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INTRODUCTION 

During the course of the oral examination held on 

28th. July, 1969, consequent to the submission of the main 

thesis on this subject, it was pointed out by the Examiners 

that certain aspects of this analysis had not received adequate 

attention from the author. The points that required further 

study were:-

a. the problem of constraints on the availability of 

capital for the development of the distribution system. A 

complete addition to the program was requested, together with 

a demonstration of its efficacy. 

b. the likelihood of there being more than one central 

source in the system. A brief description was required of the 

problem involved and of the changes that would be necessary in 

the program to cope with it. 

c. the need for a direct comparison between the new method 

described in the thesis and two other methods mentioned in the 

lliterature in order to demonstrate any qualitative or quantitative 

improvements in the former. This would the solution of the same 

problem by the three methods and a comparison of the results 

obtained therefrom. 

This supplement, which has been cross-referenced with 

the main thesis, describes the work that has been carried out 

on the new aspects of the problem. 
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CONSTRAINTS ON CAPITAL 

1. The limited availability of capital is a severe 

constraint on the structure of a distribution network, especially 

if it has to be constructed from scratch. As originally written, 

the optimisation program assumed that adequate capital would be 

made available for this project. It was also assumed that when 

the optimal structure was determined, a separate exercise in 

investment appraisal would evaluate whether the new depots would 

provide an acceptable rate of return on the capital expended on 

their construction. The program has now been modified to give 

due consideration to a situation of limited capital availability, 

and to optimise the network within this constraint. 

1.1. Consideration of the constraint would logically 

take place after the optimal network has been identified. The 

only alteration required in the main program would be the inclusion 

of a subroutine which calculates the capital requirements at 

each stage of the optimisation. Once the main program has 

terminated, a comparison would be made between capital require­

ment and capital availability. If the former is greater, further 

study is required in order to amend the network, so that the 

restraint is met. 

1.2. I have adopted the following principles before 

making amendments to the program:-

a. The availability of capital is not an absolute figure. 

There wuuld be a certain leeway, one way or the other, and I have 

assumed that the usual ± 10% will be available. In this 
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context, the program will operate on the median figure with 

the awareness that the final figure could be either a little 

more or a little less. 

b. The program will first reach the unrestrained optimum. 

It will then take into account the limitation on capital and 

sub-optimise within this constraint. We will then have 2 

solutions which provide management the information on which to 

decide whether to divert additional capital to the distribution 

system from elsewhere. 

c. The program will also calculate the bond rate of return 

on the investment. When the cut~f is applied on capital, a 

corresponding cut-off will appear on bond rates. This will 

further assist management to decide whether to divert capital 

to this system from other investments. 

d. The constraint on capital becomes relevant only when 

considering new depots. Each new depot will be considered as 

a new investment. 

e. I have fixed a 20 year life for new depots, and no 

residual scrap value. It is very easy to alter either of these 

conditions. 

1.3. Working on these assumptions, I have made 

the following additions/amendments to the program :-

1.3.1. Section 6.2.8. of the main thesis describes how 

fixed costs of new depots have been generated. From this we 

note that the capital required was 

(p x .001 + 4000) x 185, where P is the monthly 

throughput. 

I have already assigned the value of .001 to the variable 

AX, and the statement would then read 

(p x AX + 4000) x 185 
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There will now be provision for AZ=4000 and LQ=185, and 

the capital required would then be obtained by 

(p x AX + AZ) x LQ 

1.3.2. I have also assigned the variable KQ to represent 

the availability of capital. In my example I have set KQ as 

equal to Rs. 3,000,000/-. 

1.3.3. A new input to the main program would therefore be 

READ(1,299)AZ,KQ,LQ 
299 FORMAT(F5.0,I7,I3) 

1.3.4. When the status quo has been summarised at the end 

of each iteration, an additional segment calculates the capital 

requirement of each new depot, and its bond rate of return. 

i.e. within the DO 152 I=1,ID loop 

158 IF(I.LT.JC)GO TO 159 
E(I)=TT(I)*AX+AY 
CAP(I)=(TT(I)*AX+AZ)*LQ 
CAPT=CAPT+CAP(I) 
ENT~O 

300 PRV=O 
11=1 

301 PRV=PRV+(12*(RA(I)+(TT(I)*AX+AZ)))/«1+ 
ENT/1 00)*-*1 I) 

11=11+1 
IF(II-20)301 302,302 

302 IF(PRV-CAP(I»)303,303,304 
304 ENT=ENT+.01 

GO TO 300 
303 DCF(I)=ENT 
159 F=F+E(I) 

(1) ensures that only new depots are studied 

( 1 ) 
(2) 

~~~ 
(5) 

~~~ 
~~ ~ 

(10) 
( 11 l ( 12 
( 13 
(14) 
(15 ) 

(2) calculates monthly fixed cost of new depots using 

earlier relationship 

(3) calculates capital requirement by relationship noted 

in section 1.3.1. earlier. 

(4) to (13) are calculations prior to determining bond rate 

of return in (14). This is done by establishing the nett present 

value for different rates of return and selecting that rate 
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which makes NPV equal to or just less than the capital require­

ment. statement (4) sums up the capital requirements of all 

new depots selected at this stage. 

The last statement sums up the monthly fixed costs. 

1.3.4.1. The print out at this stage includes a display 

of capital cost, monthly saving, and the annual bond rate of 

return of each new depot. The cumulative capital requirement 

is also displayed. Appendix "A" contains a specimen printout. 

1.3.5. At the end of the main program a check is 

made to determine whether the total capital requirement exceeds 

availability. If it does not, the program continues with the 

sensitivity analysis. If it does, additional deliberations 

follow. 

1.3.5.1. Initially all new depots are arranged in descending 

order of bond rates. Within the context of capital shortage, 

one attempts to maximise return on investment, and the bond rates 

of each of the new depots assist in making comparisons with 

other projects. 

1.3.5.2. The subroutine which does so is :-

IJ=O 
DO 313 1=1 ID 
TT(I),IS(I~=06 
J=1 
IF(DCF(J)-DCF(J+t»314,315,315 

315 YC=DCF(J) 
II=J 
GO TO 316 

314 YC=DCF(J+1) 
II=J+1 

316 J=J+1 
IF(J-ID)317,317,318 

317bIF(YC-DCF(J+1»314,316,316 
318 TT(I)=DCF(II) 

IS(I)=II 
313 DCF(II)=O 

WRITE(2,319) 
319 F0R1~T(3X49HDEPOTS ARRANGED IN DESCENDING 

ORDER OF BOND RATES/ /) 

(1 ) 
(2) 
(3) 

~~~ 
(6) 
(7) 
(8 ) 
(91 

(10) 
( 11 ) 
(12) 
(13 ) 
(14 ) 
(15) 
(16 ) 
( 17) 

(18) 
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WRITE(2,320) 
320 FORMAT(10X5HDEPOT6X9HBOND RATE//) 

DO 321 I=1,ID 
IF(TT(I))321,321,322 

322 WRITE(2,3 23)DP(IS(I)),TT(I),IS(I),CAP(IS(I)) 
323 FORMAT(9XA8,4XF8.2,6XI3,6XF10.2) 

IJ=IJ+1 
321 CONTINUE 

(19 ) 
(20) 
(21 ) 
(22) 
(23) 
~24) 

(~g~ 
(1) sets up a counter which indicates the number of new 

depots in the basis. 

(2) to (16) arranges bond rates in descending order of 

magnitude. In doing so, it creates a new series of variables 

TT(i) which will denote the descending series of bond rates. 

The original notation of bond rates, the DCF(i) values are then 

set to zero. It also creates a new series of IS(i) values which 

represent the distinctive numbers of the depots whose bond rates 

are arranged in descending order in the TT(i) series. 

(17) to (26) provide for a printout of the above information. 

The counter IJ (in statement 25) will count the number of new 

depots. 

1.3.6. The next step is to select from the lists 

prepared in section 1.3.5. above, those depots which can be 

accomodated within the limited availability of capital. In doing 

so, those with the higher rates of bond return will be chosen 

in preference to those with lower rates, while ensuring all the 

time that the capital restraint is not broken. The subroutine 

ensures that as many depots as possible are accepted. 

1=1 
J=O 
TH=CAP(IS(I)) 

324 IF(KQ-TH)325,325,326 
326 J=J+1 

NE(J)=IS(I) 
IS(I)=O 

330 1=1+1 , 
IF(I-ID)327 327,328 

327 IF(CAP(IS(I~))328,328,329 
329 TH=TH+CAP(IS(I)) 

GO TO 324 
325 TH=TH-CAP(IS(I)) 

GO TO 330 
328 WRITE(2,17) 

( 1 ) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9 ) 

(10) 

~~1~ 
(13 ) 
(14 ) 
(15 ) 



10 

WRITE(2,331)J (16) 
331 FORMAT(3X49HTHE CAPITAL LIMIT HAS BEEN REACHED 

AFTER OPENING I3,19H DEPOTS. THEY ARE:-/) (17) 
DO 332 I=1,J (18) 

332 WRITE(2,333)DP(NE(I)),CAP(NE(I)),TT(I) (19) 
333 FORMAT(35XA8,2(3XF10.2)) (20) 

(1) to (14) - the section which accepts as many depots 

as possible within the limit of capital availability. Preference 

is given to those with higher bond rates of return. There is 

the possibility that a depot with a high rate of return may be 

dropped in favour of one with a lower rate, but this will happen 

only if the inclusion of the former will break the capital 

restraint while the latter is still within acceptable limits. 

This segment also identifies the depots that should remain 

in the basis by means of the NE(i) indicator (statement 6). At 

the same time the IS(i) value of all such depots is set to 

zero (statement 7). 

1.3.6.1. The information obtained in the prededing sections 

together with the sensitivity analysis that follows will enable 

management to decide on whether an "unacceptable" depot should 

still be brought in. 

1.3.7. We have now reached the stage where we know 

which of the selected depots should be retained and which should 

not. The only criterion which decides this is whether or not 

they fit into the pattern of capital availability. The next step 

is to divert the throughput assigned to the latter to the selected 

depots, so that the final solution becomes complete. In other 

words, we have 2 categories of depots in the final basis, the 

acceptable selecteds and the non-acceptable selecteds.The solution 

becomes complete when the locations assigned to the latter are 

diverted to the best alternative sources among the former. 

1.3.7.1. Up to now, we have been looking only at the new 

depots. It will be clear that the former (acceptable selecteds) 

would be supplemented by all the existing depots, since these 
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would not require any capital expenditure. We now proceed to 

identify them. 

DO 341 1=1 JB 
IF(KD(I)-1~341,390,341 

390 IW=IW+1 
LZ(IW)=1 

341 CONTINUE 

(1 ) 
(2) 
(3 ) 
(4) 
(5) 

(1) JB is the number of existing depots which head the list 

of ID depots which are being conditionally considered. 

(2) eliminates the central source from the list of depots. 

(3) sets up a counter lW, which determines the number of 

existing depots remaining in the new basis. 

(4) activates the indicator LZ(i) which identifies these 

depots. 

1.3.7.1. We'then have to identify, again using the LZ(i) 

indicator those new depots which have been found acceptable to 

remain in the basis. Wev know from section 1.3.6. above that 

there will be J such depots, identified by the NE(i) indicator 

(statement 6 in that section). 

DO 342 1=1,J 
342 LZ(IW+I)=NE(I) 

( 1 ) 
(2) 

We have thus ensured that all depots which are still feasible 

are identified by the LZ(i) indicator, and those that wre 

originally accepted but are now deemed infeasible will have a 

positive IS(i) value, as set in statement (15) of section 

1.3.5.2. and not set to zero by statement (7) of section 1.3.6. 

above. 

1.3.8. We are now faced with the task of reallocating 

those locations which were assigned to depots with a positive 

lS(i) value to those with a positive LZ(i) indicator, with 

minimum increase in cost. 

1.3.8.1. Initially, we identify those depots which have a 

positive IS(i) value. We must them find out which locations have 
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to be supplied from these depots, and then find the cheapest 

alternative route to these locations from the depots that are 

still retained in the basis - those which have positive NE(i) 

indicators. 

DO 348 I=1,IJ 
IF(IS(I))348,348,344 

344 DO 348 IK=1,IC 
IF(LA(IK)-IS(I))348,346,348 " 

346 DO 347 IL=1,IW+J 
347 CALL UTD2(1,(LZ(IL)-1)*IC+IK,1,TT(IL)) 

DO 348 IL=1,IW+J 
J1=1 
IF(TT(J1)-TT(J1+1))349,349,350 

349 YC=TT(J1) 
J2=LZ(J1) 
GO TO 351 

350 YC=TT(J1+1) 
J2=LZ(J1+1) 

351 J1=J1+1 
IF(J1-(IW+J))352,353,353 

352 IF(YC-TT(J1+1))351,351,350 
353 S(IK)=YC 

LA(IK)=J2 
348 CONTINUE 

( 1 ) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10 ) 
( 11) 
( 12 ) 
(13 ) 
( 14) 
(15 ) 
(16 ) 
(17 ) 
(18 ) 
(19 ) 
(20) 

(1) ensures that only the IJ new depots are considered 

(2) checks that new depots with positive values only are 

dealt with, i.e., those which have to be dropped 

(3) and (4) determine which locations are being supplied 

by these depots, I.E., those locations which have LA(i) values 

equal to that depot number 

(5) and (6)extract elements from the Transport Cost Data 

Grid relating to the above locations and the IW+J depots which 

are to be retained 

(8) to (17) arrange these costs in increasing order of 

magnitude 

(18) selects the smallest cost and (19) identifies the 

source which supplies each location at this smallest cost 

The functions performed by the 4 DO loops are clear. The 

first considers only new depots; the second considers all 

locations; the third extracts all supply costs for all the feasible 

depots, and the fourth finds the lowest of these costs and 
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and identifies the cheapest alternative source. 

1.3.9. We are now left with tIle final task of 

calculating the total cost of the second (sub-)optimal basis. 

We know which depots comprise this basis and which locations 

they supply. The transport costs are already available in the 

Transport Cost Data Grid. 

DO 379 1=1 ID 
379 TT(I),TX(I)=O 

V=O 
DO 354 I=1~IC 
U=D(I)*S(I) 
KK=LA(I) 
TT(KK)=TT(KK)+D(I) 
TX(KK)=TX(KK)+U 

354 V=V+U ' 
CAPT,F,DA,VA=O 
WRITE(2,214) 
DO 355 I=1,IW+J 
IF(LZ(I).LT.JC)GO TO 374 
E(LZ(I))=TT(LZ(I))*AX+AY ". 
CAPT=CAPT+(TT(LZ(I))*AX+AZ)*LQO 

374 WRITE(2,223)DP(LZ(I)),TT(LZ(I)),E(LZ(I)), 
TX(LZ(I)) 

VA=VA+TX(LZ(I)) 
DA=DA+TT(LZ(I)) 
F=F+E(LZ(I)) 

355 CONTINUE 
F9=F+VA+T8 
IF(F1-DA)371,370,371 

371 F8=F1-DA 
WRITE(2,372)F8,DA 

372 FORMAT(3X5HF8 = F11.2,3X5HDA = F11.2) 
370 WRITE(2,37~)VA 
373 FOrm~T(!/3X22HTOTAL VARIABLE COST = F10.2//) 

WRITE(2,377)F 
377 FOill1AT(!3X19HTOTAL FIXED COST = F10.2//) 

WRITE(2,25)T8 
WRITE(2,378)F9 

378 FORlVIAT (/3X21 HTOTAL OVERALL COST = F10. 2//) 
WRITE(2,380)CAPT 

380 FOrm1AT(!/3X28HTOTAL CAPITAL REQUIREMENT = 
F10.2//) 

( 1 ) 
(2) 
(3 ) 
(4) 
(5) 
(6) 
(7) 
(8 ) 
(9) 

(10) 
(11 ) 
(12 ) 
(13 ) 
(14 ) 
(15 ) 

( 16) 
( 17) 

(18 ) 
(19 ) 
(20) 
(21 ) 
(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 
(29) 
(30) 
(31 ) 
(32) 
(33) 

(34) 

(1) and (2) set all TT(i) and TX(i) values at zero, and 

(3) sets V at zero 

(4) to (9) calculate and accumulate transport cost and 

demand 

(10) to (20) calculates and accumulates the capital 

requirement and provides a print out of the position of each 

······1 
I 
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depot. 

(21) to (34) provides for a print out which summarises the 

costs and the total capital requirement of the final feasible 

basis. 

1.4. The modifications described above have been 

incorporated into the computer program listed in the main thesis. 

The same problem has been tackled with an arbitrary limitation 

on capital of Rs. 3,000,000/-. The result, as shown in Appendix 

"A" indicate that 2 of the 5 new depots originally selected 

have to be dropped. The cut-off bond rate is 6.54% (the bond 

rates of the rejected depots being 3.95% and 3.34%). The total 

cost increases by Rs. 968.96, and the capital requirement is 

Rs. 2,547,286.81. 
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MULTIPLE REFINERIES 

2. The presence of multiple refineries can cause 

drastic changes in a distribution system and the computer 

program has to be significantly modified to cope with their 

existence. The changes are consequent to the possibility that 

depots can be served from several main sources, at varying 

cost. Each depot will have a prime source, i.e., that refinery 

which can deliver product to it at the lowest cost. If there 

are no constraints on the pattern of refinery production, the 

program would allocate each depot to its prime source and will 

allocate the country8wide demand between the refineries, via 

the depots. 

2.1. Having reached this allocation, we can then examine 

how total demand has been divided between the refineries. 

Is the allocated demand for each refinery compatible with its 

processing capacity? Will the allocation be less than, equal to 

or greater than its optimal capacity? Vfuat increases in marginal 

cost would result if the optimal capacity is exceeded? There 

would be a level of throughput which is so high that it would 

be clearly infeasible. It is assumed here that a suitable 

expression of the increased cost function is available and that 

it contains inbuilt provision to reflect excessiN~ average 

marginal cost when the maximum throughput is approached. This 

expression of cost has been referred to as FUNCTN in the 

sample FORTRAN IV statements that I have used to illustrate 

my arguments. 

2.1.1. Let there be i refineries, R1 , R2 ••••• Ri • Let their 

optimum throughputs be TPT1 , TPT2 ••••• TPTi • (These values would 

._-------
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have been suitably adjusted to make them compatible with the 

demand figures used in the distribution program.) Let the 

demand allocated to each refinery be DT 1, DT2 ••••• DTi • The 

expression FUNCTN determines the extra average marginal cost 

that would be incurred at each refinery when DT. exceeds TPT .• 
J. J. 

2.2. The following courses of action are available:-

2.2.1. Do nothing - absorb the increased costs and permit 

the refinery/ies to operate above optimum capacity. 

2.2.2. Check whether any other refineries are operating 

below optimum levels. If so, check whether the extra cost of 

diverting supplies to a depot from the first refinery to the 

second is less then the cost of operating the first above its 

optimal throughput. In other words, divert supplies to a depot 

awat from its prime source and determine whether the additional 

expense of doing so would be less than the higher marginal cost 

of operating above optimal levels. If so, divert the dpots 

concerned and still operate at a cost lower than at 2.2.1. 

above. 

2.2.3. It may be possible to import product from outside 

the system at a cost lower then the cost of production at a 

local refinery operating above its optimum level. In this case 

the throughput of the refinery (local) would be controlled by 

import parity. 

2.3. It is intended that provision be made to deal 

with all three possibilities, and to select the best mix. 

Initially, an attempt will be made to divert depots from a 

refinery operating above optimum to one having spare capacity. 

Thereafter imports will be consisdered and refineries will be 

allowed to continue operating above optimum levels only as a 
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last resort. 

2.4. I will now go through the original program, 

describing the changes in its logic, and also suggesting with 

sample segemnts of FORTRAN IV, how the changes could be 

implemented. 

2.4.1. The dimensions of the program will have to be 

changed. e.g., the trunking costs TT(i) will have to be 

replaced by a 2-dimensional variable TY(JD,ID), where JD is 

the number of refineries, and ID the number of depots. 

Similarly, the variable Y(i) which was the cost of direct supply 

(from the single refinery) to the IC destinations would also 

be 2-dimensional and read Y(JD,IC). Several new variables 

DT(JD) - refinery demand allocation; TPT(JD) - optimum 

throughput levels; EC(JD) - excess od DT(i) over TPT(i); 

CPT(JD) - the additional marginal cost incurred when operating 

with a positive EC(i) value (obtained by the use of the 

expression FUNCTN), and TIM(JD) - the import price of product 

originating from outside the system. Other new variables would 

include IND(JD) - the prime source of each depot, and RC(JD) 

indicating ex-refinery costs. 

2.4.2. The inputs to the program will require alteration 

to reflect the above changes. e.g., 

READ(4)(TT(J),J=1,ID) 

DO 500 I=1,JD 

500 READ(1,501)(TY(I,J),J=1,ID) 
501 FORMAT(20F4.2) 

would be replaced by 

2.4.3. A new subroutine would determine the prime source 

of each depot. e.g., 

DO 614 I=JD+1,ID 
J=1 
IF«RC(J)+TY(J,I»-(RC(J+1)+TY(J+1,I»)610,610,611 

610 CLO=TY(J,I) 
IND(I)=J 
GO TO 612 

611 CLO=TY(J+1) 
IND(I)=J+1 

=.T4-1 

I 

I 

I 

I 
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IF(J-JD)613,614 614 
613IF(CLO-TY(J+1,I))612,612,611 
614 CONTINUE 

It is assumed that the refineries head the list of 

potential sources of supply, and that each refinery can make 

deliveries direct to customers. 

This sequence creates a new variable IND(i) which denotes 

the prime source (refinery) of each depot. 

2.4.4. The subroutine which calculates the elements of the 

Transport Cost Data Grid would be modified to retain 2-dimen-

sional values of Y. e.g., 

IF(I.LT.JD+1)Y(I,J)=D(J) 

2.4.5. At the initial stage of the program, when calculating 

the cost of supplying all centres of demand direct from the 

refineries, a subroutine similar to that in section 2.4.3. 

above determines which refinery is the lowest cost soyrce for 

each centre. The costs are the Y(JD,IC) values. e.g., 

DO 620 I=1,IC 
J=1 
IF(Y(J,I)-Y(J+1,I))615,615,616 

615 S(I)=Y(J,I) 
LA(I)=J 
GO TO 617 

616 S(I)=Y(J+1,I) 
LA(I)=J+1 

617 J=J+1 
IF(J-JD)618,619 619 

618 IF(S(I)-Y(J+1,I))617,617,616 
619 V=V+D(I)*S(I) 
620 DT(LA(I))=DT(LA(I))+D(I) 

This segment determines the lowest cost refinery, identifies 

it (LA(i)), and notes the actual cost (S(i)). It also calculates 

the total variable cost V, and the refinery allocations DT(i). 

2.4.6. We now have to determine whether any refinery is 

operating above its optimum, and, if so, whether any other 

refinery has spare capacity. We must also calculate the 

increase in marginal cost as a result of exceeding optimum 

throughput. 
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DO 630 I=1,JD 
IF(DT(I)-TPT(I))631,632,633 

631 EC(I)=DT(I)-TPT(I) 
ECI=-EC(I) 
WRITE(2,634)DP(I),ECI 

634 FORMAT(3XAB,32H REFINERY HAS SPARE CAPACITY OF 
FB.2/) 

CPT(I)=O 
GO TO 630 

632 WRITE(2,635)DP(I) 
635 FORMAT(3XAB,37H REFINERY IS OPERATING AT ITS 

OPTlMUM/) 
EC(I),CPT(I)=O 
GO TO 630 

633 EC(I)=DT(I)-TpT(I) 
CPT(I)=EC(I)*FUNCTN 
WRITE(2,636)DP(I),EC(I),CPT(I) 

636 FORMAT(3XAB,33H REFINERY EXCEEDS ITS OPTIMUM BY 
FB.2,29H AND INCURS AN EXTRA COST OF F8.2/) 

630 CONTINUE 

EC(I) represents the difference between the allocated and 

optimum throughput for each refinery, while CPT(I) denotes the 

extra cost of operating a refinery above its optimum. The 

expression FUNCTN has been used to derive the latter. 

We now know which refinery operates below, at or above its 

optimum throughput, and the quantum of extra cost incurred. It 

has been assumed in the above statements that no extra cost is 

incurred when a refinery operates below its optimum. If such 

a cost has to be included, another cost expression, say FUNLOW, 

can be incorporated. 

2.4.7. We now examine the possibility of diverting 

supplies from one refinery to another if the additional cost 

of doing so is less than the extra marginal cost total of 

CPT(i). Diversions will take place only to those refineries 

that have spare capacity. 

DO 699 I=1,JD 
DO 640 II=1,JD 
DO 640 J=1,IC 

64D Y1(II,J)=Y(II,J) 

e.g., 

IZ=1 
IF(ECtI))699,699,700 

700 DO 701 J=1 IC 
IF(LA(J)-I~69B,702,698 

69B TB(I)=20000000+I 
GO TO 701 

702 11=1 
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IF(I.EQ.1)GO TO 704 
IF(Yt(II,J)-Y1(II+1,J))703,703,704 

703 YC=Y1(II,J) 
IYC=II 
GO TO 705 

704 IF(II+1.EQ.I)GO TO 703 
YC=Y1 (11+1 ,J) 
IYC=II+1 

705 11=11+1 
IF(II+1.EQ.I)GO TO 705 
IF(II-JD)706,707 707 

706 IF(YC-Y1(II+1,J))705,705,704 
707 IF(EC(IYC))708,709,709 
708 TB(J)=(YC-Y1(I,J))*D(J) 

GO TO 701 
709 Y1(IYC,J)=1000000 

TB(J)=20000000 
IZ=IZ+1 
IF(IZ-JD)702,641,641 

641 WRITE(2,642)I 
642 FORMAT(3X25HTHE EXCESS FROM REFINERY A8 t 39H 

BE DIVERTED TO ANOTHER REFINERY/} 
701 CONTINUE 

Y1(JD,ID) is an intermediate variable. 

CANNOT 

Tanking only those refineries that are operating above 

optimum, the above segment locates the cheapest alternative 

source( refinery) for each depot supplied by this refinery. 

It then calculates the notional additional cost ( TB(i)) of 

doing so. It calculates similar costs for supplies from all 

other refineries. Since we are interested in minimising costs 

we should rank these costs in ascending order of magnitude. 

DO 716 L=1,IC 
J=2 
IF(TB(J-1)-TB(J))717,717,718 

717 HL=TB(J-1) 
II=J-1 
GO TO 719 

718 HL=TB(J) 
II=J 

719 J=J+1 
IF(J-IC)719 719,718 

720 IH(HL-TB(J))719,719,718 
721 IS(L)=II 
716 TB(II)=20000000+L 

We can now decide how many of these depots are to be 

diverted such that the total cost of doing so does not e~ceed 

CPT(i) 
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714 IF(CPT(I)-TH)710,716,716 
716 IYC=LA(IS(J)) 

DT(1YC)=DT(IYC)+D(IS(J)) 
DT(1)=DT(I)-D(IS(J)) 
EC(1YC)=EC(IYC)+D(IS(J)) 
EC(1)=EC(I)-D(IS(J)) 
VP=VP+TB(IS(J)) 
IF(EC(IYC))113,699,699 

713 J=J+1 
715 IF(J-IC)712,712,699 
712 TH=TH+TB(IS(J)) 

GO TO 714 
710 TH=TH-TB(IS(J)) 

GO TO 713 
699 CPT(I)=EC(I)*FUNCTN 

The above segment would divery supply from an "over-burdened" 

refinery to the lowest cost refinery which would still have 

spare capacity, provided the extra cost of doing so does not 

exceed the additional cost incurred by the former. It also 

ensures that the latter does not go above its optimum level 

of throughput. 

To swmnarise the several functions performed by the above 

segemnts:-

a. "Over-burdened" refineries have been identified. 

b. The locations that they supply have been determined. 

c. The lowest alternative cost of supplying these 

locations have been isolated. 

d. If the refinery which can supply at this lowest 

cost has spare capacity, it calculates the cost of diverting 

supplies to this refinery. 

e. It diverts sufficient depots such that the extra 

cost of doing so does not exceed the extra cost incurred by 

operating the "over-burdened" refinery above its optimum. 

f. In doing so, it ensures that that the second 

refinery does not itself become "over-burdened". 

g. It sums up the extra costs of diversions (which 

will be less than the cost referred to in e. above. 
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The total variable cost now becomes the sum of 

i. the orihinal variable cost V, 

ii. the cost, VP, of "filling up" refineries with spare 

capacity, and 

iii. the cost penalties of refineries that still operate 

above their optimum. 

2.4.8. The possibility of imports is now considered for 

any remaining "over-burdened" refineries. e.g., 

i. 

ii. 

iii. 

iv. 

DO 650 I=1,JD 
IF(EC(I»650,650,651 

651 ETPT=1 
654 IF«ETPT*(RC(I)+FUNCTN)-TIM(I»)652,652,653 
652 ETPT=ETPT+1 

IF(ETPT-EC(I»654,654,655 
655 WRITE(2,656)I 
656 FORMAT(3X20HIMPORTS TO REFINERY A8,46H ARE TOO 

COSTLY AT PRESENT L~VEL OF OPERATIONS/) 
GO TO 650 

653 DT(I)=TPT(I)+ETPT 
~TPT1=EC(I)-ETPT 
COSE=ETPT1*TIM(I) 
CPT(I)=(DT(I)-TPT(I»*FUNCTN 
WRITE(2,657)ETPT1,DP(I),COSE 

657 FORMAT(3X7HIMPORT F10.2,15H INTO REFINERY A8,14H AT 
A COST OF F10.2/) 

WRITE(2,658)DP(I),DT(I),CPT(I) 
658 FORMAT(3X9HREFINERY A8,32H NOW OPERATES AT A 

THROUGHPUT OF F10.2,27H AND STILL INCURS A COST 
OF F10.2/) 

650 CONTINUE 

The total cost now becomes the sum of 

the original co st V, 

the cost VP, 

the import cost COSE, and 

the costs CPT(i). 

2.4.9. The above procedure is rpeeated after the demand 

allocations are known at each iteration of the main program. 

The importatnt features that need emphasis are 

a. the demand points are now the depots, and not individual 
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centres of demand, 

b. Depots are diverted, rather than customers, 

c. the indicator 1ND(i) is additional to indicator LA(j), 

and d. the costs that are compared are the trunking costs 

TY(i,j) rather than the direct supply costs Y(k,l). 

2.4.10. Further small modifications are required to cope 

with the altered situation. They include 

i. LA(11)=1ND(LB) to replace LA(11)=1, and 

S(11)=Y(1ND(LB),11) to replace S(11)=Y(11), in the 

check stage of the main program when a depot is dropped as 

being "unprofitable", and the locations supplied by it are 

reverted to the central source; in this case they will be 

reverted to the refinery which is the prime source of the 

depot. 

ii. The demand allocation for each refinery has to be built 

up. The statement 

DT(1ND(KK))=DT(1ND(KK)+TTaKK), added to the sequence 

which adds up depot costs and throughputs will accomplish 

this. 

iii. Changes similar to i. above will also be required in 

the sensitivity analysis. 

iv. other small changes mainly in the legends in the 

print out will have to be made. 

2.5. The above modifications are designed to COpE 

with a system having any number of refineries. I have already 

adapjed my main program to handle 2 refineries. This modified 

program was used as the principal algorithm in a problem which 
1 

was tackled as a post-graduate project at Loughborough 
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University. A hypothetical problem was created; the marketing 

area covering England and Wales, divided into 195 centres of 

demand. The 2 refineries WEre located at Loughborough and 

Avonmouth, and 33 possible locations for bulk depots were 

postulated. The program ran successfully and selected 20 bulk 

depots to serve the whole area. Very substantial savings were 

effected by their intorduction. An accurate estimate of savings 

could not be obtained because the students did not use a 

realistic mileage grid to calculate the Transport Cost Data 

Grid. They represented deliveries that were clearly infeasible 

by an arbitrary high distance of 999 miles and this intrmdueed 

errors into the calculation. They did not utilise the segments 

involved in the study of allocated against optimal refinery 

capacity, mainly due to lack of time in data praparation. This 

project report was accepted as being of satisfactory standard. 

2.6. The bulk of the above extra effort dealt with 

the likelihood that there is an externally determined pattern 

of optimum production at each refinery, and that deviations 

from these levels would increase refining cost. Even though 

this is an exercise in distribution optimisation, provision 

must be made for its effect on other costs in the larger 

system to maintain the same total systems approach that has 

been adhered to throughout this study. 

2.7. If each refinery is flexible enough to cope with 

any demand made on it, the inclusion of multiple refineries 

becomes a much simpler matter. All that need be determined 

is the prime source for each depot, and the total allocation 

of demand to each refinery. This assumption was made in the 

project report referred to earlier. 
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COMPARISON OF METHODS OF ANALYSIS 

3. The main thesis contained a general description 

of the new method, and compared its features with published 

work on this subject. Sections 4.7. to 4.21. contained details 

of these methods and pointed out certain weaknesses in their 

structure. However a quantitative comparison was not made 

between the new and the old methods. I have been requested to 

carry out such a comparison with 2 existing methods, namely, 

that of Maranzana (section 4.13. of main thesis), and that of 

either Feldman, lehrer and Ray, or Smykay (section 4.21.), or 

Keuhn & Hamburger (section 4.18.). I have successfully made 

contact with Dr. Maranzana, and in a devious way, with the 

work of Feldman, Lehrer and Ray. Professor Smykay has declined 

his assistance, while Keuhn and Hamburger have yet to reply 

to my requests for help. 

3.1. I shall compare my method with that of Maranzana, and 

that of Feldman, Lehrer and Ray (described in section 4.19. of 

main thesis). For this purpose I have developed a problem 
2 

based upon that used by Maranzana. It is set in Italy, where 

a certain product is distributed to 40 centres of consumption 

from a factory located in Milan. He has specified the demand 

at each of these centres and has shown their location on a 

diagrammatic map of Italy. I have used this map to establish 

the possible routes of supply and to determine the distances 

involved. The demand figures are given in Table 1. 

3.2. Appendix "B" contains a listing of Maranzana's 

program. In accordance with his directions I have had to fix 
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TABLE 1 

DISTRIBUTION OF DEMAND 

LOCATION QUANTITY 

1 • Milan 50000 
2. Rome 50000 
3. Naples 15000 
4. Turin 30000 
5. Genoa 25000 
6. Parma 10000 
7. Bologna 15000 
8. Florence 15000 
9. Venice 10000 

10. Trieste 10000 
11 • Bari 5000 
12. Palermo 5000 
13. Verona 8000 
14. Trento 3000 
15. Padua 7000 
16. Pavia 500 
17. Sondrio 300 
18. Novara 500 
19. Biella 200 
20. La Spezia 200 
21 • Pisa 100 
22. Lucca 100 
23. Fano 30 
24. Savona 50 
25. Pesaro 300 
26. Perugia 300 
27. Foggia 25 
28. Avellino 2 
29. Cagliari 5000 
30. Sassari 15 
31. Catania 8 
32. Syracuse 4 
33. Ferrara 40 
34. Piacenza 6 
35. Alesandra 6 
36. Siena 30 
37. Grosetto 15 
38. Ancona 4000 
39. Viterbo 2 
40. Rieti 2 
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(arbitrarily) the number of depots that should together form 

the optimal basis. This is done by nominating the number and 

feeding that many depots into the program as an initial 

solution. I have made 4 different runs, one with 3 depots; 

two with 4 depots; and one with 15 depots (the maximum capacity 

of the program supplied to me). 

3.2.1. As described. in the main thesis, Maranzana's 

method does not take into account the fixed costs of the 

depots. He also assumes that unit transportation cost is 

derectly pr~portional to distance. In using his program, I 

too have excluded fixed costs, and by assuming that the 

unit transport cost per unit distance is 1, have used the 

distance matrix as the Transport Cost Matrix. 

3.2.2. The results obtained in the printout are rayher 

meagre. They only comprise the initial solution, the final 

solution, a listing of centres of demand and depot number, 

and a reproduction of the distance matrix dealt with originally 

by the program. 

3.2.3. Extracts of the results of all 4 runs are reproduced 

below. (Appendix "B" contains the full results). I had two 

runs with 4 depots in order to investigate whether the final 

solution varies if the original depots selected to form the 

initial solution vary. The objective functions are expressed 

as the sum of the products of demand and transport cost. In 

this case, I have assumed that unit cost per unit distance is 

1. 

3.2.3.1. Run No. 1 

INITIAL SOLUTIONS WERE = 23 6 12 
FINAL SOLUTIONS ARE = 2 1 9 
OBJ. F. = 0.9642E 07 

3.2.3.2. Run No. 2 

INITIAL SOLUTIONS WERE = 2 1 9 12 
FINAL SOLUTIONS ARE = 2 1 9 12 
OBJ. F. = 0.9091E 07 

,.,'. 
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3.2.3.3. Run No. 3 

INITIAL SOLUTIONS WERE = 4 9 
FINAL SOLUTIONS ARE = 18 2 
OBJ. F. = 0.7887E 07 

3.2.3.4. Run No. 4 

23 30 
15 29 

INITIAL SOLUTIONS WERE = 1 2 3 4 5 6 7 8 9 
10 11 12 13 14 15 

FINAL SOLUTIONS ARE = 1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 

OBJ. F. = 0.7026E 06 

3.2.4. The 4 values of the objective function indicate an 

obvious trend - the greater the number of depots, the smaller 

the transportation cost. This is the case with any distribution 

cost analysis which is based solely on depot-to-customer 

transportation costs. But there are other costs in the system, 

namely, factory-to-depot costs, and the fixed costs of the 

depots. Both categories of costs would increase with number of 

depots. What is required of an effective method would be to 

find a minimum total of all costs. This method does not 

accomplish this. On the contrary, if one permists with this 

method, the lowest cost solution would be reached when there 

is a depot at every centre of demand! 

3.2.5. An equally serious weakness of the method is shown 

up by the results of the second and third runs. Both these 

require 4 depots in the basis. The initial solutions were 

purposely different for the two runs, with no depot being common 

to both. The results indicate a rather curious situation. One 

of the runs (the th±id ) selected 4 new depots and eliminated 

all 4 of the initial selections. The objective function was 
7 

0.7887 x 10 • The second run retained all 4 of the initial 

selections as the final bamis. One would thus believe that· these 

4 were in fact the optimum; but the objective function turned 
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out to be 0.9091 x 107 , which is over 15% higher than that of 

the third run. 

3.2.6. These results indicate that this method would not 

be suitable for solving a realistic problem within a reasonable 

time. The only way of reaching the optimum would be by carrying 

out many (hundreds or even thousands) runs, calculating the other 

costs of the system, and adding them, before finally deciding 

on the best network of depots. Unless runs with all possible 

combinations of depots in the initial solution are carried 

out, one cannot be certain of reaching the optimum. 

3.2.7. A small modification to this method could make it 

cope with non-linearity of transport costs. Instead of feeding 

in distances, one could feed in transport costs, which have 

been calculated externally, and which contain provision for 

non-linearity. This method has been described in section 

6.3.4.4. of the main thesis. The cost element could also contain 

the operating cost of the depot, and the common operating cost 

of the central source. 

3.2.8. Further comments on this method are incorporated 

in section 3.5. which makes a comparison of all three methods. 

However, in view of the serious weaknesses of this method, no 

further computation has been carried with it. Its reliability 

is so suspect that there would be little purpose ganied by its 

further use. However, the comments made above form an adequate 

basis for comparison with the other methods. 
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3.3. As described in section 4.19. of the main thesis, 

Feldman, Lehrer and Ray have developed a program which is an 

extension of the Keuhn and Hamburger algorithm (section 4.18. 

of the main thesis). They have introduced the concept of incre-

mental operating costs for each depot, where unit variable cost 

would bear some describable relationship to throughput. 

3.3.1. They tackle the warehouse location problem from 

two directions. The first, the ADD approach, starts from an 

existing basis, or from the best single location, takes the 

likely depot sites, one by one, and includes in the basis only 

those that contribute in reducing the total distribution cost. 

The second approach is the DROP method, which assumes that all 

likely depots are in the basis and drops those whose rejection 

would reduce total costs. 

3.3.2. The ADD approach is recommended for the construction 

of a new system or for the developemnt of an existing one. 

The DROP approach was introduced to reduce the frequency of 

certain infeasible solutions which occured in some large scale 

problems. The ADD approach has been used in tackling the present 

problem. 

3.3.3. The input to this program consists of certain 

control insjructions interspersed by many series of data in 

predetermined formats representing the fixed costs, depot 

variable costs and transport costs. 

3.3.3.1. When tackling the present 40 x 40 problem, it 

was assumed that there were three existing supply points in 

the system, namely, the factory/depot at Milan, and a depot each 

at Rome and Naples. These are the points selected for the3-depot 

basis by Maranzana's program (section 3.2.3.1.). The fixed costs 

at these points were assumed to be 15000, 6000 and 2500 

respectively. 

I 
, 
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The fixed costs of the new depots were to be built up 

by the expression 

Fixed Cost = 1000 + Throughput/10 

The program, as originally written, envisages the 

inclusion of pre-calculated fixed costs as input data. However, 

to add some realism to the problem, the above expression has 

been included to ensure that fixed costs bear some relationship 

to throughput. It would be a simple matter to use a more 

sui~able expression. 

3.3.3.2. The transport cost data consists of Factory-to­

Warehouse cotss (Factory cost plus transport cost), and 

Warehouse-to- Customer costs. The original Keuhn and Hamburger 

program assumes linear transportation costs, but I have altered 

the figures to represent realistic non-linear transportation 

costs. They have been built up in the manner described in 

section 6.3.4.4. of the main thes is , according to -

If distance is less than 30, unit rate = standard rate. 

If less than 60 and greater than 29, unit rate = std. rate 
increased by 10% 

If less than 110 and greater than 59, unit rate = std. rate 
increased by 22% 

If less than 180 and greater than 109,unit rate = std. rate 
increased by 35% 

If less than 260 and greater than 179,unit rate = std. rate 
increased by 55% 

If less than 350 and greater than 259,unit rate = std. rate 
increased by 75% 

If distance is greater than 349, unit rate is twice std. rate. 

These same cost figures have been used in the new 

method as described later in sedtion 3.4. 

3.3.3.3. Appendix "C" contains more details of the computer 

program and the results of this p~oblem. 
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3.4. The main thesis has adequately dealt with the 

details of the new method. This method has been applied to the 

same problem with certain assumptions; it has been assumed that 

there are 3 existing depots - Milan, Rome and Naples - depots 

1, 2 and 9 as determined in section 3.2.3.1. by Maranzana's 

method - and the same initial basis as used in the second 

problem (section 3.3.). The fixed costs of these depots have 

again been taken as 15000, 6000 and 2500 respectively. The 

same expression 

Fixed Cost = 1000 +4llocated throughput/10 

has been used, as before, to calculate the fixed 

costs of any new depots. Similarly, non linearity in transport 

cost has been provided for as in Appendix "B" of the main thesis 

and in section 3.3. 

3.4.1. Since this exercise is a comparison of the basic 

potentialities of 3 methods, I have not carried out a cost 

analysis as required by conditions of limited availability of 

capital, nor have I included provision for multiple factories. 

Neither of the earlier methods has provision for the former, 

but the second method can handle multiple factories. I have 

included the Sensitivity Analysis because it is a useful part 

of the technique which indicates whether a further inpxovement 

in the solution is available. 

3.4.1.2. Ihave not reduced the dimensions used for the 

original 86 x 613 problem solved in the main thesis, even 

though the present problem includes only a 40 x 40 matrix. 

3.4.2. The results obtained indicate that the optimal basis 

consists of only 2 points of supply, the central factory/depot 
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at Milan, and the existing depot at Rome. 

3.4.3. The Sensitivity Analysis confirms that the above 

two points comprise the optimum basis. The retention of Naples, 

to preserve the existing basis, would incur a minimum additional 

cost of 1592 units, and losses would also arise if any otrer 

depots are forced into the basis. 

3.4.4. Appendix "D" contains full details of the results. 
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3.5. This section compares the success of the three 

methods as used to solve the same problem. The preceding sections 

3.2., 3.3. and 3.4. have covered the general features of the 

3 methods and have shown that Maranzaza's method is clearly 

unsuitable for use in this type of problem. Be that as it may, 

coverage of this method is iDluded in the following sub-sections 

which deal with specefic aspects of the methods used. 

3.5.1. Overall Performance and Results 

3.5.1.1. The first method (Maranzana's) has not been 

able to cope with the problem. 

3.5.1.2. The second method (Feldman, Lehrer & Ray's) 

has reached an optimum. It indicates that the best warehouse 

pattern is the factory/depot at Milan, and one other depot at 

Rome. There is a saving of about 6.5% on the costs of the present 

3-depot system. 

3.5.1.3. The third method (the new one) has reached 

the same optimum. 

We therefore have confirmation that these two methods are 

effective and have reached the optimwn. 

3.5.2. Computer Core Space Reguirements 

3.5.2.1. The first method required an average core 

space of 7100 for a 40 x 40 problem. 

3.5.2.2. The second method required a core space of 

22200 for the same 40 x 40 problem. 

3.5.2.3. The thrid method required a core space of 

23200 for a 85 x 613 problem. The diemnsions of the problem 

tackled in the main thesis were retained even for the 40 x 40 

problem. 

The striking economy of the third method is quite clear. 
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3.5.3. Computing Time 

3.5.3.1. The first method required an average of 

50 seconds for compilation and 95 seconds for execution. 

3.5.3.2. The second method required 256 seconds for 

compilation and 231 seconds for execution with a restricted print 

out.The computer print out displayed in Appendix "c" shows an 

execution time only of over 15 minutes (907 seconds). This is 

due to the fact that this run had a full Trace. Removal of the 

Trace feature reduced the execution time very considerably. 

3.5.3.3. The third method required 106 seconds for 

compilation and 157 seconds for execution (also with a restricted 

print out). Of this latter time, 129 seconds were foriiE main 

program and 28 seconds were for the Sensitivity Analysis. 

3.5.3.4. The computer used for all the above runs 

was the ICT 1905 described in Appendix "A" of the main thesis. 

The saving in time by the use of the third method is very 

significant. 

3.5.4. Readability and Detail of Print out 

3.5.4.1. The paucity of detail in results of the 

first method has already been mentioned and demonstrated (section 

3.2.3. and Appendix "B"). It refers to warehouses by number, 

not by name, thus requiring further cross-referencing in 

order to interpret the results. 

3.5.4.2. The print out obtained by the second method 

is restricted. The results are more easily read and understood, 

but in this case both warehouses and customers are referred to 

by number, again requiring cross-referencing before the 

results can be assimilated. 

3.5.4.3. The third method too has been with a 

restricted print out, but the layout is more easily readable 

and contains much more information than that of the second 
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method. This is particularly true of the sensitivity analysis 

which indicates the minimum increase in cost if a change is 

forced in the optimal basis. All depots and warehouses are 

referred to by name, thus eliminating the need for cross-refe­

rencing, and providing a complete answer to the problem. 

3.5.5. Preparation of Data 

3.5.5.1. All three methods are such that the prep­

aration of data is a comparatively simple task. 

3.5.6. Flexibility of Algorithms 

3.5.6.1. The first method is quite restricted in 

its capabilities. 

3.5.6.2. The second method can cope with many 

variations of the problem. The two basic methods of analysis, 

The ADD and DROP approaches have already been mentioned. This 

facility would be a self-checking meghanism, but there is no 

guarantee that the check would be effective as the two approaches 

have been designed to supplement rather than check each other. 

(The inability to guarantee reaching the basolute optimum is 

the feature common to all three methods, which are all heuristic.) 

There is also the EVALUATOR option, which carries out an 

accounting function, in that it verifies the costs, etc., of 

a preselected basis. This method can handle more than one factory, 

but only one product, (or a composite product). It cannot take 

'capital constraints into consideration. 

3.5.6.2.1. The ADD option does not have provision 

for calculating the cost of the existing basis, i.e., the Milan, 

Rome,Naples network. There is thus no control cost against 

which the performance of the al~orithm can be judged. The only 

indication (by default) that the present basis has been considered 

is that Naples has been dropped. The EVALUATOR optnon has to 
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be called to determine the cost of the existing network. This 

step would certainly increase computing time. 

3.5.6.3. The third method has all the advantages 

of the second one. In addition, its logic is such that a counter­

part of a DROP approach would be redundant; the sequence of 

steps ensures that all solutions are feasible. A built in segment 

determines the cost of any given basis, as it does in the sample 

problem, where the two systems evaluated are Ca) the existing 

Milan,Rome,Naples network, and Cb) supply from Milan only. The 

EVALUATOR function is also thus inherent in this method; it 

provides a bench mark against which future feasible solutions 

can be compared, and determines w~her or not the exercise 

has been successful. The latest modifications to this program, 

as described in sections 1. and 2. of this supplement, provide 

for more than one central source and for conditions of restricted 

capital availability. 

-
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APPENDIX "A" 

THE CAPITAL CONSTRAINTS PROGRAM 

The following pages contain the full listing of the 

modified program which will cope with the problem of restricted 

capital availability. The full results are also presented. 

The problem that has been tackled is the same as that dealt 

with in the main thesis. The optimal result is there-fore 

the same. 

The core space requirement of 22720 for the 86 x 613 

problem noted in page 56. 
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- 219 1 F (K-J ~) 21 n, '16,221 ------- ..-- --- -. ------~- 2605---:-- ----- -----_------:--- --.-------,---- -- -----------

221 WR !TE(? .7.Zin riP (K) • TT (K);-r;c K) -;rx on-------- --------- -------------------- 2610-----------, ----------------------- .--------~--

-:--- ---- ·222--FORf1ATC1XAlli::l(2;<F11 .7.) ,1X1t1HNEW !'lEPOT LOCATION)----- -- ... --- - --------------- 2615- -------------------- ----
C --------- - GO -TO 215---- -------------------- 2620 --------------------- ---------------- ------- ----
r- -
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215 

WR 1 TE (2,223 >llP (K) • TT (0 d! (10. TX (10 .. --- - --------- 2625-·-------· --.----.• ---.----. 
FOR~'AT C1 XAIL ~ (?X F" ;?)l - --.--.. -.-.-- .------- .-- ---- .. -.---.... - - .----- -.. -- .-.-----. - 2630 -----.----.-----------------------. --- -
CON T I NUt!" ...... ---..... -.- -. -.- ... --.~- ... --~----.-. -" ... _. ----... -... 263 5 .--~-- --- ---.--.---------.--------.----.--.. ~-- ~-- - --- ... ~ .. -.~ 
N p:o t~ -, . __ . --'~--'--' - --.... -.. - . -_. - .--- ...... -.-----. -- ..... ~---.-- ~-- ..... - -- .. - .. ---- .-.. --- ~-- " ... _-- .. -.--~- ... ~- 2640 _. - ._-_ .. ----------- -.-.--.---.--..... -----" -- --.... -- -.-.- .----. - - -- -

.-. T Z=TO----·-·----·· --.. --- -.--.- .. ...... 26·"5 .------------.----------.-------. ---- ... -.- - .-------.-
--"'- --- - GO TO n l.------··-- --------- .. ------- 2650---------·--------·-------·---

--208 \JRITE(7.~75)TF .. --'--. ---- .. 2655·---·---------· 
225 F OHJ.1A T ( !3 X 1 t} HT or Al F I XF. DC 0 ST.' F 10.2)- -- - .. - .---- ------.- . ---- . -- - 2660 .-. ---.. -----.-------------- ---

WRln:(2.2?~)TC; 2~65 •.... - -" 
2 2 6 FOR r~ A T ( 3 X 7. 7.U1' () T A[ V A R 1 A B I. e COS T = F 1 0 • 2r ? 6 7 0--- -- - - -

'AR IT E I ~. '-'i HH . - -. - -.--- -. -- 2675-·--- ------.-----. ---- -.,- . 
. WR I re (7..7.7.7) TO-' '-- . -.--- .... --- ----.- -- ----.--- 2680 --------.---------.- -- .. ----- .. - .. 

227 FORMATlJX?'IlTOTAL OVERALL COST = F10;2) .- .. --.--.-.... --- ··----··2685 -- .. ----------.--.-.-.-----.-
TQ::TO-TI. -.--.- .. ----- --'- -.. - .. ----.-- ----
tJ R 1 T F ( '? , 2;~ A) Tt') . --- -- ---- . - . - -.- ~.- -

. 228 FOIH1ATC/1X?'?'l1rH:JIMUil EXTRA COST IS F10.211)··· 2700- .---- -.------
1 F (Tt',l) ~7.9, ??9. ?:sn -- --.----.. -.-.------.-~-----.----

-. ------ 229 WR I TE (2,7.31) I)P (I 7.). I Z--------.- -- ------------- 2710-----------·------------
.. ? 31 F 0 Rt~ A T C',X39 11 rli E P ROil ~ Ar1 S H 0 UL [) BE R r: -It IJN EXC L UD I NG AB, 17H DE POT- B V---·- 2715-----·------- -----.-- -.- .. - .. -- .. ---

1 SETT If.IGI4H K I) n 3; 12H ) EQUAL TO 511 f) -- -- - - .---.--- --- ---2720 .-~--------- .. -----.---- --.-.-- ------.--.--.-. 
-. GO TO 210- 2n5' ------.. -------.. ------

- - '--224 IF(lO)2:.;7.-.?~~.233----·-·- -.---------.. --- .-.-- .... -- 2730--------------------------·-· . ___________________ t ___ . __ 
7.33 DO 234 1=1.IC --.-.--.-.' 27~5-·-------·-----------·--
234-D (I) "0 (I)" trICR!:!: ....... -- .--.--.--. -- .---.----.-------- -- -------- 2740------------ .. 

CaNT 1 rJUF,----- ... -----.--------------- 2745 ----------.--------~---.--
-.. -\,]1----- r 
~ . 

GO TO - 4? --~-- ---- .. ---.--.-~---~------------- .. ---. --. .--:.. .. - -------.. -----.--.. -- -- --- -.--- ----.-----.-----.... ---- 2750·-------:-------------------------,-- .--.-------. --.~---- .. --
IF (Kt) ~3f.; 3"'14-;335-·-------·----- - '--' ---------- -.-- --- - .. - -.-. --- --.----.------.-- ---.-- - - .. ~ --.-- --.-.------ f-"---' 
1 F (f(Q-CAPT>31 0;334; 334-----------------··--··---·-- .--.---.... - -.-.--.-- .. --~-.----- - ----- ... ------~-.--.------.------------.-- ------------------

L ___ . ____ _ 

232 
:ns 

-- 310 CAPTS =r.APT-~n-- ,- ---. -.- -.-.- -- .- .. --------. --------------------.--.----.- - - .... --
WR nE ('1,17) - ----------------.----------. ------.-----.---.--- -----------.------. --. -----------------------

. Wit I rr: (7..311) CAPT. KO, CAPTS - --- .. -- ,-- .. -. - ------ ... -.---- .------.- .--.. -----.----.---.- --"- -----.-.--------.--.-- -.----
-- - . 311 FORt'1AT (3X:i3;ITH ETOTA l. 'CA? IT A 1:-~ EOU 1 RF.r~F. NT . OF F 10-. Z-;20H-E)(CEED S THE------- ---------.-------.----.. -----------,---.-. --------.-~ 

- -.- -- ·1 MAXIMlIll/1'7H AVAILAfIIUrv"OF' I7.4H- BV F10.211)' - .. ~----.----------------------------.-----------.--.-------.-
c_ --- - -----. - -- -- -DO 313 1 "1-,[ I) ---- - -- - -- ---.-.. -- -- .-- . '---.--'-'- --- - ... -- ... -.--.. - -.-. ----.-- ---- -.. ---. -- .--------------.----... ---.. _- .•.. -- . ___ ._.L -----.-.--------.- •• -.--.- •• 

---------.. 1 S (r). TT r I) :0- ' . -- '--- . - •.• -.-- -.---.--.--.---- --.-.-----------.-- -.----- - .. -., ... - . " 
-I - __ • __ ._._.c._. __ ._ .. J =1·- .. -.-. ---------.--.. --- .. ----.-----.-------. -- -... -... -.--- .. - .. -..... -------.-- .-.----.----- -.- -- -.-.-.-- .. -----.-----.-.--.-. -.-.---. 
.------ -- ----- IF (DC F (J) -DC': (J +1» 314 .315.315-···----- .. -- - ---'--' .-.--- ---.--.----. ---------.. ------------------" .... ----------- --- ... -- -- --.... -- "- " 
L_ . - - .-. ~15 V C= DC F (J ,-----.---- --.- - .- ... - - ... ---. ----.-. - --.-.. - ... ----.------ .... -.-.-. - -.- --- -.. -... - -- -.-.-- --.. --- -. --- ... ---'-".--- ----------.------.-.-.- .. --.-------- .-----. -.. ----.;~ 
r - .. , -. 1 I:sJ --- .-.. - ... -------.----.-- -.--------. -... --- ----- .--.----- --.. -- -. ---- ----- . -- .- -.-. -.- .. -.. ------.. - .. -.-.. -.. ---.---.-----.------- - --. ---.------- -- - -. -.-.. ----
L- -- -- .. -.--- -.---- .--- GO TO--·316------- .--.. --------.-----.. ----.-----------.. -----.------.--- -.... ---------.----------- ------.--:---~-----_:_.-:--.-~--~------.--.----------. 

314 VC Dr.F(J n .---. ---- . -.. -.-.--..--.----.- .. - .. ----------------.-.---.-.-.--- -- --------
[-~:.-~~~-=:~:....- -1 I "=J +', - --'" --- ~~=~-.---- ----.---.--. ------.-.-----. ----.- -- .. ----- ---.---- -.-------.-.------------------'---- -.---------- .. ~- -- .-- ---_ .. --- -.~-".!. 

1------- -- 316 J"J+1 .... --. -.. ----.... ----.-.- .. -- -.... -.----.- .. -----.: .. -----.. ----... ----------------.. ---.----- -----.-- --... --.-. ':. 
c_" '. -.- -- --- • -I F ( J - I Dl 31 7 ;11 8-;318 --------.. --.. ---.----.... --------.------- .. - -- - --.. ---- ------- - -.-----.. --.----------------~.------.----. ----.---, 
r··· .. --.- 317- IF (VC-OCF (J +n) 314. 316 ,316----··-·-· .- -.---- - --.-.- '-- '- .. - -- .. -- --- .. --.- .. ---.---------------- --------.-- - .. ---------
L - -------31S-TT (1) =DCF( t n--------·----- -----------.. -----.--.-.----:---- .. ----.--.--.-------.. ---.-------- ---------.------.-----.--:--------.-----:-------... -... -.---------,.--. 
r -- .. - - ---. .-- -I S (·1 ),. I I - -- -- -.--- .. . .. - - -- - -. --'-'- - .. - .---.------.-.- .. - ---.. -.--- .------.. -- ---.--.------- -- _.-- - -'-
t.... ----.--.---.--- 313 DC F ( 11 ) =0- - ---.----.-.------.. --.------... - -.- ---- .... --.-.- -.- - -.---- .--.---.-- .. -------- --.--.. ----- -----------------.--- ---
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- -------------.----------------------- -----.--.---------- .------ ------.-- -".-.-- -.--------.-.--------.-.... -------- ------------- -------------------------------------------- - --------- ---.----- .----- 1 I 

'--- _._-------.--.. ----_ .. -- --------------------------------_._------- -- --- --
_____ ._...:..c.. ___________ ... _. ___________ . __________ _ 

~-.--- ----- .-.---' -- WR t TE (2,31 Q )------.----.----•. -.. -... ---- .. ---.- •. -. - "-". -----.- ... -.-.•. -------.. -.-.-.. -------------.----------------------~-----·--7---- ---; ... - --- -.--------.- ---
---. - 319-F ORMAT C'IX49 H I)EPOTS-ARRANG e D --I N- OESC!!N D I NG· ORDER '0 F - SnND RA TeSn) ---------------------

-- WR J)'E (~i 320'-----·------ ------ ----- ----- - --------- -.. - - ----.------------------------------.-----.--------------- .. -.-. 
-~ 21) F OR t~A i (1 OX 5 H n E Pt)T6X9 H B ON!) - RAT EII)- - - .... - --'--.-.---"-' -.----. ---.------.---------.-.-~------- ---'--'-- -,-. - -----------. ---.--- ---'-

I J:o{i -...... - ........ -.--.---.-.-.-.--.-----.---------------.. ------.--.-- -- ---' --- -.-

'------ ----- --.. -- --- DO '-321 - 1 .. 1', t rI- .--- .. --- .. -.- .... -------- --- . - ... -- . --- -.--.-- .. -.------ -.---- -.... -------- .... - .. -.---------.----

" , J F (TT (t) :;2,., :i21 ,322 . -.- -------- .--------.--------.------.------------... - .. - --- --- .. - --- ------ ----..... -
322 WRJ Tt: (?, 32~) riP C I S (t)' ,TTC I), I S Cl '-, CAP (ISO}) -------.. ----.----- .. --.- -----.-.---------------.-----------------.-----.---------.-------

IJ=IJ+1 - .- ... -... --- .. - ... --- .. -.------. '--'--'-- .. ---...... -.-----------------------.------- .. --- ... -.-- ..... -------
.. -----32 3 F OR MAT (9X All; (,X F 8.- 2, oX 13, 6X F 10; 2 ,- ---.. ---.--------... --.. -- ---- -------.---. ---.----------- ___._. ____ .c __ . __ ... _____ . ______ .. _____ . ___ . ___ .-

37.1 CON T I NUI!- - - ---. - "-".- -.- ----.----... ---------.----. .--------.----.--- . -- - - -
-.---- --- --- -... I i::, - --. . -. '. --... --. .. ... --.. -.--- .---.------.-.. --------.------------------.----.. ----.. --. ----.--- -- .-
;-.- .. ----. 'J=O -.---...... ------------------.. ------ ---.-.-----.--. .--------- ... 

.. -.... -. - -_ .. - TH z= CAP (I ~ (I) y.-- .... _-... ------.---- .. -------~------.---.------.--------.---+.-------. ----~ .. ---~------.~. ---.. -... -.------.--.---------------.-----------------_ .. - ------.-. ---------.~ 
~ 2 4 I ~ (KQ-T.f) 3? 5 ;. J 2:;', :5 26------ .-- -."--' -- --'-'- .... --.- "'--'-"- - -..... ----- .---- ....... - .-----....... -.. ----- ..... --------.----------.---- - .. - .. -- . - .-.. ----- ----

.- - -- -. 326 J =J + 1 ---.-.- .. -.-- ----.-.--- .. ----- .. -.-- .. -...... -.-- --- .. -.----.-.-.-- --- .--.----- .. -.-----.--.----.-.---- -.. -.-.--.-.-----------.. ----.--- ... ---- - .. -.. -.. ---------.--- -'-
_. ----. --... --- - NE (J) = I S (I) .,--- - .-.--- .. -.. -----.--- ----- .. - . ----- .. --.... --- ....... -.-. -.. -.-.-.-- .. ------.-------.--------.-------.-----.---.- - - .. -. --- ---. ----
-- ----- --- .. - - .. -. IS ( I ) =0 .--. ...- ...... -- - ..... - .------. "-.-' .. - ... -. --. - -- - -... -... - .. - --- .. -----... - ... ---.---.. ---. --------------.. --.-... - .. - ---.--'-- ... --
r- --- ... -- "-" -':5 3 0" 1 = 1 + 1 .. -. . -- .... -- .. -...... -. . .... -. -"-. --' .-... -.. -.--.---.-----.---.------.------------.-- - - ---
L - '--'--"- .. - IF (1- I I) ~27' ;~?7';37.A ---,-~----.-.-----.--------.. -------'---.--"'- ----- - - ----- ---------.----- ... --------------------- .-.:.----------.-----------.. ----,-

r: __ ~. ___ : j~~'''~ ~ ~ ~ ~ ~ ~! ~ ~; ~~i ;~~-,~~~-l-~9--·---=-=--=.:.=-·-=-~:-~~~~-==-=~.:-~=~~~=-·=-=-~_===.~.:._~_-=_=_~~---- .. -------.---.~_==_~~~~~ -==--==--===-.==-=_==_-:::J=::-=-~ 
r -- ..... .. GO TO' 324---' .. -. - ...... -- ..... ---- ... --- ...... --.. :-.-.-----.-.. ----.--. --.. --.... ------------.-.--- ---- -- ---- -.... -. --. 
"-·-·:·-----·~25 --TH=Tft-C.\P (I S (I) -------------.-.--------- .. -----.--------.. -------.-------------------.----.. -. ---.'- .- - .. ---------\Jl ... ,. 

GO TO ~-.JO ... -'-' .. - ..... -.. ..-... -.-.. ----- .. ----.. --.--.---.-----... -----------.----. --- .-- ... -.. - .-- .. "'--
[.~.' .. - ... 328 WR 1 rE (7..:, 7') .. __ .. ___ . ______ .. ____ . ___ ._~---.-----.-.-- . __ . ___ ..... _ __. ____ . __ . _. _ .... _ .. ___ .. ___ .. __ . __ ._. ________ ..... ______ .. _____ . ___ .. ___ . _______ '_v._ 
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WR IrE (i'. 331 Y.I" "- -.. --. ----.... -.-- ..... -... - ... - .. - ... --... -- ... - ............. - ... -- .. ---...,.-.-_.---.-- ------------. - .---.. -.--- ....... --- -.... - ---.-------,---.. --
..... 331 FOR r~ AT (3X 1.9 HTH eo. CAP I TA l·-t I MY T--H AS - BEE NR EACH E Do. AFT ER OP EN I NG-!3;' 9 ------- ------:------. ..---------.---- - .-------.------

-, H DEPOTS ,Tt!F.VARE: -/) - -. -- .. - ---.... -------.. ----------------.-.------.-.- ---.- .... - . -- ---.-
D 0 3:~:>' I = 1 -, J -.. -------.- -- --.- ----.. --.. ---- .. ---.. ----------- .. --------- .... --.. --.------.. - -~- ----- .. -

-. 332 HR 1 lE (,-, 1'\~) nl'nn~ (I)', CAP OH: (I) )-,TT (I ).--... -.-- ---- .• --.. -.---.----.- "'--"--.-----"-- - .. - .. -- .. ---.- .. 
".- 333 FORNA i (:!5xAR ~ '. (:IX F1 0; Z) )---.-.. - .-.-.----.-.-.----- .--.---- .... - '---'-' .-.. - .... ---.. ---.. ----~----- .-.-----.---------- ------.----- --'---

DO 34:~ I:o:1.Ifl - ............ -.- .. - -... -- .... '-------.. -- ..... ---.---------.~--.. -----.----.-.. -.. -.-.------ .. ------.-
343 TT (I ,., TX Cl) =0" ... - - .. ----- .. ---.. --.---.---.------.. ----- .. ---.. -----... - ------.-------.-----:--- - ... -.. ---------- ~-.-----------.------.. -- .. ----.... --- -----.-... : 

r-- -_.. ~- - .. --_._-- . DO 341 1=1 • .1 n ... --.-.. ---- .. ---- .. --- .- .. --- .. -.------- .. ----.. ----;------.----------- .-.. -.---- .. - "--"--- .--. --- .'--.,. 
I L ___ ..... ____ .. _ -I F (K 0 n ) -1) 34,.,. 390,341·----.. - ---- . - .. --.- . ---. - ----- ----.----------. .--- .. --.... -- .... -.-.--.-.-----
,_ ....... - --:----. 390 I W= 1 \~"'1 ... - -- .. - - .. -- .. - .. .....- .. --- ...... - .-- ... ---.---------.. ------ .---------.-----.. - ....... -----..... ------- .... ----

t Z ( I W) :: 1'-- -- ------.. ---.. -.------ ..... --------.-.. ---.. -- --'-- -------.--- --. "-'- ---.. ----.---:-.----.--------------.. --------------.-:-
- 341 - CONT I l-1lie .. -.---------•.. ---.---.. -......... -.. • ....... -.----- .... ---......... -.... -. . ---- .... --"-.-- .. -" .. -- .. -.--.--.. -.--.-.. --...... ------.. -- ... --------.-----. -;:-... ~ 

DO 3 1.2' I =, ; .1-·"-- -- --------.. -.... ,.- .. -- -. . ... -.... -.- ..... - ... -- .... -- ..... - -"--- .. --. ..--.--- .... ---.. --------.---..... -.------- ---- ... -.- .. -----.. -----.--.-.. -
. 342 l Z (I h'''' J) =H~ (T) ..... -- ....... ----------------- .. -.----.------- ... -- -.. --- . .. ... - .. -... --. 

DO 348 J =1 .I.I ..... -. -..'- -.. - .. -. - .. - ... ---.-.... ---------.. -----.--.-----. ---.... ----. - - .... -- ... -' .. - ------ --: ... ~;. 
IF (I S (J)' "1411. ~4H, :H.4 .. --- .... ---.. -.-- -.----.--- -----------------.. -----------.---..... "'-'--'- --. ~- .. -. 

H4 DO 3/.8 IK.,1. Ir.- .--.. -.-------.. -.-.--.. - ... ----.... - .. -.--.--.--.---.-.--- .. ---.. --_.- .. -... -- .. -- .. --- -. ------------------.. ------. -- -.-----.---.. ---.. -.---
r-- -1 F (lA (J Kr.;.-y r; (1 )"348 i346,H8------·-- ...... - .. - ---. -.-- .. -.. .. .. -.. --.- .. -... _. ---------.-----.-----.-------- ...... ------.--.. ----.--.. 
L .. _ ••. -----H6 00- 347 Il=';-! ~H;r-'-- ------- .. ------... ---.. ---.-.----.--.------- ------------------.- .. -----. 
,------- ·· .. ---H7 - CA tl UilJ?' (1. (f.7ll U -1)." I C+J K.', TT (1 U) -- ... - - ........... -.------------- -----
L-______ ._ [)0348 ·It::1.T1J+J ----- .. -.. ------.------------.-.. ------- --------~---



. ! 

~-.-. ----- ---_. --_.- ------- --.------.----.. ------~---------

L __ .. ___ . _____ . _________ .. ________________________ - ------- ... ---'---'.--- .. - -.-----.-- - -- ----

-.--.-.----- -- -J1=1 .-.-------... -- ... -.. ""- ---.-.-.- .. -... - -._-----.--.. -.-----.---.----.-------------.. ---- ... -.-----._-.- -.-
I F (TT( J 1) ;';TT (J 1 -.; n 349 ~-349 ;-350 --------------------- -----------.------ - ------------.--------------------- -

349VC=TT (J1 ,--------- -.---.------- ------ --- --.-- -----------.-
J2"'L7.(J1)·-- -~ - .. -.-----.. -. '.---.. - .. -.-. -'--'- ------.---.-.-.-. ----.-- .- .. -- .... ---.--.- -- - .... ----.-- .. --.--.. --.-.-.. - .. -----.. -.. --.... ----- ......... -.- -. 
GO TO 351·-------·--···-- ----<- .------.-------

· 350VC"TT (J 1.1) .-- . ------ -.-----------------------.--.-- ----~--.-----.-. 

J2,. L 7 ( J 1.1) --------.. ---- ----- ------.---.--- ---- .. -- --. - - I . 
351 'J 1 ::: J 1 + 1 -.'- - ._C. - "--'-.. - •.. --.---- - - "--'-'-" - .. - ---.-.--.---.. ---- .. - .. - -.- .• -- .- .- .-.--.-- --- ---- --- .. -. - - .. ---.- .. ---.--------.-.- - ---------•.. -.------.. •. --- -.-.----.•. --••. -. --.- I 

IF(J1-·(I14+Jn352,353i35:s-----·-··------- .----.- - - ... -.-- . ----.-.. .-.--- .. -------------.. --.----.----. - .. -.-. - .. ----- .. -------. 11 
- -- 352 IF (Y C"" TT CJ 1 + 1 n351, 3S1 ; :~5 0-·----·------------ --. --- -- -- ------.----- -- -.---------------.. ------.--------.----.--- '---' .-.----.-...• - -------. 

353 S ( r K' "VC' - - ----- ' .. - -'-'- .---------.. --------------. . '. - - ---
LA ( 1 K) "J 7.'-- .-' "-- -.. -. - --- .- .. -.- -.-- -- ----.-.- ... --.. -. -.-.--------.--.--------------------- ----.-.--. . .... -- - -.. -- -" 

348 CONT 1 NUl: - ----.----.-------------- ---- - - -
DO 379' 1" T-; (1) . -. --.... -- -.--- .. ----.-----... -.- ----- -.--..... - - .. --.-.-.. -.-- -.-.- --.--.. ----.--.. --.. -.-...... ----.-- .~ .. - .. - .. -.----.-- -.-.----------.--... -.----.---. 

- - .. :1179 . T T ( I ), TX ( 1 ) :; 0 ---... -. ------ --... -.--.-- -. - -'-" .---.-. -.-. - .. ---.-.. - .. - --. - '---' -- .. - .. --'.--- -- -.- -'--' .. --- .. -- --.- --.. ---.- .-.- ... -. -.-----.. --- ----.. - --' - .-. --.-.. ----.- . - ... --.-- - -
V,. 0 .-- ----- - --. -----... -- .-.. -.... -... -.- ... ------ - -.- "--- -.-.. -.--- --------- .. --- .- --- ---.. -------.- .----.---- ... --- .. -.- '-"'--- --.. - .. 

[l0 354- 1=1-,11: ----- .. ----.--------.. -.-- .. -----.-------------.. ----
---- --- .. ----.-.. - u=o (I) *5 (I) .----.---- ---- ... -.- .---.... - .--.--.. -.-. . ---- -.-- .--.-----.--------.---------------.-----------.----.---------- .. 

I( K = LA ( I ) . -.. - - ... -- .. - -... -.- ----.. -- .... ---.-----------.----- --.-.-------- ---.--.-.--.-----.----. "-'-'- .-- ... -- .... 
. -- . TT (K K r= r T (K K ,·.j;[H ! )---------- .----- ------.. -.-.-- -- .. --.- -.---- -- -'-.---.---.- - -.--.-. ------.-.-----.--------. - ----. -.. --.. ------.. -.-----.--------.- - -- --'- ----.--- .---.--.----.-- ... .-'. ~: I 

.-- T X (KK) =·TX (l<IP·;j."1J -. -.----.----. -.- .... -- - --.-- ---- -.. - ... -. - .... - ... ---.... --.- -' -.- -'- -... . .... '--'--' -.---- - .. ----- ... ---------------- .... ---.- ·-··----···-·-·--.. 0 ------1 .. -·-- ! .. 
.. · 354' V=V+U - - -.--.-. -.----- ---.---.----.......... ---.---- .. - .. --.-------.. -.-. --"--".- -- .... -. --.----.--.-.----.. -------- ----------.--- .---.--.----.----.----.--... ---------. -------.---.-- .... -. :! 

. CAP T',-F , DA. VA,,(l-' --- .,----------- - .. ---.. -- ... -... ---.- ---.-.----.-----.--.-------------- - .--------------.---.---. -.. -.. --- - -.-... - ...... 
-------WR I T£(2, 7.1·4)--·-----------------------·---·---.-·-·---· .. --... -----.--.----.-----.. -------.. -------- -------- --- ------ ---- .~-~ 

--- DO 355 1=', Hl+J---- .- .. ------- - .----.-.-.-. - -'.- - .-- ---- --- --.------ ------... - -----
..... -.. 1 F ( L'Z ( I ) , I. T .. 1 C) G 0- TO'- 37 [,-.---- '--"------' -------.- .--- -'- -.------ -.------- ---' -- .. -.- ... --.- .. -.-- - -. -- --"--'---'-- .. --.-----.-- ... ---- - --.-- --.. -- -.-- -- .... - --- - - --.---.---- -... -

E(lZCl)"P(ll(I»*fI.X"ft,Y· - ... --------.---.------ -.-----------. ... --·-1 
C A PT" C A PT'" (,.;. ( Ij ( I ) ) * Al( ... A 7.) * L Q---... --------------- - -- - --- ----- ..... -- --.-- - ----. - ----------.------.- -.~..- ---... - - .-------------. -, 

~74- WR Ir~};I, 7.23)n P [L Z ( 1) ) , TT <LZ( n ) , E (L7. (J) ) ; Tl( (LZ Cl) ) - ---- ----------------- ... ------------------- -- - --' ... ~ . --. -.... -.- .. 
'--- --- ---- - .. ----- VA "VA+ TX r L i' ( t ) )--- ----.-- ... ---~--- ----- .. ---- ------.--.------.-.. ----- ------.- - -.-_.--.---.-
f.-_--.. DA=DA+TT (I.? (n) -- - - ---.----.. ---- -------------.------------------------- -.----
----- .- . -. - ... F" F + E ( L 7. ( t )' .. -.. --- ---- --------- ---.--. -----'-- - .. -... ------ - .----.- --- -- -------. --.------. ------------------.-- --------... -.. - --- -----

r .. 
.. 

355 CON r n~lJF. -- ------.. .- ---."- -- ... - "-- --------.... ---.- -.. -------- -- ---- ~ .. ---. 
F9" F +V t; +T n -.. - - - - -- .. -----.- - .' ..... --.----- --- -" --.... - ...... --... -.---.... -.. "'---" .--.- ... ~ -.- -.. ---.-- - --.-.-- .. --.------ .-~--.. --- ---.. - - -- -- ... - .. ---.------

,. IF ( F 1 - D A' ~7'·. ~jI' 'J, 371' . -. -.- -.. -..... ., ... - ........ ,. .......... -........ - - ... _-.--- , .. ---...... ---.. - ........ -_.-- .-.. . 
L~._. ____ ----.. -- 371 -. F 8= f 1 ~ 01'1' -- - - .----..... - .-.-----.----- - -- --... -.-..... - .-.-..-- .. ----- -- ---... -... -.-.----.--... --- .. ------.--------- ----------

[
.----... -. .. WR ITE /?, 'l7?n:tL DfI .------- --'''' --- -.-. --------------.. ------------------.----------.-- .... ---.,- ---
--- 372 FOR~IAT (jX5H fn,. F 11;?-i3XSHDA . ~--F 11-;-2)-·---- - --- --- - ----- .. ~.- - ---- - .. ----------------------.. ------ .. ----, .. - .. - .. -.-- .-.----.,-. 
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CUMULAT I V~-CA?I TIIL-REClUI ~EMF.NT -n- -ll;OO 

FIXED COSJ-O~ CF.NTIlIiL St)Ut{CE fiND 6 OEpOT/s IS 462750.00---------- ------------------------------------------
VARIABLE - C OH 01=- C F:H RH S QUP C E A NO -- 6 DEPOT I 'loI S 2266088.01---------------- --------.----- ----~------------.--- ----------------- -----'--

--- TOTAL COSiOF - A 1.1:- co LLECT I ONS·a---- -'80134 :3/\ 

- REDUCED OV~t{AlL Cn~T ~ - ~~OA972.45 

INITIAL- NETT- ~AVINa RY tNCLtlSION OF ANIJRPURA IN" THe 8AsfS'IS - 2~4'96-:52 ----.---------------------.-

IMPt{OVEMFNT OVER COST 0' PRES~NT- SYSTEM = 
PERCENTA!jE IMPROVr:MENT-a --- - -3 ;'7.2 
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JMPROVED SUPPLY PATTeR~ 

INITIAL-- iH~O"GHPtJT AT GAlLF.- IS ,076991 ;91--:-- -------
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VA RI AB lE-COST- OF---CFIJTRAL-SQUR CE-ANO -- - 9 - DEPOT / S r S - 2 (193305-; 65------------------------- -- -------------_---~------ ----------- ----------------

TOTAL COST rlF An- COLLECTIONS .. ---80131..311 
. -- . . -~ -.---' -.-.---~--.-.-....,...- .. -------.----------------.------.--+- _." ----
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---- -----------------
---.- DepOT· - PR E ~ H NT·-THROUG H PUT - F I X E 1)- CuST--·-VAR tAB LE COST··------CAP IT A l---··BOND RA n·----

·KOLONAWA- '~74~n74.99- 41'000.00 634979.36 
L-~--··-··-·-·MATARA-·-- - 640QQ3:11----·-· 7200.00 101050.57-

HAPUTALE·- - 37/)177.33 -- 65\10.00 - 89357.71 
PE~DtlIYA·· 7.387219.27 --··--·-152ui).OO -329088.36--
AATICALO --·:';;15059.02 -. -- -7000.00 10687.7.1)5 
KURNGAlAJ92510.7t) .-- . 91\50.00 -·--·-116127.25 
ANURPIJRA- 451?1R.44 600n.00 90001.57 
J A FF N A . -.- 1 ,HI ~ Rn 11 . 7 ti 9 ~ 5 ;, • 0 0 7. 9 Q 82 4 • 1 1\- -

.. RATNPURA 77ri7~2.R2 3000.00 109497.06 
ilALLE ·---1076Q91.91 -... ·-----8850.00 ---··-·--126549.21 

. ! CHI NAB A Y -- -- - :~ n 59 iJ 3 • 61- --.-- -. 11 51) 11 • 00 5 () 9 30 • 8 (, 
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Comments on the Capital Constraints program 

The potential of the program has been clearly demonstrated 

in this example. The result has been optimised within the arbitrarily 

assigned capital availability of Rs. 3,000,000/-. 

The number of new depots in the new sub-optimal basis is 

three, and the capital re~uirement is Rs. 2,547,286.81. 
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APPENDIX "B" 

The Maranzana Program - Listing and Results 

A full listing and the full output of results (for-Run 

No. 1) is presented in pages 85 to 93. The results only of 

Runs 2, 3 and 4 are on pages 94, 95 and 96 respectively. The 

mileage matrix has been excluded from these three results. 

The core space requirement is given on page 89, and the 

duration of the computation can be obtained from the start 

and completion times on pages 89 and 93. The other runs took 

somewhat longer than the first run. 
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0007 
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0015 
0016 
0017 
0013 
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0020 
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0022 
0023 
0024 
0025 
0026 
0021 
0023 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0031 
0038 
0039 
0040 
0041 
~042. 
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36 

MASTER COMPUTATION 
[) I! I F. N S t I) N I 1)( 4 0 , 40) , LOCI V ( 40) , I S I ( 1 5) , P ( 40) , L U I S A ( 4 (I) , JOB ( 1 0) • J SIC ( 1 

10), IVETT(40) ,JSI (40) ,A(40) 
COMNON N,KSCRG,lD,P,tVETT,COM 
CALL TII'IF.(Tl 
WRITF.(2,Q9'79)T 
FOR~AT(3X7HTIMe • Aa/) 
FOR 'I ,\ T ( ? n ) 
FOR:IAT(1513) 
FO~~AT(ll,6XF6.0,4XAa) 
FO~~ATC2013,1XI3) 
FO~MAT(1H1 .10X27HSOURCF. ALLOCATION ALGORITHM) 
FOR~AT(1x23HtHITIAL SOLUTIONS WERE.,1SC2H ,13» 
FO~HATC1X20HFtNAL SOLUTIONS ARE=,15C2H ,!3» 

:~ 7 FOR \-1.\ T (1 X 37 ri S Hl K N A ME 0 S E RV e D M' SOU R C eN. ) ... ....... 
3R F(,)~dAT(2H .A8,11XI3) . 
31) FOR'1AT<1H ,9112) 
40 FD~MAT(8H OBJ.F.=,E12.4) 

1?6 
197 

41 
500 

R[!A[) <1,30)1,1 .KSCf{G 
~EAJC1,31)(ISICK),1(=1.I(SCRG) 
DO 41 IUn=1,N 
REA lJ C 1 .3?) r • P ( I tl D) • A( I NO) 
IJRITP.(2,500)A(INO),PCINO) ........ . 
FOHMATClxA~,~XF6,O) . 
Oil 2 I=1,N 
00 :S J. 1 , N 

3 IDCI,J)=10QOOOO 
2 IDCY.I)=O 

DO 1 I N D = 1 , 14 
REA DC', ,33) ( JOB (M) , J S I( ( M), M= 1 , , 0) , I 
D I) 4 r" I: 1 • 1 0 
I F ( J 0 1I er!) ) , .1 • 1 2 

12 J=J,)Bcr.!) 
IDCIHD.J'=JSK(M) 
IO(J,Pl[J)=,ISK(N) 

4 CON'fI NUF. 
1 CON'(l NUF. 

5 
198 

oil " JA=1.N 
IVETT(JA)=O. 
WRITF.(2.34) 
WRITEC2.JS)(ISI(K),K·"KSCRG) 

ISO L=O 

. 120 

TEn=O. 
D,) ,;11 K=1. KSCRG 
KK=ISI(O 
IFCIV~TT(KK)·1)120,915.300 
CALL 1>13T(I(IO 
JVI:TT (lCK) =1 

.' 

cp. 
\J1 " 
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0055 
0056 
0057 
0058 
0,159 
0060 
0061 
il062 
006.5 
1)064 
0065 
OQ66 
0067 
0068 

.. il.069 
on70 . 
0071 
0072 
')073 
0074 
0075 
0076 
(i077 
0073 
00·/9 
(loao 
uOCl1 
0082 
ili)8:5 
0084 
0085 
001\6 
OOS7 _. 
0088 
00(19 
0.090 
0091 
0092 
009J 
OO!H 

.915 DO 71 1-1,,,, 
lOuV(I)=1 
00 61 t K=1 , KSCRG 
IFCIK-K)67.,61,62 

62 1Il<IIISICtK) 

130 

914 
1,3 

YFCIVETT(lrK,w1)130,914,300 
CALL DISTCtIlO --.---.----- ..... . 
[VF.TT([IK)~1 -
IFCIOCI,KK)-IOCl,IIK»61,61,63 
Lr1(jV C 1) =0 
GIl TO 11 

61 CONTINUE 
LUI~I\CI)=ISI(K) 

7'1 CO!~TI NilE 
JCOd"IAAR(LiJr.V) 
Tt: [I" T E 0+ CO:~ 
JSICK)IIJr.OM 
IFCJCOM-rSYCK»72,81;72 

7? L=1 
R1 COWl' I HUE 

IFCL)301,7'4,66 
66 DO ~7 LUIl1,KsCRG 
67 ISICLU)=JSrCLU) 

/jl) TO 60 
74 ~1P'l)'F.(2,36) er!>! (10 .K=1,K!lCRG) 

WRITFC2,40)Tr:o 

")1)1) 

~01 
199 
')10 

~IRnF.(7.,37) 

DO 9'1 L=1,N 
WR[TF.(~,~3\A(L),LUISA(L) 
WRITEC2,~Q)C(!D(I,J),[.1 ,N),J=1,N) 
corn I tlllE 
ojO )'0 199 
PAIISE 777 
PAU:;E 7777 
WR ITE (2, ')1 0) 
~O~NAT(3X10~EHD OF JOB/) 
C i\L L T Hi F. ( T) 
WR I Tt (;2,9999)T 
STOP 
E tIll 

E~O OF seGMENT~ l~N~TH 4R4, NAM~ COMPUTATION 
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0095 
0096 
0097 
0098 
0099 
0100 
J1 01 
0102 
0103 
0104 
0105 
0106 
0107 
010a 
0109 
0110 
0111 
0"2 
0113 
0114 
011; 
\l116 
()117 
0118 
0119 
0120 
0121 

4~6 

? 
437 

401 
?06 

7.119 
707 

7.13 
;?5n 
301 

EN~ OF seGMENT, LENGTH 

FUNCTION IBARCLOGV) 
DIMENSTON IO(4Q,40),P(40>,LOGV(40),IVETT(40) 
COM~ON N,KsCRG,I~,p,IVeTT,CDM,KONT 
1(=0 
DO 213 J=l,~1 
IFCLOGV(J).1>213,204,301 
SIHI .. O. 
IFCIVETTeJ)-1)436,437,301 
CALL DTST(J) 
I V E 'r T( J ) :t 1 
~OiHaO 
00 2 JP=1 dl 
KONTaKONT+IVeTT(JP) 
DO 206 1=1,N 
IFCLOGV(I>-1)?06,401,301 
Sllfl~StJM+I!l(I.J)"'P(I) 

COf.lTINU£ -
IFCK)207,207.?09 
IF(~()ll-!'lU~1i213,~13,207 
CO'-ipC;IHl 

K =1 
IIIMlaJ 
CONT I "UE 
~F.TLJRN 

PAlISE 77 
GO TO 250 
F.ND 

126, NAME IBA~ 
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0122 SUBROUTINE D1ST(l0 
0123 DHIF.NstON ID(40,40) 
0124 CO~·H1Q~ N,KsCIIGrID 
012:; 105 lS-O 
0126 no 108 L .. 1 , ~l 
0127 DO 108 J =1 • i4 
0128 ·COM=IOeJ.K)+ID(J.L) . 
0129 I F ( CO t1- I n ( L , K) ) 1 07, 1 08 , 1 08 
0130 107 lSs, 

. 0131 IDCl.lO=COl-' 
0132 I!) (i<, L) = r.111~ 
0133 108 C:ONTINUF. 
0134. IFCLr.)3~1,'10,105 
0135 '10 RETU~" 
0136 301 pAU;;E ? 
0137 <;1) TO 111) ~' 

0138 EIHl 

HID OF SEGMEIlT, LF.NliTIf B 5 , N A f4 E D 1 S T 
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0139 F Pit C;H 

EnD OF COMPILATION - ,NO URROR!I 

CONSOLIDATED BV XPCL 7A 
PROGRMI GP1? 
COMPACT DATA (15A~n 
COMPACT PROGQAM (DnM\ 
CORE 7104 

!I Er" 
!;F;ti 
s,:r; 
S~r, 

TI NE 1I 17/44/47. 

MILAN 
~OME 
TUilIN 
GENOA 
PARt1A 
ROLOGNA 
FJRENZE 
VI:NICE 
NAPLES 
TRIESTE 
BAR! 
PALERMO 
VERONA 
aENTO ,. 
PADUA 
PAVIA 
SONDRIO 
1I0VARA 
f1IELlA 
LASPEZIA 
PISA 
LUCCA 
FANO 
SAVONA 
PESARO 
PERUGIA 
F,'G G I A 
AV E LL I,NO 
CAGLIARI 
SASSARI 
CATANIA 
5YllACUSE 
FH'RARA 
PIACENZA 
,Hc~ANDR 

50000. 
!l(100\) . 
300(\1') . 
;:5000. 
10000. 
15000. 
15000, 
1rtOOC" 
1500·),. 
1000,1. 

5000, 
500;J. 
11000. 
30011. 
7000 " 

SO,, 
300. 
50il. 
7.00. ' 
200. 
100. 
100. 

311. 
'ii1. 

300, 
300. 

7S. 
'.. 

, 5000. 
n 
~ 
4. 

40. 
f.. 
(. , 

SIENA JO. 

OATF. 

eO~'PUTAT tON 
THI!; 
!'ItST 
IUA~ 

03/09/69 TtHE 17/41.110 
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t, 21i1 339 345, 45 20 65 , H8 152 97 
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94 133 114 2~8 190 1 Q 1 2~4 292 298 
115 50 '. 38 58 112 167 104 151 $1 
119 15 32 illS 109 34 B9 147 '79 
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t. 91 '117 liS 97 122 . 108 128 133 .. 149 

L 
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, .. V F. i~ ICE i 5 
L l'jAPLES 2 

TRII::STE is 
UA I: 1 2 
PALERMO 2. 
VF.RONA 15 
riHNTO '5 
PA£JUA 15 ~ 

r PAVlA 18 
L • SlhltJ K I 0 18 

l 
rJOVARA i8 
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I 
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J H1 175 163 67 43 88 ?1 32 40 
j 184 0 43 67 90 99 '25 212 145 I I 
J .r. 
I 270 322 RO 106 98 B 60 .-.-. 22 36 

I 59 75 71. 146 :\5 130 190 .. 235 249 
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i 1b4 163 ~16 49 141 43 0 54 77 
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56 127 16? 147 ~ .2 S6 279 El2 ~ ..... '08 . ~ 100 .i !o 
I 2f1 69 31 51 16 32 31 133 78 
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SOURCE "1_LOCAHcHl ALtiOIHTHM 
I tJ IT 1 A L - SOL U Tl () rl ~ 'J F. ~ !i:l - 1 2 - 3 - 4 - 5 
FINAL SOLUTI0~~ A~e~ 2 3 4 5 6 

SOURCE N. 
_ OflJ. f ." 0,7026[1 06 

SINK NArl!:D S~RVED DV 
III LAlI 1 
ROl1!: 2 
TUIUN 3 
GEtJOA 4 
PA~MA 5 
ilClLOGNA 6 
ft~t:NZE 7 
'J r: '1I C E q 

I~APlES 9 
TRlcSTE 11) 
BAil! 11 
PALcR~10 12 
VF.i{ONA 13 
TRENTO 14 
pAilUA ~ 5 
PAVIA I. 
S o!~ 0 RIO 1 
;-JOVA R A 1 
t; lE LLA ~ 
LASPEZIA 4 
PlSA 4 
I,LJCCA 7 
iAiIO 6 
SAVOr..A 3 

- PESARO 6 
ilF.RUGIA '. 
FilGGIA 11 
AVELLINO 9 
CO\HIARI - .. 2 
SASSARI 2 
CArANIA 1 7. 
SVRACIJSE 17. 
HRRARA 6 
PIACENZA , 
AlESANDR :~ 

SIENA 7 
GRIlSt no 7 
ANCONA 6 
VlTER80 7. 
R tell ? 

0 190 40 49 
105 <!42 373 40 

38 65 A1 80 -
255 256 7.99 357 
141 136 169 27.7. 
149 1\5 221 78 
~Y4 161 2_1 () 172 
219 109 1.9 150 
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118 75 102 
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APPENDIX "C" 

Results - Feldman, Lehrer & Ray program 

The full listing of the Feldman, Lehrer & Ray program has 

not been presented. HOWNer, a full listing of the results is 

given on pages 98 to 102. 

The core space requirement for the 40 x 40 problem is given 

on page 98, namely, 22208. This should be compared with the 

requirement of 22720 for the 86 x 613 problem as tackled by the 

new method (see page 56). The duration of the program as given 

by the start and completion times on pages 98 and 102 was 

15 minutes and 7 seconds. However, this time was taken when the 

program was run on full Trace. When the Trace was removed, the 

time dropped to 8 minutes and 7 seconds. The optimum distribution 

pattern is given on pages 100 and 101/102. 
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COMMENTS ON RESULTS FELDMAN , LEHRER & RAY METHOD 

The best single warehouse sclution contains (coincidentally) 

as its source the factory/depot at Milan. In calculating the 

total cost of this system, the algorithm has included the factory 

cost of .0083/unit and the factory to factory/depot cost of 

.0083/unit. These costs have not been included in the calculations 

carried out in the new algorithm (Appendix "D"). The first item 

is common to all bases, while the second item has been double­

counted. VIe have therefore to deduct the total costs on account 

of these items, 2238.80 each. The total cost, when reduced by 

(2238.80 x 2) becomes 87241.81, which corresponds to the cost 

of 87240.47, which the new method calculates for supply from 

the central source only. The difference of 1.34 may be due to 

.the fact that the transport costs fed into this program were 

rounded off to 6 decimal places. 

The optimum basis is found to be depots 1 and 2 (the footory/ 

depot at Milan and the depot at Rome), with a total cost of 

67506.54. Here too, when the factory cost of 2238.80 and the 

double-counted factory to factory/depot cost of 1571.70 (making 

a total of 3810.50) are deducted, one obtains the resultant cost 

of 63696.04, which corrrsponds exactly to the final cost 

obtained by the new method. 

The allocation of destinations to the two sources is 

identical with that of the new method. 

The rejection of the other 38 depots (on the basis of 

cost increase) includes an indication of the cost incurred if 

each such depot is used. This corresponds to the Sensitivyty 

AnalysiS of the newmethod. 
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APPENDIX "D" 

Results of the new program 

The listing of the new program has been excluded as it 

is already presented in the main thesis. Pages 105 to 121 contain 

the full print out of the results including the Sensitivity 

Analysis. The core space requirement of 23168 as given on page 

105 is the figure for the original 86 x 613 problem. (Page 39 

contains a figure of the same order for the 86 x 613 Capital 

Constraints program). This figune, should be compared with the 

22720 required by the Feldman, Lehrer & Ray program for the 40 

x 40 problem. Computation times can be determined from the times 

given on pages 105, 111 and 121. The total time required was 

4 minutes and 23 seconds, which compares very favourably with 

the 8 minutes and 7 seconds used by the Feldman, Lehrer & Ray 

program. 
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COMMENTS ON RESULTS NEW METHOD 

The cost of operating the present distribution network is 

68157.87 units, the basis consisting of the factory/depot at 

Milan, and a depot each at Rome and Naples. 

The cost of supplying all destinations from the central 

source onyl, i.e., the factory/depot at Milan, is 87240.47, 

making this an obviously retrograde move. 

The intro~uction of a depot at Rome reduces the cost to 

63696.04, and this is the optimum basis. 

Retention of Naples in the basi s (to form the present basis) 

increases costs, as would result m~ the introduction of any of 

the other 37 depots. If Rome is dropped, Naples comes into the 

basis, and the total cost g~es up by 99.35 units. This indicates 

that Rome is a far more important depot than Naples. 




