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Formulation as 1.P. Problem

As travelling from city / to / is not posSIble. . i
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10-2 (Travelllng Salesman Prabiem)
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113 + X3 + X33 + xg3 + .
Xiq + X4 X34 "'}'44
and X5 + Xa5 + X35 + Xg5 + 3
EXAMPLE 6.10-3 (Capital Budgeting Problem) |
A company manufacturing chemicals has 4 mdepeﬂdenﬁ ¥ ,qx
allocate a fixed capital budget to one or more of them so that the the
maximized. The estimated investments and the anticipated cash pﬁ u
projects are given in the table below. | e
TABLE 6.129

o EEE=T - CECESSE SselEN S-S AT
—

Investment P

(Rs. lakhs) ,ﬁ“
/] Project Ist year | 2nd year | ? -%du’
i oo A 60 160
b B 108 140 ”@‘
i ’ C 200 150
| D 90 70

I—_

The comapny has earmarked Rs. 600 lakhs for investment in rh J;gj sty
L lakhs in the second year. If projects A and C are mutually exclusive, how shoul
’? be made so that the company's total assets are maximized ? \ |
Formulation as |.P. Problem ol

o s

; 1, if there is investment on the jth 1
! %~ |0, otherwise (j = 1,2, 3, 4) |

| for projects A, B, C, and D.
Then the objective is

| maximize Z = 105x; + 140x, + 80x; + 100x,. v O
'5 The constraints are on availability of the funds for the two years l’i;i |
| 60x; + 108x, + 200x3 + 90x4 < 600,
and 160x, + 140x, + 150x3 + 70x4 < 700.
Since projects A and C are mutually exclusive, |

X Ty = ¥ 21i9Y r

Remark : In the above three situations variables were d!scre
difficulty in I.P. model formulations. Diffi culty arises in snmations
are not possible. Codification of variables is helpful in such sitt

requ;re codification and transformation are now presented. Y u#

| 'EXAMPLE 6.10-4 (Fixed Charge Problem)

(a) Consider a production planning problem where
the productio on of the /lb item involve two t p%‘pf sel-1
independent of the quamxg,- ‘frb Euggd ?ﬂﬁﬂ vﬂﬂﬂb’{ cost ¢

A .

S eth iem prodygail roduction cost function for th ’_~_;f'j- h ite

S 1
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be 0§ed that the- ﬂb_lec“ e fur | is 45\” n-linear bec: H of t -
F“ ﬂ'lcult)' can, however, be !"Fﬂ ne. \?Lg??ra mule Uhh of the problem a
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b 27 maﬁ%ﬂqz:p-ﬂ lﬁi ‘H 4x; + 9x53 — 10,0 :
subject to the constraints T e i T
16x, +20x; + 10x; < 15,000y, m»#-ﬂ:--f
b e A I,  JNK i&
where x;, x3, x320, & v .
g = 0lor 13 =S1i2s
EXA LE 6.10-5 (Job Sequencing Problem) ot AR
hree products A, B and C are to be produced using faur m 1ch i
ence and the processing time on the machines for the three producis g

s & 'fi - :
’ ﬁ ._{

A}

a*| 32 _ .a ol % :
Product A= (1) (@) 4) L-It
b b, s Dyt &
Product B = - ” p
s 5 b
Product C = @ @ i
Fig. 6.8

For instance, product A is processed on machine | for a haurs :he on m
hours and finally on machine 4 for a, hours. Each machine processes only one s
and must complete its processing before taking up the next one. Furthe
completed in not. more than d hours from the start. Determine the optimal se
products be processed in order to complete all the products in the least p .1:.,

. .

Formulation as |.P. Problem S R
Let X, denote the time (measured from zero datum) at which the processin

',:I_F

starts on machme; (/= 1,2, 4). Likewise xg and *c, are defined. under ¢
The technological sequence in which the three pruducts are to be“rn o sité
first set of constraints. Product A is processed first on machine I, then on m ﬂ.w ) only D,
on machine 4. In other words ’ cost fre
x'ﬂ"l S ﬂ| < xAE
and XA, .t S Xags
Similarly for products B and C, we get
xBI + b] 5 xB'l- ’
B, x b3 < xBJ g 4
sz e CH < -x[,‘1 . -

The next set of constraints is due to the fact that no machine can Wor
product at a time. For example, machine | can process either product A or B4
other words either product A precedes B on machine | or vice versa. Hhus®
or” type constraint for machine 1 given by g

or XB, + b, < XA, -
The above “either-or” constraint can be modified to the followi &
help of a binary integer variable : i *mi

Xa, ta,- Xg < My,

and Xg, + by — Xa, '-c (1 -y M, by ok
| 0< y £ 1,y integer.

”é‘f
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3 0, iETIPIYil"!g that product A precedes B, while
= 11. IMPI)‘Ing that prﬁduet B‘precedG&A on

3 and 4 we obtain | , A g
Myli . : | |

= ﬁﬁt constraint becomes effective when Yy =
’j'hed constraint becomes effective when Y

ﬂ,-;hiﬂf :,visea for machines 2,

lee XA sty = xCI
Xcos i Com XA,
o vk g ke
xC- + €3 — XB,
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Further, the time constraint for product B yields
IB4 a7 bq < d

1o write the objective function, note that product A will be completed at time Xa, + ds,

B atXs, T D and product C at Xc, + ¢;. If Z denotes the time by which all the three
are completed, then the objective is to minimize Z, where '

Z = max (xA4 +ay, xg, +b4,xc3 + c,)_
This non-linear objective function forms a further set of three constraints

L2 xA4 + ay,

L2 xB4 Y bd:
- and APLE ol ) : ol .
Therefore, the complete formulation of the mixed integer problem 1s to minimize Z sub_;ec_t to
 he above coNs mts:0 <y, < 1, y, integer for i = 1, 2, 3, 4 and all other variables just non-negative.
| exAMPLE 6.10-6 (Warehouse Location Problem) - | I
| A company has-plans to open Iwo new warehouses in an area. Three sites f n S a?' ; JA”
| under consideration. Four customers with demands Dy, D, Dj; and D, are to be supplied. Any

le si te S, can supply
e /] the demands but while site S) can supply all customers, Sije oz |
e can supply only Dy, D3 and D,. C, denotes the unit transportation

L] 71‘! r C IF s L] ; W

t Xh.
xB;
0y YHYas |,y 0, Y4 integers.

| Pm{lﬂﬂ

: 14 | Unit
| Capaci [nitial capital Unit
2 g investment operating
(Rs.) (Rs.) cost (Rs.) *
€ . K, oJ
S ; =
S ¢ 2 K> 0
2 C K; 3 |
ng 3
Customer 2
CEZ Dg
LS
Site S,
&G Customer 1 Ci2
D
A Cr
C
Site S, 32
V¢ Y 4 Customer 3
C14 DS Caa
| Cas Site Sy
D,
Auostamar 4 Fia. 6.9
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Formulation as I.P. Problem

' g SR e R, o AR ] YT LA e B A T T L 2 | = _I.i?:u_"'__‘"' ?i:""
Each warehouse site has a fixed initial capital cost which i«

stored along with variable operating and transportation cogte -

quantity shipped. The total cost function is therefore non-linear. ‘i““
| be used to formulate this problem as an P problem. . . M 3 S
If the binary integer variable Y, denotes the deci%f'o‘ﬁ to lt
- T O NOktGieR

Faiisrae. : o e
L, if site s, is selected, o

0, if otherwise, PR

I x, represents the quantity shipped from site S, to customer |
for site S, is | sk 8

W=

40 | 11T X1 ¥ X3 T <IC ) L
When y, = 1, site S, is se]ected and the quantity shipped“‘f‘.aﬁﬁ&.
il .Howe‘ver, when y, = 0, the non-negative variables x,,, x,,, X13, X14 Wil L!

| implying that no shipment is possible from site S).
L Likewise, constraints for sites S, and S; are
i4 X21 F X2 + x4 £ Cy y,,
111 | X32 T X33 T X34 < Cyys. .y
{14 Since only two sites are to be selected, we have the additional .fé‘j-;‘ﬂ-;

) AP YR Ve i | TN
The constraints on demand can be expressed as - | F?.,_.
i X1 + Xy = D, (for customer 1), ARk
| '_i[ X12 T X5 + X3, = D, (for customer 2), el )
J X)3 +x33 = Dj (for customer 3), O
i Xig + X34 + x34 = D, (for customer 4). L
'“ - To formulate the objective function, we note that the total cost of inve tment
i transportation for site S, is A
i R+ O (. + X0+ 315+ x14) + oz £ Cioxy 4 Coxria C4x)4. The tota
i for sites S, and S; can similarly be written. Thus the objective function r car
b as 3

5 S L
BETYy
430
u
& 1"=. "
L [

-l-li. t; i

minimize 1 1= Kyy) + 0y (xjy+xp; + 23 + x,4) £16) S
v KZVE iz OZ (IZI 8 X2 T 124) it CleQI +C22x;-2 [
+ Ky + O3 (x35 + x33 + x34) + Capxs + Caxgy +C

The above objective function is, therefore, to be minimized subject ¢

constraints :

X1 T X X3+ X
'*‘ X21 X't Xaq
1

Clyh W |
Colg e i
ClV 3s 5 :

IA IA IA

X33 T X33 t X34
;! FHE )7 I N ) Y

X)) T Xy
X12 + X33 + X35 = D,

X13 + x33 = D;,
X149+ Xyq + x34 = D, e
Yi=1lor 0,x; 20, integer for i = 1, 2, 3. 23
; Example 6.10-7 (Caterer Problem) e
| -~ Acaterer is 1o organise garden parties for a week. He needs 1 10
- 100 and 105 fresh nap@rgs during the seven days of the week. Each new:

€an also use soiled napkins after geiting them washed from a. aund
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