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‘Ml ti-Ttem Taventory with Multiple Restrictiong!

- TR S Ly e

Arabinda Tripathy

(Indien Institute of Mcnegement, medabad)
India

Abgtzpot: The normal procedure to deal with muilti-item inventoxy
situgtion with restrictions is o obtain the e,0,q, of a.l). the itenmsg
individually end to check for violation of restrictions asswning that
the replenishment of all the items mgy ocowr simultaneously, In cage
of violation of :Eas'triotions the problem is solved by using the well
krown legrangesn multipliex method, The lagrangeen multiplier method
is quite tedious even for one restriction and results in only fifty
pexcent utilization of the constrained regource, The equal order
Interval for multiitem inventory with one restriction results in more
than fifty porcent utilization of the Gonstrained resource mmd it ig
aleo computationelly vexy simple. The principle of equal order
intaxvel has been used here for two restrictions situation and sn

wiking procadure for the smme has been evolved,

(Key words - Logrange multiplier, equal oxdexr intawal;
mlti~itan inventoxy)



Ta Introduction:= e usual lot zize bnwontory model sasmmes that there

iz no internction vetween the items ond detomines the replenishnent policy
of the items in,iividually‘. Mowe often than not the cesumption thet there
is ro interection between the itams is not velid, The interactions can be
of many types, For exrample, tho demand of one product is dependent

on ihel of the othar, one product 1s o substitute of the other, limitation
of warchouge space ta be shared By =1l the ilens, limits on the

nerimam asours thot cen be used for finsrcing the invenbory of 2ll the
items, moXimum number of omlers that cen be placed in a Yire period and

20 0n, The interaction between itens caused by restriction on wardhouse
space, restriction of funds for financing inventory etc, are discussed he:re:
Hary suthors have deglt with the problem, specially in relation to one
restriction, (1,2.35445,6,7), "The interaction between items duec to tw

conatraints nakes the problenm nuch more difficult to solve, (3,

The anelysis presented here conelders two constroints, hoth
limiting the naXimwn esmownt of invertory holding in a multi-item irventoxy
situation, Both the constraints eve linear with:»ospect to the quantity
of the itemsc In parbicular the wordhouse space snd monetary restrictions

or. inventoxy holding haove been considered hare,

Let
i = the designation of the iten-where there axe n itens,
Ri = demand per vnit time of the :i.i-'h item
C, s ordeox cost per oxder of the i.th' Iten
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Ii = inxfentcfzy cexrrying cost por wnit of i +h itoem per
unit tine
P = wilt cost of it i,
Wi = unit voll.xme of item ;_
M = makimm amount of money thet con be utilised for

holding inwvenbory of all the iteus,

v P maXinu volune (space) available for holding
irventory of all the itens.

Q‘i = order quantity of item i

Qi = econcile oxder guontity of item 1

We consider hexe a purely detomiinistic situetion md the
replmishnent of iteis to be instortancous,

2. Sipgle Constraint Situation:

In the gingle congtroint gitustion, there is cithor = lindit on

the available gpace ox o limit on the noXimua gwount of mongy that cen
be used for holding inventory of all the itens,

hitially we ignorc the existence of a constraint, = such o case
there is mo intaraction between the items ord the optinal inventoxy
policy for individual items will olso be optimmm for the ontire gysten,

The optimma inventory policy of individusl itan is to follow the
eoononic order quantity in owxder to minimise the total variable co sty
The economic order quantity for individual iton is given by,

;R0

Y o= - (4

I,
i
In tho above analysis it has boen assuned that thore is mo interaction
betweeri the itens, hense, thare is a possibility that a time will conme

when a3} the n items, will be replenished sinultancously, The maXiomm
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gount of roncy roquired (nssaning that the singlc constraint is the
oncbayy constra:int) in such =a situntion is
Me 0.q =. MeX dmaa amount of moncy required vhean ¢,0,4. policy
a4 aie -
ig followsd for =1Y the itaus,
n ;
‘ *
= :E- 9y Py (2)
1=t
he e,0,4, policy for individual itan will still dbe optimun

for the systen with single consbraint on the monetaxy limit if

B << M (3)

e_no.q_l =
{4 siniler melysis can bo nade for & single constraint of
gpace limit),
However if the above condition iz not gatisfied the solution is

ﬁfeasible and we have to find out noew optimun solution.

3« Logrongean Myl tipliexs:
The problen of nininmising the total variable cust in an inventory

syatem with one constraint omn be stated nothomatically as followss

Mininise Total Cost = Ovder (gt + Lwventory Crrwying Cost
F i.e, Mininise Total Cort nop oo n
T,C. = 2 "—*3'_."-33--“ + 1 Z Ii Q‘l (4)
sl Y e 1=
o |
" H MeT (5)

i=1
y Z o



Using legronge nultiplier ' > ' to dualise the congtraint and

incoxrporating in the objuective funetion v zget,

n n
LM Mininice Total Cost=T.C. = Z Rici 2
\ e i S—-;o"i== __.,‘.!b.ﬁum.--...% - I_:Qiq'
Ly i=t ~
n
Y (& P g (6)
s.t, Q"i Z 0
Nz 0

Taking partial derivative with respect to the variables we gct, for

optinality

- M
/’f R, €,

I i
A :
7 E L+ 5P,

It
(@]

(7)

ox R

and Qi*n

(8)

This method of enalysing the constrained inventory system with lagrange
nultipliers is vexy comon ond neny authors have dealt with this type of
ana.lysisl.

Substituting the veluo of @ from (8) in the L.H.5. »f (1) ve geb the
function

wich is o mnotone decreasing function of ' §  consequently there is

mique 4 * 2 0 such thot (7) is satisfied,
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It cen be seon theot th: sveruge zmpuni of roney roguirsd for

- holding inventory with replonisha 1% quantitiss somput~2 by legrangsan
radtiplices In cnly 10% of ths medine) pramiesible liadg, That ig if M
ig the nXinuz amoun® of mongr avedlcble for helding imwventory. the
eversss roqui-smery of monsy will be jl whor the »oplunisgmiont gumtities

are comput & using the lagrangc onlti-iirg,

4 Equal Crder Intcwel: Th the oguai crder interval method, the

axder mterval, i.e, the tine betwon replenisiments, of =11 the itans

ig the sauc, Hence, vhatever initizl termoral position the items ore

given will be mzintzined with &ime, With Y zs the conmon order intawal

of all the items, *he total varieble cogt

."141“‘ C n
By i - -:'s-
% iy
For the T,C, to be ninimu, -
E‘.S S 0 .2 i Cs
i 1wl *
vhich remlts in “eps = OptImel value of € = i, ~ (10)
i N B 4
i=t

The nexXimue gwunt of money required for holding Inventory by using

sme oxder interval of top‘t for all the itens, as computed in . 6 i .

gapt - Mzximry amount of mohey reguired with cgual oxdcr

interval of
. opt
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N & L PARD

=%t . o BE 4 g 12
opt ? 124 i’ ____;_:_“____"_‘___ — tﬂ)

= PR

=t 7
topt ig the desired equal order interval if
M < K (42)

opt

New equal order intervsl has fo be computed if condition (12) is not
satisficd,
Let tm be the equal oxder interval toking into cccount the monctary

congtraint, then fxom (11)

L) = ‘ 0
M topt

With ¢ ., a8 the order intexvel of all the items, the steggoring of
the replenishnents of the items need to be deeided, Ly an optimal
staggering, the requircment of the constrained ressurce by the
repl anishient of an itan is the awunt of constraine? rosource rcleased
due to ithe consumption of all the itens during the perind between the
previous replenistment in the systen and the presint replenishront of the
item, (Fig-uraq )‘,

th

Ir tt; ig the inturval between the replenishment of the 1™ item

and _the previous replenishent in the gyste, then :6 ;

R . P, R
t, =t i1 - (13)
Z P, R,
. i 4
i=1
Obviously SR = ot
2 i fu]
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Figsi: Monetary Value of Inventoxry Holding Over Time

The average utilization of constrained resource with tm as the

order intervel for all the items vorks out to be | 6 |

n
ivorage utilization of if=1 PR (14,
congtrained resource = 14,
o ®© AR A
< P, R, # e T
= P sl
n,
;. P, R
1o i™i

It can be seen by inspection that the right hend side of (14) is
> 0,55 i,e, the utilization of the ‘constrained resowrce will not be

less then 50%, vhexe as it is 50% in case of legrange mltiplier,

5. Top_Constraint Situstions

In a two congirnint situation, taking one of them to be the
noXinum monetoxy limit and the other congtraint to be the maXimun
wareliouse space, both of which are directly proportional to the oxder

uantity of the items, the problem can bc mathematically steted as follows:



n n_
{ P2 Minimise totol cost = 7.0, o D T . oo ILg
- i=1 TG i 3
s
n '
subject to, s P « m (5"
i Fo -
Toow, e < v (15)
1t i 1 =

As carlicer the policy of using ccorwuic order quentitics '5.;_ for all
the itens (L = 14~ - = — = = = 1) will be optimal for the systeu represented

by the problem! P2!, if in sldition to satisfying the inequality (3), the

incquality

SO (16)

is setisfied,

| Vhexc,
€044 =  Meximun space required when e,0,9, policy
is used for all the itenmg
n
A (17)
it i

However, if the inequalitics (3) end (16) zre not soatisfied
by the'b',i » €048, olution is infessible with respect to probla
e P21; and new Q; values need to be deternined, One of the option in this

case is to use lagrenge multiplier method us hns becn used for problen ‘,qP}‘
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The lugrengem problom with legrange multipliers .“.‘—‘*‘1 end ., for the

constrelnts (5') and (15) respuctively in probluniP2)  ig

. e n' 1 n n
P1P2(  Mininige T.C. = G LE T v o (c B M)
. : - e et ek w s, I e o, (O SRy -
: L1 Qo =1 1% 1 14 1%
43
i 5 Q. -
+i, 0 4w Qg =V (18)
iz
8,t )
r2 s 0
Tor optinality:
"\Tg — = 0
F

R.C,

fewe @ = - e —  (9)

VoORI A0, P+, W

- TC
Ry
i.o, ic PQ - M= © (7%)
L X
L
-3'?‘2
l.e, {;
e - o Wi Q’i - V = O (20)
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The difficuliies in maericelly evealucting Q: inorenses considorebly
vhan the number of constrzints imposed on the s’,ystm is-:.:w're then one,
In case of tiw constraints (a_s in P2 } mnd whem the ?"1 is not a solution
to the problal, the procedure ie ta d.a:‘tomins toking only-one gangtreint by
adopting o procedure sinilar %o that used for : }ving [T1 I'* - .
The solution so obteined is checked for feasibility for the Becond constraint,
If feosible it is the dusirved solution, Tn Infeasible, the problen is
ngoin sclved for Qi by considering the second constroint only., The new
values of L),l are checked foxr fensibility in the first congbraint, If
fepsilie, it is the desired solution, If infeasible, we have to solve the
problen Yy tcking into account both the constraints, This is considarebly
difficult to solve, HMore often then not a trial and error technique is

used, However, tecimiques like Networks method, the method of sgteepugt

descenty subgradiont optindzotion ete, can also be used,

The equel order intervel nethod emn olso be used in the cose of two
constraints problen i P21, The two comstraints cqual order imbervel

problem is zlev represented by (9) as in case of edngle constraint problenm,

The topy 4 Mopt are algo obbainel respectively by (10) and (11)‘.
The maxizmm gpace requircpent in this case will be given by
“op g = maximunm gpace requirenunt with equol oxder interval
of to ot
;A § 22
= t N W R+ et i :
%optaﬂ;‘iii,i::i-——; (21)
W, R :',

- m—_—
.
[y
o
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In this two constraint probvlem, sppsrently top : iz the desired equal

oréer intzrvel if

al u-'" '
M < I (121)
end Vopt LV (22}

If any or both of (12'_} an¢. {22) are not satisfied, then new egual
order interval need %0 be computed., In this case s procedure similax
to tnat for lagrange raltiplier can be ado;}ted:. That ig, we can copgpute
- equal oxler interval by consgidering only one constraint gt a time and
ciieck for feasibility of the scoond constraint, In cese it is not f&asii}le
coipute equal oxder interval by considering the second constraint check
for the feaslbility of the first congtraint, Howevex, the computationol

aspects of causl oxder intcorval has somc special characteristics,

4is has been discusged earliier,

t = equal order interval with wonetary constraint

™
- M b
MP « opt
Simd.larly),
tv = oqual omicr Intcrvel with spsoe constraint
S S "
'top + opt

Since, both V znd M are direcily proportional to the equal
order intervel, the lower of the tm and ‘uv cen be taken to be the
desired equal ordsr intervel, which will satisfy both the constraints.

The replonishmont intervals botween itons gé computed by relations
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sinilar to (13) on the basis of the constreint vhich is usel fox
pomputing the desired equel order interved, The possibility of
violating the constrrints occur at the time of replenishuents of the
itens, Therefore, none of ﬁhe tuwo constreints should be violated
during the replenisiments of any of the n  itens which arc staggercd

in equal oxder interval opi:ratﬁng polizcy,

Lot tm be the lower of tm and tv and as such it is the desired
equal order interval, on the asswiption that this will result
complisnce with both the constreints, The inter-itan replenighnent
interval tmi cen now be obtained by using the relationship (13).

The use of tm and tmi ‘a8 the operating permicters for the equal order
interval poliqy of the inventory systar ensures that the wonetary
constraint will not be vicleted, Hewever, it is likely, that the

gpace congtraint nzy be violated during the replanishmant of one ox
more itoms with the above vpurating policy_. This reaults in the
problen buing still unsolved. Duc to this choracteristics of the oqual
order interval policy, cver if {12') omd (22) arec setisfied by LN
gtill the linits may be eiccuded during the replemishment of the

itens, which need to be escerteind before using t, ..

6. Bxemple: Teble 7 gives the nceessaxy data for the problem, Sone

part of the date iz sele os in Hodloy ond Whitin ‘3 --{i
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Table 1: Data for suitiita: two cons Taints

inventory systai

Tt o, i 1 2
Annucd Ri - 1000 500
Denand

Order Cost Cy 50 5
Inventory

Caxrrying Ii 4 20
Cogt

it Cogt Pi 20 100
hit Volwme Wi 2 1
Econonic -

Ozdcx Qi 158 61
Quantity

100

10

200

1500

125

14

4 three item inventory gysten with iten n0,1,2 ond 3 is being

considered, with ¥ = 14,000 mnd V = 00,

3
MGOQJQt = j“?:‘i Qi P;L =
i,e, Me,p‘,q__. .
o
Vel Cals = :- h Lu_L Ei =
e e
j?’e.' “e,o,q, o v

S both the constraints ave violoted with

Optimal equal oxder interval,

19,260

977

€40,4, policy,
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With this cousl order interval using (11) and (1)

and VOP + = 761
J:o C". MO ot “/,,‘ M and VOP " P v

Heneu, t0pt is not the desired cqual oxder interval end new equal
owmder intexrval need %o be corputed with congideration of both the
constréints, which are as followst

b, e 0.1139

tv = Q. 1058

Since tv - tm’ We cph use tv ag the equal order inter\red._.
The naximm space requiranent with tv\ will be equal to V the limit and
the naximun noney requirement as computed by (11) by substitubing

topt by tv will be 1;-ss than M thg pumissible 1iit, The inter-itan

replenishnent intcavel t}r computed by using "av are os follows:
ty = 0.0249
ty = 0,0747
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The requirenant of space end moncy after the replonishunt of cach
itan with tv as the common order intexrval and using the corresponding

inter-item replenishnent interval ares

Hy - 10516
vy - T00
g, - 14752
Vo - 700
m5 - 12633
v3 - 700

vhere n; - total mongy in inventory aficr the replenisiment of the ith item

oxgl vy totcl spece after the replenishment of the ith iton,

As con be geon the space requircenent reaches the liniting value of 700
after cach replenishment as pex our expectation, tut the mongy value after
cach replenishmmnt is different, ond in fect, controry to our expectation,
the mongy value after replenishment of the 2nd item ig 14752 vhich is more
than the linit of 14000, This cen be expleoined by the obsence of a2y
reletionship bebween Py end W, of en item '1 '« Becouse of this the ronetaxzy
velue after the ;eplmistment of an iten when tv is the opereting ordexr
intcrval and vice-versa will depend on the sequence of replenishuent of the
:Ltems_. The nurber of differant sequence possible with n items is (n--‘!)_.'.
The Pable~2 below furnishos the debails of money end space requiraments
after cach replaniglment for both the situation of mongy constraints and

space consiraint being the opersting principle.
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Teble - 23 Monoy ond Sproo Iuguiivnent For Differont Seguence
in Sgual Ordex Intervel with Three Ibcus

Money Sonstroint Shgee Lonsbraint

Seguence j=2-3 =32 1~-2-3 =52
n, 14000 14000 10516 13631
v, BAE* 680 700 | 700
m2 14000 14000 14F52% 15748%
v, 620 566 700 700
ny 14000 14000 12633 11512
V3 134 794* 700 70'5

* leXimun value of the eonstyaint not considers for the computation »f
egual order inturvsl,
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Tho toted nuibur of nossible sequence with three itans is (3*—1)7‘5 ’ i_.e 2e
It cen bo seen ﬁ‘om Table ~ 2, that the nsxXimm velus of the constraint
rot used for computing the cgualk order intervel is different for different
sequence end the naximm occurs not neoccssorily during the replenishment

of the some itag,

7. ¥our Iigmg Situstions Considering =1l she four itumg of Tehlo-i, we
hove the following situation, oeswiing

Mo o= 16,00C i Voo o= 800;

For g,o_.q policy

Mc;.o&qj = 32,35 = M

Vc-,o_-.qy = 3%

Fb.llbw:r'.mg oqual ordsr interval policy

< opt = g,1126e
Mop"ﬁ = 21665 ; Nopt = 1054
Herf: olso Mop £ M Xk Vopt I

The reguirenent of money and space using tn and tv for difforend
soquence (a total of 6 scuuonce in this case ce (4~1)}f = 6) sxc presented

~

in fable-3,

As in case of three¢ itais, here also the maximm value of the
constroint not used for computmg'tha cqual oxder interval is differant
for diffcrent sequence and the wexinum occcurs not necessorily during the
replenighinunts of the some itan, Turther it can be conjectured fron the

behaviour of the equel oxder iatervel thot cvan if only one constraint is
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Table = 35 — Monsy and Spoge Hequirementg Fox different Sequence
in_cgual oxder interval with four items ;Pmbig No,1)

Sequince e o S T s B B I I o B B IR .
Money Congtraint ,
-, 16000 16000 16000 16000 16000 16000
vy 840 B96* 768 709 166 830
m, 16000 16000 16000 16000 16000 16000
v, €83 740 M7 621 611 644
m 16000 16000 16000 16000 16000 16000
vz 789 - 808 - a3 815% 834* 750
m, 16000 16000 16000 16000 16000 16000 °
vy 752 703 660 778 79 00
Space Cogstr@' t
m, 14701 13483 16261 17524 16306 14746
v 800 ' 200 BOO 800 800 800
m,, 18082% 16864 17356 19408%  18190% 18916
Vo 800 800 800 800 800 800
my 15796 15367 13975 15238 14809 16630
V3 800 800 800 800 800 800
m, - 16585 17655* 18145% 16027 17095 15535
vy - &0 a0 800 800 800 800

¥ Moxdimum value of the constraint not considered for the computation of equal
-order intexval, S
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effective, using the coxresponding equal order interval ond the intex-itém
replanishnent interval, moy rosult iﬁ violation of the in~cffective congtraint
after the replenishment of som> of the itoms in some of the scquences, E_.g_:,
if the monctory constraint is offocti=e and the space constraint is not,

then the use of tm end the corresponding inter-iten replenishment interval
gy result in violation of shocc congtraint during the replenishment of

some of the items in some of the replenishment scquences, This necessitates
in tw constraint multi-itan inventory situstion, to find out o sequence of

- replenishmens of items with an equal order interval (tm ar tv) and respective
intex~item replenishmont intexvals, such that nono of the congtraints are
violated, In casc such o situation docs not exist (as in the two cases
discussed in Table-2, and Peble-3), it will be worthvhile to find out the
sequence with equel order interval =nd coxregponding inter-iten replenishment
intervals cach that the maXimum valuo of the congtraint not considered for
the computation of the order interval is the least. This sequence can be
used to generatc a lower cost solution with better utilization of the
congtrained resources, Table H§.4 to 9 incoxporstes similer information

as in Tuble-3, for six other tost problems with four items, The s\Winzxy

of the text problem results have been furnished in Teble~10, The following
obsexvations cen be made fron Tab16r1q.

i) The sequences which result in lowest naXimm of the resource
congbraint not used for computing orvder intervel are reverse of one anothar
for the two constraints, 3.5: sequence 1~3~4~2 in Problem ¥ remlts in
lowest maximum of space requirement vhen order intexval is computed by
congidering. space constraints, These two gequencos are reverse of one another,
Seme is the case with the other problems, This in o senge guggests thet
the degired sequence is depandent to sone degree on the ratio P,/W, (ox Wy/P,

as the case nay be),



Sequence

loney
Lonstraint

F? -&ﬁ.h?\uﬁ*u? Nﬁ N? mf .F

ce
raints

= B ig

]
n

El\ﬁﬁ‘JF Nﬁ

o

wd
RN

* Maximun value of the constraint not

3 ]

egual order interVal.

Table Mo, 4 - Four Tten Situstion -~ fxoblem No,2
2 3 4
80 30 150
2 4 3
el ! 1243 1-3elmd Aw3e42 =432
16000_.00 16000,00  16000,00 16000, 00 16000_.00
756,94 1048,11%* 707,46 716,02  1007,19%
16000,00 16000,00  16000,00 16000,00  16000,00
679,086 971.03 929.17 432,47 723,63
16000,00 16000,00 16000,00 16000,00  16000,00
978.65% 764455 1006, 24* 1014, 8% 800, T1
1600C,00  16000,00 16000_.00 16000,00  16000,00
473.38 4654 T1 423,9 50954 501493
13445.51 8035435 14364,64 14205,5% 8795.58
80C,00 800,00 800,00 800,00  800LOC
14877.35 946T.4  10245,30 19474404% 14064,09
800,00 800,00 800,00 800,00 800,00
9325,96  13303,87 813,26 8654,14 12632,04
800,00 800,00 800,00 800,00 800,00
10713.,01* 18855,25 19633,15% 18041499 18183, 43%
80C,00 800,00 800,00 800,00

800,00

=423

16000,00
1056, 67¢
16000,00 -
414,33
16000,00
T13:. 11
16000,00
551.41

7676,24
800,00

18696,13%
800,00

13144. 75
800,00

13144, 75
800,00

considered for the computation of



Table Nc-_.5 -

i 1 2 3
Py 25 &0
LA 2 6 8
Sequence 134 =243
Mopey n, 1600000 16000,00
Songhzaint

vy 134,96 1403,7 *
, 16000,C0  16000,00

v, 111,081 139C.54

m3 16000,00 1600%00

vy 1433,093% 1300.606
m, 16000,00 1600C, 00

vy 111,87 1069.32
Spege

Sopgtixzint

n, 10708,25  8608,14

vy 800,00 800,00

o, 10011,05 871096

vy 000,00 800,00

n 8316,45 0708, 62

Vg 800,00 800,00

wy 10000, 71* 11221, 22%
v 0C,Co 800,0C

Tour Iten Situpbion =~

175
10

1~5-24,
16000,00

1103, 61
16000,00
140174
16000,00

1414,0c% -

1600000
1030,52

10953.24

800,00

0623, 46
800,00
8520, 64
600,00
11133, 72*
000,00

Problen Mo 3

TFel2 1432 423

1600C,00 16000,00  16000,00
124,61 1393,34%  1424.69
16000,00  16000,00  16000,00
101,51 1370.24  1090,32
16000,00 1600C,00  $6000,00
1655.09% 1383,00  1401,6

16000,00 16000,00  16000,00
114,67 107212 103,47
10709,17 609,09  8444,08
800,00 000,00 800,00
10969.65% 869,56  11057,15%
800,00 800,00 000,00
0356\57 GTE.T4 8624455
800,00 000,60 80C,00
10066483 11199.34% 10954433
300,00 800,00 800,00

* Mexinu value of the congtraint not considered for the computation of equal

order interval,



Table No,6

i 1 2
Pi 15 125
W, 4 8
Seguence 1=2-3—4
oney

Gongtraint

m, 16C0C,C0
vy 1578,19%
m, TGOOQ,OO
v, 1472.94
Ty 1600Q.00
V3 1035.09
Ry 1600Q,OO
Vs 13537431
Soace

Lonstreint

m, ' 725Q310
vy 80C,00
n,, 8004, 25
V2 000,00
m3 11 105-.78*
V; GOQ.GO
7114 0964,34
v4 OOQ.OO

* Maximm value of the congtraint not

order interVal,

-  Xoux

1=2-4-3

1600G,00
1318,37
16000,00
1213,11
16000, 0G
1077, 49
16000, 00
1515,34%

%098, 45
800,00
9843, 53
000,00
10003, 62%
000,CO
104,09
B0C,00

Lben Situabion ~ Problen Mo, 4
4
50
1
1324 1342 =432 Amfene3
16000,00  16000,00  16000,00 16000,00
1611,87%  1526,17% 1266,54 1232.66
16000,00  1600,00 16000,00 16000400 -
1060,77  1205.,29  1025,46  1429,64
16006,00  16000,00 16000,00 16000,00
174,02 080,31 1130,72 991,78
16000,00  16000,00 16000,00 16000,00
1370.99 1390,54  156C,57% 1534, 89%*
100,75 T627.46  9466,73  9705.16
300,00 000,00 000,00 600,00
10065.36*  9332.62 11171,90% 8310,80
800,00 00,00  BOC,00 600,00
10120,20  10726,90% 10426,02 141G, 33%
00,00 @000 000,00 600,00
8725.91 0507.54  7327.3 7565, T2
80,00 800,00 000,00 00C,00

considered for the computation of equal



Teble T: - Four Then Situgtion -~ Probles No,3

i - L 2 3 4

B, 25 90 100 €C

W, 1 5 C 9

Se@cnce W34 V243 -TDeR V= 2 =32 1= fp=23

Money

Lonstzaint

m, 16000,00 1600C,00 1600C,00  16000,00 16000,00  16000,00
v, 1501,81  1350,24  1542.77  1474.91 1251.34  1290.30
n, 16000,00 160CC,00  1€00C,00  16000,G0 1600C,00  16000,00
Vo 1470,01 1254445 1209,93  1557.41 1333,85  1521.93
Bl 16000,00  16000,07 16000,00  16000,00 1600CL00 16C0C,00
vy 1328,97 140,75 1393.73  1325.06 1437,64  1372,3
m, 16000,00  16000,00 16000,00  16000,00 16000,00  16000,00
vy 1664,31%  1569,79% 1625,20%  1661,21% 1586,69%  1625,72%
Longtraint ~

y T838.30  9152,16  QOST.TP B46G.6  978C.38%  9550,99*
vy 800,00 800,00 800,00 800,00 800,00 800,00
i, B44G,35  9762.13% 9553.€02% T901,T5 9295.53  819C.28
v, 80C,00  £00,00  &UC,C0 800,00 800,00 800,00
Ty 9324.21% 066T.31  0943.63  9542.45% 8605,56  9066,14
Vs BOC,00 200,00 L00,00 000,00 800,00 000,00
1, 1353453 T191.46  1502.92 T3T1.78 T805.T1 7580,32
vy 600,C0 BA0,OC 3000 BC,O0  00C,00 80C, 00

* Moxima value of the constraint rnot considered for the computation of equal

order intervail,



i - 1 2 3 4

P, - 25 75 120 100

wo- 1 2 3 4

Sequences  1~2-34  1=2-4-3 1-3-2ef  1-Ffm2  {=fFeD 1=

Lonstraintg

ny 1600C,00  16000,00 160C0,00 16000, 00 16000,00  16000,00
vy 526,41*  i£6.24  520,15%  BIG,EER 459,55  4571.87
, 160C0, 00 16000,00  160CC,00 16000‘.00 16000,00  16000,00
v, 518,39 458415 440,12 508,35 448,11 518,39
i 16000,00  16000.00 160L0,00  16000,00  16000,0C 16000,00
vy 446444 454481 4564206 447404 4564206 446,44,
&, 16000,060  1600C,00  16000,00 16000,00  160C0,00 16000,00
vy 515,04 526,75% 516,11 516,43 528,15% 526.47_
Congbraipt _

iy 23807.41  270CT.41  23718,52 24162,97 27362,9 27451480
v, 800,00 80C, 00 80C,CO 80C, 00 80C, 00 800,00
1, 24237.04  27431.04  27970.37* 24TTC. 3T  2797C.3T*  24257.00
v, 800,00 800,00 800,00 800,00 000,00 800,00
Az 20059, 26* 27614,81%  2754C. T4  27985,19% 2154074 20053420
V3 800,00 800,00 80C.00 800,00 800,00 800,00
a, 24314481 2379259  24325.93 24340.74  25718,52 23807, 4%
vy 800, 00 800,00 00C, 00 80C,00  800,0 800,00

#* Maxinum value of the constraint not considered for the coriputation of equal

oxder interval,



n
REV)Y

Teble 92 - Four Ihen Situation - Problen o 7

i 1 2 3 4
P 3C a0 150 180

W 2 2 3 4
Sequencet  1=-2-3-4  1=2-4~3  1-3~0-f 1=F-s2
Lonstraint:

i, 16000,00 16000,00  16070,60 160G, 00
vy 391,23 381,21 398.74%  404.17*
I, 1600(:_.&0 16000_}.0@ 16000,00 16000, 00
vy 401,008%  391,79*% 368, 41% 358,40
Iy 16@00_. 00 1600C,00 1605C, OC 16005:_.00
V3 360,904 335,44 357,84 363,25
m, 1600{}_. 00 16(:(:@_. e 1 6(;00_. Ce 600{'__, Co
va 345,46 376,34 352,97 347,82
e

Lorighrgint

n, ' 52296,66 33225.31 31600,17 31097.14
vy 00C,00  £0C,00 800,00 00C, 00
I, 31316, 41 32245406 34411,93 55540459
v, 80,00 800, CO 80,00 86G,00-
T 35108,42  37468,7T7%* 55292.19 34809,16
v3 OOQ, o0 OOC + Q0 BOO__. Q0 SGC?. o0
m, 56540, 11%* 33676,74 35043, 61% 36320,04%
v‘,: 800,00 C,00  BC,00 100,00

* Maximun value of the
equal order intervsl,

1=-3-2

16000, 00
394} 1 5*

16000, 00

340,30
16000,06

537,600
1600C, 00

378,71

32025, 80
800G, 00
3626925
80¢,oC
372"5'9_- 50%
8oC, 00
334570 48
80?-;{)0

1—4:'-2"-3

1 6C'C:C‘_. co
366, 64%
1600000
381,77
16000, 0C
340,86
160,00
37120

32722,30
UOQ. oo
33173, 72
800,00
56965, 74%
&’OC;, o0
34153.96
0ce, 00

constraint not considered for the corpuvation of



Teble Mo,10 =  Supmery of tost problen cesuibs

vttt

1, Problen H{.}‘.

2, P,/W, Them To,1
3 " 2
e
5
.

In D

"

Sequence
with incroo
sing Pi/w L

T. Sequsnoe

T with decrea-
sing P i/wi

3, Velue of cons~
traint not
congiderocd

i) Yoney constr

ii) loney Congtx—
gint lovest
Mok,

iii) Soauance for
(1)

iv) Spaes Constr-

sint seq, (7)
v) Space Constr—
pirg lovest

naXimm

vi) Scquence (v)

vii) Money Constreint

Highest mexXimm

viii) Space Constraint
Highest MaXimun

9. i) ~ Blii .
. % 00 G

10, Glvii)=0(is
‘ -5%;’_%*)!!100
. .@,Ié;‘-e"- .'_‘.1.3.(&).3:10@

ov)
12. Qllﬁé{*-i-}ﬁ@)xm-

13-.? tm

e by

&

1 2 3 4
10 2 125 3.33
100 A0 13433 15.63
16,67 5 T.5 20
22,06 5 1.5 T4
1=FmfD
123 1423 1Ei2
§15 1006 1404
15 979 1393
TS, Y S T, 0 B B,
17653 10696 1CGTO
17653 10163 10809
Pl A—imF2  1-2~FB
896 1057 1436
19408 19633 11224
2,76 G.T9
994 7297 3.09
Q 2,02 CaTd
9.9 19T 3405
C.003%3  0.0638  0.0501
€,0056 0,0654 0,0319

5
25
18
12,5
.67

1Bl 1m2eim3 1423 1—-4-3«-22

-

6 7
25 15
37,5 e
5 5
25 45

1=i-2-3  1~2-43
1=2-3~1

4=5-2miy 1~2~3-5 §1-3—9—4 P3d=2

1535

1515

1432

1507 é 526 392
526
1507 520 387

1=2b-3 1=l 3 Z =342 423

10?_65

10727

1612
11410
1432
6. 40

129

6.57
0,752

9324 { 27970 36321
{ 27970
9324 27615 35044
1e3nB2 1234 =243 1=5~2-4
1664 528 404
97c0 20059 37469
0 .15 1.9
595 154 439
¢ 1,29 1,33
409 1.6t 5,53
0,063 C,0505 0,0356
0,034; OuLEY0 C,0707

0, G460
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ii) The scquence in the inercasing ordexr of P/, (or wi/Pi) is the
begt result of the six possible sequehces in tvwo out of the geven test
problaag, second in four out of the seven togt problens and in only one
case it comes out to be the thid,

ii1) The maximun dovistion bebtween the tw crbrenc sequénces is
9_.94% In the test problens considered hez:q_.

iv) The maximun deviation of tho incroasing oxder of P/, sequence
is 2,76% from the bast golubion, _ |

v) The deviation in (iv) is lowor thcn the policy is basged on lower
of the tw (tm e, 'l:v) order interval is considered,

The finding shows that the suquence in the increasing order of /W
(ox with W,/P, as the case nay be) results in either the desired sequenco
oxr very close to the desired s¢quence,

On the basis of the above finding the multi~itan, two constraint
problen can be solvel by the following procedure with cqual order intcrval
policy.

Step-1 =~ Compute ‘I;m and t“,

Stup-2 ~ Consider lower of the tw order intervalg t, and t,

Step~3 -~ Compute the inter-iten replenistmant interval based

on the policy accepted at step-2,

Step-4 -~ Consider the sequence based on the increasing order of
P /W, (ox W./P; as the cage may be) and find cut the
maXimg value of the requiranent of the constrained
resource not considered for computing time interval in

step-2_,



Step—5 - If the roquirement syrived at Step~4 is uwor then the
permiseible limit, the desired roplanighnent policy has
been arrvived a‘b.. |

Step—6 ~ If the requirasent zrrived at Step~j is greater thon the
pemissidle limit, reduce the order dnterval proportionatsly

exd procoed through Step-3 o Step-5,.

In casu the musber of items ere very large, o grouping opexation

can be performed based on the procedura illustrated in 14246 ,

8. Conclusionst In case of tw consgtrainbs, it becomes vexy todious

to compute the legrange multipliers? The equel oxder interval mothod is
oompubstionally s:implc} The outcomne in oqual oxder intexrval poliey is
dependent on the roeplenistment soquence, The soquence based on the

retio of unit price to unit space (or the reverse of it as the casc ngy be)
rosults in very good solutionv. The equal order intervel policy also

regults in dbetber utilizotion of the constreined resources,

9, Acknovledgement: Tae awthor acknowledges the computational assisbance

provided by Srd RN, Dutta in comection with the study,
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