














































































































































































































Y = 1 
C 

iubstituting these values to equation (V.11), equation (A.I.4) is achieved.· 

fo calculate the marginal occupancy of link 3 using the "marginal erlang" 

�r�e�p�!�~�i�e�n�t�a�t�i�6�n�,� corisiderthe illustration of Figure A.4. 

I . 
. ·lertarg 

. • , erlcing 
2 5 

1 

Figure A.4. Marginal Overflows in the Design of Link 3 

The marginal erlang is first offered to link 4 and then to link 5. 

In. this· case, 

R, 3-

. F R,= �{�~� 4,5 } 

F.= { D } 
l. 

.XT4 1 XT = 1 Y = 1 
5 D 

Hencej-after substitution to equation (V.11), equation �(�A�~�5�)� results. 

Equation (V .11) is_ the generalization of the optimization equations which 

can be useq to describe any type of alternate routing network. 
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)WPENDIX B 

DERIVPJION OF THE POLYGONP.L F.UNCTION 

'0 derive the potygonal approximating function, the following simple reasoning 

,nd relationships are sufficient. Let the abcissa of the two consecutive 
.. . 

,nteger valued points be represented by N andN + 1. The corresponding ordinates 
,. ,,', . 

If these two points are B.(N,A) and B(N + 1, A), respectively. 

:hus, the slope of the line between these two points is given by 

B(N+ 1,A)- B(N', A) = -D(N, A) 

lhile:the y-intercept is given by 

B(N, A) -c [B (N +1, :A) -B(N �~� A)] N 

= �(�N�+�~�)� B(N, A) -N �B�(�N�~� 1,. A) 

iubstituting the expressions for the slope and the y-intercept into the well 

chown formula of 'a line, equation (V.20) results. 
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.f\PPEND I X C 

�E�X�A�~�r�L�E�S� ON EtlD-�T�O�-�E�~�m� ,BLOCKfNG' 
PROBABILITY CALCULATION 

First', the triangular network of Figure A.l . is considered. The network 1.S .. 
redrawn as a lin'ear graph, as illustrated by Figure A.S,; 

. . 1 . '. 
.. .-

. . 
. . . . ".' 

�e�:�4�2�~� I. .' . I 3 

Figure A.S. Linear Graph of the First Example 

Links 2, and 3 are the final links. Let the coefficients of the end-to-end 

blocking probability functions be dEmoted by CF. Then' following Blaauw's 

.reasoning, the. end:"'to-endblocking probability for the traffic relation (A,B) 

is �r�e�p�r�~�s�~�n�t�e�d� by (C.l). 

(C.l)" 

The objective is to find the values of the coefficients CFA, T and CFT ,B' Then, 

follow.ing the simple rule that BlaauW gives, the cut is formed. In this case, 

only Qne high usage link, link 1, is cut so that �e�q�u�a�t�i�o�~� (C.2) results.' 

(C2) 

As a second eX?JIlple, consider the network given by F1gure A.2. The corre­

sponding linear graph is delineated by �F�~�g�u�r�e� A.6. 
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Fjgure A.6. Linear Graph of Second Example 

\ ' 

Links 2,4 and 5 are the final links • Theend-to-end blocking �p�r�o�b�a�b�i�l�H�~� for: 

the' traffic relation (A,B) is represented by (C. 3) • - ..... , ".' 

'" ,-

The coefficients are found by taking the product of the high usage �l�i�n�k�;�b�.�l�d�~�k�i�.�i�~� 

probabilities for those high usage links which are cut. 

CFA,C b' , 
, A,B 

CFC,D CFD,B =bA B bc B ., , 

Substitution of' the coefficients into equation (C.3) yields the eqtiatioo:;to';'" 

obtain the end-to-end blocking probability of (A;B). 
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APPENDIX D 

EXPLANATION OF THE �C�n�f�-�1�?�U�T�E�R�,�P�R�O�G�~�l�\�r�v�.� 

The computer 'program developed for the application of the dimensioning proce­

dure consists of 31 subprograms besides the main program'. Of the subprograms, 

19 �~�r�e�t�h�e�s�u�b�r�o�u�t�i�n�e�s� of ·the MATPRO package program whose �e�x�p�l�a�~�a�t�i�o�n� can be 

found in Reference [33]. In this section, the main program and the remaining 

12 su1:>programs will be presented. 

While using the main program, there are five �o�p�t�i�o�n�s�~� The options denote the 

network structure that can be handled by the comp.uterprogram. The options 

are indicated by the variable IPRL For IPRI equaling one, the network contains 

only direct links to supply connections between the exchanges. If IPRIequals 

two, the network is allowed' to have one overflow possibility, ancithe tr'affic 

for any exchange, pair can pass through only one tandem switch. When IPRI is' 

set to three; then the 'network is allowed to have two overflow possibilities. 

The �n�e�t�~�o�r�k� structure in the �c�a�s�e�~�h�e�r�e�I�P�R�I� equals four is th.e same as IPRI 

being equal to' two. The difference is that in �t�h�i�s�c�a�s�~�,� the blocking proba-, 

bility values for the high usage links'are set equal to 0.20 without performing 

.anyoptimization (or the high usage links'. Such a case is considered because 

this application resembles the current .scheme of the Turkish PTT while supplying 

trunks be.tween switching �c�e�n�~�e�r�s�.� When iPRI, is equal to fIve, the network is 

again �a�l�l�o�~�e�d� to have one �o�v�e�r�f�l�~�;�w� possibility, but the tr'afficcan pass through 

two tandems\o!itches·for completing the. connection.' The following figure can 

�c�l�~�r�i�f�y� the-definitj.on of IPRI. 
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,@-------@ 
'IPRI = 1 IPRI = 2, IPRI = 4 

IPRI = 3 IPRI= 5 

T!'i gure A.7.' The "correspondenc'e Between the Value of 

IPRI and, the Network Struct·ure· 

The variables �u�~�i�1�i�z�e�d� in the computer:program to designate the necessary input: 

parameters and data are as·fol1ows. 

A( .) = Input traffic valu.es for each ' exchange pair t 

BETAC) = The marginal capacity parameter" of a link. 

BLOK(. ) = The specified or determined blocking probability value of a final 

link 

t Instead of specifying input traffic between two nodes as a matrix, it' 1S 

represented 'as an array for' simplicity. The traffic values are linkwise 

specified. If there does not exist a direct link between the calling pair, 
. .. " 

then a dummy link is introduced for indexing. 
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C(.) .' - The cost of supplying one circuit on a I ink 

CTI, CT2 =. The cost of oneerlang flowing through the tandem switches I and 2 

EEB = The desired �e�n�d�~�t�o�-�e�n�d� block{ng probability for each traffic 

relationt 

GAMA(.) = The marginal overflow parameter of a,n overflowing link 

IALT(. , .)= The matrixcconsisting of the'numbering of the links which form 

the alternate route for each traffic relition ' 

IFIN(., .)=' The matrix consisting of the numbering of the links which form 

the final route for each traffic relation 

IPRI The priority (option) iiumber 

NA = The index to show the highest numbering of the first link in the 

NAA 

NALT 

NF 

NL 

NT· 

final route 

The index to show the highest numbering of the second overflowing 

links 

= The index to show the highest number of links 1n the alternate 

route 

- . The index to show the number of links in the network 

= The index to show the highest number of links in the final route, 

= The index to show the number of exchange pairs calling. one another 

The .yariables denoting the basic outputs of the program are as follows. 

BLl« .) = 

GOS(.) = 

GRAD ( .) = 

HIT = 

N( .) - . 

TCOSTl = 

The realized blocking probability of each link 

The realized grade of .serVice value for each traffic relation 

The gradient.of total network cost with J:'espect to final link 

blocking probapilities 

The marginal occupancy parameter 

The number. of integer valued trunks on a link 
. . 

Total investment cost undercurrent dimensioning, �c�o�n�s�i�d�e�r�~�n�g�'� 

. real-:-valued trunk capacities 

TCOST2 = Total investment cost undercurrent dimensioning, considering 
/. 

integer valued trunk capacities 

TTl, TT2 = The amount of. transi,t traffic flowing through the tandem switches 

I and.2· 

X(.) The number of real-valued trunks on a link. 

t The �v�a�l�u�~� ofEEB is taken equal for all traffic relations. 

101 



It may be helpful to include.the definitions for some additional variables 

used 'within the computer program. 

ASTF(.). - 'The equivalent random' traffic for a link 

CARM(.) = The mean of the carried, traffic on a link 

CARV(.) ,The variance of the, carried traffic on a link 

ITE = The index showing the number of the overall dimensioning 

" iterations 

ITER 

NSF(.) 

= The index showing the number of the dimensioning iterations 

= The ntnnber of equivalent group of circuits for a link 

OFFM(.) = 'The mean of the offered traffic on a link 

OFFV(.) The variance of the offered traffic on a link 

OVMP(.) ,= The mean 6f the overflow traffic on a link 

OVVP(.) The variance of the overflow traffic on a link 

The objec-tives:of the subroutines and functions with their input requirements 

and issuing 'outputs are given in the following �p�a�r�a�g�~�a�p�h�s�.� 

SUBROUTINE BETAUP 

The function of this subroutine is to calculate the new values of the marginal 

capacity parameters for the final links, 'as was discussed in section V.3.5.1. 
/, , 

To attain ,the new S value, the mean of the offered traffic, the varianc'e-to-

mean ratio, the number of �c�i�r�c�u�i�t�s�~� the number of equivalent circuits, the 

amount of equivalent 'traffic imd the current value cfS for the link under 

view are taken 'as inputs. 

FUNCTIONCAJU> 

CARP calculates the values of terms such as AN/N! which are required for the 

Er1ang':'Bforinuia. CARP is only called �f�r�~�m� FUNCTION ERLANG. Obviously, the 
r . 

inputs 'to CARP are the ,amount' of traffic (A) and the number of circuits (N). 

SUBROUTINE CARRY 

'. �~� 

The mean and var1ance of the carried traffic distributions are found in this 

subroutine. The amount of equivaient random traffic, the number of circuits, 
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-
the numher of equivalent circuits, and the blocking probability of the link 

�b�e�i�n�g�a�n�a�l�y�z�e�~� are the necessary inputs. 

SUBROUTINE DIM 

'. The function of DIM is to calculate the number of circuits to be provided 'on 

each final'link. Therefore, �t�~�r�o�u�g�h� subroutine DIM the final links are dimensi­

oned. The amount· of equivalent random traffic, the number of equivalent circuit 

and the> specif{ed final iink blocking probability are considered as inputs to, 

supply the integer valued and real-valued number of circuits for that final 

link. 

SUBROUTINEDIMENS 

The high usage links are dimensioned through the application of DIMENS, which 

mainly uses the value of· the marginal �o�c�c�u�p�a�n�c�y�'�p�a�r�~�e�t�e�r� ,that has been 

calculated in the main program. �T�h�e�a�m�o�~�m�t� of equivalent random traffic, the 

number of equivalent circuits and. the marginal �~�c�c�u�p�a�n�c�y� parameter are taken 

as inputs to provide the in'teger val,ued and real-valued number of circuits 

for that high usage link. 

FUNCTiON ERLANG 

In this function, the link blocking probabilities are calculated by using the 

Erlang-B fOrniula.The inputs are the number of circuits, the number of 

equivalent circuits, and tpe amount of equivalent randcim traffic. Naturally, 

if the offered traffic of the link under study is. random, then the number of 
:-. '.' 

equivalent circuits is zero, and the ,amount of equivalent random traffic is 

really the amount of offered'traffic. 

SUBROUTINE,ERT 

The equivalent random theory is ap'p1ied in subroutine ERT. The outputs of ERT 
. , 

are the amount of equivalent random traffic and the number of equivalent 

circuits expressed as 'integer valued and rea.1-va1ued. To determine the outputs, 

the mean andvariariceof theoffereq traffic are used. 
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SUBROUTINE GAMAUP " 

The function of this subroutine is to calculate the new values of the marginal 

overflow parameters for the second overflow links, as was discussed in section 

V.3.S.2. To obtain the new y value, the number of circuits, the number of 

equivalent circuits, and the amount of equivalent random traffic of that high 

usage link are utilized as inputs. 

SUBROUTINE MATC02 

MATC02is one of the two subroutines supplying the connection between the main 
. . . 

program and theLP problem. Within MATC02, LINP which is a: subroutine of the 

MATPROpackage program is called so that the solution of. the LP problem is 

initiateg. The new values for the final link blocking probabilities, which 

are the decision variables of the LP problem, are returned to MATC02 and from' 

there to the main program. MATC02 is employed .for those network structures 

with one overflow po:;sibility. Within the subroutine, the objective function 

coefficients, the coefficient matrix for the.corist·raints, and the right-hand 

side vectors of , the �c�o�n�s�t�r�a�i�n�~�s� are generated and through the values assigned 

to yariable TYPEC the type of inequalities are specified in order to use the 

MATPRO package program. ,To perform these steps, ,the inputs are denoted. by NF, 

NT,. �~�T�,� NAA, �I�A�L�T�(�.�,�~�)� , GRAD ( .), BLK( .') ,andEEB �~�h�i�c�h� have been previously 

defined. 

SUBROUTINE MATC03 

MATC03 is the second subroutine supplying the connection. between the ma1n 

program and the LP problem. Similar to MATC02, MATC03 callsLINP to initiate 

the. solution of the �L�P�p�r�~�b�l�e�m�.� MATC03.is employed for.network structures with 

two overflow possibilit;ies.: The new values for �~�h�e� final' link blocking' �p�r�o�~�a�­

bilities which are returned to �}�~�T�C�0�3� from the MATPRO package program are the 

outputs' of the subroutine. The objective function coefficients, the' coefficient 

matrix and the right-hand. side vectors' for the constraints , and the type of 

inequalities are generated within MATC03.·The way of generating the data inputs 

of MATPRO is differentinMATC03 and MATC02 due to the differences in the 

network. structures.· The necessary input's to. MATG03 are designated by NF, NT, 

NL, NALT;NAA, IFIN(.,.), IALTC·,.), GRAD(.), BLK(.) and EEB. 
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5UBROUTINE OVERFL . 

fhe mean and variance of the overflowing traffic distributions are calculated 

in this subroutine. The amount· of equivalerit random. traffic, the number. of 

circuits, and the number of equivalellt �c�~�r�c�u�i�t�s� are the necessary inputs. 

SUBROUTINE .PRIORS 

�S�u�b�r�o�~�t�i�n�e�.� PRIORS is designed for IPRI equaling five. The dimensioning steps 

for the other four priority cases are handled within the main program without 

separating them into. different subroutines because there are some interactions 

between the cases. Considering ease of calculation, it was seen fit to handle 

the.case where priority equals five in a separate subprogram. In.this case,. 

the dimensioning steps to obtain the link capacities are carried out by PRIORS. 

Then· the gradient calculations are performed in the main program, and MATC02 

is called from the main program •. The inputs required from the main program to 

perfo"rm the dimensioning steps in PRIORs are A(.), C(.), CTl, CT2, IALT(.,.), 

BETA( .), GAMA(.J, NA, NAA, NT, NF, NALT; and the specified final tink blocking 

probabilities. 
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-APPENDIX E 

�E�X�A�~�P�L�E� NEH!ORKS 

The example networks corresponding to priority two and five are illustrated 

in Figure A.S and Figure A.9,respectively. 

.' 

Figure A.S. The Example Network for IPRI Equaling Two 

Figure A.9.The Example Network for. IPRI Equaling Five 
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APPENDIX.F 

TEST NETHORKS 

The· test network which has a· bigger size than the example network is drawn 

for prierity equaling three .. 

I 
I 
I 

3 

" 

�7�\�~� 
I \ 

I . 
\ 

I 
I 

I 

, Figure A.10. The Test Network fer IPRI Equaling Three 

The fellowing two tables give thede'scriptien of the traffic relations, 

1ALTO,r) andIFIN(j,m) . specifications �~�e�r� the netwerk of Figure A.10 • 

. The arrows' showing te which link,: a high usage link ever flews are omitted �~�n� 

Figure A.10. not ·to complicate the iliustratien, but the .overflew routes can 

easily be deduced· by censidering IALT(j, r) and IFIN(j ,m) • 
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rable �A�~�l�.� The Description of the Traffic Relations 

Nodes Specifying 
-

Traffic Relation Traffic (Dir'ect Link) Number Re1ationt 

(A,B) 1 -

(D,B) 2 

(D,C) 3 
., 

(A,D) 4 

(B,A) 5 

(D,A) 6 

(C,B) 7 
I' 

(E,B) 8 

(B,E) 9 

(E,D) lOtt 

(D,E) 11 t:r" 
(C,A) 12tt : 
(A,C) l3tt 

t . The first component is the �s�o�~�r�c�e� white the second is the sink. 

tt Analyzing the network of �F�i�g�u�~�e� A.lO, it is seen that direct links do 

"not ex;istforthe traffic relations (E,D),(D,E), (C,A) and (A,C). Dummy 

links, denoted by 10,11,12 and 13, are introduced just to describe the 

the traffic relations linltwise. 
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able A.2. The Specification of IALT(j,r)· 

1 2 

1 14 15 

2 16 15 

3 16 17 

4 14 18 

·5 19 20 

6 21 20 

7 22 15 

8 23 15· 

9 24 26 

10 23 18 

11 16 26 

12 25 20 

13 14 17 

Table .A.3. The Specification of IFIN(j ,m) 

1 2 3 

1 14 27 28 

2 16 27 28 

3 16 27 29 

4 14 27 30 

5 19 31 32 
.. 

6 21 31 32 

7 22 27 28 

8 23 27 28 

9 24 27 33 .. 

10 23 27 30, 

11 16 27 33 

12 25 31 32 

13 14 27. 29 
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For the test-network, the following equalities need to be made for the 

variables. 

NA-= 25· 

NF = 33 

NAA =.26 

'NL = 3 

NALT = 2 

NT=13 

-The input traffic, cost, and grade of service parameter values are taken· as 

shown in Table A.4 and A.5. 

Table _ A.4. The Specification of Input Traffic 

(erlangs) 
j A(j) 

1 3.50 

2 2.00 

3. 3.00 

4 5.00 

5 3.50 . 

6 5.00 

7 2.50 
.. 

8 4.00 

- 9 4.00 

10 0.75 

11 �0�~�7�5� 

12 0.50 -

13 0.50 . 
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Tah1e �A�~�'�5�.� The Specification of Cost Coefficients for the Links 

] 

.. , 

(TL/trunk) 
Link / 

t C(t) 

1 2250 

2 2500 

3 l300 

4 ,1900 

.5 2250 

6 1900 

7 1800 

8 1100 

9 1100 

10 tit, 

11 ot 

12 ot .. 
13 ot 

14 1000 

15 1400 

16 900 

17 1400 

CTI CT2 =50 "TL/erlang 

EEB = 0.01 

,Link 
C(t) t 

/ 

, 
18 900 

19 1100 

20 1200 

21 900 

22 1400 

23 2100 

24 1400 

25 1100 

26 2100 

27 800 

28 1100 

29 1100 

30 900 

31 800 

32 1000 
, 

33 1300 

, ' 

,The link numbering shown by Figure A.lO is kept the same for ail the priority 

cases.' Similarly, the input values �g�i�~�e�n� by 'Table A.4 and A.5 are not changed. 

, For priority two cas e, IALT (j ,r) are taken as in Tab leA.2. For this priority, 
." ., . �~� 

IFIN(j ,in) specification is, not required. since final routes besides ,the alternate 

, routes are not tobe utilized. For priority, four cas'e, the' data and input 

speCifications are exactly the same as those of priority two case. 

Forpriority'five,case,NALT is changed to 3 andNAA to 33. The specification 

of IALT(j,r) is given by TableA.3.So, :the final link set of the priority 

three case constitute the �a�l�t�e�r�n�a�~�e� ,routes of the priority five case. 

,t No cost is incurred since these are dummy links. 
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P.PPENDIX G 

SOME. PERTINEtlT RESULTS OF THE TEST NETHORK 

Table A.6. Optimal Results for Priority 3 of the Test Network 

Link BLK(t) X N t: 

1 .4021 . 2.55 3 
2 1.0000 .08 0 
3 -. .2061 4.02 4 .. 
4 .2849 4.61 5 
5 .5765 1.98. '2 
6 �~�3�9�8�3� 4.17 4 .. 

7 .2822 2.63 3 
8 .1172 6.43 6 
9· .1172 �5�~�9�0� ' 6 

, lOt 1.0000 .00 0 
llt 1.0000 .00 0' 
'l2t 1.0000 .00. 0 
13t ' 1.0'000. .00 0 
14 .0059 10.49. 10 
15 �~�1�6�7�5� 10.13 10 
16, .0054 . '10.34 10 
17 .• 3577 ' . ·1.50 2 
18 ;1499 5.96 . 6 
i9 .0091 7..21 7 

", 

20 .1914 10;48 10 
21 .0128 7.36 7 

·22 .0175 4.12 4 
23 .0107 . 5.44 5 
24 .0759 0.53 1 
25 .0016 4.50 4 
26 .5166 3.13 3 
27 .0019' '15.39 15 
28 .0375 7.19 7 , 
29 .0098 5.31 5 
30 .0052 6.32 6 
31 .0042 9.47. 9 
32 .0591 13.90 14 
33 .0127 " 11.44 11 

t Links 10,11,12 and'13 shown in tables A.6 to A.9 are dummy links. 
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Table A. 7. Optimal Results for Priori ty 2 of the -Test Network 

Link BLK(t) X N 
t 

" ' 

1 .7778 1.18 ,I 

2 1.0000 .00 0 

3 .2061 3.70 4 

4 .6757 2.48 I 2 

5 .7778 1.23 1 

6 .5297' 3.47 3 

7 .4717 2.47 2 

8, : .li72 6.29' 6 

9 .1172 5.88 ' 6 

10 ' 1.0000 .00 O· 

11 1.0000 ' .00 0 

,12 1.000d .00 0 

13 - 1.0000 .00 0 

14 .0017 16.22. 16 
., 15 .0093 17.-04 17 

16 .0054 10.34_ ' 10 
-
17 .0092 6.21 ,6 

, 

18 .0102 12.11 12 

19 .0076 8.20 8 

20 .0136 16.45 -16, . 
21 .0113 8.26· 8 

22 .0154 5.4'4 5 
--

23 .0034 6.48 '6 

24 .0759 0.53 1 

25 .0016 4.50 4 

26 .0066 11.37 11 
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Iable A.8. Optimal Results for Priority 4 of the Test Network 

Link . BLK(t) X N t 

I' .1541 5.42 5 

2 .• 0952 4.06 4 

3 .2061 4.04 4 

4 .1919 : �.�5�~�9�1� 6 

5 .1541 5.42 5 

6 .1919 5.91 6 

7 .1499 ' 4.43 4 

8 .1991 �4�~�9�9� 5 

9 .1991 4.99 5 

10 ' 1.0000 , .00 0 

11 1.0000 .00 0 

12 1.0000 .00 0 

13 1.0000 .00 0' 

14 .Oi27 7.21 7 

15 .0341 10.99' 11 

16 .0025 7.47 7 

17 .0031 8.49 8 

�1�~� .0067 10.37 10 

19 .0544 2.01 2 

20 .0083 . 16.90 17 

. 21 .0281 4.15 4 

22 .0159 3.22 3 

23 .• -0052 7.47 7 

24 .0448 '3.00 3 

25 .0016 . 4.50 _4 

26 .0077 12.46 - 12 
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:ab1e A.9. Optimal Results for Priority 5 of the Test Network 

Link BLK(t) X N 
- t 

-

:1 .4021 2.75 3 

2 _ 1.0000 0.15 0 

3 :2061 3.91 4 

4 .2849 5.15 5 

5 .4021 3.10 3 

6 -. .2849 - 5.19- 5 

7 .2822 2.72 :3 

8 .1172 6.36 6 

9 .1172 5.97 6 

10 1.0000 .00 0 

11 �1�~�0�0�0�0� .00 0 

12. 1.0000 .00 0 

13 1.0000 .00 O· 

14 t .0122 9.08 9 

16 - .0054 10.21 10 

19_ .0257 5.10 5 

21 .0285 5.36 5 

22 . .0175 4.48 -- 4 

23 -.010J 5.48 5 

24 .0759 1.41 1 
.-

25 .0127 3.49 3 

27 - - .0012 �3�4�~�2�0� 34 

- 28 .0022 . : 16.47 16 

29 -.0020 7.37 7 
- . 

30 • 0035 10.50 10 . 
.-

31 -.0012 20.13 .20 

32 .0024 9.35 9 

33 .0031 . 7.43 7 

t Links 15,.17,18,20 and 26-are not"existentoin the network structure corre­
sponding to priority five. 
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P,PPENDIX H 
, ". . . 

LISTING OF THE COMPUTEP. P-ROC,RAM 

.' 
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