are typed for the user in response to TM. 

Forcing function values can be input or changed from the default 

value by typing CF. The SD option causes transfer matrices and forcing 

function values to be written in a user defined data file. 

After input is completed, a useful check for correctness is the 

calculation of steady state values (SS option) for the model. EX is 

the command which causes the position indices to be calculated and 

output. If necessary, POSIT provides a more detailed output (CO 

option) which results in the A, TIME0, and PROBA (probability matrix) 

matrices to be outputed for each position calculation. It should be 

noted that for scope terminals, a carriage return after each matrix 

output is necessary to continue execution. 

The option CP allows the user to change the positions that are 

calculated. SP concludes the terminal session by stopping execution. 

Program Limitations 

1. Underflow occurs when respiration values are zero. 

2. Overflow occurs on highly looped models. 

3. Data files are expected to have the extension DAT. 

4. Positions 3, 4, and 5 tend to execute very slowly if highly looped. 
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APPENDIX C 
Listing of POSIT 

ORNL/TM-7379 

Listing of the Fortran program which calculates the transfer 

probabilities, recurrence intervals, and positional indices for linear 

compartment models. 

1 
2 
3 
II 
5 
6 
7 
8 
9 

10 
11 
12 
13 
111 
15 
16 
17 
18 
19 
20 
21 
22 
23 
211 
25 
26 
27 
28 
29 
30 
31 
32 
33 
311 
'35 
36 
3'1 
38 
39 
110 
Ii 1 
112 
113 
1111 
115 
116 
117 
118 
ll'J 
50 
'51 
52 
53 
511 
55 
56 
57 
5e 
59 
60 
61 
62 
63 
611 
65 
66 
67 

c 

Il'IP!ICIT REAL•li(A-H,O-Z) 
LOGICAL INPUT 
DI .. ENSION A!'!OX(111,151,Z(151,POSIT(7,111) ,IPOS(71,SS(111) 
COl'l!ON/BLKT/Til'IE0(15,15),PROBl'IN 
CO!BON/BLKIND/INDEX(20) ,JNDEX(20) ,N 
COl'l!ON/BLKl'IAT/l ( 15, 15) ,B (151 
Dil'IENSION OPTION(12) ,IZERO(li) ,PTITLE(6),XX(2) 
DATA OPTION/'CP' ,'Zl'I' ,'Al! 1 , 1 CP','Tl'l','C0', 
'El','L •, 1 sD 1 ,•ss•.•p111, 1 sP'/ 
DATA !ZER0/0,0,0,0/ 
DATA PTITLE/ 1 PPTC 1 , 1 ENPTC',' TD'•' !!TT'•' l'IRT '•'ETP'/ 
DATA INPUT/.PALS!./ 

C TERl'IINAL TYPE --- ITERl'I 
C 1 --- NO ACCEPT COl'll'IANDS 
C 2 --- ACCEPT COl'll'IANDS 
c 
1 TYP! 5 
5 POR!AT( 1 0TERl!INAL TYPE? (0 LISTS)') 

ACCEPT 25,ANS 
Il'(ANS.EQ. 1 1 1 .0ll.ANS.!Q.'2') GO TO 8 
TYPE 7 

7 PORl'IAT( 1 01 --- TE!ll'IINAL WITH HA!lD COPY'/ 
' 2 --- SCOPE TE!ll'IINAL 1 ) 

GO 'IO 1 
8 ITEBll=2 

IP(ANS.EQ. 1 1') ITERl'l=1 
c 
C POSITION DEFINITIONS 
c 
100 TYPE 10 
10 POR!AT('OSUl'll'IARY OP POSITION DEFINITIONS?') 

ACCEPT 25,ANS 
25 POR!!AT(A1) 

IP(ANS.NE.'Y'l GO TO 30 
TYPE 20 

20 PORl'IAT('O 1 --- PROB. l'IOLECULE P~SSES THRO A COl'IPARTl'IENT (PPTC}'/ 
< EXPECTED NUl'IBER OP PASSES PRCl'I COl'IP.1 TO N (ENPTC) 1 / 

: TROPHIC DISTANCE lillTllEEN COl'IP. 1 AND con. N (TD) 1 / 

II l'IEAN TI ME OP TRANSFER PROll COl'IP. 1 TO N (PITT) 1 / 

AVERAGE RECURRENCE TI!!E (FEEDBACK ONLY) (l'IRT) 1 / 

E EFFECTIVE TROPHIC POSITION (ETP) ') 
30 TYPE 110 
110 PORl'IAT (1 0NUllBER OP POSITIO!i CALCULATICNS? (6 l'IAXI!!Ul'I) 'l 

ACCEPT •,NPOS 
IP(NPOS.GT.7.0R.NPOS.LT.1) GO TO 30 
TYPE 50 

50 PO~~AT( 1 0POSITIONS TO BE CALCULATED? (SEPERATED BY COlll'I~ 'l 
ACC:&PT *• (IPOS(K) ,K;;1,NJ>OS) 
GO 'IO 1000 

c 
C '1.P.110 A 1!I ATR tx 
c 
200 CON1INOE 
c 
C SET DEPAtLT VALUES 
c 

PBOE!IN=. 0001 
IOU'I=2 
B (1 )=1. DO 
DO 99 !=2, 111 

99 B(I)=O.DO 
INPUT=. TROE. 
DO 109 J=1,15 
DO 109 I= 1 , 1 Ii 
Til'IEO (I,J) =O. 

1U'J AllUJ(I,Ji =O. 
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68 
69 
70 
71 
72 
73 
711 
75 
"l6 
77 
"l8 
1q 
!10 
e1 
ll:.! 
1'3 
011 
85 
86 
R7 
88 
89 
90 
91 
92 
93 
911 
95 
96 
97 
98 
99 

100 
101 
102 
10 J 
1011 
10!1 
106 
107 
10R 
109 
110 
111 
11 '1 
, 13 
1111 
115 
116 
117 
, , t! 

119 
120 
121 
122 
12:1 
1211 
12": 
126 
127 
128 
129 
130 
131 
132 
133 
13Q 
135 
136 
137 
138 
139 
1"0 
1" 1 
1"2 
1Q3 ,.." 

110 

115 
120 

125 

c 
c TI!!E 
c 
ll I 
oz 

133 

13" 

c 
c DATA 
c 
126 
127 

128 

c 

48 

APPENDIX C (continued) 

TIP! 110 
POR!AT( 1 0NUllllER CP COl!PABTllENTS? 1 ) 

ACCEPT *• N 
TYPE 120 
POR~AT( 1 0INPUT TYPE 1 (0 LIST~ 1 ) 

&CCEPT 25,INP 
IF(INP .• EQ. 1 1 1 .0R.INP.EQ. 1 2 1 ) GO TO 131 
TYPE 125 
POR~AT( 1 01 --- INPUT PRO!! DATA PILE'/ 
' 2 --- INPUT PRO!! TERl!INAL') 
GO 'IO 115 

l!ATFIX INPUT OPTION 

TIP! 132 
ro11~AT('O'IIll1l IHTRIX J:NPU'l'? (0 l.lSTS) ,, 
ACr.liPT 25,T!NO 
IF('IINP.EQ. 1 1 1 .0R.TINP.E(;.'2') GO TO 1311 
TYPE 133 
FO~~Ail'01 --- Tiii~ llATH!X ~8T TO ONE 1 / 

' 2 --- INPUT Til!E 'IA'IRIXI i 
GO 'IO 131 
KTI P.E=1 
IP ('IINP.EQ. '2 1 ) KTillE=2 
IP(lNP.EQ. 1 2') GO TO 300 

PILE INPUT 

TYPE 127 
POR!AT('OINPUT DATA PILE?') 
lCC!PT ·128,1'1UI! 
FOR P.AT (A 10) 
OPE~(ONIT=25,ACCESS='SEQIN',FILE=PNAI!) 
llJN lT=i5 
GO 'IO 1"0 

C INPOT A llATRIX 
c 
300 .IUNIT=5 

IP(RTillE.EQ.1) TYP!l 129 
129 l'Ol!P.n I 1 0 A II ATR II OP !!EA N TRA NSPEBS 'I 

' TYPE IN I, J, A VALUE SEPERATED BY COHHlS 1 / 

I Q,Q,n VTTT ~TnP TNPnT•) 
IP(llTil!f..RQ.2) TYPE 1JO 

130 PORftATl'OA !!~TRIX OP l!EAN TRANSFERS AND Til!E llATRIX'/ 
' TYPE IN r. J, A VALUE, T VALUE sePERlTED BY C088AS'/ 
1 0,0,0,0 WILL STOP INPUT') 

1"0 REH(IUNIT,•) J,I, (XX(K) ,K=1,KTillE) 
Tl'(l.T.E.O .• OR,J,LE,Ql GQ 'l'Q 1~0 
T:PHO (J+1, I+1)=1.0 
I? (llTil1!!:. !!:Q. 2) YI!l!!:O (1H1 ,I '1j •Ii! (2) 
A!ltl J (I ,J) =XX ( 1) 
t;O 'IO ll!Q 

150 Il'(IUNIT.EQ.25) READ(IUNIT,•,END=151) (B(I),I=l,11) 
151 llN=\1+1 

GQ 'lr;l 1000 
c 
C INPUT fOFCING fUNCTION 
c 
"00 TYPE 135 
135 POR!AT( 1 0PORCillG FUNCTION (NCOllP VALUES)') 

ACCEPT •, (8 (I) ,I=l, II) 
GO 'IO 1000 

c 
C TYPE OUT AUGl!ENTED ~ATRIX 

c 
500 TYPE 160 
160 PORP.AT('OINPUT VALUES:'//' I',2!,' J'•"X, 

! VALUE ',llX,'T VALUE. 'I 
IPOF!l=O 
DO 163 J=1,NN 
DO 163 I=1, N 
IP (ABS (AllUX (I ,J)). LT. 1000. AND. ABS (Til!EO (J·+ 1, I+ 1)) • LT. 1000) 
GO 'IO 163 
IPOFll=l 
GO 'IO 16" 

163 CON'JillOE 



145 
1116 
1117 
1118 
1119 
150 
151 
152 
1 '53 
154 
1'55 
156 
157 
1 !: fl 
159 
160 
161 
162 
163 
1611 
16!: 
166 
167 
168 
169 
no 
171 
172 
173 
1711 
175 
1'16 
177 
178 
179 
HO 
181 
182 
183 
1!!4 
185 
186 
18"1 
188 
189 
190 
191 
192 
193 
1911 
195 
196 
19"1 
198 
199 
200 
201 
202 
203 
2011 
205 
i06 
207 
2oe 
209 
210 
211 
212 
213 
2111 
; 1 !: 
21E 
21? 
218 
219 
220 
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APPENDIX C (continued) 

1611 DO 165 J=1,NN 
DO 165 I=1, N 
IP(Al!UX(I,J).EQ.O.) t;OTO 165 

ORNL/TM-7379 

IP (IPORI!. EQ.0) TYP! 155,J, I,Al!UX (I,J) ,Til!EO (J+1,I+1) 
155 PORP.TIT(' •,2(I2,2X) ,2(P12.6,2X)) 

IP(IPORI!. EQ.1) TYPE 156,J, I,Al!UX(I,J) ,Til!EO(J+1,I+1) 
156 PORl!AT (' 1 , 2 (I2 ,2X), 2 (E12. 6, 2Xl l 
16 5 CON 'IINUE 
c 
C TYPE OUT FORCING FUNCTION 
c 

TYPE 166, (B (I) ,I=1, N) 
166 POR!AT(// 1 0PORCING FUNCTION:'/(' 1 ,8P10.ll)) 

GO 'IO 1000 
c 
C OU'!PUT T lPB7 
c 
600 TYPE 180 
180 FORl!AT ('OOUTPUT? (0 LISTS TYPES) 'l 

ACCEPT 25,ANS 
IP(ANS.EQ. 1 1 1 .0R.ANS.EQ. 1 2 1 ) GO TO 191 
TYPE 190 

190 PORl!AT( 1 01 --- FULL OUTPUT'/ 
1 2 --- SUl!l!ARY OP POSITION VALUES') 
GO 'IO 600 

191 IOU'I=1 

c 

IP (AllS.EQ. '2 1 ) IOUT=2 
GO 'IO 1000 

C EXECUTION 
c 
c 
C SET A VAlUES TO Al!UX VALOES 
c 
700 DO 167 I=1,ll 

DO 167 J= 1, NN 
167 A(I,J)=Al!OX(I,J) 
c 
C CALCULATE A DIAGONAL VALUES 
c 

DO 1"10 I=1,ll 
DO 170 J=l,NN 
IP(l.EQ.J) GO TO 170 
A(I,I)=A(I,I)-Ti(I,J) 

170 COll'IINOE 
c 
C CHECK IP RESPIRATION VALUES ABE ZERO 
c 

DO 171 I= 1, N 
Tl'(n(I,I) .NP:.O.l GO TO 171 
TYPE 172,I 

172 FOBl!AT( 1 0NO RESPIRATION LOSS FROM COl!PARTl!ENT 1 ,I;/ 
' VALUE SET TO ONE') 
A(I,I)=1. 

171 CON'IINUE 
DO ;so K=l,NPOS 
IP(IOUT.EQ.2) t;O TO 236 
TYPE 210,IPOS(K) 

210 FORl!AT ( 1 0EX1!CUTION OP POSITION ROUTINE ',Il) 
TYPE 220 

220 l"OR!TiT( 1 0A l!ATBIX ') 
DO ao I= 1, II 

230 TY PE 235, (A (I ,J) , J= 1, N) 
2J s eon ~AT ( • •. 1 OF1 o. 111 

IP ( ITERI!. EQ. 2) ACCEPT 2 5, A NS 
236 IP(IPOS(K).EQ.1) CALL POSITl(Z,IOUT,ITER~ 

IP(IPOS(K).EQ.2) CALL POSI'I2(Z,IOOT,ITEB~ 

IF(IPOS(K).EQ.3) CALL POSIT3(Z,IOOT,ITEB~) 
IP (IPOS (Kl • EQ.11) CA LL POSIT II (Z, IOIJT, ITEBI!) 
IP(IPOS(K).EQ.5) CALL POSIT5(Z,IOOT,IT1!RI!) 
IP(lPOS(K).EQ.6) CALL POSIT6(Z,IOOT,IT!RI!) 
DO ~110 I=1, N 

2110 POSIT(K,I)=Z(I) 
250 CON'IINUE 
c 
C PRINT BE~ULTS 
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421 
222 
223 
22Q 
22!: 
226 
227 
22e 
229 
230 
231 
232 
233 
23Q 
235 
236 
237 
23e 
239 
240 
:llf 1 
~42 
243 
244 
245 
246 
247 
;qe 
249 
250 
251 
252 
253 
2511 
255 
2~6 
257 
2S9 
2~') 

260 
:C6, 
;f\? 
263 
2611 
265 
266 
281 
268 
269 
<70 
271 
:ll:.! 
273 
27'+ 
27!: 
276 
27i 
:i"ll! 
279 
280 
281 
282 
283 
2e11 
28!: 
2e6 
28"7 
;ea 
289 
290 
:;91 
492 
293 
2911 
295 
::<96 
297 
29e 
299 

c 

260 

265 
269 

2eo 

285 
270 
c 

50 

APPENDIX C (continued) 

TYPE 260, (PTITLE(IPOS(~),K=1,NPO~ 
PORl!lT(/// 1 0 1 , 1 COllP. NO. 1 ,7(2X,A5,2X)) 
IPOEll=O 
DO :i65 I= 1, N 
DO :;65 K=1,NPOS 
IP(lBS(POSIT(K,I)).LT.1000.) GO TO 265 
IPOFl!=1 
GO 10 269 
CON"IINUE 
DO :;70 I=1,N 
IF(IPORl!.EQ.0) TYPE 2eO,I, (POSIT(K,I) ,K=l,NPOS) 
PORP.AT('0',4X,I2,3X,7P9.4) 
IP (lPORll. EQ. 1) TYPE 2 e5,I, (POSIT (K,I) ,K= 1, NPOS) 
PORP.AT(i0•~4X,I2,3X,7E9~3) . . 
CONUNUE 

C NEXT OPTION? 
e 
1000 
1010 

ea 

1020 

1011 

1012 

1013 

1014 
000 
801 

c 

TYPE 1010 
Pl)lll!lT ('OllEX'I OPTJO!I ? (!, U'.~'I'<;) 'I 
lCCllPT OO;OPT 
PORllAT(A5) 
DO 1020 I=1, 12 
IP(CPT.EQ.OPTION(I)) GO TO 1012 
TYPE 1011,0PT 
PORl!lT( 1 0 1 ,A2, 1 IS lN ILLEGAL OPTION') 
GO 'IO 1000 
IP (INPUT) GO TO 1014 
IP(l.P.Q.2.0R.I.EQ.1.0R.I.EQ.6.0R.I.EQ,8.0R.I.EQ.11.0R.I.EQ.12) 

GO TO 10 111 
TYPE 1013 
POBll1T( 1 011ATRIX HAS NOT BEEN INPUT --- TYPE ZI! TO INPUT') 
GO 'IO 1000 
GO TO (100,200,300,400,500,600,700,eOO,e50,e75,899,900),I 
TYPE 001 
PORll1T( 1 0CP --- CHANGE WHICH POSITIONS ARE CALCULATED'/ 
1 Z" ZERO MlTRICES AND INPUT NEW PARAllETERS'/ 
• u l\UG llBNT 111\'l'n IX llllD/OD conn liC'I' l!XIET:tilG to.TRIX'/ 
• CP CHANGE FORCING FUNCTION 1 / 

' Tl! TYPE OUT llATRIX AND FORCING FUNCTION'/ 
' CC CHANGE OOTPOT TYPE'/ 
1 E1 EXECUTE'/ 
1 L LIST OPTIONS'/ 
1 SU SAYE UATA lN USEH UEPlNEU UATA tlLE'/ 
1 SS PRINT STEADY STAT! VALUES'/ 
• PA CRANGD MINIMUM rnon. rnon J TO J rnon .0001•1 
1 SE STOP PRO~RAI!') 
GO 'IO 1000 

C OPTION TC SAYE A ftATlllX L~ DAtk lILE 

e50 TYPE e51 
e51 FOR!AT('OOUTPUT DATA PILE?') 

icc!P1' 121l,Pto.ll 
OPE5(UNIT=26,1CCESS='SEQOUT 1 ,PILE=PllA~ 
DO €60 J=1,NN 
CJO !!50 I=l,'(11 
tp(Al!UX(I.J).EQ.O.) GO TO e60 
1111I·1E(2!5,'155) J,I,Al!tlX(I,J) ,TIM~O (J•1,Ii1) 

e55 PORP.AT(2(I2,2X),2(E20.15,2X)) 
e60 COll'IINUE 

ll'RI'll'! (26, e56) !ZERO 
e56 FORllAT (4I2) 

11R!'IE(26,857) (B(I),I=1,ll) 
857 FOU1T(6(E12.6,1X)) 

c 

CL05E (UNIT•26 1 ACCE55=' SEQOOT' .FJ:t.l!=PNA!!) 
GO 'IO 1000 

C CALCULATE AND PRINT STEADY STATE VALUES 
c 
e75 DO e7 6 I= 1, N 

SS (I) =-B (I) 
DO €76 J=1,NN 

e76 A (J ,I) =A!!tlX (I ,J) 
DO e77 I= 1, N 
A (I ,I) =O. 
DO E77 J=1,NN 
IP(J.EQ.J) GO TO e11 



300 
301 
302 
303 
30Q 
305 
306 
307 
308 
309 
310 
311 
312 
313 
31Q 
315 
316 
317 
318 
319 
320 
321 
::22 
::23 
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APPENDIX C (continued) 

A(I,I)=A(I,I)-A (J,I) 
877 COH'IIKOE 

CALI D"ATEQ(l,SS,N,1,15) 
IPO Fl!=O 
DO E?8 I=1,N 
IP(ABS(SS(I)).LT.1000.) GO TO 878 
IPORI!= 1 
GO 'IO 8?9 

878 CON'IINUE 
879 IP(IPORl!.EQ.0) TYPE 880,(I,SS(I),I=l,H) 
880 PORP.AT( 1 0CCl!PARTl!ENT 1 ,6X, 1 STEADY STAT!'/ 

(5X,I2,11J,F12.8)) 
IP (IPORI!. EQ. 1) TYPE 1!81, (I,SS (II , I= 1, N) 

881 PORl!AT(5X,I2,11X,E12.E) 
GO 'IO 1000 

c 
C CHANGE PROBABILITY l!INil!UI! FOB .0001 
c 
899 
880 

900 

TYP! 888 
POR !AT ( 1 0 PBOBABI LITY 
ACCEPT •, PROBl!H 
GO 'IO 1000 
STOF 
END 

l!INII! 01!7 'I 

ORNL/TM-7379 
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1 
2 
3 
4 
5 
6 
"7 

8 
9 

10 
11 
12 
13 
111 
15 
16 
n 
18 
19 
20 
21 
22 
23 
24 
25 
2E 
21 
28 
29 
30 
31 
32 
33 
34 
35 
3" 
31 
38 
~'I 

40 
q1 
•q 
Q3 
44 
45 
46 
47 
q9 
49 
50 
!: 1 
ll:l 
!:3 
51! 
55 
!!6 
57 
5e 
'i9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
i1 
72 
73 
74 
75 
'76 

52 

APPENDIX C (continued) 

SUBROUTINE POSIT1(P1,IOUT,ITER~ 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c • 
C POSIT1 CALCULATES THE PROBABILITY A l!OLECULE PASSES * 
C THROUGH A COl!PARTl!EN1 --- PP1C * 
c • 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

Il!PlICIT Rl!AL•4(A-R,O-Z) 
Dil!ENSION P1 (15) 
COi! l!ON/BLK1/P (15) •PRO BA (15, 15) • P (15 0 .15) ,PP (15, 15) 
COl!!ON/BLKl!AT/ A (15,15),B(15) 
COl!!ON/BLKIND/ INDEX(20),JNDEX(20),N 

C INITIALIZE PROBABILITY ~ATRIX AND FORCING PONCTION 
c 

NN=N+ 1 
c 
c NORl!ALIZ! FORCING POllC!ION 9 
c 

SUl!•O. 
DU ~U != 1 • N 

50 SUl!=SUl!+B (I) 
DO ~1 I=1,N 

51 P(I)=-B(I)/SOI! 
F(Nll)=O. 
IP(IOUT.EQ.2) GO TO 53 
TYPE 52, (F(I) ,I=1,N) 

52 FORP.AT (1 0PORCING FUNCTION VALUES 1 /1H ,8P10. 3) 
IP(ITBRl!.EQ.2) ACCEPT 101,ANS 

53 DO 300 KK=1,NN 
DO ~ I=1, llll 
P1 (I) =O. DO 
PROEA(I,I)=-1.DO 

5 CON1INUE 
E-1 (~K)-=-1.DO 

c 
C NORl!ALIZ! A TO FOR!! PROB. HATRtX 

DO 10 I= 1, N 
nn 10 .1= 1, N 
!~(l.RQ.J) Gn Tn 10 
PROfA(J,I)=A(I,J)/(•A(I,I)) 

10 CON1INUE 
IF (KK.NE. 1.0R.IOOT. EQ.2) GO TO 201 
TYPE 199 

199 PORl!AT (' OPROBA l!ATRIX 1 ) 

DO 200 I=1, N 
TYPE 100, (PROBA (I,J) ,J=1,N) 

100 POlleAT(' 1
0 8PIO.q) 

:.!UO CUN'llNUI! 
T1'(1'1'1':R1'!.1':Q.1.) JICC'l!:PT 101,l!f:l 

101 FOBP.AT (115) 
201 CON1IllUE 

II." jltK. !Q. Niii (;0 TO 301 
c 
C SOLVE POF POSITION BY SOLVING EQN. PBOBA•P1=-F 

CA11 Dl!ATEQ(PROEA,P1,N,1,15) 
l: 
C TYPE OUT ORIGINAL STEADY S1ATE 
c 
C IP (KK.EQ.1) TYPE 245,P1 
245 FORP.AT( 1 00RIGINAL STEADY STATE VALUES: 1 /1H ,14F10.4) 

DO ~so I= 1, ll 
250 P (KR, I) =P 1 (I) 
300 CON'lINUB 
301 CALI Dl!ATEQ(PROBA,P,N,1,15) 
C TYPE 52, (P(I) ,I=1,N) 
c 
C CALCULATE POSITION 
c 

DO 250 I=1,N 
350 P1 (l)=F.(I)/P(I,I) 

RETURN 
!!ND 



1 
2 
3 
II 
5 
6 
1 

8 
9 

10 
11 
12 
13 
111 
15 
16 
11 
1e 
19 
20 
21 
22 
23 
211 
25 
26 
21 
28 
29 
30 
31 
32 
33 
311 
35 
36 
31 
38 
39 
110 
111 
112 
113 
1111 
115 
116 
117 
118 
119 
'.;0 
51 
52 
53 
511 
55 
56 
57 
5e 
59 
60 
61 
62 
63 
611 
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APPENDIX C (continued) 

POHCtION D"ATEQ(A,B,III,JJJ,ID) 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c • 
C DftATEQ IS A SUBROUTINE TO SOLVE THE SYSTEft A•X=B. * 
C A WRITE UP "AY BE POUND IN CTC-39 ~ESTLEY AND WATTS 1970). * 
c • 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

REAl*ll A,B,R,S,D 
DI"EN~ION A(ID,1) ,B(ID,1) 
KK=III 
NV=IUS (JJJI 
D=1. 
IP(JJJ.LT.0) D=O. 
KK"=KK-1 
DO 90 I=1,KK" 
S=O. 
DC 10 J=I,KK 
R=ABS (A (J, I)) 
IP(R.IT.S)GO TO 10 
S=R 
L=J 

10 CORTINUE 
IP (L. !Q. l) GO TO 50 
DO 20 J=I,KK 
S=A(I,J) 
A (I,J)=A (L,J) 
A (L, J)=S 

20 CONTINUE 
IP(RV.LE.01 GO TO 110 
DO 30 J=1,!IV 
S=B (I ,J) 
B (I,J)='B (J.,J) 

30 B (L,J)=S 
110 D=-D 
50 IP (A (I, I). EQ. O.) GO TO 90 

I PO= I+1 
DO 80 J=IPO,KK 
IP(A(J,I).EQ.0.0) GO TO 80 
S=A (J,I) /A (I,I) 
A (J, I) =O. 
DC 60 K=IPO,KK 

60 A (J, K)=A (.J, K) -A (I• K) •S 
!P (RV .LE. 0) GO TO 80 
DC 70 K•1,NV 

10 B (J,K)=B (J, K)-B (I, Kl •S 
80 CONTHUE 
90 CONTillUE 

00 100 I=1, KK. 
100 D=D•A (I,I) 

IP(NV.I.B.0) GO TO no 
K!!O=KR- 1 
DO 1~0 K=1,NV 
B (KK, II) =B (KK,K) /A (KK, KK) 
DO 120 I=1, ll!!C 
ll=KK-1 
DO 11C J=N,K!!O 
B (N, Kl =B (N, K) -A (N • J+ 1 I* 'I! (J+ 1, K) 

110 CONTINUE 
B (N, Kl=B (N, K) /A (N, R) 

120 CONTUUE 
99 COllTUU!! 

130 D!llTEC=D 
RETUR!i 

i!ND 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
111 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2!: 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
J7 
38 
3'! 
"o , ... 
1'2 
q3 
"4 
4!: 
46 
47 
118 
"9 c;n 
51 
~:.! 
53 
sq 
55 
56 
~p 

!:8 
5? 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
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APPENDIX C (continued) 

SUB fOIJTINE POSIT2 (P, IOUT, I'IER !!) 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c • 
C POSIT2 CALCULATES THE NU!IBER OP PASSES PRO!! • 
C COl!PARTllEllT 1 TO CO!IPART!IBNT II • 
c • 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

IftPlICIT BEAL*4(A-H,O-Z) 
BEA1•4 P(15) 
CO!! !1011/BLK 1/PP (15) , PROB A (15, 15), lllJRK1 (15, 15) , llORK2 (15, 15) 
COl!!ON/BLK!IAT/ A(15,15),B(15) 
CO!lftON/BLKIND/ INDEX(20),JllDEX(20),N 
COi! 11011/BLKT/Til!EO (14, 15) ,PROB !IN 

C NOR!ULIZ! FORCING PIJNCTION 
c 

l'::JU!l•O• 
L'O 1 I=1,ll 
PSIJll=PSU!l+B (I) 
DO 2 I= 1, II 
P~oe1<t+1.11=e<111Pso11 

2 llORK2(I+1,1)=PROBA(I+1,1) 
NII= 11+ 1 
DO ~ 1=1,llN 
P(I)=O.DO 
PROU (I, I) =O. DO 
llOR!l2 (I,I)=O. DO 

5 CON'JINUE 
c 
C PROBA IS THE NORl!ALIZED A !IATRI! 
C WITH TRE DIAGONAL ELE!IENTS ZERO 
c 

10 

199 

200 
100 

101 
c 
c PIND 
r 
14 

15 

DO 10 I=1,N 
DO 10 J= 1, N 
lfll.eQ,Jl GQ TO 10 
PROEA(J+1,I+1)=A(I,J)/(-A(I,Ill 
llOR!l2(J+1,I+1)=PROBA(J•1,I•1) 
CON'JINIJE 
NN•NH 
IP ( IOUT. EQ. 2) GO TO 1 q 
TTP!' 19') 
?OR!ATl'OP!!OBA !IATRIX'l' 
DO :.100 1=1 1 1111 
'Ht'E 100, (PROBll (I,Jl ,J=1,Mll) 
POllP.AT (' ', B'P10. II) 
If II'n!!!!!. EQ. 21 ACCEPT 10 1, ANS 
POR!AT (AS) 

LERGTBS OP PATHWAYS 

PllU=1. 
GO 'IO 301 
00 42 I=1,llll 
l.'IO :iO K=1, ll!I 
llOR112 (I, K) =O. DO 
DO .20 3=1, NN 

20 llQRK;? (J;,K)=llORK2 (I,K) +llORK1 (I,J) *PROBA(J,K) 
c 
C A llON~~R~ DIAGONAL ELEllENT INDICllTES A LC09 
c 

IP (liORK2 (I,II .EQ .• O.DO) GO TO 22 
P!!U=Al!IN1 (PllIN ,llORK2 (I, I)) 

22 COR'IINUE 
c 
C STORE PRCB. PRO!! COl!PABTl!ENT 1 TO II 
C WITH LENGTH STEPNO 
c 
301 ICH!CK=O 

DO 45 I=1,NN 
.IP(li0RK2(I,1).EQ.0.) GO 'IO 25 

ICHECK=1 
P(I)=P(!)+liORK2(I,1) 

25 COR'IINUE 

c 

.Jp (ICHECK. EQ. 0) GO TO 35 
IP(f!Ull.LT.PROBl!ll) GO TO 35 



"'I? 
78 
79 
80 
81 
82 
83 
811 
85 
86 
87 
88 
89 
90 
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APPEND.IX C (continued) 

C RESET WOEK1 ARRAY 
c 

DO ~O I=1,NN 
DO ;o J=1 • NN 

30 llOBK1 (I,J)=llORK2 (I,J) 
GO 10 15 

c 
C NUftBIR OF STEPS EXHAUSTED 
c 
35 

110 

DOQOI=1,N 
P (I).=P (I+ 1) 
CON'IINUE 
RETURN 
END 
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1 
2 

q 

5 
6 
1 
8 
9 

10 
11 
12 
13 
111 
1 '5 
16 
17 
19 
1 C) 

20 
21 
22 
23 
211 
25 
26 
27 
28 
n 
30 
31 
32 
33 
311 
JS 
36 
'j'I 

38 
39 
QO 
Cl 1 
112 
43 
Iii! 
q~ 

Q6 
q7 
q9 
49 
!}() 

~1 
~2 
53 
!Ill 
55 
~6 
57 
58 
S'J 
60. 
61 
62 
63 
64 
65 
66 
67 
68 
69 
'70 
71 
72 
73 
14 
'75 
76 
11 
18 
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APPENDIX C (continued) 

SUBliOUTI!IE POSIT3(P,IOUT,ITER!!) 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c • 
C POSIT3 CALCULATES THE.TROPHIC DISTANCE BETllEE!I • 
C CO!!PART!E!IT 1 A!ID CO!!PART!!ENT ll --- TD . • 
c • 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

I!!PlICIT BEU•Q (A-B,O-Z) 
REA 1•4 P ( 15) 
CO!!l!ON/BLK1/PP(15),PROBA(15,15),WORK1(15,15),WORK2(15,15) 
CO!!l!ON/BLK!!AT/ A(15,15) ,8(15) 
CO!!l!ON/BLKIND/ IllDEX(20) ,JNDEX(20),N 
CO!!!ON/BLKT/Tl!!E0(15,15),PROB!!ll 

C NOB!!ALIZE PORCING FUCTIOR 
c 

i'SOl'=O. 
DO 1 1"11U 
f'.SUl!=PSU!!+B(I) 
DO :i I= 1, ll 

2 PBOEA(I+1,1)=B(I)/PSU!! 
c 
C CALCULATE PROBA --- ROR!!ALIZED A !!ATRI! 
c 

llll= N+ 1 
DO 10 1•1 • llN 
P(I)=O. 
PP (I) =O. 

10 PROEA~,I)=O.DO 

111 

199 

200 
100 

101 
1111 
c 
c PJND 
i: 

DO 111 I=1,N 
DO 111 J= 1, ll 
IP(I.EQ.J) GO TO 111 
PBOEA(J+1,I+1)=A(I,J)/(-A(I,I)) 
CON'IINOE 
TP(TnnT.RQ.7.) r,o TO 114 
TYPE 199 
FO!!AT('OPnODA !!ATDII') 
DO :iOO I= 1 • llll 
TYPE 100, (PROBA (I,.J) ,.1=1 ,RN) 
l'O B l!A T (. . I • 8F10. q) 
IP(ITEH!!.~~.21 ACCt~T 101,AKS 
PORllAT (A~). . 
CO!l'IINOE 

LENGTHS OP PATijllAYS 

DO 1000 NCO!!P=2,llN 
DO ~99 I=1,!IN 
DO 999 J=1,llll 

')')') llOIUJ (l, J) "'Plill'.l\IA I!,.~) 
Pl!:n;1. 
$UfN0=1. DO 
GO 'IO 301 

21 ~TUfUO .. ~TTifNOt1,DO 
DO :i2 I=1.Nll 
DO :iO K= 1, llN 
llORn(T,l\');;O.nO 
DO .iO J=1,NN 

JO 110!!117(T,K)'!'ll01!1!1.(I;K) •wonK1(I.Jl•t'RQU(J,K) 
c 
C A llONZERC DIAGONAL ELE!!EllT INDICATES A LCOP 
c 

IF (I. EQ. NCO!!P) WORK2 (I,I) =O. 
IF(llORK2(I 1 I) .EQ.O.DO) GO TO 22 
P!!Ii=A!!Ill1 (P!!IN,llORK2 (I, I)) 

22 COll'I;CllUE 
c 
C STO~E PROB. PRO!! CO!!PART!!ENT 1 TO N 
C WITH IE!IGTH STRPNO 
c 
301 ICR!CK=O 

DO 25 I=1,NN 
IF (tiORK2(I,1) .EQ.O.) GO TO 25 
IC HECK= 1 
IF(l.!IE.NCO!!P) GO TO 25 
P(I)=P(I)+llORK2 (I,1)*STEPNC 
PP(I)=PP(I)+WORK2(I,1) 

25 CON 'II NOE 

.• 



19 
00 
81 
82 
e3 
811 
es 

.86 
87 
ee 
89 
90 
91 
c;2 
93 
911 
95 
96 
97 
98 
99 

100 

c 

57 

APPENDIX C (continued) 

IP(ICRECK.EQ.~ GO TD 1000 
IP(ESIN.LT.PROS"NI G~ TO 1000 

C RESET WOEK1 ARRAY 
c 
28 

30 

1000 
c 

DO ~O I= 1, NN 
DO 20 J=1,NN 
l!OBR1 (I,J) =l!CllK2 (I, J) 

. GO 'IO 21 
CON'IINUE 

C NU"B!R OF STEPS EXHAUSTED 
C CAlCULAT! POSITION 
c 

DO 110 1=1,N 
IP(tP(I+1).EQ.0.) ~OTO 39 
P(I)=P (I+1) /PP(I+l) 
GO 10 110 

39 P(I)=O. 
110 CON'IINUE 

BET URN 
END 

ORNL/TM-7379 
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i8 
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,0 
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2Q 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
~1 
31! 
39 
QO 
41 
Q2 
43 
411 
45 
~6 
47 
48 
49 
'.iO 
51 
52 
53 
511 
55 
56 
57 
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62 
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711 
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APPENDIX C (continued) 

SOB liOOTINE POSIT 4 (P •I OUT• ITER I!) 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c • 
C POSITll CALCULATES THE !!EAR TRARSPER TillE PRO!! • 
C COllEARTllERT I TO. J --- !ITT • 
c • 
c••••••••••••••••••••••••••••••••• .. ••••••••••••••••••••••••• 

c 

IllPlICIT R!AL•ll(A-8,0-Z) 
COlll!OR/BLKT/TillE(15,15),PROBllR 
COlll'ON/BUllAT/A ( 15, 15)·, B (15) 
COllllOR/~LKIND/INDEX(20),JRDEX(20) ,NC 
COlll!Otf/BLKllTT/ PROB (15,15) ,TillEO (15,15) ,WORK1 (15.15,100), 
WOR!l2 (15, 15, 1 00) ,TillE.1(15,15, 100) ,TillE2 (15, 15, 1 00) , 
NA2 115, 15), RA 1 ( 15, 15) , TI 0 (15, 15) , TI 1 ( 15, 15) , 
PP (15), PROD A ( 15, 15) 
DillERSION P(15) 

C lfOllll llLI 7:! l'OllCI !IC! l'O llCTIOtl 
c 

RR=ic+ 1 
rau11-o. 
DO 1 I= 1, NC 

1 PSOll=PSUll+8(I) 
c 
C CALCOLAT! PROBA --- RORllALIZED A llATRIJ 
c 

DO 10 I=1,NN 
PP(I)=O. 
P(I)=O. 
DO 10 J= 1, lfR 

10 PROEA(I,J)=O. 
DO 111 I=1,NC 
DO 111 J= 1, RC 
IP(I.EQ.J.OR.A(I,I).EQ.O.) GO TO 111 
PRO U (J+ 1; ! + 1) :I n, .1) / (- l (T, T)) 

111 CONTINUE 
c 
C ADD COllPARTllERT 1 AS A DUllllY CO~PARTllE~T 
c 

DO 11 I= 1, RC 
PRO!A(I•1,1)=B(I)/PSUll 
Tiit! (I•l, 1) =PRO BA (I+ 1, 1) 

11 CONTINUE 
c 
C IlfITIALI2E VALUES 
c 

DO 13 I=l,NR 
PP (II =PROU (I, 1) 

13 P(I)=PROBA(I,1)*TillE(I,1) 
&Ill\ 11-0. 
DO 1000 NCOllP=2;NN 

c 
C TAKE OUT ALL LINKS AWAY PRC!! COllPARTllENT 
c 

17 

tee 
187 

12 
c· 

DO 17 I= 1, lfR 
DO 17 J=l,NN 
PROB(I,J)•PRODA(I,J) 
Till!O(I,J)=TillE(I,J) 
lY(J.Hg. I~ ~l~IO(I,J)=TillW0~.3)/(-~(~-1,~-1)) 
IP(J.NE.NCOllP) GO TO 17 
PRO!! (I,J) =O 
Till!O (I,J) =O. 
COR'ltNO!l 
IP(IOUT.EQ.2) GO TO 1eee 
TYPE 187, ((PROB(I,J) ,J=1,NN),I=1,NN) 
TYPF 1RR, ((TillEO(I,J) ,J=1,NNI ~I=1.Nlll 
PORllAT(' TillB0'/( 1 · 1 ,7F6.1)) 
PORl!AT( 1 PROB 1/( 1 1 , 7F6.1)) 
IP(ITERll.EQ.2) ACCEPT 12,llNS 
PORl!AT(Al) 

C CALCULATE TIO 
c 
1888 DO 18 I= 1, NH 

DO 18 J= 1, NH 
llA2 CI,J) =O 



17. 
18 
19 
130 
el 
82 
83 
811 
85 
86 
81 
BB 
89 
90 
91 
92 
93 
911 
95 
96 
97 
98 
99 

100 
10 1 
102 
103 
1oq 
10'5 
106 
101 
108 
109 

-'< 110 
111 
112 
113 
11" 
11'5 
116 
1i7 
11e 
119 
120 
121 
122 
123 
1211 
,,, 'i 

126 
121 
129 
129 
130 
131 
132 
133 
1311 
135 
13~ 
131 
138 
1J9 
1"0 
1111 
1112 
1113 
Ull 
111'5 
1116 
1111 
1" 8 
1119 
1 '50 
151 
1'52 

59 

APPENDIX c (continued) 

TI 0 41 • J) = 0. 
Il'('II!'IM(I.J).EQ.O.I GO 'IO 18 
TI 0 II• J) = 1. 0 
Nl2 (I ,JI =1 

18 CON'IIHUE 
c 
C ST lRT PRCCESS 
c 

'P!II!l=1.0 
STEtN0=1. 
DO. 19 1=1.NN 
DO 19 J=1.HN 
TI!'IE2(I.J,1) =Til!EO (I. J) 

19 WORR2(I.J,1)=PROE(I.J) 
GO 'IO 301 

100 STEtNO=STEPN0+1. 
SJUJ=A!'IA'IC1 (Sl!U,STEPNOI 
IP(lOOT.EQ.1) TYPE 101.STEPNO.!ICOl!P 

101 l'ORllAT(' STEPN0=·',1'5.0,• HCOl!P='.15) 
c 
C l!OLTIPLY A 
c 

DO ~00 I= 1, NN 
DO· :<99 K= 1. NH 
Nl2 (I,K)=O 
VORK2 (I, K, 1) =O. 
TI l!E2 (I, K.11 =O. 
DO :<O J=1,NN 
N=HA1 (J,KI 
Il'(ll.EQ.O) GO TO 20 
TE l!U=PROB (I, J) •VORK1 (J • K, H) 
IF ('IE!'IPA. EQ. O. l GO TO 20 
11' (11. EQ.1) GO TO 16 
111!1=N-1 
DO 15 L=1,Nl!1 
Il'(Nl.GT.300) GO TO 998 
Nl=!ll2 (I, K) +L 

15 voan11.K.Nll=WOliK1(J,K,l) 
16 NA=~A2(I,K)+N 

Il'(!ll.GT.300) GO TO 998 
WOR~2(I.K.HA)=TE!IPA 
NA2(I,K)=NA 

20 CON UN OE 
c 
C J'IOLTIPLY T 
c 

HT=C 
DO 25 J= 1 • NN 
T1='IIO (I, J) *TI!IE1 (J. K.11 
T2='It~20(I.J)•TI1~ 1 ~) 
11' ('I1. EQ. O. AND. T2. EQ. 01 GO TO 35 
N1=U1 (J, K) 
Il'U1.EQ.1) GO TO 311 
DO :;3 L=2.ll1 

33 TillE2(I,K,NT+Ll=Til'IE1(J,K,L)+T2 
311 TI!'IE2(I,K,NT+11=T1+T2 

NT=NT+!l1 
35 CON'IINOE 

IP (MT.HE. NA2 (I,Kll 'IYPE 36.I,K,ST1!PNO.NT.Nl2(I.K) 
36 l'OllP.rlT(' I;',J?,• K= 1 ,I2,' $'t'EP!IO=',F10.0• 

'N'I='.I10, 1 NA(I.Kl=',I101 
Il'(K.HE.1.0R.I.NE.NCOPIP) GO TO 299 

c 
C Sl VE P=Slll! OP P*T 
C SAVE PP =SOI! P 
c 

110 
c 
111 

299 
c 
c 
c 

l'IND 

DO QO !1=1,NT 
P (I)=P (I) +WORK2 (I, K, N) * (Til!E2 (I, K. N)-1. 0) 
PP(Il=PP(I)+llORK2(I,K,N) 
TTPl 111,STEPNO,I,NCO!'IP,P(I),PP(I) 
PORP.AT(' STEPN0= 1 ,F5.0,' I='.12•' NCOllP= 0 ,I5, 
'P(l)= 1 ,1'10.ll,' PP(Il="',P10.lll 
CON'JlliOE 
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153 
1511 
155 
156 . 
151 
158 
15'1 
160 
161 
162 
163 
16 u 
165 
166 
1fl 
168 
169 
no 
111 
172 
173 
1711 
115 
176 
171 
118 
179 
1130 
181 
182 
183 
18 q 
185 
186 
1e1 
1RR 
18'1 
190 
1'11 
192 
193 
1911 
19'5 
196 
197 
198 
1'1'1 
200 
201 
:i02 
:ll) 3 
?011 
:<O!: 
206 
207 
2oe 
:<09 

60 

APPENDIX C (continued) 

50 
300 
c 

IP (liORK2(I,I,1) .EQ.O.) GO TO 
ll=llA2 (I,I) 
DO 50 L=1 • N 
PlH!i=AllIN1 (PllIN ,llORK2 (I,I, l)) 
CON1INUE 

C CHECK TO SEE IP THROUGH 
C. 
301 ICHl!CK=O 

DO 55 I= 1, NN 

300 

IP(llORK2(I,1,1) .EQ.O.) GO TO 55 
ICH1!CK=1 

55 

c 

CON'IINUE 
IP (ICHECK.EQ.0) GO TO 1000 
IP(EllIN.LT.FROBllN) GO TO 999 

c nE~DT 110f.K1 ANO TillB1 &nDAY~ 
c 

DQ tQ 1-=1, IHI 
DO 60 J=1,NN 
N"'N A2 (I,J) 
Il' U. !1!0. OI N= 1 
DO EO L=1 •If 
WORR1 (I,J,L)=llORK2(I,J,L) 
Till1!1 (I,J,L)=TillE2(I,J,L) 

60 CO II 'II NOE 
c 
C RESET NA1 ANO CALCULATE TI1 
c 

65 

')')8 

177 

999 
178 
1UU\) 
c 

1)0 ES I=1,NN 
DO ES J=1,N11 
NA 1 CI,J)=NA2 (I,J) 
TI1CI,J)=O 
IP(1IllB1(I,J,1) .EQ.O.) GO TO 65 
TI14I,J)=1.0 
C01l1INUE 
GO 10 100 
Ttl'li 1'1"1. llCO"P 
PORllAT(' NO. OP EQUAL PATHWAYS EXCEEDl!D PCR COllPARTllEIIT 1 ,I2) 
GO 'IO 1000 
TYPl! 178, NCOllP 
PORllAT(' PROB. llINillUll REACHED FOR COllPARTllENT 1 ,12) 
w~HlitiE 

C NOllBl!R OF STE~S EXHAUSTED 
C CALCOLATI POSITION 
c 

DO 10 I=1,NC 
IP (FP (I+1) .EQ.O.) GO TO 69 
P (I )=P (I+ 1) /PP (I+1) 
r.o 'IO 70 

69 I' IH=O. 
70 COll'IINU! 

TYPE 200, SllU 
200 ll'OPU'J!(! PUYTllTill NO 01' S'l'RPS =' .1'5.01 

RBTORN 
~iib 
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1 
2 
3 
q 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1q 
15 
16 
17 
18 
1 'l 
20 
21 
22 
23 
2q 
25 
26 
27 
28 
2'l 
30 
31 
32 
33 
3q 
35 
36 
37 
38 
39 
qo 
q1 
q2 
q3 
qq 
qs 
Q6 
q7 
q9 
q9 
50 
51 
52 
53 
'jq 

55 
56 
57 
58 
59 

. 60 
61 
62 
63 
6il 
65 
66 
67 
68 
69 
10 
"11 
72 
73 
711 
75 
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APPEND IX C (continued) 

SU8FOUTINE POSITS(P,IOUT,ITERll) 
c•••••••••••~•••••••••••••••••••••••••••••••••••••••••••••••• 
c • 
C POSITS CALCULATES THE llEAN RECURRENCE.TillE -- llRT • 
c • 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

IllPlICIT REAL*q(A-ff,O-Z) 
CCll!ON/BLKT/TillE(15,15),PROBllN 
CO!! P.OJVBLKl'IAT/A (15, 15) • B (1 'ii 
COllllON/BLKINt/INtEX(20) ,JNDEX(20) ,NC 
COllP.ON/BLKllTT/ PR0!!(15,15) ,TillEO (15,15) ,llORK1(15,15,100), 
llOR~2(15, 15,100) ,TI!!E1 (15,15',100) ,TillE2(15,15,100), 
NA 2 C15 • 15) , NA 1 (15, 1 5) , TI 0 (15, 15) , TI 1 (15 • 15) • 
PP ( 15), PROB A ( 15, 15) 
DI IHNSION P (1 5) 

C NORllALIZE FORCING FUNCTION 
c 

IC.HECK=O 
liN= EC+ 1 
FSUll=O. 
DO 1 I=1,NC 

1 PSUll=PSUll+B (I) 
c 
C CALCULATE PROB~ --- NORllALIZED A llATRIX 
c 

DO 10 I=1,NN 
PP (l) =O. 
P(I)=O. 
DO 10 J=1,NN 

10 PROl!A (I,J) =O. 
DO 11 1 I= 1, NC 
DO 111 J=1,NC 
IP(I.EQ.J.OR. A(I,I) .EQ.O.) GO TO 111 
PRO EA (J+ 1, I+ 1)=A (I, J) I (-A fI, I) I 

111 CONTINUE 
c 
C ADD COllPART!!ENT 1 AS A DUllllY COl'IPARTllENT 
c 

DO 11 I=1 ,NC 
PROEA(I+1,1)=R(I)/PSUll 
Til'IE(I+1,1)=PROBA(I+1,1) 

11 CONTINUE 
c 
C INITIALI7E VALUES 
c 

DO 13 I=1 ,!IN 
PP III =PROf!A (I, 1 I 

13 P(I)=PROBA(I,11*TillE(I,1) 
:Jt'IA J .. 0. 
DO 1000 NCOllP=2,NN 

c 
C CffECK PO~ FEEDBACK LOOPS -- IP NONE RETURN 
c 
c 

188 
187 

12 
c 

ICHECK=O 
DO 17 I= 1, NN 
DO 1"1J=1,NN 
PRCE (I,J) =PRO BA (I,J) 
TI!lfO (I,J)=TI!IE (I,J) 
IP (J. NE. 1) TillEO (I, J) =TillEO (I ,J) /(-A (J-1 ,J-1)) 
CONTINUE 
IP(IOUT.EQ.2) GO TO 1888 
TYPE 1!!7, ( (PROtl (I ,J) • J=1 •NII), !=1, NN) 
TYPE 188, ( (TillEO (I,J) ,J=1,NN) ,I=1,NN) 
PORllAT(' TillE0 1 /(. 1 •,7P6.1)) 
PORl!AT(' PROB'/(' 1 ,7P6.1)) 
IF(ITERll.EQ.2) ACCEPT 12,ANS 
POR!AT(A1) 

C CALCULATE TIO 
c 
1888 DO HI I• 1 , NN 

DO 18 J=1,NN 
NA2CI,J)=O 
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76 
11 
78 
79 
eo 
81 
82 
83 
84 
es 
86 
87 
0e 
R9 
90 
91 
4:l 
93 
94 
95 
96 
97 
98 
99 

100 
10 1 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
11e 
119 
120 
121 
122 
123 
124 
125 
126 
121 
12e 
12' 
130 
131 
132 
133 
H•1 
135 
136 
137 
1:!8 
139 
140 
141 
142 
143 
1Q4 
145 
146 
1117 
1118 
149 
150 
151 
152 
153 
154 
1"" 

18 
c 
c 
c 

19 

100 

101 
c 
c 
c 

15 
16 

20 
c 
c 
c 

33 
34 

35 

36 

(: 
c 
c 
c 

110 
299 
c 
c 
c 

so 
300 
c 
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APPENDIX C (continued) 

TIO (I,J) =O. 
IP ('Il!IEO(I,J) .EQ.0.) GO TO 18 
TIO (I,J)=1.0 
Nl2 (I,J) =1 
CON1INUE 

ST ART PRCCl!!SS 

P!II!i=1.0 
STEIN0=1. 
DO 19 I=1,NN 
DO 19 J=1,Nll 
TI!l!2(1,J,1)=Til!EO(I,J) 
llORK2(I,J,1) "PRO!l (I,J) 
GO 'IO 301 
STEEHO=STEPll0+1. 
31'111 J• r.!'IU 11~:au11, GTB['!IO) 
IP(IOOT.BQ.1) TYPR ;~i.~TP.PNO,Nr.OMP 
PORl!r.T(' STEPllO=•,Ps.o,• llCOl!P=',15) 

l!ULTlPLY A 

DO 300 I=1,Nll 
DO 499 K= 1, !Ill 
lll 2 CI~ K) =O 
liORK2(I,K,1)=0. 
TI I! !2 (1, K, 1) = O. 
DO 20 J=1, NII 
N=Nl\1 (J, K) 
IP(li.EQ.0) GO TO 20 

. TE!IFA=PROB(I,J)•WORK1(J,K,~ 
IP ('IEl!Pl\. EQ. 0.) GO TO 20 
IP(li.EQ.1) GO TO 16 
11!'1.l=N-1 
DO 15 L=1 .·!11!1 
lP(liA.GT.300) GO TO 998 
Nl•Nl't:! (I,K) +t 
llORK2(I,K,NA)=llORK1(J,K,t) 
10 = U 2 (I , K) + N 
IP(NA.GT.300) GC TO 998 
IOR,2(I,K.NA)•TEl!PA 
Nl 2 II , K) = II A 
CON1IliUE 

!IULTIPLY T 

llT=O 
DO 25 J=1,llN 
T1=1IO (I,J) *Til!E1(J,K,1) 
'1'7;,Tl'IRO(T,~),TT1 IJ.Kl 
Il'('I1."30.Q.T!!ID.T2.EQ.O) GO TO 35 
Hl"U 1(J, Kl 
IP (11.EQ.1) GO TO 34 
DO ~ii t.~l,&11 
TI!l!2(1,K,llT+L)='II!IE1 (J,K,L)+T2 
Til!!2(I,K~llT+1)=T1+T2 
llT=liT+H1 
CON'llHUE 
"CP(5T.NE.NP,;?(I,f\ll TYPK 36,I,K,STl'PNO,NT,n?.(T,K) 
POR!l\T(' I=',12,' K= 1 ,I2, 1 STEPNO=i,P10.0, 
' ll'l=',I10,' !IA (I,K) = 1 ,110) 
IP(K.NE.1.0R.I.NE.llCO!IP) GO TO 299 

SAVE P=SO!I OP P•T 
SA VE PP =SUI'! P 

DO 40 N= 1, !IT 
P(I)=P(I) +WORK2 (I,l,N)*('Ill'IE2 (I,l,N)-1.0) 
PP(I)=PP(l)+llORK2(1,I,ll) 
CON1INUE 

FIND THE PROB. l!IHI!IUI! 

IP(liORK2(I,I,1) .EQ.O.) GO TO 300 
ICH!CK=1 
ll=N A2 (I, I) 
DO ~0 L= 1, H 
P!llli= l !'IIN 1 (P!I IH, llOR K2 (I, I, LI) 
COR'II NOE 



156 
157 
158 
159 
160 
161 
162 
163 
1611 
165 
166 
167 
168 
169 
170 
171 
172 
173 
1711 
;75 
176 
111 
178 
179 
180 
181 
182 
183 
1811 
185 
186 
1e1 
188 
189 
190 
191 
192 
193 
19Q 
195 
196 
197 
198 
199 
200 
201 
202 
203 
2oq 
:.!US 
20E 
201 
208 
209 
210 
,11 
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APPENDIX C (continued) 

C CR!CK TO SEE IP TRROOGH 
c 
301 ICHECK=O 

DO SS I= 1, NN 
IP ( liORK2 (I, 1, 1) • EQ. O.) GO TO 55 
ICHECK=1 

55 CONTINUE 

c 

IP (IC HECK. EQ. 0) GO TO 10 00 
IP(EllIN,LT.l?ROBllN) GO TO 999 
IP (IC HECK. EQ. O. AND. STI!l?NO. l!Q. 25.) GO TO 350 

C RESET liOEK1 AND TillE1 ARRAYS 
c 

DO €0 1=1,NN 
DO €0 J=1,NN 
N=NA2 (·I,J) 
IP (Ii. EQ. 0) N= 1 
DO EO L=1, N 
WOR~1(I,J,L)=WORK2(I,J,L) 
TI ll·E1 (I,J, L) =Till1!2 (I, J,L) 

60 CONTINUE 
c 
C RESET NA1 AND CALCULATE TI1 
c 

DO ES I=1,NN 
DO ES J=1,NN 
Nl1 ~,J)=NA2(I,J) 
TI 1 (I, J) =O 
IP(TlllE1(I,J,1).EQ.0.) GO TO 6S 
TI1 CI,J) =1.0 
CONUNllE 
GO TO 100 
TYPE 177, NCOl'IP 
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998 
117 POR!AT(' NO. OP EQUAL PATHWAYS EXCEEDED ~CR COl!PlRTl'IENT ',12) 

GO 'IO 1000 
999 
178 
1000 
c 

TYPE 178,NCOl'IP 
PORP.AT(' PROB. l'IINil'IUl'I REACHED POE CCllPARTllENT ',12) 
COllUllUE 

C llUl'IBER OF STEPS EXHAUSTED 
C CllCU1lTE.POSITION 
c 

DO 10 I=1, !IC 
IP(EP(!+1).EQ.0.) GO TO 69 
P (I) =P (I+ 1) /PP (I+ l) 
GO TO 70 

69 P(I)=O. 
10 COll'IINUE 

TYPE 200, S!!AX 
200 !Ol!l'llT(' l'JAXI!IU!! 110 or 5TBI'6 "'',1'5.0) 

BET OR II 
3SO TYPE 351 
351 POR!AT(' ••••RO l'EEtBACK LOOPS OCCUR•••••, 

' ••• POSITION S HOT.CALCULATED ••• ') 
RETURN I 
END 
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1 
2 
3 
II 
s 
6 
7 
8 
9 

10 
11 
12 
13 
111 
15 
16 
n 
lH 
1'!1 
20 
21 
22 
23 
211 
25 
26 
27 
2R 
29 
30 
31 
~2 
33 
311 
35 
36 
37 
38 
39 
QO 
111 
'12 
113 
1111 
115 
116 ,,, 
118 
119 
50 
'i 1 
54 
53 
511 
:':l!l 
56 
57 
59 
59 
60 
61 
62 
63 
611 
65 
66 
67 
68 
69 
70 
71 
72 
73 
711 
75 
76 
77 
78 
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APPENDIX C (continued) 

SOBEOOTINE POSIT6(Z,IOOT,ITERll) 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c • 
C POSIT6 CALCOLATES EFFECTIVE TROPHIC POSITION --- ETP • 
c • 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

Il!PlTCT,T REAL•ll(A-H,O-Z) 
COii !ON/BLKllAT/A ( 15, 15) • B ( 15) 
COllP.ON/BLOCKl/X(111),TlO,RU(20) 
COlll!ON/BLKIND/INDEX(20) ,JNDEX(20) ,N 
CClll!ON/BLK1/ZPR (15) 0 110RK1(15,15) ,llORK2(15,15) ,llORK3(15,15) 
RBll*ll TEllPA(15,15),FlOX(15,1",ZFLOJ(15) ,Z(15) ,FSUll(15) 

C TBllPl --- LOllER TRIANGOLAR FOR!! OP A llATRIJ 
C X --- INPUT TO DllATEQ AS B ; OUTPOT AS STEADY STATE VALUES 
c 

DO 10 I-1,N 
Z(I)=O. 
~"" 1r1 ~n. 
X-(I)=-B (I) 
DO 10 J=1 ,N 

10- TBllEA(J,I)=A(I,J) 
c 
C SOLVE POF STEADY STATE VALUES -~ X 
c 

CALI DllATEQ(TEllPA,X,N,1,15) 
IP(IOOT.EQ.2) CO TO 111 
TYPE 11, ("<(I) ,I=1,N) 

11 FORl!AT ('OSTUDY STl\TE VAlUBS: 'I' ', lllPl0.11) 
IF(JTERPl.l!Q.2) ACC'P.!PT 12,ANS 

12 PORP.AT(Al) 
c 
C RELOlC TEllPA l!ATRIX SINCE DllATEQ DESTROYS IT 
c 
111 DO 15 I=l,N 

nn 1c; .1= 1, N 
llORll1(J,I)=A(I,J) 
wonn (J,Il=A (I,JI 

15 TEl!U(J,I)=A(I,J) 
DO 16 I= 1, 11 
llORR1 (I,I) =O. 
WUll PJ (I, lJ "0. 

16 l'.'ON1!lf0P. 
c 
C CHECK FOF FEEDBACK LOOPS 
c 
::inn TrRH'.K;;O 

DO 500 I= 1 •II 
DO QOO K=1 0 !1 
llOR'2 (I, Kl ;0. DO 
DO DQf) J-::i, U 

1100 llORll2 (I,K)=llORK2 (I,K) +llOBK1 (I,J) •llORK3 (J,K) 
IP (~ORK:.! (I, I) .N F..0.) GU TU 65 
IF (llORK2 (I, 1) .!IE.O.) ICHECK=1 

~01) COll'nlll!Il 
DO EOO I=1,ll 
DO EOO J= 1, N 

601) VQ~B1(l,~)~110RK7(T 1 ~ 
IP (lCHBCK.EQ. 1) GO TO 300 

r: 
C PLOX lllTEIX --- A*X 
C ZPLDX --- ROii SUI! OP FlUX l!ATBIX 
c 
18 DO 40 I=1,ll 

PLUJ(I,I)=O. 
ZFtOX (I) =O. 
DO :iO J=1,ll 
IF(l.EQ.J) GO TO 20 
FtU1(I,J)=TEllPA(I,J)*X(J) 
ZFLUX(I)=ZFLOJ(I)+PLUJ(I,J) 

20 CON'JI!IOE 
IF(IOOT.EQ.21 GO TO 239 
TTP ! 21 

21 PORP.AT( 1 0FLUJ llATRIX') 
DO <2 I=1,N 

22 TYPE 23,(PLUX(I,J),J=1,N) 
23 POR!AT(' 1 ,10P10.ll) 
c 



"19 
ea 
81 
82 
83 
84 
es 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
10"1 
108 
109 
110 
111 
112 
113 
114 
11S 
116 1,.., 
118 
119 
120 
121 
122 
123 
12 q 
125 
126 
12"1 
128 
129 
130 
1J, 
132 
133 
134 
135 
136 
13"1 
138 
139 
140 
1111 
1112 
1113 
1411 
1115 
1Q6 
111"1 
1118 
1119 
150 
151 
1S2 
153 
154 
155 
1'56 
15"1 
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APPENDIX C (continued) 

C ·psu11 ~- COLUllN SOii OP PLUX llATRIIX 
c 
239 

240 

24 

241 

c 

DO :illO J= 1, N 
PSUI! (J) =O. 
DO :<40 I=1,N 
PSU P. (J) =P SOii (J) +PLUX (I, J) 
IP(IOUT.BQ.2) GO TO 224 
TYPE 211, (ZFLUll(I) ,I=1,N) 
POR!AT('OZPLUX VALUES'/' 1 ,10P10.4) 
TYPE 2111, (FSUl!(I) ,I=1,N) 
FOR!AT (' OFSUI! VllLUES ')' ', 10P10. 4) 
IP(ITERl!.BQ.2) ACCEPT 12,ANS 

C NNZ --- NUllBBR OF NON-ZERO ELBl!ENTS OP A !IA.TRIX 
C ASUll --- SUI! OP NON-ZERO ElBllBNTS OF A llATRIX 
C AllBAR --- 1./NRZ•ASUI! 
c 
2211 NNZ=O 

ASUl!=O. 
DO :<5 I=1,N 
DO :<5 J=2, N 
IP(l.BQ.J.OR.TBl!PA(I,J).BQ.0.) GO TO 25 
ASUl!=ASUll+TBllPA(I,J) 
NRZ=NNZ+1 

25 CON'IINUB 
A~EIN=1./WRZ•ASUll 
IP (IOUT.BQ.2) GO TO 29 
TYPE 26, A !!BAN 

26 PORP.AT( 1 0AllBAN VHUB=',P10.4) 
IF (ITBRll. EQ. 2) ACCEPT 12,ANS 

c 
C llORK2 -~- STORES SUl!S OF ZPR VALUES 
c 
29 

30 

c 
c 
c 
35 

DO 30 I= 1, N 
DO 30 J= 1, N 
llORR2(I,J)=FLUX(I,J) 
GO 'IO 41 

PATHWAYS GREATER TRAN ONE 

DO 40 I= 1, N 
DO QO K= 1, N 
llORR2 (I, K) =O. 
DO 40 J=1, N 
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110 
c 

IP (FSUll (J) • EQ. 0) GO TO 4 0 
WORR2~ 1 Kl=WORK2(l~K)+(WORK1 (I,J)*PLUX(J,K))/FSUll ~) 
CO!l'II!fUE 

C CALCOLUE ZPR (I) 
c 
111 

115. 

c 

ICHECK=O 
DO 45 I=1,N 
IF(iORK2(I,11.BQ.0.) GO TO 45 
ICRECK=1 
ZPR CI) =ZPR (I) +WORK2(I,1) 
CON'IINUE 

· IP (IC RECK. EQ. 01 GO TO 55 

C RBSBT WOEK1 ARRAY 
c 

50 

51 
c 
c ALL 
c 
55 

57 

58 

60 

DO 50 I= 1, N 
DO ~0 J=1, II 
llORR1 (I,J).,WODK2 (I, J) 
GO 'IO 35 
IP(IOUT.BQ.2) GO TO 55 
'l'YP~ 51, (ZPR (I), I=1, II) 
POBl!AT('OZPR VALUES'/' ' 10P10.41 

STEP~ EXHAUSTED CALCULATE POSITION 

Al!LCG=1./ALOG (AllEAll) 
IF(IOUT.BQ.21 GO TO 58 
TYP! 57,Al!LOG 
l'ORHT('01./LOG (Al!Ull) =• ,F10. 4) 
IF(ITBRl!.BQ.21 ACCEPT 12,ANS 
DO EO 1=i,N 
IP (l!PR (I) • EQ. 0 •• OR. ZPLU X (I). EQ. 0.) GO TO 60 
Z(I)=Al!LOG*ALOG(ZFLUX(Il/ZPR(Ill +1. 
CON'IINUB 
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158 
159 
160 
161 
162 
163 
1EQ 
165 

66 

APPENDIX C (continued) 

RETtJllN 
c 
C ERROR --- FEEDBACK LOCPS EXIST 
c 
65 
70 

TYPE 70 
POR!AT('OPOSITION 6 NOT CALCULATED -- FEEDBACKS EXIST') 
l!ETtJRN 
END 

'· 

... 
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