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Introduction

This paper was presented and accepted at the 5-th
International congress for statistics ¢y computer science,

social and demographic researclh ( 29 March -3 April 1980).

Summary :
The well known V.F.S problems became one of the classical problems
under the assumption that the quantities which were found at the production

pointsare fixed and do not depend onrtime.

This paper aims at remodifying the problem in a more realistic and
applicable mode by assuming that the quantities will increase in a given

rate. The quesion which faces us is

what is the production rate, which satisfies the best collection cost between

two given rate bounds ?

In addition through the presented formulas, the calculation of the
collected quantities and the corresponding time which is necessary for a tour,
Also the formula which gives the di&fference between the collected quantity in

a direction and the collected quantity in its inverse by a given tour.

Formulation of the problem:

Assuming that :
1) a geographic zone represented by the graph G = { X,U-} , Where
X ={l,2,....,r} represents the production points yith az center 0, and

U ={tx, ) €-X¥x X [ xFE 3 } ; where every link ( x,y ) represent the



distance ( time , cost s ++. ete. ) betweenvthe pointe'x and y ;

fo aﬂ

2) at every productlon“l, an’lnltlal quantlty q- is found and increases o
with the time by a given rate A, such that Q3 £ C the maximum capacity

. . ) . : <
of the vehicle, and Amin\< A S B

We have to find the ideal productlon rate A whlch lles between A min °

Aoy @nd optimise the cost of the unit of the collected item.‘ Tha.t problem
represents one of the V.F.S. problems, becauee the condltlon a3 < c J.mplles
that the vehicle must pass by more than one of the productlon po:Lnts a:Lm:Lng
that the cost for every tour must be minimum. If we denote for ‘the tour j
byrwj, and the distance ( time, cost, ... , etc. ) between x and y by d(x,y),
we have to cdiculate firstly : » | | | |

min L (Wj) = P:: E* o 3 ‘VA'd(rx',y)

JE1 Xy EW*’

where P is hthe number of *the tours which passee by all "t'he proéduction points
and satlsfles the condltlons of the problemi. To find an optimal tour, we can

use Pletcher-Clark and erght algorlthm

Now, condider a tour Wi, ( Fig. 1 ) at wh:Lch :

qi : the initial quantlty at the productlon

source i on the tour WJ 3

t(i,kj: the time between the source i and

the source k, and t(i, k) a t(k i)

A : The productlon r-ate at the po:.nts ( number of unrts produced at a unlt

of t:.me )



H

: the charging rate at the points ( number of units which could be charged

in a unit of time 93

¢ total quanfﬁty which can be charged at the point i on the tour W% 3
! the collected quantity by the tour WJ 3
: @ dead time at every production point ;

: the total time of the tour WJ ( the time occupied since the vehicle

starts from the depot till it peturns back ) 3

¢ Capacity of the vehicle ( to be considered as fixed ) ;

! number of production points on the tour Wi.

Number of added units to the initial quantity q? » When the vehicle
arrive at point 1 is : lt(o,l). A ' , Where Ii l is the integer
value of x.

t(o,1) « A

I =8l 4
Lt

The time for charging Q?L =‘zf\ = (qi+,t C O 70) 53 l) + B

I
=0y . B
il

The vehicle arrive to the ond point after its starting

by9

1

I

to,1) + (ol + | t(o,1).8 | ). B+ t( 1,2)

t(o,l)+Qi.B+t(l, 2)

qg + [[{t(o,l) +(qi +[t (0,10, A . B+ (1,2 )}A []
qg + ,{i_ o A l

Repeating the same above steps, till arriving the point r, we can

deduce that :



~
The total quantity collected by the tour Wl is
r ) . i —1211
- - et .
QJ =Z, =) ad+f)  (t(h-1),h) +B. QJ}- A I (1)
= i3 —i=1 LRl CrE k=1 k
and ..;(f Ot (b=l 1 )g phbeE(he) heBysi0i et s T (2)
T:r ek o
putting A = o in (1), we obtain the classical case :
- r 3 -
Qd =) q’ (3)
TOE—FRL 1

also , assuming that Q% is the total quantity collected on the

directed dipection of the tour W3

D =1 >0 e, ., ——= (P = ] ) = 0

and QJINV is the total quantity collected on the inversed direction of

the tour Wj
0 —s1r —>(r-1)—... —2 — =1 ___ =0
then
g L = r-k -
Q%. - Q%NV = {‘t(k,k+l ) - t (k,k+l) - t(r-—k-!-l,r—k)} C )AS. ps1
=0 s = s
r-1 g % r-k S
e ) ke M _m (1)
k=1 k B wmlt 1 m:\‘r'(rmk) AR
n
where ( ) = n !
r

rd(n-1r)

i j = = G = r-k
G -y AL { t(k,Kel ) - t(r-k+l, r—k)}-fL ¢y am-l, gme-l

k=o0 m =1 ‘M
faf e ~}
+ Bis ( Q}j< - Qj K ) = (rhK) Ah—l. Bh—'l (5 )
=1 ?— +1 z;:;:;

it is clear that if A = o, then :



i
QD QINV

and if A :) o, then ( Qg - Q%NV

Z:}:(rgk) Lo Bh~i and i " ) g

but with a less rate because :

) augment with A, also the two quantities s

REL 1 BRI O (AB < lands 3»2)

From equation (1), it is clear that the collecteéd quantity over
a tour augment with A , so the total quantity colleced over a group of tours
W ( hv=1, 2 ..+, p) also augment with A. With the continuous increase in A,
we can find that_éboﬂf’QD and QI over a tour does not verify the constraints
of the problem , at this stage we have to recalculate another group of tours

W (m=1, 2, ..., m') where m’_;; P.

In continﬁing the increase of A, we will attain at a situation in
which every production point forms &n individual tour, and the collected
quantity by every tour must be firstly less than or equal the capacity of
the vehicle C, till the collected quantity over each tour.(by every produc-

tion point ) equals C.

In plotting the relation between the total quantities collected
over all the tours at the various values of A, we can determine the optimal

value of A which gives the maximum collected quantity at a lower possible cost

under condition in which we can change its values within the limits A min,and

A max.
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Example:
Let us-consider the following lower half matrix (fig 2) in which the
upper number in each cell represent the time, while the lower number

represent the cost. ' The capacity of the vehicle is 25 units, B = 0.1, and

Qs 0
, 30 :
l 20
8 232 54 5

27, 34 1.
c us | odis Laas |-

30 30 24

(Fig ")

8 15 42 39 us

10 28 26 30 1
6. ). 38l ous | me | 30|, 38.] &

24 32 32 20 25
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The results at different values of A, can be summarised

in the following table

-t

J.’ Cost of §—~ Total |
A The tours j Q the j = Q Cost
W] W] Q LJ (R) R/Q
0—=2—=3-=>5=0 23 89
_O+S—>3—>2—>—O Z5 25417 = LD 147 3.5
0.03
0=1-4-=0 1.7
0=>U->1->0 16 58
0-2-2» 35 =0 25 89
0>5>3>20 | 26 >C
0.0u
0->1=>U4=0 18 25418 = u3 147 42
O0=>U-=1-=0 17 58
0==-U—>5-=-3-20 25 85
0-»3->5>U>0 | 29 > ¢
0.05
0=>2-2>1->0 20 25+20 = 45 160 3:56
0=1>2—>0 20 75




J Bostr of Total
The tours ] Q the " j = QJ Cost R/Q
A W tour (R)

0—=1--0 11 uo
0->U4-—>2-0 25 57

0.14 _
0240 305> 11+25+25=61 171 2:8
0—5—=-3—=0 25 T4
0-33-35-2-0 27 > C
0=>=1-30 211 1o
0250 12 ) 11+12+2u+11 200 3.45

= 58

0.15 ‘
0->=U4-=>3-=0 24 70
0->3->U4->0 32 > C
0->5=>-0 11 usg
0—=-1>-0 12 4o
0-2-2-0 1u i)

0.19 | 0-=3=-0 13 60
0L <=0 10 20 61 210 3.4
0>5->0 1) 48
=0 20 50 ' See
0-2--0 22 uo

0.44 0=3=0 24 60 101 210 2.08

O0=U-0 iy 20
0=5—=0 21 ug
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These results were plotted (fig. 3) in taking the rate of produc-
tion A on the X-Cn-ordinate, while the total cost, the total quantit;,
the cost of collecting one unit of the item, on the set of tours which

corresponds to the gives value of A, on the Y-Co-ordinate.

Let us consider that, the value of A can be changed within the

bounds:

A =0.06 (point G) A & A = 0.11 (point H
min P = ég: max P )

then, it is better to choose the rate of production A as one of these
limits instead of a production rate A = 0.07 (point F) for example,
at whish the cost of collecting one unit is more higher than the cost

at the tWe gyher bounds
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