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¢ Assignment Problem
¢ Balanced Assignment Problem

* Optimal Solution




Assignment Problem DN |

e In many business situations, management needs to assign

- personnel to jobs
- jobs to machines
- machines to job locations

e Consider the situation of assigning n jobs to n machines.
e When a jobi(=1,2,....,n) is assigned to machine j (=1,2, .....n) that incurs a cost (o

e The objective is to assign the jobs to machines at the least possible total cost.
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-

e This situation is a special case of the Transportation Model and it is known as the
assignment problem.
¢ Here, jobs represent “sources” and machines represent “destinations”

e The supply available at each source is 1 unit and demand at each destination is 1 unit
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Special case from transportation problem
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1 2 1 SOUFCE
1 211 cle Cln 1
2 221 C22 (21 1
T
a |  Cal Cn2 | ... Cun 1
Destination 1 | 1
The assignment model can be expressed mathematically as follows:

A= 0, 1f the Job j is not assigned to machine |
1, If the job j is assigned to machine |
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ITity E I% 19 24
i=1 j=1

(o of assigntnents from a soutce should be exactly equalto 1)

11
T Hij=1 Fori=1,2,...,n
=1

[mun of assignthents to a destitation should be equal to the dematded gquartity by that destination):

11
T Wij=1 Fori=1,2,....n
i=1

[(Cuantities to be assigned can be either0 or 17

Zy=0 ot 1 Foralliand;.
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A factory has four different machines (Machine-1, Machine-2, Machine-3, Machine-
4) to perform four basic factory tasks (Job-1, Job-2, Job-3, Job-4). To perform any
task on any machine, the factory management needs time to prepare and equip the
machine to carry out the task which is called setup time. Each machine has a different
setup time according to the following schedule. If you know that it is not possible to

prepare the machine for more than one task only, what Is the optimal policy for

carrying out the tasks with the shortest possible preparation time?
\_




Assignment Problem

Job-1 Job-2 Job-3 Job-4

Machine-1 14 5 8 /
Machine-2 2 12 6 5
Machine-3 [ 8 3 9
Machine-4 6 10




Assignment Problem

(

c;= cost of assigning Job-/to Machine-y
/1=1,234 and /=1,2,34

Balanced Assignment Problem
Min
L=14x,+ SXx,+ 88Xzt IXx,t
2 X1+ 12X+t BX3t+ DXt
I X+ 88Xt 33X+ 9x,t
2Xyt  AdXxpt 66X+ 10X,




Assignment Problem

4 Constraints:

Each task is assigned to only one machine

Sum of machines that assigned to one task =1

Xt Xt Xzt Xy =1
Xo1t Xoot Xoz+ Xos =1

Xa1t Xaot Xzt X34 =1

Xyt Xaot Xz + Xp =1




Assignment Problem

4 Constraints:

Each machine is assigned only one task

That is, the sum of the tasks performed by any machine= 1
Xut Xo1t Xa t X =1

Xt Xoot Xppt X =1

Xizt Xozt Xgz+ Xy3= 1

Xigt Xogt Xag + Xps =1
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The Hungarian Method

 [Itis algorithm to solve assignment problem.

- Balanced assignment problem: no. of tasks = no. of machines.

- Depend on the cost matrix only.

- Apply on assignment problem from type : Min Z.

\_
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The Hungarian Method
Let the cost matrix for assignment as follows

C11 Ci2 Ci3 Ciq — P
Ca1 C22 C23 Co4 — B,
C31 C32 C33 Cas — D5
Ca1 Cs2 Cs3 Cas — 4

Step 1: For each row & determine the smallest element, let it be p,

p/( ﬁj).am)midd;.\kumdﬁzlb‘ghi
pPr=min{c;:/=123...,n}
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Baaal) 4d ghiaal) il Caall 8 paic K e g sal) aiall 7 k) hcia K1Y o ghd

The Hungarian Method

Cii— P Cro—=P1 Ci3—P1 Clu—P1
Co1= P2 Cn—=p> C3 = P> Cou—po
C31—P3 C32—=P3 C33=P3 C34—P3
Cq1— P4 Cio— Py Ci3— P4 Cia— Py
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The Hungarian Method

danill) 48 gaimal) K31 2 Y 5 ghad

dll d12 d13 d14
d21 d22 d23 d24
d31 d32 d33 d34
d41 d42 d43 d44
| l | |
/) . ds d

qusgjj)wij‘ paiall 2 fa e JST oY 0 gdad
q.,=min{d, :i=1,23..,n}
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The Hungarian Method

du-aq | dp—g di3— g3 dis— g
=G | U= d3— g5 d2s— G
da— Gy | dn— 6 d33— g3 d3s— G,
dys— G | di— @ dyz— g5 das— G

saal) 48 hiaall minl b gardl A juaic JS (e g seal) il # okl fagec JSI0€ 5 glad
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g The Hungarian Method

@M\L;J\smw@awmayd\ o)A@y L ghal) e (Sae dae J8) aa o) 20 5 glad
Step 5: Cover all zeros with a minimum number of lines

(i g8) i) Jall (T (3221 o)) Cosboall dae = B3 gaall s 1Y) Lo sladl) o (€13 11 o gl

Step 6: when number of vertical and horizontal lines = number of rows (or columns)—> Optimal solution

(Bm“y\ 5 siall e > 403 gaxd) g 4a8Y1 Lo ghadll dae S 13) 2V b glad
h=min { d;-q; : cell (1j) Is not covered}
£ 22=]) sUazdll ).\aj\ ).sa\_ud\ e (e C).La\ J
S- I BEHERG | (osee lady i ad) cphaty sUasd) jealiall aues ) pdedll Cocal e

\_ Oo).kﬂdﬁl'\\;/\o#
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The Hungarian Method

JiaY) Jad) aaas
BJJM\ MM\ QM\ JJ.GL;L jSJ ZYJT
jaﬁsjiqmqg\e’jxij*:]_d,é,\j(/;j)c\_gsgﬂj(q;j@\)iﬁé@\QSAJM\@M\@AJ\qa;.\‘

jafsjiqmqg\e’jxij*:]_d,;\j(éj)@hgﬂj(q;jgj)iﬁéaw\gsa)ﬂd\i\w&d\i\_}u\qa;j“
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The Hungarian Method
SaaY) Jad) aaas
Caall 84y pall WAl dae e 3 5 Ll

(K J) s a5 A ciall b 4815 J8) ol 2 jall Y 815 Acim (S s 4 ym LA Ji1 53 Caall 8 )
jdysjkumuh\ej)(k/*zl Lj’é\j

Bl e (V) A dg skl gub 4y tall LAl sae & Casiall <o gl 131 Y
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6r0bl em 1:

A factory has four different machines (Machine-1, Machine-2, Machine-3, Machine-
4) to perform four basic factory tasks (Job-1, Job-2, Job-3, Job-4). To perform any
task on any machine, the factory management needs time to prepare and equip the
machine to carry out the task which Is called setup time. Each machine has a
different setup time according to the following schedule. If you know that it is not

possible to prepare the machine for more than one task only, what is the optimal

policy for carrying out the tasks with the shortest possible preparation time?
\_
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Problem 1
( Problem 1:
Job-1 Job-2 Job-3 Job-4
Machine-1 14 5 8 7
Machine-2 2 12 6 5
Machine-3 7 8 3 9
Machine-4 6 10
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Problem 1 g

Cia S b jual) painl) i

14 5 8 —> P =9
2 12 6 —> =2
/ 8 3 — ;=3
2 6 10 —> =2




Assignment Problem
Problem 1 P
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Assignment Problem
Problem 1 P

ages JS A& paY) paisll aaa

9 0 3 2
0 10 4 3
4 5 0 6
0 2 4 8
! l ! l
¢ &> & qs
0 0 0 2
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Assignment Problem
Problem 1 P
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Problem 1 P

4,3 gandl g 4488Y) Ja ghadl) e dae JAL 4 jial) LAY dodais
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Assignment Problem
Problem 1 P
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Assignment Problem
Problem 1 28

9+1 0 3 0
0 10-1 4-1 1-1

4+1 5 0 4
0 2-1 4-1 6-1

olaia il jualinll (pa sl yaind) 7kl
(adaliil) Jalis) (padady slaial) jualinll o pa¥) uaisl) il
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Problem 1 P

4,3 gandl g 4488Y) Ja ghadl) e dae JAL 4 jial) LAY dodais

W O|lw|w
|~ | O|dD

| Ol ©O© | O
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Problem 1 P
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Problem 1
10 0
0 9
0 1
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Assignment Problem
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Problem 1
Job-1 Job-2 Job-3 Job-4
Machine-1 14 5 8 7
Machine-2 2 12 6 5
Machine-3 7 8 3 9
Machine-4 2 4 6 10
10 0 3 0 Machine-1 is assigned to Job-2
9 3 0 Machine-2 is assigned to Job-4
5 5 0 Machine-3 is assigned to Job-3
1 3 5 Machine-4 is assigned to Job-1
* — * — — —
Xo5 =1 X=X =1 X7 =1

Jotal cost of time=5+5+3 +2 =15 hours
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Problem 2:

Sales preson-1
Sales preson-2
Sales preson-3
Sales preson-4
Sales preson-5

Region A Region B Region C Region D Region E

17 10 15 16 20
12 9 16 9 14
11 16 14 15 12
14 10 10 18 17
13 12 9 15 11
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Problem 2

o JS A& paY) paiall aia

17 10 15 16
12 9 16 9

11 16 14 15
14 10 10 18
13 12 9 15
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Problem 2

o JS & paY) painll (e ddghuaal) B uaic JS 7ok e dadll) 48 ghaal) ¢ oS

7 0 5 6 10
3 0 7 0 S
0 5 3 4 1
4 0 0 8 7
4 3 0 6 2
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43 gand) g A88YY o ghadl) pa a3 J8L 4 duall LAY dodaas
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7 0 5 6 9
3 b 7 0 4
5 5 3 4 5
4 0 0 8 6
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Assignment Problem

Problem 2
7-1 0 5 6-1 9-1
3 0+1 7+1 0 4
0 5+1 3+1 4 0
4-1 0 0 8-1 6-1
4-1 3 0 6-1 1-1

oot il jaliall (sl yainl) 7kl
(bl Jalis) (padady slaial) jualindl o aY) paisll il
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Problem 2 o1V ERs T
- 4 \
Region A Region B Region C Region D Region E

Sales preson-1 17 10 15 16 20
Sales preson-2 12 9 16 9 14
Sales preson-3 11 16 14 15 12
Sales preson-4 14 10 10 18 17
Sales preson-5 13 12 9 15 11

6 0 5 5 8 Sales Person 1 is assigned to Region B

3 1 8 0 4 Sales Person 2 is assigned to Region D

II 6 4 4 0 Sales Person 3 is assigned to Region A

3 0 0 I 5 Sales Person 4 is assigned to Region C

3 3 0 5 0 Sales Person 5 is assigned to Region E

*

X7 =1 Xy =1 Xom =1 Xit=1 X =1
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