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ABSTRACT 

This paper presents the theoretical development 
of a minimum-cost algorithm applicable to sat
ellite networks wherein preassigned and demand 
assigned facilities are utilized in an alternate 
routing arrangement. The cost factors considered 
include the respective variable cost components 
for terrestrial plant as well as the satellite 
circuit lease charges pertinent to each opera
tional mode. Of particular focus is a proposal 
for generalizing previously-advanced "time homo
geneous" design procedures through the formal 
analytical treatment of non-coincident traffic 
peaks among the 'various routes comprising the 
network. 
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1 • BACKGROUND 

The forthcoming introduction of Demand Assignment 
Multiple Access (DAMA) systems will precipitate 
notable challenges in the area of network design 
as related to the routing of international tele
phony via satellite. Accordingly, certain eco
nomic ground rules, which have prevailed during 
the present era of exclusive Preassigned Multiple 
Access (PAMA) operation, must give way to those 
appropriate for the "mixed" PAMA/DAMA configura
tions of the future. Already, widespread atten
tion is being directed towards coping with these 
challenges, including the establishment of recom
mended practices in the application of computers 
for network planning and dimensioning [ref. 1]. , 
Complex design procedures are very much in use by 
some administrations [refs. 2 & 3], and the gen
eral availability of high speed electronic com
puters has helped foster the development of highly 
sophisticated algorithms for this purpose. 

Two recent papers [refs. 4 & 5] both featured the 
concept of employing the DAMA portion of a given 
satellite network to route overflow traffic, with 
the coexisting PAMA connections serving as high
usage trunks on the respective links. This rout
ing discipline provides the basis for the present 
paper inasmuch as the fundamental objective is the 
same: to find the minimum-cost size for all PAMA 
satellite circuit groups. The most significant 
departure from these previous papers is a proposal 
for utilizing available data on each link's 24-
hour traffic profile to take advantage of time
separation of conjestion periods among various 
links within the network. In addition, marginal 
capacity factors are herein defined in a slightly 
altered fashion. 

2. BASIC MODEL AND COST PARAMETERS 

At present, prior to the inception of DAMA ser
vice, the satellite network is made of up entirely 
of permanently assigned circuit groups providing 
direct connections among a large number of inter
national transit-centres (CT's). The simple four
node routing pattern of Figure l(a) is amply il
lustrative of this situation. The width varia
tions among paths are intended to denote the non
homogeneity of busy-hour traffic offerings typi
cally associated with different CT-pairs. The 
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e ffect of replacing this PAMA system by an equiv
a lent a~ternate routing network is shown in Fig
~re l(b). Overflow loads in this latter case are 
a s sumed handled at the satellite in a channels
pai re ." fully variable mode as ,. for instance, is 
characteristic of the SPADE system [ref. 6] which 
will soon be deployed. The broken lines repre
sent DAMA access-circuit groups, one being asso
ciated with each participating earth station. 
Upon implementation, the DAMA system itself will 
assume a role similar to that of CT. While it is 
conceivable that some DAMA access-circuit groups 
will serve as high-usage groups, such considera
tions are not included in this analysis. 

An isolated overflow path between any two earth 
stations consists of three distinct sections in 
tandem. Inclusion of the high-usage path gives 
rise to the trapazoidal alternate routing pattern 
of Figure 2. The annual cost, C , therein in
cludes both the per-circuit sate~lite lease 
charge, plus the cost of equipment and trans
mission facilities, linking earth station with 
its CT on both ends of each PAMA connection. Cf 
is the equivalent annual lease charge allocable 
to each DAMA satellite circuit. The parameter 
L represents the annualized capital outlay per 
access-circuit, a figure which includes the price 
for each full duplex channel unit and a prorated 
share of the terrestrial interfacing costs. 

3. BUILDING THE ALGORITHM 

The proposed algorithm deals individually with 
each route within the given DAMA "community." 
It is therefore sufficient to narrow the initial 
scope of this analysis to consideration of a 
single link (i,j) as portrayed in Figure 2. The 
minimum-cost apportionment of the traffic offered, 
Aij' between the high-usage and overflow paths 
in this instance corresponds to the condition 
where the costs associated with the marginal 
traffic load carried by the high-usage group's 
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FIGURE 2 

"last choice" trunk equals the incremental cost 
incurred by routing the same load via the over
flow path. Assuming that Cp ' Cf' and L have been 
specified as inputs, and neglecting "overhead" 
and all other invariant charges, the system cost 
equation becomes: 

(1) 

Given some sequential ordering of the CT's, the L 
operator is interpreted as a summation taken over 
all links (i,j) while complying with ' i<j. The 
nij term corresponds to the quantity of PAMA cir
cU1ts associated with the particular link being 
considered, and N represents · the necessary number 
of DAMA circuits at the satellite to accommodate 
the aggregate overflow from all links while main
taining a mean loss probability for this segment 
of the overflow path equal to Bs' Ni and N· are 
the respective sizes of the access-c1rcuit ~roups 
at the ith and jth earth stations, each group 
having Ba as the specified mean loss probability. 
[A full list of parameter definitions is provided 
for the reader in the Glossary.] 

344/2 

By way of facilitating algorithm development, it 
will be initially assumed that the busy-hour or 
maximum congestion intervals for all links occur 
in-phase relative to one another; from this, it 
follows that the maximum congestion interval for 
each section of a given link's overflow path is 
time-coincident with the peak load carried by the 
link's high-usage group. This situation is here
after referred to as the "time-homogeneous" case. 
With respect to link (i,j) alone, the minimum
cost traffic apportionment corresponds to the con
dition: 

o Cp + Cf a!~ .1 B ,A . . 
1) s 1) 

(2) 

By factoring out the marginal occupancy term that 
pertains to the high-usage group, equation (2) 
can be rearranged so that it takes the form: 

f(n;'.,A .. ) = A .. {E (A) - En~ .. (A;).)} 1) 1) 1) n1j - 1 ij 1)'" 

~ {~ (a) i j } {I + !c (a) (\ + 1 )} (3) 
C f i j T'i3:T.. TS::T. . 1 1) ) 1) 

wherein f(nij,Ai') represents the marginal occu
pancy funct10n w~ile En~ . (Aij) denotes the Erlang 
loss function. Since 1)the parameter ni' is re
stricted to positive integer values, ,an e~act 
equality will generally not be feasible for ex
pression (3). To allow for this in an unambigu
ous manner, the convention selected for 'appli
cation of this crucial expression is the "less 
than or equal to" inequality condition as speci
fied. 

Each link has associated with it three marginal 
capacity factors, one for each section of the 
overflow path. With respect to the DAMA "pool" 
at the satellite, the marginal capacity is given 
by: 

un ij Furthermore, the terms: 

define marginal capacity for the two access
circuit groups common to link (i,j). It should 
be pointed out that the foregoing does reflect 
a slight departure from the marginal capacity 
concept expressed in a predecessor paper [ref. 5J. 
This present form, being more direct, is better 
suited for rigorous handling of aij, the mean 
overflow from the high-usage group on link (i,j) 
whose nonrandomness can be analytically described 
[ref. 7]. This is not a small advantage; the 
marginal capacity terms collectively exert a strong 
influence upon the numerical accuracy of expres
sion (3), and, as will be seen, the degree of 
convergence of these terms wholly determines the 
point of termination for the algorithm itself. 
[The Appendix section outlines a proposed method 
for evaluating ( S)ij'] 
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The right - hand side of expression (3) is simply 
the product of two constant terms which, by way 
of convenience, will be designated Kl and K2 . 
From a computational viewpoint, this minimum-cost 
criteri on has been presented in a form which sug
gests an advantageous starting point for the al
gorithm, as is made more apparent by reference to 
Figure 3. For a typical link (i,j) the Kl and K3 

r-------------~~~--------Kl 
~--------------4-~~------~---K3= Kl .K 2 

I 
I' 
I 
1 
I 
I 
I 
I 

nij 

FIGURE 3 

, 
n ij 

lines will both intersect the marginal occupancy 
function within the latter's range of definition, 
o ~ nij ~ n ij . Moreover, since Kl>O and O<K 2<l, 

the relation O<K3<K2 is valid. By choosing, for 
each link, some a priori input (a)ij value, Kl 
can be immediateTy computed and then ~1 arrived 
at using the approximation: 

(4) 

Once a ~1 value has been found for all links in 
the network, through the application of expres
sion (4), trial values for the various (ai)ij and 
(aj)ij terms may be computed in addition to re
vised estimates for the (a)ij factors. The 
remaining portion of the algorithm is carried out 
analogously, but in compliance with expression 
(3) instead of (4), which brings about a gradual 
convergence towards the optimum high-usage group 
sizes, ~2' for each link (i,j). The iterative 
procedure is terminated whenever variations in 
the magnitudes of successive marginal capacity 
terms becomes sufficiently small. 

of making sure that the point-to-point mean loss 
probability (~Bs+2Ba) for all overflow paths is 
not exceeded during any other period of a normal 
day. The purpose of this section is to suggest 
how these difficulties might be overcome through 
the introduction of some new concepts, while re
taining the basic rationale developed for the 
"time homogeneous" algorithm. 

Given the number of time-zones traversed by a par
ticular link, in addition to its maximum offered 
traffic intensity, a 24-hour traffic profile may 
be reliably deduced [refs. 8 & 9]. Relative to 
each overflow path, respective maximum congestion 
intervals, the DAMA satellite circuit "pool" and 
the ith and jth station access-circuit groups, can 
be found; correspondingly, these may be designated 
by 'I' '2' and '3. Next, it is necessary to in
troduce the following partial derivative terms: 

R 
T 1 

aa.. I 
aah~r .. A .. ,A(Tl)' . 1.) 1.) 1.) 

It is likewise important to redefine the three 
marginal capacity terms per overflow path: 

[The evaluation method of the Appendix becomes 
wholly applicable to the foregoing (a>ij term by 
simply replacing aij by a('I)ij and Aij by A('I)ij]. 
Finally, expression (3) can now be rewritten: 

• 
By utilizing expressions (3) and (4) in just this 
sequence, greater computational efficiency is 
realized. Adherence to expression (3) from the 
very outset of the procedure would entail the 
initial furnishing of ~ priori input values for 
all marginal capacity terms. This latter course 
could well involve a large number of iterations 
before arriving at the same level of approxima
tion represented by ~1. 

f (nij ,Aij) A .. 
1.) {E , n ij -1 

(Aij ) - En; . (Aij ) } 
1.) (5) 

4. NON-COINCIDENT TRAFFIC PEAKS 

The discussion so far has dealt exclusively with 
the "time homogeneous" case. The frequently in
voked presumption that the link bus~hours occur 
coincident in time to one another generally leads 
to a suboptimum solution. This is because the 
resultant dimensioning of N, Ni' and Nj are such 
that an excess capacity situat1.on exists on every 
overflow path. Expression (3) is no longer ade
quate where it is desired to take advantage of 
the "smoothing" effect wrought by the pooling of 
time-separated traffic peaks. 

The mean loss .quantities, Bs and Ba' are essen
tial dimensioning determinants. However, dis
pensing with the "time homogeneous" assumptions 
of the previous section raises the question: with 
which interval or intervals should these input 
parameters be identified? Notwithstanding this 
dilemma, even if suitable reference intervals 

• could be specified, there would remain the problem 

344/3 

{~ (Sli j } 

11 
1 

RJ) ~ 

L ( R, R'1 
+ C (a) . . 

(ai);j R'2 
+ 

( a j ) ij f 1.) 

The similarities between expressions (5) and (3) 
are quite obvious. The marginal occupancy func
tion and the Kl factor both remain unchanged. 
It is the K2 factor which assumes a somewhat mod
ified form in expression (5). The previous con
dition of K2 less than unity is no longer assured. 
Accordingly, with reference to Figure 3, ~1 may 
be greater than ~2 for certain links. The logic 
of this revised algorithm is laid out in Figure 
4. The practice of utilizing two optimizing 
criteria -- one approximate, the other precise -
is clearly shown. It is presumed that the req
uisite time-zone information is fed into the pro
gram from the PAMA Data Base File. Otherwise, 
relative to the "time homogeneous" case, the in
put parameters are identical. 



INITIALIZE 

FOR EACH LINK FIND 
(~)ij THE NEW MAR-

....--------1 GINAL CAPACITY OF 14--_ 

THE DAMA SATELLITE 
POOL. 

SOL VE FOR S* AND 
A* FROM: 

A*Es*(A*) = ~ 
H(S*, A*) = V 

COMPUTE: 

A = I a(r ) .. 
ALL (i, j) Iq 

V = I v(rl)ij 
ALL (i, j) 

FIND a(r1)ij AND v(r1)ij FROM: 

a(r1)ij '" ATl En ' ij (A(Tl)ij) 

v(Tl)ij ~ H (n'ij' A(T1)ij) SET 
(~')ij = 

(~)ij FOR 
ALL LINKS. 

DATA-BASE ~ ______________ -, 

FILE 
(REWIND) 

NOTE: THIS INDICATOR ACTS 
AS A FLAG TO THE PRO
GRAM BY DESIGNATING 
WHICH OPTIMIZATION 
PROCEDURE IT SHOULD 
FOLLOW: THE "FIRST 
APPROXIMATION" MODE 
OR THE "REFINED" 
MODE. 

EVALUATE AND 
ASSIGN Rr1 , Rr2 , Rr3 

FACTORS TO ALL 
LINKS WHERE n 'ij < nij 

YES 

COMPUTE RESPECTIVE 

Ai' Aj AND Vi' Vj 

QUANTITIES FOR ALL 
STATIONS TENTA

TIVELY PARTICIPATING 
IN.DAMA OPERATION. 

NO 

FIGURE 4 
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NO 

NO 

ESTABLISH 
n'ij USING 
" FIRST AP-

PROXIMATION " 
OPTIMAL 

EQUATION. 

ESTABLISHED 
n'ij FROM 

"REFINED" 
VERSION OF 

OPTIMAL 
EQUATION. 

SOL VE FOR Si, si AND Ai, 
Ai FROM: 

AiEs!,(Ail = Ai ' H(Si. An = Vi 
I 

AiEsi(Ajl = Aj, H(Si, Ai) = Vj 

FOR EACH LINK, FIND 
(~i)ij AND (~j)ij 

WHERE APPLICABLE. THESE 
ARE THE NEW MARGINAL 
CAPACITIES OF THE RES

PECTIVE TERMINALS' DAMA 
ACCESS-CIRCUIT POOL. 

ESTABLISH SETTING 
FOR SPECIAL "KEY

ING" INDICATOR (SEE 
NOTE). 

SET 

(~'i)ij = (~i)ij 
AND 

II~---~ 

(P'j)ij = (Pj)ij 

FOR ALL 
(i, j) LINKS. 
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5. CONCLUSION 

The problem of dimensioning preassigned and de
mand assigned circuit groups for telephony ser
vice t h rough a satellite network has been exam
ined using alternate routing concepts. The pro
posed computer program is designed to converge 
towards a traffic apportionment between pre
assigned and demand assigned facilities on each 
route such that the overall annualized expendi
tures borne by system participants is minimized. 
Input c05t parameters consist merely of two 
ratios which relate to respective space segment 
lease charges and to expenditures for earth sta
tion/terrestrial equipment. Desired point-to
point loss probabilities can be specified indi
vidually for each route. The basic "time homo
geneous" algorithm need undergo only a very modest 
refinement to satisfactorily account for the non
coincidence of busy hours among the various traf
fic streams within the network. 
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APPENDIX 

The flow diagram of Figure 4 reveals the central 
importance of the marginal capacity terms through
out the execution of the algorithm. Generally, 
they must be recomputed with each iteration. In 
addition, their convergence properties over a long 
series of iterations determine the exact point at 
which the algorithm is terminated. Needless to 
say, computational accuracy is an imperative. The 
method outlined below, while strictly for the quan
tification of (e)ij' can readily be adapted for 
evaluating the (ei)ij and (ej)ij terms. 

As presented in Section 3, the marginal capacity 
associated with the DAMA satellite "pool" is de
fined as a paFtial derivative. This term can be 
further reduced to: 

The remainder of this Appendix will be devoted to 
an analytical discussion of how the two component 
partial derivatives on the right-hand side ' of the 
foregoing eq~ation may be evaluated numerically. 

As is well known, the total mean overflow from all 
links (i,j) is related to the equivalent random 
offered load, A*, according to: 

A = A*Es * (A) (A-I) 

It follows that Bs' the mean loss probability as
signed to the satellite DAMA circuit group, is 
given by: 

B s 
A*ES*+N (A*) 

A*Es*(A*) 

ES*+N(A*) 

Es * (A*) (A-2 ) 

Differentiating both sides of equation (A-I) with 
respect to A* yields: 

aA I 
aA* s* 

aE * (A*) I 
Es*(A*) + A* ~A* s* 

(A-3) 

= Es ' (A') + A {Es' (A') + S\. A' } 

Equation (A-3) ~s easily quantified, all of its 
right-hand terms being known before this point of 
each iterative cycle is reached. With this result, 
the derivative of V with respect to A*, S* fixed, 
becomes immediately solvable. . That is, because 
the variance of the combined overflow from all 
links (i,j) is: 

v = H(S*,A*) = A {I - A + A(S* + 1 + A - A*)-l} 

differentiation leads to: 

av I 
aA* s* = :~.Is' { 1 -

2A + 2A(S* + 1 + A - A*)-l 

(A-4) 

+A
2
(S*+1+A-A*)-2(aA

l 
-I)} 

aA*'s* 

Thus, with the aid of (A-3) , the right-hand side 
of equation (A-4) is devoid of unknowns. Sim
ilarly, separate differentiations of A and V with re
spect to S*, holding A* constant, produce ,the ' known 
quantities: 



aA I 
as* A* 

(A-5) 

E
S

* (A"') + A {lOg S* -till 
where 1jJ 

a (log r A * (S * + 1» I 
as* A* 

and: 

~~*IA* = ~~*IA* {I - 2A + 2A(S* + 1 + A - A*)-l 
{A-6} 

- A
2

(S* + 1 + A - A*)-2(~1 + I)}. 
a"S'* A* 

The relationship between equations (A-6) .and (A-4) 
and between (A-5) and (A-3) may be more fully 
appreciated by reference to the upper plot of 
Figure A-I. The a~ vector therein represents an 
infinitesimal shift occasioned by an equally min
ute decrease in the mean overflow contributed by 
a single link (i,j), with Aij assumed constant. 
The slope of the constant-V curve is simply equa
tion (A-4) divided by (A-6). 

tan ~ 

aV' ! 
aAi" S* 

av I 
aST A* 

(A-7) as*1 
aA* V 

By analogy, the slope of the constant-A curve may 
be expressed as (A-3) divided by (A-S): 

aA ! 
_ aAi" S* _ as* I 

tan a - ax-- - aA* A (A-B) 

as*!A* 

The total overflow contribution from link (i,j) 
has a variance which is described by: 

= a . . {I - a .. + a .. (n:' . + 1 + a .. - A .. ) -I} 
~J ~J ~J ~J ~J ~J 

The mean and variance of the combined overflow of 
all links in the network are simply the respective 
linear summations: 

A = La .. 
~J 

and 

L denotes a summation taken over all (i,j) under 
the condition, i<j. Thus, for a single link, 
taking the partial derivative of Vij with respect 
to aij, all other parameters held constant, gives: 

- a .. ~ 
~J 

(A-9) 

{ 
2 ( an: '1 )} (n:' . + I + a .. - A . . ) - I + r A 

~J ~J . ~J aij ij 

The final term of the foregoing equation is the 
reciprocal of the marginal occupancy function, 
f(nlj,Aij). All other terms having been quan
tif;ed prior to this juncture in the iterative 
cycle, moreover, equation (A-9) can be computed. 
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FIGURE A-I 

Next, tan p is derivable by employing certain 
trigonometric relationships intrinsic to the mi
croscopic view which is depicted in the upper plot; 
it can be shown that: 

av! 
(lA S* • 

tan p 
1 + taiit 

tan p 
1 + tan a 

(A-IO) 

Solving explicitly for tan p,equation (A-9) may 
be rewritten as: 

tan p 

• 

• 

• 

• 



• 

• 

• 

• 

The paramete rs of the lower plot in Figure A-I 
are func ~ionally dependent upon those discussed 
~ith respect to the upper plot; it is likewise 
helpful to relate certain partial derivatives to 
their geometric equivalences. For instance, the 
slope of the constant-Es*(A*) curve can be ex
pressed as the ratio of two partial derivatives 
terms. The first one is: 

aE *(A*) I 
The denominator term, ~s* A*' was evaluated 

in equation (A-5). Therefore: 

tan y as*1 
aA* E (A*) s* {

E (A*) o+ ~} s* A* 

- log S* - 1/J 

Guided by the form of the above equation, tan y~ 
can be written: 

tan y a (s* + N) I 
aA* Es*+N(A*) 

(A-ll) 

{ 

E (A*) + S* + N - A* } _ s*+N A* 
- log S*+N - $' 

, _ a (log r A* (s* + N + 1» 1 

where 1/J - a(s* + N) A* 

ES*+N(A*)=BS'Estt(A*) is given by equation (A-I) 
so that the right-hand side of (A-ll) is com
pletely defined. From equation (A-I) it also 
follows that: 

aE S* (A*) 1 

Bs aA* A 
ij 

(A-12) 

Once again, invoking certain trigonometric rela
tionships for the purpose of making appropriate 
substitutions permits equation (A-12) to become: 

{ 
aEs*+N(A*) 1 ( tan p') } 

(lA* S*+N 1 + tan y' 

_ { aEs * (A*) I ( tan p ) } 
- Bs aA* S* 1 + tan y 

It is now a straightforward matter to solve for 
tan p'. Alternatively, tan p' may be expressed 
in its more fundamental form: 

tan p' 

aN I tan p - aA* B A .. 
s' ~J 

Hence: 

(tan p - tan p,)-l 

344/7 

Finally, the other decisive partial derivative 
term is defined by: 

aai ' l aA I aE (A*) I aKt A .. = aA* A . . = E * (A*) + A* ~~* A 
~J ~J s ij 

which, by utilizing the result on the left-hand 
side of equation (A-12), may be expanded to: 

GLOSSARY 

A ~ 

A* ~ 

A . • ~ 
~J 

A* A*. ~ 
i' J 

a . . ~ 
~J 

() ~ A T ij 

() ~ a T ij 

B ~ 
s 

B a 

Mean value of the combined overflow 
traffic from all routes within the 
particular satellite system (or "pool") 
under study • 

Equivalent random offered traffic as 
related to the A, V quantities. 

Total offered traffic flow of route 
(i,j) as calculated via Erlang loss 
~ormula from known values of n ij and 

p 

Mean value of the combined overflow 
traffic from all routes terminated 
at the ith and jth earth stations, 
respectively. 

Equivalent random offered traffic as 
related to the A., V. and the A., 
V. quantities, r~spe~tively. J 

J 

Mean value of traffic lost (or over
flowing) from the remaining preassigned 
satellite circuits, nij' on route (i,j). 

Total offered traffic flow of route 
(i,j) during the hourly interval, T. 
Note that maximum A(T) . , is synonymous 

. h ~J w~t Aij • 

Mean traffic overflowing from nf' during 
given hourly interval, T. Note ~hat 
maximum a(T)ij is synonymous with a ij . 

Assumed loss probability for each link 
operating in the original PAMA mode. 

Mean loss probability assigned to DAMA 
circuit group at particular satellite 
in question. 

Mean ~oss probability assigned to each 
earth station's DAMA access-circuit 
group. 

Total annualized cost applicable to 
rou te (i , j) • 

Annualized cost per PAMA high-usage 
connection. 

Annualized cost per DAMA satellite ° 

circuit. 

L ~ Annualized cost representing the 
added investmept required per access
ckt. trunk t~rmination . 

N ~ Calculated number of DAMA satellite 
circuits. 



n~. ~ 
1.J 

S* ~ 

S * S*. ~ 
i' J 

() ~ V T ij 

Calculated number of DAMA access
circuit units for ith and jth earth 
stations, respectively. 

Number of original PAMA satellite 
circuits associated with route (i,j). 

Resultant number of high-usage PAMA 
circuits pertaining to route (i,j). 

Size of the equivalent high-usag~ 
circuit group related to the A, V 
quantities. 

Size of the equivalent high-usage 
circuit groups related to the Ai, 
Vi and Aj, Vj quantities, respectively. 

Variance of combined overflow traffic 
from all routes within particular sat
ellite system (or "pool") under study. 

Variance of the combined overflow 
traffic from all routes terminated 
at the ith and jth earth stations, 
respectively. 

Variance of the traffic lost (or over
flowing) from the remaining preassigned 
satellite circuits, n~., on route (i,j). 

1.J 

Variance of the traffic overflowing 
from nij during the given hourly 
interval, T. 

344/8 

IJ. 
un ij 

IJ. 
E = 

E. ~ 
J 

Marginal capacity in the final 
DAMA satellite circuit group 
relative to route (i,j) under 
conditions of constant conges
tion, Bs 

Intermediate or trial value for 
the marginal capacity quantity, 
(S)ij· 

Marginal capacity for ith and 
jth earth stations respectively 
in the final DAMA access
circuit groups, relative to 
route (i,j) under conditions 
of constant Ba. 

Intermediate or trial values 
for the marginal capacity 
quantities, (Si) ij and (Sj) ij· 

Chosen tolerance value for 
ensuring sufficient closeness 
between (S).. and (S ~) . . i.n 
magnitude. 1.J 1.J 

Chosen tolerance value for 
insuring sufficient closeness 
respectively between (Si)ij 

and (Si)ij in magnitude and 

between (Sj)ij and (Sj)ij in 

magnitude. • 

• 

• 


