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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 progfam 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
literature 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 wauld be a certain leeway, one way or the other, and I have 1

assumed that the usual £ 10% will be available. In this ?




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
systém from elsewhere,

¢. 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




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 ILQ
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 gquo has been summarised at the end
of each iteration, an additional segment calculates the capital
requirement of each new depot, and ité bond rate of return.

i.e. within the DO 152 I=1,ID 1loop
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=0
300 PRV=0
II=1
%301 PRV=PRV+(12%(RA(I)+(DT(I)*AX+AZ)))/((1+
ENT/100%*1I1)
II=11+1

IF(II-20)301,302,302
302 1P (PRV-CAP(I})303,303,304
304 ENT=ENT-+.01
G0 TO 300
303 DOF(I)=ENT
159 F=F+E(I)
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(1) ensures that only new depots are studied

(2) calculates monthly fixed cost of new depots using
earlier relationship

(3) calculates capital requirement by relationship noted
in section 1.3%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




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=0
DO 313 I=1,ID
TT(I),IS(I)=
J=1
IF(DCF(J)-DCF(JI+1))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)317,3
31TbIF(YC~-DCF(J+1
318 TT(I)=DCF(II)
IS(1)=II
313 DCF(II)=0
WRITE(2,319)
319 FORMAT(3X49HDEPOTS ARRANGED IN DESCENDING
ORDER OF BOND RATES//)

17,318
))314,316,316
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WRITE(2,3%20) 19)
320 FORMAT (10X5HDEPOT6X9HBOND RATE//) ézo)
DO 321 I=1,ID (21)
TF(TT(1))321,321,322 (22)
322 WRITE(2, 323)DP(IS(I)) TT(I),IS(I),CAP(IS(I)) (23§
323 PORMAT (OXA8,4XF8.2,6X13,6XF10.2) 24
I1J=IJ+1 gzsg
321 CONTINUE 26

(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

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
accomodated within the limited availability of
'so, those with the higher rates of bond return
in preference to those with lower rates, while

time that the capital restraint is not broken.

ensures that as many depots as possible are accepted.

I=1
J=0

TH=CAP(IS(I))

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

NE(J)=IS(I)

18(1)=0

I=T+1

IF(I-ID)327,327,328
TF(CAP(I5(1)))328,328,329
TH=TH+CAP(TS(I))

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

GO TO 330

WRITE(2,17)

324
326
330

327
329

325
328

|

\

|
above information.

|

which can be
capital. In doing

will be chosen
ensuring all the

The subroutine
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YRITE(2,331)d (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 dépots
as possible within the 1limit 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 cfiterion which decides this is whether or not
they fit into the pattern of capital availability. The next step
is to divert the throughput assigmed 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 1ookingbonly 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 I=1,JB (
IF(KD(I)-1)341,390,341 (
390 IW=IW+1 (
LZ(IW)=1 E
341 CONTINUE

VBN =
(NN NN

(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 IW, which determines the number of
existing depots remaining in the new basis. v

(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 I=1,J (1)
342 LZ(IW+I)=NE(I) (2)

We have thus ensured that all depots which are still feasible
are idéntified 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
I1S(i) value to those with a positive Lz (i) indicafor, with
minimum increase in cost.
1e3.8.1. 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.

353 S(IK)=YC
TA(IK)=J2
348 CONTINUE

DO 348 I=1,1J (1)
IF(IS(I))348,348,344 (2)
344 DO 348 IK=1,IC (%)
TF(LA(IK)-I8(T)) 348,346,348 (4)

346 DO 347 IL=1,IW+d §5)
247 CALL UTD2(1, ' (LZ(IL)=1)*IC+IK,1,TT(IL)) 6)
DO 348 IL=1,IW+J (7)
J1=1 (8)
IF(TT(J1)-TT(J1+1))349,349,350 (9)
349 YC=TT(J1) (10)
J2=L7(J1) (11)

GO TO 351 (12)

350 YC=TT(J1+1) (13)
J2=Lz(J1+1) (14)

351 J1=J1+1 (15)
IF(J1-(IW+J))352,353,353 (16)

352 IF(YC-TT(J1+1))35 51,350 (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 depoté, 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 the 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.

379

354

374

355

371
372
370
373

377

378

DO 379 I=1,ID

P (T),TX(1)=0

V=0

DO 354 I=1,IC
U=D(I)*S(1)

KK=LA(I)

P (KK )=TT (KK)+D(I)

TX (KK )=TX (KK )+U

V=V+U

CAPT,F,DA,VA=0
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)*ﬁQO
WRITE(2,22%)DP(12(1)),TT(Lz(I)),

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

FPO=F+VA+T8 ’
IF(®1-DA)371,370,371
P8=11-DA
WRITE(2,372)F8,DA

X

E
(

(
L

L

Z

A
(

(
I

PORMAT (3X5HF8 = F11.2,3X5HDA = F11.2)

WRITE(2,373)VA

FORMAT (//3X22HTOTAL VARIABLE COST = F10.2//)

WRITE(2,377)F

PORMAT (/3X19HTOTAL FIXED COST = F10.2//)

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

FORMAT (/3X21HTOTAL OVERALL COST

WRITE(2,380)CAPT

F10.2//)

380 FORMAT(//3X28HTOTAL CAPITAL REQUIE?MENT =
?10.2

)

I
)

)
)

N S S N e U Ve
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(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 dut of the position of each




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

CMA" 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.



MULTIPLE REFINERIES

2. The presence of multiple refineries can cause
drastic changes in a distribution system and the computer
program has to be éignificantly 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 thié 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? What 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 excessimg 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, Ri, R2.....Ri. Let their

optimum throughputs be TPT,, TPT,.....TPT,. (These values would
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have been suitably adjusted to make them compatible with the
démand figures used in the distribution program.) Let the
demand allocated to each refinery be DT

DT2.....DTi' The

1’
expression FUNCTN determines the extra average marginal cost

that would be incurred at each refinery when DTi exceeds TPTi.

2.2. The following courses of action are available:-

2.2.17., 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., 1t 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




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) would be replaced by

DO 500 I=1,JD

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

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)=d+1
1D T=Tan ' o




IF(J-JD)61%,614,614
61% IF(CTO-TY(J+1,10)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.8.,

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

615 S(I1)=Y(J,I)
LA(I)=d
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 IP(S(I)-Y(J4+1,1))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(1i)), 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.



DO 630 I=1,JdD
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 PORMAT(3XA8,32H REFINERY HAS SPA?? CAPACITY OF
F8.2
CPT(I)=0
GO TO 630
632 WRITE(2,635)DP(I)
635 FORMAT(3XA8,37H REFINERY IS OPERATING AT ITS
OPTIMUM/)
EC(I),CPT(I)=0
GO TO 630
633 EC(I)=DT(I)-THT(I)
CPT(I)=EC(I)*FUNCTN
WRITE(2,636)DP(I),EC(I),CPT(I)
636 FORMAT(3XA8,33H REFINERY EXCEEDS ITS OPTIMUM BY
F8.2,29H 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 FUNCTIN 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. €eey

DO 699 I=1,dD

DO 640 II=1,JD

DO 640 J=1,IC
640 Y1(1I,J)=Y(II,J)

IZ=1

IF(EC{I))699,699,700
700 DO 701 Jd=1,IC

IF(LA(J)-1)698,702,698
698 TB(I)=20000000+I

GO TO 701
702 II=1




703

704

705

706
707
708

709

641
642

701
Y1(JD

IF(I.EQ.1)G0 TO 704

IF(Y+(II, J)—Y1(II+1 J))703,703,704

YC=Y1(II,d)

IYC=IT

GO TO 705

IF(II+1.EQ.I)GO TO 703

YC=Y1(II+1,J)

IYC=II+1

II=II+1

IF(II+1.EQ.I)GO TO 705

IF(II-JD)706,707,707

IF(YC-Y1(II+1 J)5705 705,704

IF(EC(IYC))708 709, 709

TB(J)=(YC~-Y1(I, J))*D(J)

GO TO 701

Y1(IYC,J)=1000000

TB(J)=20000000

I12=IZ+1

IF(IZ2-JD)702,641,641

WRITE(2, 642)1

FORMAT(BXZSHTHE EXCESS FROM REFINERY A8,39H CANNOT
BE DIVERTED TO ANOTHER REFINERY/S

CONTINUE

,ID) is an intermediate variable.

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.

717

718
719
720

121
716

DO 716 L=1,IC

J=2
IF(TB(J-1)-TB(J))717,717,718
HL=TB(J-1)

II=J-1

G0 TO 719

HL=TB(J)

II=J

Jd=Jd+1
IF(J-IC)719,719,718
IR(HL- TB(J)5719 719,718
IS(L)=II
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 ezmceed

CPT(i)




J=1

IT=0

TH=TB(IS(J))

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

DT(IYC)=DT(IYC)+D(IS(J))

DT(I)=DT(I)-D(IS(J))

EC(IYC)=EC(IYC)+D(IS(J))

EC(I)=EC(I)-D(IS(J))

VP=VP+TB(IS(J))

IF(EC(IYC))713,699,699

713 J=J+1
715 IF(J-1C)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"
refineryto 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 summarise 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 legs than the cost referred to in e. above.



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.,

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 LEVEL OF OPERATIONS/)
G0 TO 650
653 DT(I)=TPT(I)+ETPT
ETPT1=EC(I)-ETPT
COSE=ETPT1*TIM(I)
CPT(I)=(DT(I)-TPT(I))*FUNCTN
WRITE(2,657)ETPT1,DP(I),COSE
657 FORMAT (3XT7HIMPORT 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
i, the original cost V,
ii., the cost VP,
iii. the import cost COSE, and

iv. 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




centres of demand,

b. Depots are diverted, rather than customers,

c. the indicator IND(i) is additional to indicator IA(j),
and d. the costs that are compared are the trunking costs

TY(i,j) rather than the direct supply costs Y(k,1).

2.4.10. Further small modifications are required to cope
with the altered situation. They include
i. LA(II)=IND(LB) to replace LA(II)=1, and
S(II)=Y(IND(IB),II) to replace S(IIL)=Y(II), 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(IND(KK))=DT(IND(KK)+TT{KK), 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

program was used as the principal algorithm in a problem which

]
was tackled as a post-graduate project at Loughborough

|
|
\
|
adap¥ed my main program to handle 2 refineries. This modified }
|
|
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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 beéause 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 intradueed
errors into the calculation. They did not utilise the segrments
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 eiternally 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 refineriés
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.




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 o0ld 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.

31 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
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 determiné 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




18.

23.
24.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

LOCATION

Milan
Rome
Naples
Turin
Genoa
Parma
Bologna
Florence
Venice
Trieste
Bari
Palermo
Verona
Trento
Padua
Pavia
Sondrio
Novara
Biella
La Spezia
Pisa
Lucca
FPano
Savona
Pesaro
Perugia
Poggia
Avellino
Cagliari
Sassari
Catania
Syracuse
Ferrara
Piacenza
Alesandra
Siena
Grosetto
Ancona
Viterbo
Rieti

DISTRIBUTION OF DEMAND

QUANTITY

50000
50000
15000
30000
25000
10000
15000
15000
10000
10000
5000
5000
8000
3000
7000
500
300
500
200
200
100
100

50
300
300

25

5000
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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 am 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).

3.2.17. 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 proportional 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 ragher |
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.
3.2.3.17. Run No. 1
INITIAL SOLUTIONS WERE = 23 6 12
FPINAL 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




3.2.3.3%3. Run No. 3
INITIAL SOLUTIONS WERE = 4 9 23 20
FINAL SQLUTIONS ARE = 18 2 15 29
OBJ. P. = 0,.7887E 07
3e2e3e4s Run No. 4
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 perdists 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 third ) selected 4 new depots and eliminated
all 4 of the initial selections. The objective function was
0.7887 x 107. The second run retained all 4 of the initial

selections as the final bagis. One would thus believe that‘thesé

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. FPurther 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 1little 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 ffom
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 insjgructions 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 Marangana's program (section 3.2.3.1.). The fixed costs
at these points were assumed to be 15000, 6000 and 2500

respectively.
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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 pro¥wlem, 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
suitable expression.
3.3.3.2. The transport cost data consists of Factory-to-
Warehouse cotss (Factory cost plus transport cost), and
War ehouse-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 thesis, 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
increased by 55%

std. rate

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

std. rate
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 peoblem.




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 +Allocated 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.

3e4.1+ 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 inprovement
in the solution is available.

3.4.1.2. Thave 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 woﬁld also arise if any otler

depots are forced into the basis.

%3.4.4. Appendix "D" contains full details of the results.




- 34 -

3.5. This section compares the success of the three
methods as used to solve the same problem. The preceding sections
3.2.4 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 Irluded 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 (Maranzama'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
%-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 optimug.

3.5.2, Computer Core Space Requirements

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., The third method required 106 seconds for
compilation and 157 seconds for‘execution (also with a restricted
print out). Of this latter time, 1é§ seconds were forthe main
program and 28 seconds were for the Sensitivity Analysis.
3¢5¢3%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.%. 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 meshanism, 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, eté., 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 algorithm can be judged. The only
in@ication (by default) that the present basis has been considered

is that Naples has been dropped. The EVALUATOR option 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 (a) the existing
Milan,Rome,Naples network, and (b) 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 wlether 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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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 requirement is Rs., 2,547,286.81.



APPENDIX "B"

The Maranzana Program - Listing and Results

A full listing and the full output of results (for -Run
No. i) is presented in pages 85 to 93. The results only of
Runs 2, 3 and 4 are on pages 94, 95 and 06 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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MASTER COMPUTATION

DIMENSTON !D(&Oo‘ﬂ).LOGV(ko)p!Sl(15)nP(hO):LU!%A(AO) JOB(10) JSK(1
10), IVETT(40),J81(40),A¢40) S -

COMUON N,KSCRG,1D,P, IVhTT.COM
CALL TIME(T) :
WRITE(2,9900)7T
FORAAT(IXP?HTIME = A3/)
FORMAT(213)

FORUAT(ISIZ)
FORMAT(I3,6XF6,0,4XA8)
FORMAT(Z0I3,1X13)

“FORMAT(THT,10X27HSOURCE ALLOCAT!ON ALGOR!THM)

FORMATC(AIX2ZHINITIAL SOLUTIONS WERE=,15(2H ,13)) -
FORMATCIX20HFINAL SOLUTIONS ARE=,15(2H ,13))
FORMATCIX374d SINK NAMED
FORJAT (2H JABVIIXID)
FORMAT(IH ,9112)

FORMAT(BH 0OBJ.F,.=,E12, L) . .
READC1,30)N,KSCHG . - .
READC1,31)(1S1(K)K=1, KSCRG)

DO 41 tHn=1.N

REAUCT,32)T1,PCIND) JACIND)

CMRITEC2.S00DACINDY bRCINDY. oo o

FORMAT (SXAR,3IXF6. 0) I R o
pd 2 1a31,N e e
b0 3 J=i,N :

IDC1,4)=1000000 S SR

IDC1,13=0 L
DO 1 IND=1,N o
READ(t»S!)(JOB(M):JSK(M) M=1,10),1

DO 4 ME1,10 : o

S TEGI0BONYY, 1,92

12

JaJus (i) S _._."mm.;f;_ R

IDCIND,JYBISK (M)

T 100J, INDYRUSK ) - S SR S

-

193

40

- 120

CONTINUE R o . e
CONYINUE e e i e e
D0 5 JA=1,N

CIVEYTCIAYR0 e

WRITE(2,34)
L=0

TEDROD, e e e e e e o

nd A1 K=21,KSCRG L .

KK=1SICK). e

TFCIVETT(KK)=1)120,915, 300 e e
CALL DIST(KKY - = . e
IVETT (KK) =1 . O P

"SERVED B¥ SOURCE N,) . .

unxTE<z.xsa<xsx<k).x-1.xscac))<ﬂ;f I

o+ ———— —
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s
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Fey T =
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L0094

"END OF SEGMENT,

015 0O 7?1 1=t .

LoGv(1)=1
p0 61 1K=1,KSCRG .
IF(1K=K)62,61,62

TIKaISTI(TK)
TFCIVETT(LIK) - 1)130 916.300
CALL DIST(YLIX) .-

IVETT(IIK)®1
IF(ID(I:KK)-!D(I;IIK))61 61:63
LaGV (LY =0

G0

Yo 7?1

"CONTINUE

LUISACT) =2IST(K)

0055

- 0056
ons?

. .0058

0059 A2
0060 L
0061 2130
0062

0063 914
2064 A3
2065 R
0066 61

. 0047
L0068 R & |

0069
0070 .

- 0071 S
0072 .
2073 72
00746 a1
00?5 .
0076 . . 6é

00?7 el 67
0078 .

0079 74
0030 '

.0081 I
0032 -

oNss . ' 99
ongs 194

. 0035 .93
0036 : .

0087 .. 300
20838 301
0039 199
2090 510
0091 -
0092 .

0093

LENGTH

CONTINUE

JCDH=IRAR(LOGY)
TEDETED+COM
JSI(K)mlLOM
[F(JCOM=~ IQI(K))TZ 81, 7?

L=1

CONYINUE
IF(L)301,74,66

DO 67 LU=1,KSCRG .
1STCLUY=JST(LY)

6N 7O 40 B
URITRE(2,36) (1S1(K) K21, KQCRG) e
WRITF(2,40)TED

. URITE(2,37)

DO 99 L=1,N
WRITE(2,33YACL)Y, LUISA(L)

WRITE(R, 39)((10(1 J)le1 N),J=19N)
CONTINUE

60 YD 199
PAUSE 777
PAUSE 7777
WRITE(Z2,510)

FORMAT (3X10AEND OF Joa/)"" '

CALL TINME(T)

WRITE(Z2,9009)T

sTOR
END
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END OF SEGMENT,

~FUNCTION I1BARCLOGY)

204

436

43?7

401
206

09
207

213
250
301

LENGTH

DIHENSTON 1D(40,40), P(LO).LOPV(40) IVETT(&O)
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SuY

al),
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KON
DN

po 206 =1, N

a8

Q2 Jp=1,N
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SUMSSUM+ID(L, ) *P(])

CONTINUE

1R(K)207,207,209
1F(COH=5UN1213,213,207

COoMaeSUM

K=1
1HA

CONTIHUE

RET

pAlSE 77

el

URN

60 TO 250

END

126,
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APPENDIX "C"

Results - Feldman, Lehrer & Ray program

The full listing of the Feldman, Lehrer & Ray program has
not been presented. Howver, 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 sdution 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. We 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 fa tory/
depot at Milan and the depot at Rome), with a total cost of
67506.54. Here too, when the factory cost of 22%8.80 and the
double-counted factory to factory/depot cost of 1571.70 (making
a total of 3%810.50) 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 beén 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 df 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 figupégshould 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 introdluction of a depot at Bome reduces the cost to
63%3696.04, and this is the optimum basis.

Retention of Naples in the basis (to form the present basis)
increases costs, as would result by the introduction of any of
the other 37 depots. If Rome is dropped, Naples comes into the
basis, and the total cost gaes up by 99.35 units. This indicates

that Rome is a far more important depot than Naples.







