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Abstract: This work addresses the production and distribu tion of a s ingle produ ct
su pplied by multiple su pplie r s and demanded by mul tiple demanders . A produ ct ion
schedu lin g and vehicle routing model is proposed for t he multiple su ppli irs, mul t i­
vehicle , and vehicle capacity constraint problems . There are t hree stages as follows :
fir st , distribute the least dis tribu ted amoun t from each su pplier loca tion ; second,
distribute the amount of inventory attribu ted to the constraint of produ ction lower
bound of each su pplier location ; and third , design vehicle tou rs by conside r ing bot h

produ ction and transportation costs. The in tegrated produ ction schedu ling a nd
dis tribu tion problem can obtain a lower cost sulu t iun tha n t he com bined so lut iun of the
conve nt iona l production schedu ling problem and dis tribu tion planning problem .
Sim u lation results con fir m t he theoretica l analvsis .•

Keywords: Veh icle ro ut ing, product ion , in ve ntory , el i u -ibu t.inn .

1. INTRODUCTION

The problem considered herein is to minimize the tota l production , inventory

and t ransport a t ion cos t . The problem is com posed of t wo su bproblems. T he first
su bproblem consists of assigning units to the different origin -des tination pairs . The
second su bproblem is a vehicle routing problem, since t he available vehicles have to he
brought back to their s tart ing point. Herein , we develop an in tegra ted model to
determine the production policies at su pplier locations that are responsible for
su pply in g enou gh goods to sa t isfy t he demand of demanders, and th e assignments of
vehicle tours to transport t he su pplied goods . The model determines produ ction

•
quantities and inventories at su pplier locations , and dis tribu tion lots and delivery

routes at demander locations . In addition, reasonable assumptions a re made

,
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concerning production , inventory and transport costs along with production constraints
and demand requirements.

Vehicle and scheduling problems have been extensively studied over the past
three decades. Among the previous literature, an extensive collection and classification
of the types uf problems and models of vehicle routing and scheduling were seen in the
work of Budin et a1121 . Conventionally, the production , inventory and transport aspects
of goods handling have been optimized separately.

Most of the previous literature considered one supplier to multiple demanders.
Multiple su ppliers were taken into account in the work of F . Soumis et al /61 . Some
researches discussed vehicle routing problems with time windows 11 , 51 . However, the
arrival time was limited to a certain range. In addition, the constraint of arr-ival time
was subst itu ted by penalty cost /11. Most of the transportation and distribution models
haw been employed to solve the problems in a certain tune range. They were se ldom
considered for a series of tune periods. The solu t ion of the problem was extended to
discuss T tune periods in the Ph . U. dissertation of P . Chandra 141 . Moreover , he took
inventory and holdingcost into consideration, the whole problem being extended in the
t ime dimension 18, 41 .

The work is organized us follows. In Section 1, the production scheduling and
distribution problem is described precisely. The sym bols employed in this work arc
illustrated in Section 2. Section 3 formulates the integrated model of th« multi-supplier
production scheduling and distribution problem, Simulation results of the integruted
inodcl ure discussed in Section 4, while Section 5 concludes the work.

2. DESCRIPTION OF THE PROBLEM

Herein, we study the case where multiple suppliers distribute products to
spat ia lly distributed demanders in order to meet their non-stationary demand (Fig. 1,
see pag · 5G J. TIlt' problem has tilt' following characteristics :

I. A finite planning horizon of discrete periods.

~ . Demand quantity at ouch demander location fiJI' every period is detonnined ,
allowing d j (t) to be the quantity of product deuumded hy demander) in period I .

:{, TIll' demund quantity in p niud t is ussum sd to he known , such that produ cts m 'l '

distributed by the supplier to sa t isfy the demand of the demander inunedintc-ly in
period t. The tune delay that occurs in the transporting process is neglected.

4. Production cost is 11 function of production quantity, hut it is not 11 lineal' function
nccessarily. The 0pol'l1ting cost of tho factory consists of a fixed cost and 11 viuinhk­

cost. TIll' variable cost muy not h ' one-order function of 1111 iucreusing quantity of
production . 1·'01' instuuce , to meet 11 cer ta in iunount of production quantity,
em ployees may have tAl work ovurtimo. Overtime pay is usually highl'r than normal
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pay, therefore production cost may be a function uf a two-order or higher-order
type , even a nonlinear type. Ii (p) represents the production cost at supplier

location i , and is the function of production quantity p .

.5. Const ra ints uf maximum and minimum quantity uf production pel' period exist for
each su pplier L , < P i (t ) < U i "I t , where L , and U, represent the minimum and

maximum quantity uf production pel' period at su pplier i .

6. In orde r to prevent equ ipmen t breakdown, inadequacy uf material or an
unexpected condit ion making the factory shu t down, it is necessary for every
su pplie r to hold a certain amount of sa fety stock . The inventory must nut be
sma lle r than the safety stock, and nut exceed warehouse capacity at each supplier.
IV", < a i (l )< Wi implies that the quantity uf inventory a ; (t ) at supplier i is

smalle r than or equal tu Wi , which is warehouse capacity at su pplier i . Alsu, u , (t )

is larger than or equal to the sa fety stock IU s .,

7. Vehicle capacity is fixed during every period, and cp is the capacity uf each delivery
vehicle .

8. All the vehicles leave from une su pplier location and return to the same su pplier
location . In addition, all the vehicles arrive at one demander location and leave
from the same demander location.

9. Transpurtatiun cost is in proportion to the distance of vehicle travel. We can get
t he distance between two locations whose coordinates are given , The distance
multiplied by cost per unit distance is the transportation cost between two
locations . For instance , the (;ost uf dired travel from location ( x k : Y k ) to location

/ 2 2
( x / _y/) is Ck/= CO x -..j( X k - X/) +( Y k- Y /) , where Cu is the cost pel' unit

distance .

10. In objective functions, tuta l cost includes production cost, inventory holding cost
a nd vehicle rou t ing cost,

Clola / (l) = C prod ( t ) + Cin e' (t ) + CL'rp( t )

where

//I

C p rod (l ) = "'iJ i (Pi (t)
i - I

//I

Ci,w (t ) = ~ a, (l ). h,
i - I

•
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3. EXPLANATION OF SYMBOLS

(li(t) = inventory at su pplier location i in period t ;

cId = cost uf direct travel from location h to location l ;

(;tota! (t) = total cost in period t;

C; prod. ( t) = production cost in period t;

Ci llu. (t) = inventory cost in period t;

c orp ( t ) = vehicle rou ting cost in period t;

cp = capacity of each delivery vehicle;

d j (l ) = demand quantity at demanderj in period t;

h i = inventory holding cost per unit product per period at supplier location i.;

i = index of supplier location = L2 .. ... In ;

j = index of demand location = In + L In + 2. . .. . In + n. ;

('. 1< .1 = L2. . . . . m. .m+LIn+2... .. m s- n.

where e. k.l = L2 .... .m. represent su pplier locations and

I! . k.L = In + L In + 2.... . In +n. represent demander locations;

L, = minimum quantity of production per period at su pplier location i ;

//I = number of supplier locations;

n = number of demander locations',

Pi (t) = quantity of product produced at supplier location i in period t;
•

(!i(t) = quantity of product distributed from supplier location i in period t ;

rid ( t) = number of direct routes from location h to location l in period t;

fsl= smallest integer no less than x;
lliJ= largest integer no more than s ;

T = number of time period;

U, = maximum quantity of production per period at su pplier location i;

Vi(t ) = remainder number of vehicle routes from su pplie r location i in period I;

vi' (/) = least number of vehicle rou tes from su pplier location i in period t;

Wi = warehouse capacity a t su pplie r location i;

IVS, = safety stock at su pplier location i .
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4. PRODUCTION SCHEDULING AND DISTRIBUTION
PROBLEM (PSD)

By consider ing the production cost, inventory holding cost and t ransport route
cost com plete ly, the problem involves sea rch ing for the minimum cost.

4 .1. Model of PSD

Objective function

T m T m Till .., 11111 1 II

III i11 Z = ~ ~ I'i ( p i (t )) + ~ L.. h i ' (L i (f ) + L....- L L.. Cu .1'/" 1(t )
I - Ii i I li l I llo il l

lo r{

subject to

t 1)

l i (P i ( t) ) > 0

t., <" P i (t ) < U i

(l i(t ) =ai(t -l )+Pi(t ) -Cf i(t )

tn III + II

~ qi (t ) = Lei j (f )
I - I j 111 , 1

i = 1.2.... 1/1. :

i = 1.2.. .. 111.:

· 1')1 = ._. " . 1/1:

i = 1.2. .. . 111

· - 1 ')1 - . _ . .. . 1/1.

t = 1.2..... T

t = 1.2... . . T

t = 1.2.. .. . T

t =1.2. .. .. T

t = 1.~ . .. .. T

( ~ )

(4 )

(5)

I GI

I " t 11

L ri, (t) >
) . 111 , 1

Cf i (f )/
/s»

· - ~) .I. - 1._. . . . 111 . I = 1.~ .. ... T
•

111 "11 111 ;11

L r eI.- (f ) = L .J1d (t )
,'- I I - I
" ~ ,I, 1;/,

l: =1.2 ..... 111 + 11 : t =1.2... . . T (9 )

111 -..-11 111

L.. ~ r ii (t ) >
.I I11 ' li ~ 1

I" .. 11

L.. cl, (l)
i lll · J• t = 1.2. .... T I 1I) )

(/ i(t J >Q & in teger

r id ( t) > Q & integer

i = 1.2... .. 111: t = 1.2. .... T

l: = 1.2. .... 111 + n: I = 111 + L 1/1. + 2. .... 1/1. + II .

t =1.2. .... T

t 11 1

(12 1
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4.2. Algorithm

The integrated model of production scheduling and distribu tion considers not
only inventory amounts at the front period, but also the constraints of minimum
production quantity and maximum warehouse capacity at su pplier locations. The
minimum quantity of distributed products at every su pplier location mu st be com puted
and distributed.

A. Initialization and Preparedness

t = 0 ,

S tep 1: t = t +1 ,

IF t > T T HEN

stop.

1"0 R k = 1 T O In + t i

FOR'l = l TO m-v n.

rkl (I ) =O .

Sort transport costs from supplier locations to demander locations by
increment to form a n ordered set C.

1"0R j = In + 1 TO In + n

delete all elements C: ('J (e = 1.2.. ... In ) from set C .

Step 2: F OR i = 1 TO In

IF a · (I -l )+L · > W. THENI I I

begin

P i(t ) =Li ,

a i (l ) =Wi ·

end

ELSE
begin

fJ i(t ) =O .

u~ ) (I) = O,
I



B. The Least Distributed Amount

Const r uct a ve h icle rou te i - j - i ,

(/ i (t - l »)/ - u ~' (t ) .
/ cfJ '

rt: = rc - d j (l ) ,

r ij (l ) = r U (l ) + 1 ,

r j i (l ) =r } j (l ) + 1 ,

select a n e leme nt c.. from set C in sequenceIJ t.
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p j (t ) =L"

u j (t ) =a j (t -l ) +Lj .

de lete a ll e lements Ci k ( I.' = III + 1. m + 2..... m + 11 ) from set C f. .

FOt{ i = 1 TO 11/

IF v ~ I(l ) = O THBN,

e nd

S tep 4: C = Cf. ,

Step 3: FOt{ i = 1 TO 11/

Vi (t) = W i

L'I 5 UL'PL' A'I'..""l l'p . : n D D

Step 6: l{BPBAT

l{BPBAT

find a loca t ion h not in any rou te , it s demand quant ity cI k (t ) ~ () and

cl k {t ) ~,.C

UNT IL the va lue Cik +c/'} - Cj} of pair (i. jl ill the rou te is m inimum .

Insert h betwee n ; a nd) ,

n : = r c -d l ,(t ) .

cl k (t ) =O ,

r i l · (l ) = r ik (t ) + l ,

r kj (l ) =r kj (l ) + 1 ,
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r - ( I ) =r--( I ) -lIJ Ij ,

delete all elements Cek ( e = 1.2.. ... In ) from set C L

T IL rc = 0 or there is no demander location in which demand quanti ty is

smaller tha n rc .

IF all d j ll ) = O U = m +l. m + 2.. . .. m +n ) THEl
•

go to step 1.

ELS E IF CL 'It 0 THE

go to Step 5.

C. Distributing Inventory of Suppliers

Step 7: FOR i = I TO m

IF () i (t ) 'It 0 'I'HE

com pute Cil.- = Cil.- - cp· h i (ll = m 1. 1II + 2.. . . .m +ll )

sor t them by increment to form an ordered set C I .

end

Step : REP EAT

select one e lement <"u from set C I in sequence

Const ruct a veh icle route i - .i - i ,

rc = rc - d j (f ) ,

r ij (f ) =r ij (I ) +- I .

r j i (t ) = r j i (f ) ' I ,

rl J (t ) =O .

Step 9: l{j~PE 'I'

j{EI-' EAT

d 'r ive a loca tion I.' not in a ny route . its demand qu anti ty d ~. (t ) 'It () a nd

d k (t ) S rc

'1' 1L tho va lue <"ik -t' ( ' /;j - ("i / of pai r (i.)) in the rou te is mininuuu .

Inser t I.' h -twec n i a nd) .

rr = rc - d I.- (I ) ,

,
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r ik (I ) = r ,k (f ) + 1 ,

1',0') (f ) =1" ,1 (I ) + 1 ,

1'(1 (f ) = 1" 1 (f) - 1 ,

delete a ll e lemunts (", 'k ( l' = l . ~ ..... /1/ ) from se t ( ',

U T IL rc = I) 01' t lu-r« is no demander loca t io II in which t! l')lI aIHI quuut.u v 1:-­

sma lle r tha n rt : .

IF a ll d / (I ) = 0 (j = //1 + I. 11/ + 2..... 11/ + 1/ ) 'I' 1-I 1~

go to Step 1,

~L ~ IF C/ '" o TI-I ~l

go to Ste-p H.

D. Co ns iderin g P roduction Cost

Step 10: FOK i = 1 T O 11/

IF u, (I ) = n TI-I~ 1

delete a ll t he e lements e" , (I.' = //I + 1./1/ + ~... /1/ + /1 ) fro m svt (' .

~LSE

compute \/; = / ; ( P , (f ) ep ) -/; (p , (f » .

•

Fa H j = //I -t 1 T <) 1/1 + 1/

IF d , (I ) =O T I-I ~ l

delete a ll the e leme nts (;':, (e = 1. ~ .... . /11 ) from set L' .

Step 11: Imp~AT

derive two adjacent elements (;''/ a nd C/,o/ ( i ~ I.' ) from set (' ill seq ue-nce

UNT IL \(, + ci / 5. V'" + c,,o/ and d / (1) ~ I) .. .

IF there is no such pail' of adjacent elements TI-I I~

get the la st e lement e,/ from set C .

Construct a vehicle rou te i - j - i ,

rc = c;p - d / (t ) ,

compute \1', agui n.

P i l l ) = Pi (t )+ ep ,

ui (t) =vi (f ) - l,
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d j (I ) =O ,

r i j (/ ) =rU(l )+I ,

r j i (l ) =r ji(l ) +1 ,

delete all elements c,:j (e = 1.2..... m ) from set C .

IF lJi(t) = 0 THEN

delete all elements ci" (1,' = In + 1. In +2. .... In + fI ) from set C .

Step 12: REPEAT

REPEAT

obtain a location !l not in any rou te, its demand quantity cl lt ( t ) ~ 0 and

el" (t ) < rc

UNTIL the value c., +c , · - c.. of pair (i. J' ) in the rou te is minimum.
1ft 'u U

Insert·k between; andj ,

n : = r c -cl,,(t ) ,

el,, (t) = 0 ,

r i,, (t ) = rik(t ) +I,

''t,j(l ) =r/,j (l ) +1 ,

roo ( I) = r. . (I) - 1IJ IJ ' ,

delete all elements c ,./, «(' = 1.2. .. .. /1/. ) from set C I

UNTIL rc = 0 or there is no demander location in which demand quantity is

sma ller than rc .

IF all d j (l ) =O U = m + 1. m + 2.. .. . m n ) THEN

go to Step 1.

ELSE

go to Step 11.

5. EXPERIMENTAL RESULTS

We designed a program in C language un a Pentium 166. There are ten
su pplie r locations and eigh ty demander locations in the sim u lat ions. The production
cost function is assumed to be a two-order functiun at each su pplie r location , as Table 1
presents lp. 56 ). The upper bounds and lower bounds of production quantities ,
inventory holding costs, safety stock and warehouse capacity are also lis ted in Table 1.
The coordina tes and demand quantity of each demander location in every period were
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obta ined randomly. Since transport cost is proportional to t ransport distance , till'
distance between two points is multiplied by the coeffic ient of transport cost, ",wiving" till'
transport cost between the two points .

We input some pairs of different values of Co' cp ; III and /I , and ran the above

example to ubtain results , as listed in Tables 2, :3 , 4 , 5 lpp. 57 , 5Hl. Certa in ly . th«
distribution cost must increase a:" Cll values increase . Increasing vehicle capacity cp

ca n extend the length of vehicle rou ting to obtain a better solution.

To observe the performance of PSlJ , we can com pute the percentage of saving
cost = (cost of production schedu ling model + cost of distribution planning mock-l - cost
of PSlJ model ) / (cost of production schedu ling model + cost of distribu tion plann ing"
model ) x lOO'Yt , as indicated in t he final column of 'I'ahle ~ . TIll' diffe rences in
production cost, inventory cost mHI distribu tion cost will impact the valu e of saving cost
percentages. Saving cost percentages are different for different value pairs co, cp , /1/

and /I . In addition, sa ving cost percentages increase as the difference between III a nd /I
•increase .

6. CONCLUSION

The problem considered herein not only prepares a minimum cost production
and transportation plan but also expa nds it into the distribution problem of a simrl«
product with multiple su ppliers and multiple demanders. The th ree stages in the l'SlJ
model are as follows: first , distribute the least distributed amount from each su pplie r
locations; second, distribu te the amount of inventory ca used by the constra int of
production lower bound of ea ch su pplier location ; and th ird , desil:,'11 vehicle tou rs by
simu ltaneously considering both produ ction cost and t ransportation cost. In terest ingly .
the integrated production schedu ling and distribution problem can obtain a lowe r cost.
solu t ion than the combined solu t ion of the traditional production schedu ling problem
and distribution planning problem. Simu la t ion results correspond to the theol"(,tica l
ana lysis.

•

•
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supp l i e r s • • •
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Figure 1: Distribution of multiple su ppliers

Table 1: Coordinates and constraints of su ppliers

s upplier x y fun ction of Inwer bound upper bou nd rnven t. ory sa fe ty warehouse

production cos t of production KJ f production holdin g s tock capacity
quantity quan tity cost

1 ao 50 ]00 +p +0.00]p2 40 ~ao 5.0 10 55

0) 40 10 50 +3p + O.001p2 30 ~OO 4.0 ]0 45-
:3 ~O :30 80+ ~p +11.00] f1p2 50 250 s.o 10 :3U

4 10 I:\U 70 + ~ . 5[J + U.OU11)2 60 200 2.0 10 ()(I

5 50 ~o 60+~p + U .00~/)2 3U n o 4.0 10 5U

(j 6U ~U ~JO + 1.5p + 0. 00 ~/)2 5U 24U :3.0 l U 45

- 7U 100 8U+ ~/j+ 0.001p 2 40 2(jU :l .U 10 65,
1:\ 80 40 60 +~.5p +0.003p2 40 2:3U 4.U 10 55

!! !JO 60 75 + 1.5p +O.ll02p2 30 ~50 s.o 10 45

10 100 70 50 + ~ . 5p + 1l.003p2 50 2311 3.0 1U 50
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Table 2: Com pa rison uf simu la t ions to the exa m ple hy Chllll/,,'; Ilg ('II VII lue
-

Mod el 1 Mod e l ~ rvllldl'l :1 S;
-

c lI ('P /II I! P rod . Jn v. Di!'a r . Ij'\ II IIIhe r I' rnd . l nv. lJi I r . I :'\ u mhr-r (

cost <,nSI <,IlSI o l' routes <'IlSI ('IlSI ('IlSI Ilr rnuue- >-- -
II . I :W 4 Xli :W I XX . IIi 1:11111 .1111 '1("10 ')') :IX:1 I"ii! ll.lill I:101I .CIl I ~Xli! 1 IIX '/X" .)

,). ....... - / -
I lill 11i,7ii I:11111 .1111 4:!1I7. 111 :IlI I 1',4 XII .XII 1:11111 1111 '11·)e ,/ ~Hrl

,)

· -" -
:!:!!l 1 I .X7 I:!1I11 .1I11 '1')-7 4'1 :I!III IX:l!lli .·lll I:!1I11 .1I11 ')Xl'· l ") ' I ' )' ) I• ... ; I . • ... ) .,... ·--
:!lIHII:I.:!" 14011 .110 ·1:1:' :!.1I7 4 11 1 Ili:IO:\.Iill 1·11111 .1111 ' \' }r: .:17 :1 11: 1 .,

• ... oJ -
I :!O!I I ll.X:! 1:100 .1111 :1:! 1:1.4 7 :\lJ!l 11i(jIlXA II I:100 .00 :,HJH I .:Hi :1( 1,1 I

r n .:! 1!1 14:!.II" Il illll .1I0 Ii Ill4.1iO :l!I4 I:104X.XII IHOII .IIII ,17xo ..l:! :111:1 "-
17:1HII .II:1 1""0.0" !i4 4 11 .7!i :ll lX I:l :l!ili.!ill I:'011 .1111 4XH!I.0 :1 :I:! I I

:! I77 1.,,7 I :! 1I0 .0 11 fiHHfi .~J 4 :lXX IXI :l:1..l11 I:!1111 .011 "')7 X 'I'I ' I'}') I, )... .. , , --
I llHli I .XO 1:111 11 .1111 ():.!H:.! .fifi ,1110 1l ,:1:1X.lill 1:11111 .011 :' 11 7 .:lri :III !I I

~ 1 1 7:1 .!Ili I :!1I11 .1I11 1i"711 .11 1 :1 7 I IliX:' X..lII I:!01l .1I11 ..r,'!? ,.. lj 'JH'" 1· '''' ." - /

ll.!i IX:114.lili 1iillll.o ll x:! I1 I1 .:17 ,111 1 1: t~ U !j . :!o 1' ,1111 .1111 :l :!XX.IIX :I I :1 '/-
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