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ComsTRACT

In th1s study,,1t 15 a1med to present a heur1st1c'*
so]ut1on procedure for the Inventory Rout1ng Prob]em wh1ch
is an 1mportant extens1on of - the Veh1c1e Rout1ng Prob]em ’
The Inventory Rout1ng Problem has the same bas1c structure{

as the Veh1c]e Rout1ng Prob]em However, 1t ]eads to: a very '

"-_comp1ex and large mathemat1ca1 programm1ng formu]atxon s1nce f

add1t1ona1 cons1derat1on is g1ven to veh1c1e travel t1me

constra1nts as we11 as to 1nventory fluctuat1ons and stockoutsg-

- A computer program is. deve]oped 1n order to obta1n -
computat1ona] resu]ts for the. suggested heur1st1c so]ut1onf

’ procedure



_ Bu ca]1$mada, Yol Atama Prob]em1n1n onem11 b1r uzant1s1.'
vo]an Envanterli Yo1 Atama Prob]éﬁ1 1c1n se291se1 bir yontem1n>
ge11$t1r1|mes1 amac]anm1st1r Envanter11 Yo] Atama Prob1em., |
YoIAtama Prob]em1 1]e temelde ayn1 yap1ya sah1p o]mas1na |
‘kar$1n daha karmasik ve gen1$ matemat1kse1 program]ama formu—

lasyonunu gerekt1r1r Prob]emde arac yoliculuk sures1, envanter

da]ga]anma]ar1 ve yok]uk durumu gozonune a11nm1st1r

Uner11en sezg1se1 yontem1n say1sa1 sonuc1ar1n1 elde et-

‘ mek uzere b1r b1]g1sayar program1 ge11st1r11m1st1r
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"The provision of goods and serv1ces from a. supp]y
po1nt to a demand p01nt“ may be def1ned as 1og1st1cs A _
comp]ete-]og1st1cs system covers the ent1re process of ‘moving
raw materia]seand input'requirements from suppllers to
plants, tne_conversion of'tne”1nputs.1nto products at. certa1n;4
plants, the movement of“tne-products to-various warehouses or
depots; and theAeventua1rde1ivery of these products to the
final consumers. The distribution act1v1t1es of this system,
include a11‘movements.and-Storagerof goods “downstream" from
the plants. The last step tn7fthese movements (from distributic
centers to customers), wh1ch may ‘be called Tocal de]1very, is
the most cost1y Tink of the d1str1but1on cha1n These
movements need an effect1ve distribution management wh1ch

presents a var1ety of d1str1but1on problems

The importance of d1str1but1on prob]ems is- evident from
the magn1tude of the assoc1ated d1str1but1on costs Surveys

by Kearny show that phys1ca1 d1str1but1on costs account for
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'about’16%:ofathe saies Va]ue of a product of th1s, about a
‘fourth is- due to downstream d1str1but10n of the final producti
from d1str1but1on centers to customers A deta11ed study of
the d1str1but1on prob]em 1nvo]ves an exp]1c1t cons1derat1on‘

of veh1c1e rout1ng and f]eet s1ze and mix: 1ssues

The or1q1na1 veh1c1e rout1ng prob]em 1s a d15tr1but1on

: management: prob1em Its app11cat1on areas range from school

bus routing, to b]ood bank1ng, to de11very of. consumer goods.
In all cases, the bas1c components of the prob]em are a f]eet‘f
of veh1c1es with fixed capac1t1es and a set of demands for S
‘ftransportlng certa1n products or obJects between spec1f1ed p1ck
x-up and delivery po1nts The aim is to. determ1ne wh1ch of the'
demands will be sat1sf1ed by each veh1cle andvm1ch route each -
vehicle: w111 fol1ow in serv1c1ng 1ts ass1gned demands 0f
course, cost m1n1n1zat1on 1s the pr1mary obJect1ve Cost items
1nc1ude essent1a11y fue1, personne] and veh1c1e deprec1at1on -

The routes are des1gned so that

(i) each demand 1ocat1on is served by exact]y one veh1c1e'f
(demand constra1nt), v
(i1) the total demandlon each route is less than or’ equa]
to the capac1ty of the veh1c1e ass1gned to that route
(vehicle capacity contra1nt)
(iii) each route beg1ns and ends at a centra] depot- (routlng

constra1nt)

In this study, we'w311 consider,an'extension'of the above
~described vehicle routing problem. In this extended problem
vehicle travel‘time'conStraints are incorporated besides the
vehicle capacity constraints,'then'requirements at the delivery

points are relaxed into random”variab1est(rather than the
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"determ1n1st1c parameters assumed in the or1g1na1 vehicle routing
problem) and furthermore, store of goods (from one de11very
period to the next) is al]owed The new prob]em is ca11ed the

Inventory Rout1ng Prob1em

To summar1ze the rema1nder of the study, in sect1on 2 we
. state the prob]em Sect1on 3 1ntroduces a heur1st1c ‘solution
procedure for 1nventory rout1ng prob]em Sectlon 4 so]ves an

'example prob]em us1ng the computer program of the procedure
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1. PROBLEW STATENENT

In. th1s chapter, we def1ne and expla1n the 1nventory \
routing problem, present app]1cat1on areas and make a

11terature survey

2.1 Problem Definition

It is.a‘single_depot probdem‘ There‘are N nodes Where'the -
first.one'ds-the_supp1y node‘(depot), ‘and the rema1n1ng ones
are the demand nddes The storage capac1ty SC 1s known forx
all demand nddee i = 2 »N. The da11y demand g; of demand
node i in day q is 1ndependent and 1dent1ca11y d1str1buted
random variable dVer the planning horlzon. Expected values ;d
R% = E[g;] ‘and variancee;o%'= VAR[g;] are given for all
i=2,...,N. :

The_}ocafions'of nodes‘are_represented by coordinate points

in a”plane Then, the distances betWeen.a11’pairs‘of nodes,

}wh1ch construct the road network connect1ng all nodes, can be

determ1ned Products or obJects_are to be transported from the
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supp1y node to the demand nodes, us1ng at most K veh1c1es
'w1th capac1t1es VC. The term “tr1p" 1s used for any- sequence
of nodes that are serv1ced by one veh1c1e 1n one 1oad1ng
(see F1gune 2.1) It starts and ends with the supp]y node.
.fhe term "route" is used for any co]]ect1on of tr1ps served
by the -same veh1c1e in: the same de]1very per1od (see F1gure
2. 1).

' Ajtrip A noute_,

~ Figure 2.1: ,.n

Maximum‘1ength of each route’is‘Tdtimevunits:which’is.the‘
vehicle trave]'time'constraint.fA]so, additiona1 vehic]es;may
~be hired, howeVer,fthat alternative is highly undesikable

and costly. Cost of hiring additionajlvehic1es is h'Ttgper

unit time, unit capacity for a trip.

.Let the planning-horiaon be Q de]ivery.periods (a day
.Corresponds to a deiivery’perind), and.let 11;q be the amount
of goods left in inventory from day q to day q+1 at node i,
for q = 0,...,0-1. The amount in inventory just before the
first day of . the . planning hor1zon is 11,0 for the demand node
1. Suppose that deliveries to the demand nodes rep]en1sh
inventories up to the1r capacities, and that de11ver1es made
to node i in day q may be used to meet the requiriments of day

q. Then, Ii 1s a random variable dependent not only on daily

»q



; demands; but also on the date of last deliyery Let t, be

‘the date of last rep]en1shment t is less than or equa] to
zero where it 1mp11es last de11very being (-t+1) days before
the start of the p]ann1ng hor1zon Then, Ii_' can be defined

1n terms of t and d1str1but1on funct1on of da11y demand as:

BN T
{gr)’ ol

-5 ;
SN Mo
ﬂ‘- N .

I1,q(ti) = maX[(SCi'_

where Er w1th r<0 denot1ng demand 1n the days before the
‘,start of the planning hor1zon ‘The amount de11vered A]’ s
is also a random variable dependent on daily demands and

the date of 1ast de11very A de11very is made to node i.on .

day q. 1s,
(t.) = mﬁh[q§1 éi ;'sc.]
q i rate U2 T
A stockOut is said to occur'on:day q if the'amount of
goodsava11ab1e at node i on ‘day q is not- enough to satisfy
the daily demand gq A stockout 1mp11es certain pena1t1es and
an immediate emergency sh1pment to rep]en1sh the 1nventory
up to its capacity. Assume that emergency shipments do not
use the vehicles mentioned before and have relatively high

costs.
There are two types of costs in thevabove system:

1) Operating costs: These are the costs associated with
deliveries to the demand‘nodes.VOperating costs are direct
delivery costs (cost of fnel,/crew wear and tear, eic.),
capital cost and cost of h1r1ng additional vehicles. Letting

direct de11very costs and cap1ta1 costs be the 11near functions
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of d1stance trave]ed CK is the d1rect de11very p]us cap1ta1

cost per un1t d1stance trave]ed for each veh1cle

B 2) Stockout costs: These arefthe costs assoc1ated'w1th’not
making de11ver1es to the demand nodes A stockout cost SL is‘
“incurred 1f there is a stockout at demand node i anyt1me

~ during the.plann1ng hor1zon 1t w111 also be assumed that the
date of 1a$t_de1iyehy tOhnode 1,ti_1s known,for.a]]bnodesZ’

i =z 2,...,N.

Assumevthatu;

P gl.g; aﬁso{;v;_p,,; | ”i,=-2;;5.,N;'

q=]
Th1s quite. rea11st1c assumpt1on means,,1f any demand node i
is rep1en1shed (through regu]ar deliveries or emergency
“shipments) at any t1me q dur1ng the p1ann1ng horlzon, a
‘stockout at node i 1s not poss1b]e in the t1me 1nterva1

lq, Q| . Th1s 1mportant assumpt1on has two 1mp11cat1ons

’1) with no 1oss of genera]1ty, the prob]em may be restr1cted
to at most one delivery to- any demand node dur]ng the
planning hor1zon,‘ | | '
ii) the stockout cost will be incurred at moat once during

the p1anning,horizon,at any demand node.

Now, the'exbected stockout cost associated with any
decision bo]icyhcan berdetermined. Suppose the decision policy
is to make deliveries to node i on day q of the planning horizor

Then, a stockout may occur on days 1,..., qf1‘and only if.the

" event



occurs. Furthermore, the way,parameter t{ is defined implies
that event e |

has occuned' (Otherw%se,'thevlogic'of:the mode1l WOu1d'dmp1yA
an emergency sh1pment to node i at some time te (t 0), however,
‘this contrad1cts the assumpt1on that t is the date of last
rep1en1shment of node i). Then, the. expected stockout cost is;
v,f'_q41 .i _ S 0 1 .
- SL, x P{ £ SC | ‘ < SC, 1}
Tl Tp=t, T .‘rtl Y“fk 1
Note that the cumuTat1ve d1str1but1on of the random variable -
zgr_1s necessary for the above cost term. We w111 assume that
it is poss1b1e to estTmate the cumu]at1ve d1str1but1on funct1on,

] ¢1(b) 1n terms of E{gr] VAR[gr] and m, wh1ch Teads to

£ < by =w‘fi(b,,R1.,o1.,m)j

mo. i
RICESIR N

nm~ s

The ob3ect1ve is to m1n1m1ze tota] stockout and de11very
costs of all demand nodes over a f1xed p1ann1ng horizon of Q

de11very per1ods

2.2 App]ication Areas, Sources of Difficulty, Analysis of.
Assumptions B .
The inventory routing problem can be applied mainly to
distribution pnoblems, where it is necessary to use inventory
and random demands. An example is the de]ivery of the gasOline

to automotive service stations. Also, it can be used in the



industrial gas 1ndustry, where the gas producers themse]ves
install “tanks at customer 1ocat1ons and determine the
rep]en1shment frequency- and delivery size. Another potential
app]ication is the a]1ocation of'avperishabie product such.

as blood, where the supp1y to var1ous 1ocat1ons in a part1cu1ar

reg1on is coord1nated by a reg1ona] center

The 1mportance of the 1nterre1at1onsh1ps between 1nventory .
and distribution p]ann1ng is- eas11y recogn1zed from the above
examp]es However, the 1nventory rout1ng problem described 1in
2.1 leads to a very comp]ex and large mathemat1ca1 programm1ng
formu1at1on It is a]most 1mposs1b1e to generate an exact
~solution procedure for even relatively very sma]] va]ues of ‘
N.K. and Q. Also, the size of the prob]em grows exponent1a11y
as the number of nodes, vehicles and del1very per1ods 1ncrease
Due to the comp]ex1ty of the 1nventorj rout1ng prob]em, it

can 0n1y be solved heur1st1ca11y

In the prob]em defjn1t1on, some assumptions are used.

One of them, which has two important implications, is:

™0

PCI £ > SC) =0 1 = 2,

q=1
Assuming a very Sma1] vaide for the‘above\probability expression,
it may be avo1ded to rep]en1sh any demand node more than once
during the planning horizon. In other words, 1f any demand

node i is repienished,at any time q dur1ng the planning horizon,
a stockout at node i, whtch needs a replenishment again, is

not possib1e in the time 1nterva1:[q, Q] . Without any loss of
generality, the de11very to any demand node and the occurrence

of stockout at any demand node are 11m1ted by th1s assumpt1on
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Otherwxse, our prob]em becomes evenmore complex, s1nce, all
the demand nodes must be checked for each day of the p1ann1ng

hor1zon whether 1t w111 be serv1ced or not.

2.3 Literature Survey S

The 11terature in th1s area 1s qu1te scarce, however,

there have been some p1oneer works 1n the veh1c1e rout1ng

- problem 11terature,_A s1mu1at1on_study for a deterministic

b inventory/routing system wae‘reporbed‘in Assad et al. (1982){A :
"Randonm demendsvhaVe,beeh'tfeafed in”Stewart'and'Go]den (1982) |
anq Bod{n et a]-'(1982) They descr1bed a "Stochastic Veh1c1e
‘.Routing Problem' where 1nventory cons1derat1ons are

: 1ncorporated but p1ann1ng horizon is 11m1ted to a s1ng1e
delivery period and. veh1c1e trave] t1me constra1nts are put

on tPlpS (not on routes).‘Feoergruen‘and Z1pk1n4(1982).described‘
."A'Combihed Vehicle Routihg ehd Inventohy‘A]locatioh Problem“,
where a. more deta11ed 1nventory submodel is cons1dered h0weber,
vehicle travel time constra1nts are 1gnored and a]so, theA o
p]ann1ng hor1zon is 11m1ted to a s1ng]e delivery period. A]so,
Cook and Russe]] (1978) undertook some simulation stud1es of .

vehicle rout1ng problems with random de11very sizes.



II1. A HEURISTIC SOLUTION PROCEDURE FOR
~ INVENTORY ROUTING PROBLEM

Our problem is to'decide'whichfnodes torbenrisited in .
delivery period-o’-As'described'in'é 1 j‘there'are two types
of costs in the system, and, our heuristic solution procedure
is based on a trade off between these two types of costs
;Then, inventory routing prob]emedenotes a trade:off.between _'#
"stockout costs" and ﬁde]ivery costs". Any given node i will
be visited at the “prober“>t1me duriné the o]anning horizon:
if its stockout cost weighs more heavily than'its‘delivery n
“cost; otherwise, 1tlis:not'visited' Stockout costs of nodes""
are 1ndependent of each other since a de11very or a
nondelivery to a demand node 1 does not affect the stockout _
cost of.node»J (3 4 1). Therefore, these costs are,relat1ve]y
easy to determine. ’But de]ivery costs of nodes are strongly
dependent and impossible. te determ1ne before the actual routes
are generated. The difficulty in the determ1nat1on of de11very

costs of nodes is a complicating factor for our problem.



(These costs must be determined,or apprOXinated fn some way

in order to apply the trade off procedUre;) The basic idea of
our procednre.is to decompose the overa]]vbrebTem_intg three
~subproblems in sgch:a‘way thattit'will be possibie to treat

the deltVery'costs also as fndependentvof each other. Then we
Wil iterate among these subproblems unt11 a sat1sfactory |
solution is generated At every 1terat1on, the previous rout1ng,

is used . as a base for the current de11very costs of nodes

The f1rst;step, in this procedure,'1s_generat1on of Q
sets of seed nodes (one set for each day in the-p]anning
horizon), in order to construct an initial routing. These
seed nodes are determ1ned w1th respect to stockout costs on]y
The second step is the subproblem one,. where m1n1mum cost
trips are generated sat1sfy1ng veh1c1e_capac1ty constra1nts
~ for eaeh}set of nodes; Packing tne generatedltrips'into routes
satistying vehic]ettrave]'time constraints'and minimiztng the
use of additional’nired,vehic]es'is the third step.‘Therefdre;
the second subproblem is a packing problem. In subproblem
three, new marginal delivery (operating)_costs are'approximated
based on generated routes. Then an assignment is done dsinggs
cost parameters..This is the Tast step where Q’new sets of :

nodes are generated.

Now 1etius explain these steps with the details.



3.1 Generafion‘of Seed'Nodes

An initial ass1gnment of demand nodes is made to days
nand a set of seed nodes is generated for each day of the

’ p1ann1ng horizon. This assignment is based on stockout coéts
only. Stockout: probab111t1es must be determined in order to
‘generate stockout costs of nodes g1ven a de]1very on day q.

As defined in 2.1,Athe expected stockoutzcost~1sarv

< SC, }
=7

Then, the probability of a stockout at node i, before.day q is

< SC. )

o i i 0y
P. =P { 2 & >SC. | 1 & C,

3
1,Q oorstyore o 71 F~t1"r

Unfortunately a c]osed form or s1mp]e and accurate'_
‘ approx1mat1ons for the above probab111ty expression is not
easy to determ1ne Th1s is however beyond the scope of this . ..
study. we will assume that stockout probab111t1es P1’ébwi]]°

somehow be made ava1]ab1e Then,_the assignment 1s.done'in‘pf
the following way:

Define set Vq > .= 1,. },., where Vq is the set of. nodes‘
to be visited on the qth day of the planning hor1zon Then,
'start1ng with q =° 1 and incrementing up to q = Q, execute the
following: | | |
For every i = 2;..;,N, not already assigned to a set, assigned

node i to Vévif



SL{ xP{z £ >SC.,} =SL.xP,. >S5
.Y‘:t«i. :
where S is a predetermined constant.
The above stockout costs are used for initia]’step'and
will be updated- later in the procedure,‘as more 1nformat1on

becomes. ava11ab1e about de]wvery costs

3.2 Routing Subbrob]em

In thls step, a- set of minimum- cost tr1ps, sat1sfy1ng
veh1c]e capac1ty constra1nts, is generated for each of the
sets Vq’ q = 1,...,Q Assume that veh1cle capacity constra1nts'
in our prob]em are on total expected amounts- to be delivered
on any tr1p (rather than the actua] amounts de11vered)
Hopefu]]y this assumpt1on will not cause any maJor prob]ems
in app11cat1ons Then, this step-is reduced to so]v1ng Q

or1q1na1 veh1c1e routing prob]ems

Any one of the existing rout1nes/can'be used‘in order'to
solve these veh1c1e rout1ng problems. However, the speed of °
rthe rout1ne is 1mportant for us, because th1s subproblem w111
be executed over and over.aga1n,(Qﬂt1mes for each 1terat1on}.
The-so1utions generated at alparticular iteration will not be
the final routes but-just a basisrfur the determination of
: margina] delivery cost (see 3.4 for details). Then, a modified
Clark and Wright a1gor1thm (Golden and Magnanti, ]977) is used

wh1ch is a s1mp]e and fast routine.

A Modified C]arke Wr1ght Algorithm:

This is a heuristic so]ut1on procedure based on Clarke

and Wright's Savings Method (C]arke and Wright, 1964). Savings



method is an "exchange"-pfocedure-in the sense that at each
step one set of tours'is exchanged for a better set of tours.
'In1t1a11y, we suppose ‘that every two demand nodes i and j

are supp]1ed individually from two veh1c1es (refer to Figure
3.1 below).

SoRE

R

“Figure 3.1 Injtiai,SetjUp.d
Now 1if 1nstead of two veh1c]es, we used only one, then we
wou1d exper1ence a savings in travel d1stance of .

(2d-

i 2d ) -.(dli*?dljﬁfdij) = dli-{dlj;:d{jn(see'Figurei3L2)

@

~ Figure 3.2 Nodes i and j have been 1inked

For every possible pair of demand nodes i and j there is a

corresponding saving Sis° We order these’savings from greatest



to least and starting from thertop_of the 1ist we link nodes

i dnd J where;sij representsAthe current maximum saving unless
the prob]em'constraints are violated. Then, at each step 1n

the Clarke-Wright a]gor1thm we seek the greatest sav1ng 513

subject to the following restr1ct1ons.

(i) nodes i and Jj are not a]ready on the same trip;
(ii) neitheh i nor j are 1nter1or to an ex1st1ng tour:
(i) veh1c]e capac1ty 1s_not exceeded;
(iv) max1mum number of.drops.is’not exceeded (in a sense,

maximum trip time);

Nodes i and j are 11nked together to form a new trip, and

the procedure is repeated until no further sav1ngs are poss1b]e,

The bas1c Clarke- wr1ght a]gor1thm is mod1f1ed in three
ways L o
1.. By using a route shape'pahamefer g to define a modified.
saving o | ' ’ '
S;5 7 dygrdyy- edij
and p]acihg greater emphesis~on'the distance,between nodes
i and j rather than their'pbsition‘re]ative tb,the supply
node as the,pahameter increases from zero; .
2. by considering savings only between nodes that are “c]qse"
to each other; " |
3. by storing savings sij in a heap structure to reduce
comparison operations and ease access. '
‘Let‘NTq be the number of trips generated, Tqu_be the total
duration and Tqu be theeexpected total amount delivered on

‘trﬁp j,j='];...NTq.for‘each q=1,...,Q, at the end of this step.



3.3. Pack1ng Subprob]em

NTq trips generated 1n the routing subprob]em sat1sfy
vehicle capacity constraints only. In this step, these trips
are packed 1nto K routes sat1sfy1ng veh1c1e trave] t1me
constraints for each of the sets Vq, qg=1, 7.,Q “The ob3ect1ve
of these packing subprob]ems is to minimize the use of
additional h1red vehicles for each,day of the planning horizon.

The formu]atien is obtained aS‘f011ows.

Let'NTq, Tqu’vTqu be the parameters obta1ned from 3.2.
and let h, T be the parameters defined in 2.1. Now, def1ne

variables y. kq’ y jdq for k - 1,...,K,_3 :d],;,,,NTq; qg=71,..,0

'as follows:
v.( 1 if trip j on day q 1'S~a,SSi-9hed"tb vehicle K.
,yikqui
: . 0 otherwise

1 it tr1p j on day q is ass1gned to a h1red
vehicle o : _

joq o

0 otherwise.

Then, for each g = 1,...,Q the problem is:

o NTq -
minimize IT_ cC. _-Yy.
j=1 dq 7 jogq
(P1) a
' K
subject to Ty =1 j=1, » NT



)3 T0.. y., < T ko= 1,00 0K,0
j=1 Jq “Jkq — T TTE
e 40,1} =1, .. NT 5 K= 0,....K
yakq;e {A } Y E Q-
where ¢, = h+TA, - TD., .
_ ja = - Tda Tiq

Prdb]em (P1) isra'Gehera1ized A;signmeﬁf Problem. th{ce
that a_zero,minimum va1ue.for,(PT);imp1fes the ability of
serving all nodes in Vq with fhe:avaj]ab]e-f]eet;‘whereas a
nonzero minimum value implies the insufficiency of the .fleet
and thus a reduction in'Vq.‘The above'pfobleh can be

formulated in a general way. This formulation is :

Loominimize 7= s xocoxo gy
’ , - iel jed 'lJ 'IJ‘ o ,
(P2) o ' |
‘'subject to: Toor,, X,. < b, for all iel, (2)
’ - . 1] 13 — 1 S o s
Jed J oo L A :
Eox, =1 for all jel (3)

ielr W

'xij e (0,1} for all iel, jed (4)

where 1:z{0,1,...,K} , J z{],.;.,NTq}; It can be described as
the problem of optima11y‘assigning NTq}trips to K+l vehichgs:‘
if trip j 1s assigned to vehicle i, a cost Cij is involved.
and amount i3 of travel time is required for vehicle i; each
.vehicle has a total amount bi‘of available travg1‘tjme. We
will assume, without any loss of generality, that c, r aqd»b
are positive integers. These positive ‘integers .can bg defined

for our'purpose as fp11ows:



D, - for i =0,..:,K, 3 =1,

r.. = e s
RS Jq - R NTq
C.  for i=0 ;3 =71,...,NT

, jq - o q
‘C.,. = S o
1] o .
0 otherwise
_ T fFor i = T,...,K
b, = '
i _ - : _
a large number - for i =.0 (hired vehicle;

Let us firSt formulate (P2) as a maximizatioh/probTem as
“proposed by Marte]]érand Toth‘(1981):‘define»ahy_veqtor (tj)

of integer constants such that:

t. > maX‘{C:.}f ~ for all -Jj e J
. . T1d :
v'IQI :
and éet‘
p.. = t. - c... for all ~ iel, Jed s

S T iJ

from (1) we can write :

Z =3 ¢ (t.-p..) %x.. =
iel jed J 1J 1]
r t. T X - . p X >
J g1 W iel jeg ‘9 W
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where t = I 'tj. (P2) can thus be formulated as the
Jev v max1m1zat1on prob]em

maximize W= T % .p.. X.. | (5)"
. iel jed '3 13 .
- (P3) ' :

 subject to Ee~ (2),:(3),7(4)'

where_pij cap be.interpfeted as fhe profft given_by assigning
trip j to vehicle 1.

© Martello and'Toth propose a branch and bound algorithm

- where, at each node of the decision-tree, an upper bound is
 obtained by so]v1ng ‘the re]axed prob1em 5), (2), (4), this
‘relaxat1on would have no mean1ng in formu]at1on (PZ) since
the remova] of cond1t1on (3) would lead to a trivial prob]eme
i(solut1on x];, ::O_ for all 'ieI , JgJ) w1th a use]ess 1ower
bound of value 0; in (P3) we obtain a nontr1v1a1 prob]em whose

solution can be obtained by solving K+l 0 1 s1ng1e Knapsack K

prob]ems, one for each veh1c]e del, of the form

maximize ui = I p.. X
~jed
subject to : £ r.. X.. < b,

xij.ev{O,l} _ for all jedys

the corresponding upper bound is
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Then,they use a branchiﬁg strategy where K+1-sing1e‘Knapsack\"
prdb]ems for the'computatioh‘bf'the upper boUnd éssocieted with
the first node of the branch-decision tree, but only one single
Knapsack problem for each of the other nodes accord1ng to the
infeasibility type (a trip 3 1s not assigned or ass1gned to

more. than one veh1c1e)

However, it is not necessary to app]y a]] the steps of

the above algorithm to our: prob]em S1nce taking tJ = Jq-+ 1
(t.-=~max {c } +1) , (P3) constitutes a special structure.
iel,jed L ' ’ .

K'sing1e'Knébsack prob]ems'are geherated‘fof-vehic]es 1‘£0»K
which are»eque1 to each~ethef»and one single-Knepsaék problem
1s'generafed‘for Vehic1e 0 where all cost coefficiehts are’

equa1 to 1. THen,VWeruse a:simpTe procedure for this relaxed

subproblem. The procedure is as follows:

(i) solve a-singTe KhapsackvproBTem forbvehicTe-T;
(11) so1ve a s1ng1e Knapsack problem for veh1c1e i wh11e
" not cons1der1ng the ass1gned trips to veh1cles |
1,..., i-1 in order to avoid assigning a_tr1p to more
than oﬁe‘vehicle:'repeat-this step'for i = 25...,K;_.
~(111) check if trip §, J = 1,..;,NTq',_is not assigned to
’ vehicle i, i = 1,...,K, then assign that trip to the
“hired yehicle (vehic]e'O);
wherefthe eost—df hired vehicle is nearly minim%zed, satisfying
vehicle travel time_const}aints. In this procedure,'K single
Knapsack prob]ems are solved for each‘day of the planning horizor
Anyone of the existing routines for single Knépsack\problem

may be used to solye these problems.



In this study, a branch search algorithm is used which

was proposed by Greenberg and Hegerich'(1§70).
A.branch search a]gorithm'for the knapSack prob]em"

Our branch search a]gor1thm f1rst f1nds an obv1ous

integer so]ut1on to the. fo]low1ng prob]em,
maximize

Py g
subject to : j

where V}v:,c.., X, = s W, = r,.and W =b. , J = 1*" NT
J 1] J 1J J i -1 q
for a vehicle i. We also assume that 1nd1ces have been arranged

so that v YA TREN /w2 > WAL This so]ut1on is a

Tz NTq NTq _

1ower bound to the opt1ma1 so]ut1on We develop a branch of a
tree and exp]ore each part of the branch unt11 the 1ower bound
is reached or unt11 a new feasible solution is found that
represents a larger ]ower ‘bound. Wewthen.backtrack and develop
new branches of the free With'possibly 1argerrlower'b0unds.
Further branching is excluded when thevloWer bound'is reached.
The algorithm stops when all new branches are exc]uded The
Tower bound solution is optimal. The only information that is

stored is the current lower bound solution and the branch routin

In this tree search procedure, the optimal fractional
solution to -
NTgq

maximize . © V. X,
. jor 43



(P2)
, NTq -
subject to : w. x. < W
| g 3T |
X. € 0,1} G = 1,..., NT
7 q
with L assigned variables is givén by
ij =1 Af o<, § A RK)I(K = 1,...5L)
ij = 0. it isr L £R(K)(K = 1,...,L)
RR(K)'=’O or 1 (K ='1,}.,L) 'depending on the
A : ~assignment
X e (0o I Koo ERY
X = = I Wy, Xo,ayn — L W)/
r i - R R i )
= ‘J) (3) gemy’ T
2(Ls1) - 5 X “ PR
+1) = L Vo, .\ Xg,.y F L. V., +V X
) i1 R(I) ROI) gemqry 3 rr

-

where the M(L) is given by

ML) = Glaer 3 ARK) L (K= Thll))

and r is the least integer (0 <rc< NTq) for which

L -
I W, + W W= 2 W,y Xopey o
jem(Ly 3" - j.1  R(3) TR

If no r exists we have all ij =1 for j # R(K) (K-= 1,...

A lower bound to the solution of (P1) is given by

,L).



The a1gorithmvf011ows:
1) SetL=1

2) So1Vé-(§2); If the so]ution'is all integer we have the

optimal solution. Stop. If not the solution Ts'§1='x2,..

X =1 and x is fractional. We calculate x = £ v,
and store the solution as a Tower bound.
Set R(1) =.r and ‘ir = 0. ,
3) a. Solve (P2) with the L assigned variab]es added as:
constraints. If Z(L+1) -fxo' go tob4. Iij(L+1)v>:Xd’

~and WehhaVe an integer solution, f.ake“x0 = Z(L+1),
form a new solution and go‘to‘4. If Z(L+1) > X and

we do not have an integer solution, go to 3.b.

b. If x(L) > Xo’ takefXo = X(L) and fbrm‘a‘hew solution.
- set. In any case, set L = L+1, take R(L) = r and

X = 0. Go to 3.a.
r ' .

&)a. If-iR(L) is equal to zero,change it to one and go to

| 3.a. If it is equal to one go to 4.b.

b, If L = 1, the stored solution is optimal. Stop. If L# 1
use variab1e R(L)vas an unaSsigned one, set L = L-1 and

go to 4.a.
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3.4 Assignment Subproblem

In'this'step first marginal de]iveryrtost,_CK X tfkq’
of serving nodé.i by vehicle K on day q is generated for
i= 2, s N3 k= 1,...5K, q = 1,;QL;Q, based on the existing

route structure Thié.is_done'in‘the'fo]]owing way:

Let v v
qu . set of tr1ps conta1ned on route K, on day q,
) k--:,.ls‘-:qu- a’-o sQ ] .
qu. : set of nodes served by tr1p 3 on day q,
4 =‘1,..., NTé 59 = 1,...,Q. |
CV(qu) : set of nodes pn the»boundary;of the convex
Chull of N, | |
—— - J4q
Then v
for o . g - Define
ieN 3 j ¢ CV(qu) o B tikq = smal]est 1nsert1on t1me -
3= 1,...s NTq 3 g=1,...,0 between node i and CV(NJq) _(1)
| _over all Jstq wk':.]""K :
7, qE: "‘,’Q>
ieNsg 1 eCV(N;i,q]),for, - tikébz.éma]]est'insertion time
j ' : : . _ 2
some  Jj, ERk] q] A between noder1 andeV(NJq) , ( ,
ovgr all Jequ\ q =”],...,Q,
k = 1,...,K '

excluding q = q], k = k].

= smallest insertion time

ieN; 1gCV(N ,q ) for t1k]q1 -
some j, e k],q] - "between node i and CV(N jq) over
11T jeR , getting a 3
all JeRag getting - (3)

new CV(N. . } by excluding

node 1.

BOGATICH NIVERSITESH KUTUPHAN



The term "insertion t1me" between node i and CV(N ) refers
to the minimum additional trave1 time necessary to 1nsert node
i into the c1rcu1t formed by the nodes in CV(N, q), The v
1nsert1on time between a node which is on the boundary of a
convex hull and the route whose 1nc1udes that node has.to be
'adJusted Because these va]ues w111 “be. used 1n the generat1on
of new sets of nodes for the next 1terat1on and we do not want
a lot of changes on- the boundary of that convex hull. Th1s,f
can be done by using a mu1t1p11er for cond1t1on (3). This

mu1t1p11er will be ana1yzed in sect1on 4

The fo]low1ng example 111ustrates the determ1nat1on of.

ikq
to be un1ty)

t. for the nodes and routes g1ven in F1gure 3.3 (Q assumed

Figure 3.3 Example for the determination of
insertion times
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In the above example, there are three tripé. Let us.péck
these trips into two routes. Assume trips 1 and 2 are assigned
to vehicle 1 and trip 3 is assigned to vehicle 2. Then, the

sets can be determined'asffollows:'4='

Ry, = 11,2} and  R,; = {3}

Nyp = (2.8,8,5,7) , Ny, = {10,14} ‘and Ny, = {3,11,6,9]

CV(Ny,) = {1,2,4,7} , CV(N,,) = {1,10,14} and

CV(Ny,) = {1,11,9}.

, which will be .
kKq.

Using these sets, the determination of t,
used for generating marginal de]ivery costs, is done in the

~following way *

For condition (1), take demand nodes 5, 13, 12 :

- tsiy = dys tdgy - dyy

Ctsar = dys*tdg gy -dy gy Ll T

tiz 11 = da,13*dyg y = dyy
tyz,2,1 = di 13+ dyg - dy
by, = d +d -d :
L1210 1,12 7 12,7 1,7
t1o,2,1 = 41,12 412,11 - d1,n

For condition (2), take demand nodes 4, 11,

4 ¢ CV(N where 1eR,, , then exclude Kk =1

AL

tyor = 43y v dyyy - dy 1 : S L
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1]
n

11 e CV(N where 3 eR,, , then exclude K

tll,i,l = d1,11+dfy,7’ dy 7

Forfcon61tioﬁ (3),.take'demaﬁd node§‘4,]f;'

new CV(ﬁll)f: {i52;8%5,7i | after exc]ﬁding ﬁode 4,

new CV(N31)~=-{T,3,6€9} - aftgr'exclédfﬁg néde’il.,

THEn, | | |
| Ty =(ds§f“dué - dgs) %im‘;

t11’2;1‘; (d§,1i+d11,s' dsé)k*m.“

where m is a mu]tip]1ér;‘ -

"~ Now it isbossfb]e‘téitké;tiﬁhé de]ivéry:costé'@5

independent of each other. Then,,variabies'x; ’, X,
, g » g iXg iog

i=2,...,N, k=1,...,k, g =1,...,0 are defined for the

Tast subproblem in the following way:

1 if node i is serviced by vehicle k on day q
Xikq * | .
: 0 ~otherwise
1 | if_hode i is not serviced on or before day Q
X'iOQ=

0 otherwise



and all costs 1nvolved 1n the problem are- expressed in terms

of these var1ab1es as :
. K N @ o
Total De11very Costs LD N X . CK t., —x. =
| k=1 i=2 q=1  1ka Tikg

where CK is the operat1ng cost per unit time of each

vehicle
tikq is the 1ncrementa] time. necessary to v1s1t node i

on route k in day q, iz 2, ,N'; k = 1, K 5 q = T,.;

' Total Stockout Costs:

Q N [ 91 5 l'o g K |
DI SL {z g > SC. - £ <'SC. L XL,
q:] i=? P Y‘=t r 1 ' Y‘:t«i r - 1] [k=] Tk J
+ 3 SL, p { 2 ¢ > SC. g < SC.M | x Q
i=2 [ 1 rety T 1 ;l ret; *7 ] ]. L ]

‘where SLi_is the cost of a stockout ét_node'i on any gf&én day.

SC, is the storage capacity of node i3

-1 . 0. . , : .
. 1 . : ..
. - sc, is th babilit
df a stockout during'the p]anning horizon given a

delivery on day q, which is defined as Pid'in 3.1.

At this stage, a pebalty cost for exceeding the vehicle
travel time constraint is taken into consideration. Because
vehicievtrave] time constraints may be violated, if the
assignment problem is based on stockout ahd'dé1ive}y sosts

only. Also, an increase in the cost of additional hired vehicle
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can be'incurred‘ We went to discourage‘or'encourage'the

ass1gnment of demand nodes to - a veh1c1e k in day q accord1ng

to its total travel t1me In our prob]em, vehicle travel time
constraints are same forrall vehicles, Then, the totaIAtravel
time for a vehicle k in_day g, which is generated.in the
routing subprob]em,'may be uSedato ref1ect.tha penalty'COSt
associated with (timeWTse).err1oading vehicle k .in day q.‘
Also, a multip]ier, Which,wfil'be ana]yzed'in Section 4, is:

necessary for these penalty cost.

Total Pena]fy Costs :

K Q N -
z z nv, ( T t. ‘x, -=T)
k=1 g=1 K9 4.2 Tka Tikg |
 where | qu is the pena]ty costs of exceed1ng the t1me )

constra1nt on veh1c1e k 1n day q;
‘n s a mu1t1p11er, '

T “is max1mum 1ength of any route on any day

Finally, based on the above costs, the ass1gnment subprob]em,

problem P4 below, is constructed. This is the subproblem that

determines whether a node will be serv1ced dur1ng the

planning horizon and if so, on what day and by which veh1c1e

K N Q K Q » N .
min ¥ - % T ¢, st., X, + I L ney ( 2z . X
k=1 122 g=1 & KO TEKE qg KA g kg “ikg
(P4) N Q- K- o y
L. . T X, + P, X.

! ifz.SLi qux Pig ka1 Tikq | i,0Q+1 Tioq
S K Q . S
subject to : A X Xikq + xioq = I | j = 2,...,N

1y



Xy = 01 T=2,0 5 k =1,...,K3q=1,..,0Q
X, = 0,1 - 2,...,N.
i0q : :

The above problem is equiva]eht.to‘:

N oK Q@ o
min 1z T ](EK * nv t + SL.p. Tx.
R ) [kﬁl q=1|( ' -kq) v1kq_fA: 1'?1q] ~ikq
" SLi PiLger Xiog!
(Pa) : | s
subject to : S 'Xik + kioQ =1 i =2,..,N
R k=1 g=1 a.- . :
-Xikg = 0,1 .f __1 = 2,7..,N_; k = I,.{.,K 3 g = 1,..
.'_XioQ = 0,].' ’ ’I = 2""’“»,
Defining . _
Cikg = (CR* m Vi) Bipg * Shi Pig
Cioq = St PiLge1
Problem (P4) becomes :
N K Q - - ]
) C. . X,
min 2, LyEy g3y Sike kg T Sioq *iog !
(P4 ,
) bject t R I OV R R N
: X, =1 i 2,0,
su 3??_ ° k=1 q=] ikq ioQ , . . :
- S 2, 0N s k=1,...K g =1,..,
Xikq 0,1 'l» 3 q Q
X = 0,] i = 29 ’N

ioQ
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Furthermore, 1t is poss1b1e to decompose the above prob]em
into N-1 tr1v1a1 prob]ems as:
AFor_1 = 2,...,N solve

K q ‘
min I I C.. X, C. X, =
k=1 q=],c1kq X1kq * ioQ x1oQ '

(P4) : SRLNTE. R
, subject to. : b L. + =
IEEEEO Tl gk Mikg” Fioq 7
Xikq = 0,1_ k =71;.s;5K ;; q ;.1,.;550‘
XioQ = ’T

In wh1ch case determ1nat1on of an opt1ma1 so]ut1on becomes
very s1mp1e o

(i) For each 152,,.,?N,,deterﬁihe‘ k*,’q* such that

‘“»Fikqu,= mjn (Cikq) oyer_ k=Q,..f,K .
' qg=1,...,Q
(ii) set 1.kqu =1 | L )
- N S S % %
K. =0 k= 0,.’..?K s q :.,],...,Q (k,(]) # ,_(k",q

Note that parameters t used in the above prob]em are

on]y approx1mat1ons to the aggual marginal de11very costs.

Real marg1na1 de]1very costs are dependent on the current set
~of trips and not the prev1ous set. However, bas1ng the |
approximations on the convex hull of the prev1ous “trips, rather
'Ithan the trips'themselves is'hoped'to.be a compensafing factor;
while the actual trips may ohange.considerably from one
iteration to the next the1r genera] structures and orientations
.should not change as much,vand convex hull is usua]]y a good

proxy for general structure and orientation.



3.5 The Algorithm

Initial step : For every i.=.2,...,N,-q = 1,...,0 1 -géher‘ate

Step 1

- Step 2 :

Step 3 :

estimations for e, ,,'P iq’ ‘Initié1ize the sets

Vq', q =1, '..,Q in the f0110w1ng manner:

rStart1ng with q = 1 and 1ncrement1ng up to

q = Q, execute the fo]]owwng

for every T =22,...,N; not already aSsigned

'tp'a set,_assjgn ito Vq if

vS’L.~P > s
O S I

where s is a predeterm1ned constant

: Using a- mod1f1ed C]arke -Wright a]gor1thm,

.’generate a set of m1n1mum,cost‘tr1ps on the set

Vq,*whi1e_satisfyihg the»vehﬁc1e4capécity,

AconStraints; for eVery q = ..;,Q-

Us1ng the genera11zed ass1gnment formulat1on,

“pack the generate trips Jnto:K yehicle routes;v

while satisfying travel time constraints and
minimizing the use of hired vehicles, for every
q=1,...,0. ’ o |
If'the so1ut1on obtained i; satisfactory, stops;

otherwise go to step 3.

Update marginal operéting costs using the routes
generdted in Step 2 and penalty costs found by
vehie]e‘travel time.vUpdate sets’Vq:,}q}=‘1,..,Q
by using the decision rules developed for
problem (P4). | |

If there is'no.change in Vq ,'q.: 1,..,Q, stop:

otherwise go to step 1.
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. A NUNERICAL EXANPLE AND
~ CONPUTATIONAL RESULTS

A ~ The heur1st1c a]gor1thm of Sect1on 3 was 1mp]emented in
~FORTRAN IV, The _program tons1sts of a fortran deck of about’
.1000- cards, 1nclud1ng 7 subrout1nes The size of the computer
needed depends on the number of nodes being considered.
leresent d1mens1ons allow. for as many as 100 nodes and 10
vdayé (Append1x I g1ves the 11st of computer program, Append1x
'II g1ves the 1nput data file.) ’ ’ '

A numer1ca1 example, which is generated random]y, is
solved through the a]gor1thm presented in this study by us1ng-
the above computer program. In th1s computat1ona1 exper1ment<
~the multipliers m and n, which are defined in sect1on 3.4,

. are ana]yzed w1th this numerical examp]e It is as follows:

Let N = 50, K = 2, VC = 265, CK = 10, HK = 0,25,
R =E [gq] 20 and o2 = VAR[gq] = 3 (suppose the daily
- requirements of each demand node in day q have the same

"probability distribution). Let the planning horizon be 3



3 delivery periods (3 days). Table 4.1 gives the x and y
‘coord1nates, storage capac1ty, stockout cost and the date of

1ast delivery for each node

- The computer program first generatesvthe»sets of seed E
‘noeds (s = 500, one set for each day)' We use normal .
d1str1but1on tab]e,.Append1x 111 g1ves ‘the ava1]ab1e stockout ‘

probab111t1es

v, = 11,2,3,8,5,8, 11,12,13,15,16, 20,22,24,25,27,28,
| 32,33,39,40,41,42,43,45 48}
v, =‘{];6,7,9,10;]4,18,]9,26;37,44;47,49,50}‘
v, =_{1,17,23,3o,31,35,38;46}”,-”

vNot1ce that demand nodes 21 29 34 and- 36 are not ass1gned
to any day ’

~ Then, rontdng sdbprobiem generates minimum cost trips-»*“
for each set of nodes‘wh11e satisfying vehic]e capactty“f
constnaints Tab]e 4.2 gives ‘the number of tr1ps generatedm-
for each day, the tota] distance (1nstead of total durat1on)
and the expected total amount delivered for each trip. Also.
Figure 4.1, 4.2 and‘4.3,show ‘the positions of\nodes_and the
network., which are formed by the trips generated in this
subproblem, for the first, second, and the third day
respective]y . ) N

Now, the NTq tr1ps generated in the routing subproblem

are packed into two routes sat1sfy1ng vehicle travel time

constraints. We express the vehicle travel time constraints
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Table 4.1 -
- STORAGE CAST ST=CUT™
X=COCRDa Y-CCORD, CAPACITY  DELIVERY  CUST
CSUPPLY PCINT : 1 = 85, Siia . $665.6 - Ua (i
DEMANE PCINTS 7 2 = 2a Ca . 168, 1a 10l .
4 % 7 4a 5€¢. 2a . Yliie
5 - C. - 15. 45, T Al
é * 15. 15- 31!. 3-' 7{:;'.'.;
7 2C. - 4e 25. 3. 70
g « 28, 24, 45, 2 950
G % 17. 4G, 50, 1. S5¢l.
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in terms of the unit of length, which is also used in the

total distance values.

 Table 4.2

Nt i T TAL
! R EE I R L PR IR

1| a17.58 | 263

| 2 | 2e8.40 | 228
1|6 | 3| 2972 | 225
| 4| 249.78 | 253
5 | 302.94 245 |
6

95,47 | 160

—

o | 297.27 | 236
2 | 32 | 1e7u39 | 107
| 3| 443,51 246

3 | 1| 493.03 | 265

Let T = 700. Then, Table 4,3'gives the results of the
packing subproblem. o : B ‘

Table 4.3

"Trip number

q | vVehicle 1 | Vehicle 2
1 1,4 25,6
2 | 23 | 1

3| j : e




Tr1p 3 uses add1t1ona1 h1red vehicle in day 1.

At th1s stage, the costs which are defined in sect1on

2.1 can be- ca]cu]ated These costs are as. fol]ows

Tota1_De1ivery'Cost' : 29550.3‘
Total Stockout Cost : 40301.7
‘Cost of Hired Vehicle: = 12359.3

 Total Cost -~ : 82211.3

Note that, 45 nodes are served in the first iteration,hThese
:costs do not change for gifferent‘va1ues Of'm'n.'Because m
-and n do not have an effect unt1] this stage :
Then, ass1gnment subprob]em generates new sets of nodes
which w111 be used 1n the second 1terat10n "The multipliers”
m, and n are used in th1s subprob]em Th1s means, the re]ated
costs change accord1ng to: the values of m and n. Tab]e 4.4
gives the changes in the cost: va]ues for some values of n
taking m = 1.:For small va]ues of n, the use of hired vehicle:
1s&encouraged. For examp]e,twhen,n.1s equa]}to 0.005 the cost
~of additional hined vehicles is present at each iterat1on.
“As ‘we inereasevthetvé]ue of‘n,,hined vehic]e usagerends.
Therefore, the cost of additional hired vehicle can be nearly
minimized by adjustfng'the value of n. |
| “Table 4.5 gives the ehenges in the cost values for some
values of m using two dtfferent'va]ues of n. It is 'seen that
increasing the va]uevof m does not'change the results very
much. A]so, some ‘total cost va]ues,are same for different
values of m. Then, taking m = 1 is satisfactony in most cases

for our purpose. But, it it is desired, total cost may be



No of served

nodes v
Iteration n| 1| 2 (3] £ | Delivery Cost Stockout Cost |. Cost of Hired Vehicle | Total Cost
2 125 | 6 ! =31 204520 24074.0 16990.9 | 61516.9
3 Cles |6 l-f31 | 19677.2 - 23236.3 22120.3 65033.8
4 005{24 | 6 | -|30 | . 22348.1 23498.4 ~ 25504.2 71350.7
5 25 | 5-1-{30 | - 18259.8 24116.0 - 8522.2 50898.0
2 165|122 |  14511.9 ©.30198.7 - 44710.6
3 1 (1213 -1 7712.3 1 33656.7 - - 41369.0°
4 s - | -118" 13631..0 30658.3 . - | 44289.3
5 13- 1-]13 7155.7. 34210.2 - 1. 41365.9
2 107 1] 12076.9  33822.9 - 45899.8
3 12 |4 1 -116 8619.4 - 32414.4 - 41033.8
4 25 |13 |2 |-1]15 | © 11148.4 32114.2 - 43262.6
5 913 |-[12 8116.7 35611.9 - - - 43728.6
2 10 |7 18 | 12076.9 33822.9 - . 45899.8
3 13 -4 © 10205.0 '32154.5 - 42359.5
4 S o83 |-1n - 7631.1 36143.6 - 1 43774.7
5 14 |1 |- {15 11410.9 32114.2 - 43525.1
2. 707 |1 115 | 10682 136870.2 - 47552.2
3 1211 11 4 - 11809.6 33109.7 -  44919.3
4 T 1414 1109 ©7400.2 38043.4 - 45443 .6
5 1311 |1 (15 13125.3 33069.4 - 46194.7

~ Table 4.4




‘ ‘No of served Nodes | » |
Iteratioh m | oni 1 2131 = |Delivery Cost | ‘Stockout Cost | Cost of Hired Vehicle | Total Cost
2 1ol 5] 1|22 | sl 30198.7 - | 44mo0.6
3 1sloq | 12] 3] -] 7712.3 33656.7 3 -1 41369.0
4 Tty - -8 | 13631.0 . - 30658.3 - | e T 44289.3
5 | 120 = -2 . 7669.0 35160.2 | - | 42829.2
—-—-r - — - A I ' |
2 15| 5 21 | 13472.4 . 30460.8 - | - | 43933.2
3 sl 10 5 -5 | 9981 © 35353.8 - | 45301.9
4 | 15 0 2] - |17 | 11209.4 31550. 4 - 498
5 10 3] -3 | 7468.6 344956 - -1 moe0.2
£ 2 150 5] 1|2 13472.4 30460.8 e i 43933.2
3 | g0y -] 9948.1 35353.8 - 1 45301.9
4 [ 1) -1 13212.2 131550.4 e 44762.6
5 21| -t b o7nes ©33461.8 - | msa3
2 10 | 7 18 | 12076.9 33822.9 - | 45899.8
3 15l 5|13 3| - |16 10449.9 31646.1 - | 42096.0
4 A Rl I T - Y R R 7697.3 36561.9 - | a4259.2
5 32| -|15 9464 .5 227263 - | ; ©42190.8
2 110 7118 12076.9 33822.9 - | 45899.8
3 o | 5|13 3| - |6 10449.9. 31646.1 - T 42096.0
4 Pl s 3 - | 76973 36561.9 e » 44259.2
5 B2 - {15 9464.5 32726.3 - - 42190.8
o . _— _ | S | | s _;_____“f;___fk____“-__'_J
Table 4.5

ev



minimized by'adjustihg'the value of m afper deciding a valde
for'n. | | |

’ Add1t1ona1 runs are done in order to see the effects
of the mu1t1p11ers when some cost coefficients are changed
We take m = 1 and multiply all the stockout cost coeff1c1ents
by the same constant Tab]e 4 6 g1ves the results of this
exper1ment If we mu1t1p1y the coeff1c1ents by two, n =-0.1 =
is sat1sfactory for our purpose But, as we cont1nue to
:1ncrease these coeff1c1ents, we need to 1ncrease thé va]ue
of n in order to d1scourage the use. of additional h1red
vehicle. Therefore, by adjusting ‘the va]ues of m and n, a _
'near opt1ma1 so1ut1on for the 1nventory rout1ng prob]ems can

be obta1ned us1ng the proposed heur1st1c solution procedure



~ No of served
nodes ' ‘ ’ ' -
Iteration. S0 1 2 3 z Delivery.Cost | Stockout Cost | Cost of Hired Vehicle | Total Cost
1 25 | 13 45 29550.3 - 80603.3 12359.3 - 122512.9
2 19 6 | 25 16057.9 55024.7 - - 71082.6
3 n=.1 141 8 | -] 22 14891.0 - 57955.1 - 72846.1
4 o 17 5 | =1 22 16115.8 . | = 56846.3 - - +6380.0 79342.1
5 2 171! 8] -1 25 . 18024.3 . 53312.1 - 71336.4-
1 . 125 113 las | 80603.3 - 80603.3 - 12359.3 . 1 122512.9
2 ns 05 23] 6 =129 | 50879.5 - 50879.5 22072.6 - 94405.1
3 20 5 | -25 | 52037.6 52037.6 - 1495.5 72525.0
4 2 20 | 8| - {28 | 49741.6 49741.6 10766.7 81274.9
5 18) 6 | -] 24  56828.3 56828.3 e - 73309.1
1 25113 7 | 45 1 201508.3 201508.3 12359.3 243417.9 -
2 n=.1 24 1 5 | 136 122101.6 - .| - 122101.6. 16619.5 162768.0
3 o 171 8 | - | 25 130222.7 .| 130222.7 R 149323.4
4 5 17} 6 | - 123 132343.9 132343.9 - 148728.0
5 ' 17 | 8 | =-.125 '|. 130222.7 130222.7 | - 149323.4
1 25 |13 | 7|45 201508.3 . - .| 201508.3 12359.3 243417.9
2 n=.25 | 19 .8 | 2127 | 133281.8 - 133281.8 . - 154131.9
3 o 14 1 N - 125 | 139869.0 - 139869.0 - . 1567188.5
4 5 18 | 5 | 21|25 133335.9 133335.9 : - 163678.2
-5 17 1 9 | - 126 | 131416.9 - '131416.9 i - 149768.8 - |
1 25 |13 | 7 145 322413.3 . 1322413.3 12359.3 | 364322.9 |
2 191 6. 2 {27 | 213250.9 213250.9 - 234100.5
3 n=35 1 14 | T - |25 223790.4 - 223790.4 - 240929.9
4 8 18 | 5 [:2 |25 213337.4 213337.4 - 233579.7
5 L_17 9 | - |26 210267.0 210267.0 - 1228618.9

Table 4.6

- GY
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V. CONCLUSIONS

The procedure as a whole is a simple iterétive.procedure
which should pkoducé'a}near‘optima1 $o1ution;,In step 1, the
sets of‘seed;nodes.aré being'generated; This.géneration is -

- based on stockout consideratioﬁs only. These seeds are used
only to obtain'so¢é ihitiaj e;timates'for.marginél de]ivefy

. costs and do not lock the fina1k501Ution.}In Step 2, the sets
of minimum time trips, satisfying vehicle capacity_cbnstraintg}:'
saré being generétEd through the savings algorithh.vThese 
frips»shou]d make ‘a reaSbnab1y food basis ready forrthe '
computationfof‘margihal_de]ivery coéts. In step.3,btrip$‘aré
packed into yehitle r0utes,'satfsfying vehicle travel time
constraints. For this step, the procedure, which is defined
in 3.3, is used. The maiﬁ prob1em is to décide‘whiCH nodes to
visit and which nbdes.toaékip. This problem is handled in
step 4 and a decision ruie; basedvon a'tradeoff between
“stockout costéf and:?operating costs", is obtained. At this
stage, good appfokimafﬁbns for.de1ivefy costs,‘cktikq are

- available. In addition, stockout probabilities, Piq’ which



‘are ‘used to estimate expected stockowtdcosts, are known. As
a result, the suggested tradeoff between “stockout costs”

and "operat1ng costs is s1gn1f1cant

From the computat1ona1 results, we see that an 1mprovement
bat each iteration 1s not guaranteed Also, the convergence

of the procedure,can not be promised. However, it may be. '
:.possible'to"handle these ‘handicaps. In:orderzto guarantee-
improvement at each 1terat1on, the best so]ut1on so far may:
be stored and compared with the new so]ut10n To guarantee'
' convergence the number of 1terat1ons may be- 11m1ted Another‘
modification for. the convergence may be term1nat1ng the
b'procedure whenever there is no. 1mprovement from one 1teration
to the next Add1t1ona] consideration shou]d also be glven to

the mu1t1p11ers d1scussed in sect1on 3.4.
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’4###s*v#¥*+44ﬂ44$*¢4+*4»»##44*v#44##&v*#vvw¢4¢¥¢Q#4#4##vva*&¥»#$

CTNVEX +ulLl

fe**#¥*44+*a¥¢»4v¥¢&¢pévw&44#4#44»#4#»?v$+#*#;tv#*»v#t%###q»»v#»#

“’LL CdULL(NT,X,Y,lTKIP)IhUCh,NCUh:IFULL)
UC 79 1=14ul ‘

W CuNi (IIA,I)=NLGH(1)

34

Y

83
1L

e

IF(IHbLL(T 1)0&@91)(“ 16 €3.
Js= ' -

DS €4 Jgv=? ,NCUN(I) .
ll"(IHULL( )JV’:N[.L)UG T(J

JS=1

SJdVi=Jdy

CONTINUF T
IFLISenELN)GD TGO @5
WCON(T)=HCULNLT) +1-
LITRIP(IN1)=1

DC Ty JF= .ghCUN(I) , o
LITQIP(I,JL)=IHULL(I,Jt~ ) .
60 T4y 79 :

b 7L J4p= ﬁa\LUN(I)
LITRIP(IS 4P )= IHULL(T,JP)
G0 Tu 79

[16=1

COC 72 JR=JV14RCOHIT)

LITRIPCT16)=THULL{ Ty JR)

> 16=To+i

DG 73 SRi=l,JVi-1
lTTPIP(IsTb)=IHULL(I,JV1)
[&=To+1 :

CONTLHUE

DO B I=1enNT _

vE:- Br J=LlIn0DE(TI)=1
IT=ITRIP(I,J)

[ K=

D0 82 K=L,nCOnN(I)

TF(TLLEGUILITRIP(IK)})IK=1
IF(IKWLEQLY)GU T b1
1C=°C ' '
CINS=99G959,
00 G nN—.,lLuN(l)
L=l ITRIP(L9hN)
ISL lIlﬂlP(I,nN+;)
IF(RN ez GuNCCN(I))IS1= IITFIP(I9;) . '
CTaSas=( (X (IUL)=A(I1))»¥2+ (Y (1CL)=Y(11))B22)3%,5
CTNSZ2=t{X(II)=X{I32)) 42+ (Y (1T)=Y(1SL)})3¥2)%>q5

CliisSs= ((K(IUL)“K(I(]))*"*(Y(JU])-Y(141))**1)##.J7“

*,uxzx«=cvnx'fcfusg-ttnsj

I1FECiNS 4, Coe CINSYOGU TS Hir

%



TlusluLyTT
Ju COHTINUE
D3 9L L=Ls8CON(LY
IF(IU.N?uIIIRIP(IsL))CG TC 61
LL=tL
60 TO 92
91 CORTINUE
92 WCOMN(I)=H{CON(I)+) v
Ul Bo A=NCON(I)sbLL+2y=~1
LITRlP(Ia“)=IITKIP( a*-’)'
do CONTLIRUE , I
o LYTRIP(T, LLfL)—II
C CHRLTE (694 )1 dsLL
81 CONTINUE ’ :
0 2uny .I."l"\f :
us- (u'l. J= .Lyf\Cva\(l)
IThIP(l,J)-IITRIP(laJ) - :
26t COMTEINUER : P
LfnTP(l,HPUN(I)+l)—
2%, CONTINUE-
D0 342 FK=LyaKK
_dT=INCUr(.K)
WNRNUC(TiAay K )=nT"
DI 442 JI=l,ynT~-1 : L : ' o
1Lth(PK)=TLUIb(u&)*bhkT((X(lTth(:K,JJ))-A(ITPIP(!*,JJ*
aL)))*"df(Y(IThIH(*hsJJ)) YCITRIP(MK, JJfl)))**”) :
443 CONTINUE
r'\J.(.[lA’:‘l(,‘.]LUl\b(SK) . .
]1L(L1A1HK)-PTUUR(ITFTP(ﬂKa )93)'f :
342 CaOnTlHUFE » : S
) ludyg [1= J.,KK
D0 3L Jls L,ImUD&(I&) L :
3uNL LTRTIPI(TLA,10441)= =v (114 1lTnIP(ll Jl))
‘ 00 3000 J22=19NCUNL (11A911) . o
LTVR ¥ LhULLl(ILA,IL,JZZ) V(Ila,IHULL(Il,J 4)i :
1u4 CONTINUF: .
;\lTL(b9l o) f1A , : '
1u%6 FORMAT(// /% +adait 13,0, DAY
' HKK (1L LA)=KK _
na 1gds (2= laNK&(Ilﬂl;
LCL=itiuD(TLA,12)
OCUST1=CK*TRL(I1As12) : i :
AUTE(6941129TOL(IL S5 T2 )3T.&1(Tl/‘77£),CC( T
DCuST=DCOST+DCASTL - o
.KlTL(b,*)(ITKIPl(IlA,IZ,K),h Lglfl)
uRlTL(ﬁ"’) .
1iges= an“L(Il»,lZl
ﬁ“lTL(b,*)(lPULL‘(llugIZaKG),Kb LvlC’)
1LY ConTInut
G FORVAT(Z/ 9" TRIP',I3,1"Xo'LrhGFT CF TKIP='qF6 s
LAy LGEY OF TRIP= Fﬁ.rslhx,'UFLIVCLY CGST=' Fleue2)
9 FOKPAT(? 'CORNVEX HLLL®)Y .
00 1uole 1 L’i\AhC ‘
: lD(Ia 3) =,
1ol LUSE(Y) =0
’ PDC Tull 1=1 KK
A DT 1u1l2 ¥=L,410
1lul2 ITRIP(L4J)=0
' TLUNG I )=
101l [Nyl )="
1yt CECRTINUF -
b&+J»x+¢»4*n+$¢v$¢¢v#v4vv¢»*#¢4#~V1*7»+4v4~~v~+ﬁ~4~#»~v4»$4##4v*4*»¢#
L¥ ' PuCKING SUEPROELF. :
L****%é#%¢v“4f$04####%*##’*¢4¢¥¢?*¥‘¥¢%0R0?4**¥4k*445iv¢i4444‘~¥¥$¥‘#

e T 20 Y = et



Lr(JHL(T)ech.L)uU TC 10 39
WVK1=RKK (D)
RYUK=D
'l-)...'\
DC 1u36 13= I,AVhl
. .06 1w37 NEESRYI'S :
1037 PLI3,13)= PK4Thl(I,l’)¢TGl(l,13)
‘ UC 1038 J4=1lyhve)
R{J4513)= TOL(T,13) -
IF(R(Jay13)e LF.Bl(J4))GU 10 ICJG
NYUK=hYOK+L
12=12+1
IYOK(I3)=1
IRIREI(T) =L
CLHIRE(L512)=13
: “HCUST=HCUST+P(I,13)"
1033 CONTINUE
1u30 C2nTLRUE :
C DT TGty 1 7=l 4NVe) o ,
¢ DRI TE (e )P LIT7518)418= 1,AVR1)"
C739% WRlT.(b,“)(r(I?,I9)a19=1,hVFl)
00 Tu3L J=L,NY
1K1S=J » _ R
CALL KN*P(IKIS;P:R$ 1{&YUK,IYUK1NVR1:XSI)
CIPNA(L 9d)=) R : R
TGP lu=uae" - ’
03 1032 11=14RVRL :
LFUXSIUIL)eEGaUQ)GU TC 332
TOP1USTOPLUTRINV+1, 1) =~
IRN(L3J)=TRN(14J)+L '
jIRJT(I’J’IRN(I’J))-Il
" NYUK=NYOK +1
S IYuK(IL)=1
1u32 COXTINUE ’ .
. gV"(J,I)=81(J) TuPlu>
v CLE(NYORGLQHVRLIGO TU 1059
1v3s CrnTlNUE ) o
\ 00 1,33 JlAL,HVKl_; v
IF('YD&(JI).LU 1)GU ¢ 1633
LrIRe1( D)= '
1 2sTeer
[RLRE2(T) =12
CLHIPE(T1?2)=J1
.. HCuST=HCUS ]*h&*TAI(I,Jl) TD)(I,Jl)
133 ConTINUF - R EERTEEI
T 1u3Y Ul I8, luslyNNv B
»\' ' LF(VU(IU,I).Lu.O )VC(IU,L) p;(‘L) T o
[ R LDNTINUF , Pt e S R
oo 00 T34 J2=1,HYRL e S
C1u34 LYUK(J2)=4 :
1030 CCNTINUE -
' = b 135 x=1,nUAY"
S DT 2u3% J=1eNV _ ' ‘
dPlTL(uv&)l’JleH(ny)’VU(JaI) :
L thL(by*)(lPUT(l’J)K)vK lylkh(IsJ)’
‘j2u35,C(u]1NUt :
' LF(IHIKF'(I)oNE.L)GC TU 1"55
o dRLTE (B 92736) . ‘
B Fub«nT(/,'4¥*',12, . DAY',bx,'RPUTL slz’EX»'“ CF TRIPS®sl2,
: 55Xe *SHACU YW PRICF~',F500) S .
2036 Fﬂz “AT(/*THESE TPIPS USE PIRcB VrPlCLF')
=IHIREF2(1) : :
_ ‘J’lTL(b’*)(IHIRE(I'KF)QKF31’KL)
1039 COnTLINUE
0OC 1u4u'l=laNPTl



1h4u D Isd)=((XL{I)=XL(J))¥42+(YI(])~ Y](J))*4

U teay J=LaNPIL

1¥2 45

bav*v«4#v#+#»¢#¢$»vv*4»*#44*494444&4####%ov¢4~4¢4¢n###v*###4+#¢4#4»¢4¢

C=

ASSICN®ENT SUBPKCBLLE

%

l'L**#v#vé#**#&*#*######v#*#4#»ﬁ¥¢f¢#¢¥#vv¢¢v#v#v44######*04###4#**&4#4#

DO 1u4ds Is1yNUAY
D0 Tudl J=LHNRK(1)

D0 1u4): K’l,NCUNl(laJ’

[vaf= IHULLL(I,J,K)

LTRU(IVAR)=1 : '
WRL Tz (e J(ITRUCI) 9 1= l,hPTl) L

DO 1642 I=2,NPTL R
41F(I1RU(1)°nc.l)GO To 1043 o
‘IA:\"‘J . ‘

D 1lu4b 16=1yNDAY
'\)C 1 49 J"'..,NV

KIL={RN(IGyd)
DO 1056 JJI=1,KIL
KJL=IROT(IGyJgJd)

- WCH=NCUNL(LGyRJI1)

tusSt

v 12\5 5&.
1,49
1,48
lu43

1,47

1u46

3L 50
1. 45
1644

U 1u5L 1A= 1ynCi .

I1F(T, ‘QolFULLl(IGQKJ',IA))IA
CJNTLNUF . ) ,,
TfRCIAAL HL.l)bU TU 1353 o
161=1G . L e
Ava=d o ) - ‘ ‘

I TiI=KJ41

GO TU 1747

COnTINUE

CHTINUE

CORTINUFR
COMTINUE
DC 1u44 {G= l;ND
DC lu4ad J=L NV

TF(JoEUeinYLea nawzc Fu, ;c;)cc Tu_-hés_‘

KI=TRN(IGsd). )

IF(Kl.LQu”)GU TD Ju,u

D0 Y546 K=1eKI1

KJ= IhﬂT(lG,JaK)

THCN=NCONL (LGyKJI)
IHdLLl(TG,KJsNCN+l)-IFULLI(IGQKJ’I)
IF(KJNEAL)GU TU 1947 .
NO=THULLL(IGsKJI 1)
HS=ThULLLI1GIKIs2)

CTInSL= D(NU’I)fU(l7h5) D(JC hS).
CGHTINUF - )
DO lu4o Kl=1,NCn .‘ -
W= THULLY (LG, KJaK1l) '

S S= IHULLL(Ib,KJ,K1+1)

TIiS—D(NU’I)+U(IaN))-D(h07NS)
IFCTLINS o6F, TINSL)GO TP luﬂo
TUSL=TINS ’
CG(\.’INU‘-.

T(LadsIG)=TINSX

SO0 Tu 174%
T(lsdylG)=0(2y1)
COnTINUE :
COonTinu"

LFCITRUCL) ok o Lo OR IAA.’U.-)GF TD 1'«"

Ka3Kk=ti-
oG 1 ‘H. 1Tr=1 N(UU(I\:I,I-IN.L)

112= lTkIP)(IblalTh;alIl)

1*,:5'/_

CIR(TLFQLITSIGO T LT R R
IThIr(¢,k»m)=1Tx1P’(lLl,lTklal 3)
Kﬂ&“Krﬁf; .
COnTYw

s



- bk R T A

113=RNUDCTIGCLyITRI)-DT -
CALL L.HULL(lel,Yly1TRIP,II3,?\LCN$IH¢LL)
DG 1uS7 JJi=LsNCON(Y)
1057 LPULLI(I;.:lTkl,JJL)=IHULL(1aJJ1)
13=TRN(TGYIshvl) '
DO 1u33 Kad=1l,148 ‘
LR=IRDT(L1GLaNVL»KI)
ACH=NCuUNL(LGYyLE) '
CIFLS.0T L, TTR1IGO Tu 1054
NCH=~nCOn(1) . o :
162=KNAY+1 v R e
{HULL1I(IG .aLbaNCu*l) IhLLLl(IG syl )
[FIKS ol 1)G0 TY 155 : FOTE
NC=InULbL: (Iuh,Ldal)
iS=THULLL(1G2 4L 852)
TYaSL=0(nG, I)*D(IsNS) D(NC hS)
GC TU 196% " :
1u54 1thL1(7blaLo,NCN+l) IFLLL‘(LClaLB,l) )
IFLKBanF, 1380 TO LutS RRTI R
HE=THULLL(1G1lsLbs1)
AS=THULLL(IGL,L852) EER
TInSi=00{, 1)+D(1;N§) D(NC,NS) :
1,55% D0 1usSo KI=14KCN ' »
IF(LO et QuITRLYIGG=1IGZ
NC=THULLL{1GGyLB9KY)
1 S= IhULLl(IGGsLﬁaKf-}*l) -
TINS=D(NOsI)+D(Y1 s NS )=C(NO S
CIF(TENSGF,TINSLIGO V0 1use
. TIKSL=T IS o '
1¢56 16Go=16L
1053, CAITINUT
N f(lthL,lrl)-UtNl*TINSl
I(L-) '
l\Va.
'ITR1;3Y _
, DG le7y KT=1,19
1C7v LTRIP(LKT)=C
f13=v . - .
DC 1558 KP=Lylu
158 IhulL(i,yKP)=0
NCON(1)y=y
1o42 CONTINUE
URTTE (B 440 Z])SCOST;CCCST,?CCST A '
4ud thﬂ*l(“x,'IUTAL STCCK=CuUT. COST=®4F 8. 1,/s5x,'TOTAL CELIVERY
3 CusST= ,Fla.l,/,bx,'COST GF HIKING: VhFICL£=',FU.1,/I/)
URITeCLe® ) )1l111 ' .
DL 32 [=29NPTL
COSTL=9G999Y%9,
D0 Fu3I K=LlnNV :
DC 34 1Q=14iRDAY+Y
LFUTOEQeNDAY+L)GE T3 3N¢5 ' '
COST=(CK+DEN2F (7uﬂ-vb(Kg1C)))*T(vi,IL)+SL(I)*PR(I,IG)
uinTL(D" )‘SUQCUST : ' A o -
. GT TG 30us ’ ' : E -
IS CLST= SL(l)#PR(I,NDhY+1)
; WRITI (69 )99,C0OST S
S TV T Y IF(CUJT GELCOSTLIGO TC 3.4
COSTL=CUST ' ‘
HKS (1)=K -
_ HES (1)=Ty
354 CORTLINUE
S 3w CORTINUE S _
3,3 Cul‘.Tl’le ' S
lF(lkae <11GH TO 5585
D0 L5 1 L,NPTI 3.

e = s ~. = .



y “1|t_lf”")!!h)\l)9l‘ﬂ‘\)lll )
ARLTE(7 92 ) (PR(19dU) gdU=194)
DG 2u5d J=LyNV :
llel(79*)(T(I,J,Il‘)allb=lshCnY)
CONTLINUE :
-\i."LTL(by"‘)LéZZ..-
dC 3'\)%"5 1=LsNDAY+1
o iND1(T)4l ‘
38 YItla)=
. uPlTh(o,*)333333
D3 3un7 L=2,NPT1
lunY NasS(T)
. th.(Ov"‘)‘l‘iltslul\Y : oo
'de](IQAY)—wNUl(ILpYJiif-"“
CRLTe (e # )44y iNDLCICAY)

VI(TUAY saH01(I0AY ) )= S s

: uPlTL(O;*)Q,VI(IDAY,nhQ‘(IU‘Y))

L7 CORTINUF S

' ARLTLE(b9%)55% babn
DC 379 1=Ll,8DAY - -

WANLTo (b3 a2 CL) ey
Ju9 WL TE (0,4 VILT s J) = J:hurl(11)

L AR Tz (n,*)hccobc,:' SR T E D
U3 25l LUsLeibaY), : f,’ “;:]v*F, ) .-7”;} =
lhl‘.l(lu)—r o B A

. D& 3413 LC= l,IHler(lk)

313 1elaz (LW, LC) =0 :

1hlP.--(T")"i‘
D0 3ula K=lyehvel o
VO(Ky Ti)="y ' o
’ 00 215 LD= l,IRN(Ih,K)
L.l [RUTETw ek oL L) =i
v 1!\“([1‘{”()"" - [T ’_’ . Tl
DC ulo 1=1,,nPT1 T
[TaU(T) =y : T A
3ol Tl K IW) =i, T T T .
Jola CCHTINUE i e "'1;V:f:v,; ‘3"j sl
' VG 3ul7? (Y= I,NKK(IH) flf* _'.'-j’“_“'_' f:7.'” e
NE 3914 11= ;;NnDL(I*,IY) ‘ S T Ce et o

3Ll ITRIPIUTH,1Y,12)=8 . s
JC 31y 1X=|,!\-LChl(IH’1Y) e e

3u19,thLL1(T‘qlelX) ' ~
NNUC L Tl Y) =G

: NCUNL(LIW,TY )=

3,17 CONTIRUL
HKK (Do) =y L TR

Jalz CORTLIWNUFE ST

40ty CORTLINUY . S
ST\)F

=N : o o

.)UthUlTHr C:\VKP‘X,Y,I\PT,?\VT TKI‘HTF Cip Phia'XCFCPv‘-,DIV,W 1G6HT s

LJTUPT,ID,PTGLR,TDIBT,'SL1ghﬁhrngU)"

REal h(l(“),S(Zbuﬂ)yX(l"L)sY(luﬂ) ’ ' '
INTEGYR ln(ub\»-J"a)”UJA(l‘J’ﬁ )1]"\ (“)QTKCAY(E)1TRU(J)QFTUU!‘(1‘
5)9ﬂ)gPUTNT(]U'),1X(77pd);JX(’5\q),h(l‘ ) .
INTEGER BX(ILu)oBYLTULT) 9P ' :

Canruid /nalka2 /SQIX_,JX ' :

Ta(1)=93999499

WIDFY =5 TURT/CLY

HELGHT=Hr IGRT/DIV

ODC &L =2 ¢NP1

PTINT(1)=2

o HX(l)= K(L)/nldHT*‘

9L dY(H-Y(l)/hr;(m’l*; ; )

h \'\C _ _

C
Jio S
c

o

T
LS IRV ]
N



IV R KB
I=1
09 167 J=24PT
HARC=HaAR(C*L
IC(NARCy1)=]
IND(NAPCe2)=J- - ' :
OISTAN=(X(1)= X(J))~4'+(Y(I)—Y(J))**7 :
27 D(II=SQARTADISTANY) - '
DG lul I= 7,NT v
"IPl=i+l CRRE R NP
DG w2 J= lPl,NPTr,i, :
1A=Tags (uX(1)=BX(J))
l‘-!uﬁ)(uY(I) BY(J4)) R
1F(1\.GT v dh.ld Gl.-)GC 10 l“
.Jﬁkr—'\i\‘b*l )
17 TI,\ . i "
PC1n1(1)=PUIh|(I)+1‘,
POINT(J)= PUlhT(J)?l S I s
LE(PUTHTIT) oGl e o CROPCINT(IILCT 25060 TC $SE
ADJACTSPUTHTLIY ) =1 - B U O
nlJA(J1PUIN|‘J))-11
S ICCNaRCy2L)=T
I0(NARCyZ)=Y
qszA‘—(K(l)-x(J,,46’*(Y‘I)-Y(J))4¥7’_
SIT)=u(1)+0(Jd)= PAh*SLRT(ClST‘N) R
P32 CQuTInUE -
iy CCHTINUS
5L.1"'Uh. ‘ ’
DO 25 =2 40PT
25 SUR=SUs+D(J)
o TOLST=2e%5unn -
NN=AaRC=uPF+1
TRUCL)=NMPT=3 -
IF(th Fuel)GU TO - L7
00 19 L=zynvl
“1h TRUL )=
17 CONTINUE
DY 2 I=24NPT ‘ e e T e e
PTUUR (L= " - o s
PTOUR(Ls2)=1 LT : L e '
PTUUR (193)=d(1)
PTULK(Lye4)=1 =
2 CONTINUL.
D3 2L I=LanT,
2L 11(1,3)-- . ’
22 1=uPT NARC e
22 Iu(1’3)* ce - BRI

OC 1LY T=3,nn v SR S I .
JX¢T)y=1 S : BRI

L1L Ix(T)={ o

CiLl Tl"k‘*l’(.‘\ll) _
Fu COHTIRUF

Jig="

K=1l ' '

LECS(K)eLELUIGU TG 16

P=lX{K)e:PT=1

Lh=[01(P 1)

IN=TDP ) ,

1°PT1=PTCQURCINyL)

1272=PfCUR(JNsL) ' ' ' :

IFRETOCIN=-T ,J)at\..\.-k.lf‘(J'c-}.’J).Fu.L )GC Tl 12

FRUTIPTLe:QIPT2)GE TG L2 : —

I CAP=Pl2UR (IN,3)+H]CUR(JH,3)

VIt SL Le=Yy 0T S fe .
o Ir(TKCAP(Lw).br lCuP /NP Thb(L-l L] 1fn(L*))LL IU an
D% GO TINUT



luv

103
54

27
BT

9y

I

2%

998
999
3L

T T
ACAP=PTJUP(lh,é)fPICUR(JN,&)
LRE(YCAP 6T XURUPIGT TG - L’ ‘
TRUCLD) =1 RULH) +L. : '

‘TFU(PTUUN(lh,?))“TkU(PTUU,(Th’L)) l

TRU(PTOUR (Jing2) )=TRU(PTOUR( Js2))=1"

~DISTAN=(D{IN)+D(IN)=S(K)) /PAR -

TCLEST= TFLJT“(O(IN)*C(JN)~C1<Tﬁh)
DEC 1u3 L=24nNPT R : = o
lF(PT?UP(L,l).tu.IPTl UP PTDUR(L,’) tC IPT&)CG TU b e
CCNTLNUF ' ’ ,

DG 1.5 "=2, NPT : L ' o ; .
IF(PTUUP {(“%91)e NEJIPTL »ANG o PTDUR(',L) hFelPT’)GU TO ]L“.Z:
PTOUK(n 91 )=PTUUR(L, 1) B "
PTUULR(ne2)=LK -

PTUOUR (5193 )=1CaP.

I’TULF\(" "1,-0 CAP

LUNTL o

1oee, i)—" e e
ﬁ(IN-L,J)-Iu(ln-l,E)-lh,?

1C(Jue;,3)-1o(4n-1,1)-' S

LF(ID(JR-T,jl.Nt.d)CU 10 11 SRR

LR=PUTNTUJN)

Jo=1 - LI e e T T e
DE 97 L=1,le B e B
[C=dX (ALIE(INST)) T A R T

CLF(ESCIC), LEL e )Gl Tﬁrg?vt

S{IC)=ue

cAcl UTHL'P(Nh,IL)

COnTiNUE ' C
lF(TU(lh-1,J).wc°‘)CU TC 12

IB=pPdImT(IND. R v : o

DO 98 L=yl ;

PC= X (ARIACING T )Y 1 e
LFESUIC)oLEGdGO TC S8 0
S(IF)-;.’“, R . - R
CALL DTHP\P(NH,I )

CCHTINU : :

GO TU 9”

IF(JaEQ.1)00 Td 9*-

SAKI=, _ _

CALL DTHEAPIRNIK)

60 To o :

COdTLINUF

[Syé=o

DG 2¢3 I-;anVT SR e

[SU=TSUS+TRULE) - o 7 e

GO Ty 304 o
WL TL (69 3G69) o

GV

T
I ﬂ
(")
L"l
fe ]
"‘\

FORPATL ' aJXa'POIhT(Y)ﬂ FUR SGYL l LXC =1
CONTINUE o ’
Do 20" I—l,luf o
D)=y - e
PGLNT(Y)=7
3X(T) =
8Y(T)=u .
vl 2un J=1lyy0u .
ADJALT, J) =0
P ay,
D 201 I= 1al\bnc
5(L)=0y
I1x(1)=u .
JX(I)='.1
N TURS
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