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[TPOBAHMA METAO®OPAX
TRANSPORTATION PROBLEM

Let us illustrate by considering the transportation problem faced by Foster
Generators. This problem involves the transportation of a product from three
plants to four distribution centers. Foster Generators has production operations in
Cleveland, Ohio; Bedford, Indiana; and York, Pennsylvania. Production capacities
for these plants over the next 3-month planning period for one type of generator
are as follows:

3-Month
Production Capacity
Origin Plant (units)
Cleveland 5,000
2 Bedford 6,000
3 York 2,500
Total 13,500
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The firm distributes its generators through four regional distribution centers
located in Boston, Chicago, St. Louis, and Lexington; the 3-month forecast of
demand for the distribution centers is as follows:
3-Month
Distribution Demand Forecast
Destination Center (units)
1 Boston 6,000
2 Chicago 4,000
3 St. Louis 2,000
4 Lexington 1,500
Total 13,500
Destination
Origin Boston Chicago St. Louis  Lexington  Transportation
Cleveland 3 2 7 6 Cost Table
Bedford 7 5 2 3
York 2 5 4 5 .
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x; = number of units shippedfrom origin i todestination j
wherei=12,...m and j=12,...,n

Note that there is one decision variable for each arc in the Figure. Using this
hotation, x,, = 500would correspond to shipping 500 units from Bedford (origin 2)
to Lexington (destination 4).

Since the objective of the transportation problem is to minimize the total
transportation cost, we can use the cost data in the Table or on the arcs in the
Figure to develop the following cost expressions:

Transportaion costsfor
unitsshippedfrom Cleveland = 3x,, + 2X,, + 7X;5 + 6X;,
Transportaion costs for
unitsshippedfrom Bedford =7X,, +5X,, +2X,;+ 3X,,
Transportaion costsfor
unitsshippedfrom York = 2X3; + 5X5, + 4 X455+ 5X5,
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The sum of the above expressions provides the objective function showing the
total transportation cost for Foster Generators.

Transportation problems need constraints because each origin has a limited
supply and each destination has a specific demand. We will consider the supply
constraints first. The capacity at the Cleveland plant is 5000 units. With the total
number of units shipped from the Cleveland plant expressed as X, + X, + X;3 + X4
the supply constraint for the Cleveland plant can be written as

X1+ %o + X5+ X, <5000 Cleveland supply
With three origins (plants), the Foster transportation problem has three supply
constraints. Given the capacity of 6000 units at the Bedford plant and 2500 units at
the York plant, the two additional supply constraints are as follows:

Xo1 + X0 + Xp5 + X,, <6000 Bedford supply
Xa; + X3, + X3 + X5, <2500 York supply
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With the four distribution centers as the destinations, the following four
demand constraints are needed to ensure that destination demands will be
satisfied:

X, + X, + X5, = 6000 Bostondemand

X;, + X5, + X3, =4000 Chicago demand
X;3+ X,3 + X33 = 2000 St. Louis demand
X4+ X,, + X5, =1500 Lexington demand




s.t.
Xt Xt X+ Xy

X21+ X22+ X23+ X24

X4+ Xo4 +

X >0 for i=123 and j=1234

1 =
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Min 3,4+ 2X, + 7 X5+ 06Xy, + 7Xy; +5Xyp + 2Xy5 + 3%y, + 2X5, +5X,, +4X55 + 5Xy,

<5000
<6000

Xg1 + Xgp + Xg3+ X5, <2500

= 6000
Xs, = 4000
X;;  =2000

X,; =1500
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Objective Function Value = 39500.000
Variable Value Reduced Costs
X11 3500.000 0.000
X12 1500.000 0.000
X13 0.000 8.000
X14 0.000 6.000
X21 0.000 1.000
X22 2500.000 0.000
X23 2000.000 0.000
X24 1500.000 0.000
X31 2500.000 0.000
X32 0.000 4.000
X33 0.000 6.000
X34 0.000 6.000
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Route

From To Units Per-Unit Total

Shipped Cost Cost
Cleveland Boston 3500 $3 $10,500
Cleveland Chicago 1500 $2 3,000
Bedford Chicago 2500 $5 12,500
Bedford St. Louis 2000 $2 4,000
Bedford Lexington 1500 $3 4,500
York Boston 2500 $2 5,000

$39,500
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To show the general linear programming model of the transportation problem, we
use the following notation:

I =index for origins, i =1,2,...,m

J =index for destinations, j =1,2,...,n

x; = number of units shippedfrom origin i todestination j
¢; = cost per unit of shippingfrom origin i todestination j
s, =supplyor capacity in units at origin i

d; =demand in units at destination |

13
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The general linear programming model of the m-origin, n-destination
transportation problem is

Min Zmlzn:cijxij

i=1 j=1

S.t.

X: <8 1=12,...m Supply

X. =d. j=12,...,n Demand

;20  foralliand j

As mentioned above, additional constraints of the form x; <L; can be added if
the route from origin i to destination j has capacity L;. A transportation problem
that includes constraints of this type is called a capacitated transportation
problem.

14
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® [TAPAAAATEX ITIPOBAHMATOX (PROBLEM
VARIATIONS)

— Avion cvvolkn {fTnon Kot Tpoc@opa/mpoundera
(Total supply not equal to total demand).

— MeyreTomoinon avTi EALYLGTOTOINGT] UVTIKELUEVIKIG
cuvaptnong (Maximization objective function rather
than minimization).

— Méyrwot Kot EAAYLoTY OVVOUIKOTNTO GTIS OLOOPOUES
(Route capacities or route minimums).
e.g. 400 < x5, <1000

— Mn amodektég oradpoués (Unacceptable routes).

15
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® Avion ovvolki] {ftnon KoL TpocPopd/mpourdeia
(Total supply not equal to total demand).

— Eav 1 cuvolikn moapaywyn/apocpopd/apoundeia,
vrepPaivel TG GLVOAIKNC CNTNoNG, Kapld aAAoyn OgvV
elval amopoitnto va yivel ot datdHnmo™n Tov
TPOPANUATOC GOV YPOLUUKO TPOYPOLLLLOL.

® |f total supply exceeds total demand, no modifications on
the linear programming formulation are necessary.

— H emmAiéov mapaymyn Oa epeavicotel cav yolapdtnto
o1 Avon.
® Excess supply will appear as slack in the solution.
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® Avion suvolkn {jTnon Kot Tpocs@opd/mpounOera (Total supply not
equal to total demand).

— Eav 1 cuvolikn mopaywyn eivor KpOTEPT TNG GLVOAIKTNG
{fTnong, T0Te SLPOPOTOTIOVLLE TO HIKTLO HE Eva VEO KOUPO
(dummy node) tov omoiov N Tapay®YN Elval ion pe ™ dopopd
NG GLVOAIKNG {NTNOMG KOl GLVOAKNG TAPAYWOYNG.

— If total supply is less than total demand we modify the network by

introducing a dummy origin with supply equal to the difference between total
demand and total supply.

— AvabBétovpe unodevikd K6GTog HeETaPopdc ota TOEa mov apylovv
amo Tov koufo dummy.
® A zero per-unit cost is assigned to the arcs leaving the dummy node.
— 21 BéATion Ao, Tpoopiooi mov epodtdlovtol amd Tov KOUPo
dummy etvar Tpoopiopoi twv omoiwv 1 {tnon dev o

tKovomotn0et.

® At the optimal solution, destinations receiving shipments from the dummy node
will be destinations experiencing a shortfall or unsatisfied demand.

17
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Specialized module for solving the transportation problem in the software
Management Scientist.

TRANSPORTATION PROBLEM

>k ok sk sk sk sk sk ook sk skoskosk kot skoskok skokoskok

OBJECTIVE: MINIMIZATION

SUMMARY OF ORIGIN SUPPLIES

>k sk skosk skoskosk skoskosk skoskoskokoskoskoskokoskoskokok skokok ok

ORIGIN SUPPLY
1 5000
2 6000

3 2500
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DESTINATION DEMAND
1 6000
2 4000
3 2000
4 1500

SUMMARY OF DESTINATION DEMANDS

>k sk sk sk sosk sk sk sk sk sk sk sk skosk sk sk ki skosk sk skoskok skokoskokok

[TPOBAHMA METAO®OPAX
TRANSPORTATION PROBLEM

SUMMARY OF UNIT COST OR REVENUE DATA

>k sk sk skoskosk sk skoskosieosk skoskostkoskoskoskosko sk skosiosk sk skoskok skoskokokoskoskokoskosk

FROM TO DESTINATION
ORIGIN 1 2 3
1 3 2 7 6
2 7 5 2 3
3 2 5 Z! 5

19
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OPTIMAL TRANSPORTATION SCHEDULE

skt sk skoskosk sk skoskoskosk skoskoskosk skoskoskoskoskoskoskosk skoskokoskoskokokosk

SHIP
FROM TO DESTINATION
ORIGIN 1 2 3 4
1 3500 1500 0 0
2 0 2500 2000 1500
3 2500 0 0 0

TOTAL TRASNPORTATION COST OR REVENUE IS 39500

20
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TRANSPORTATION PROBLEM

skskosk sk skoskoskoskoskokoskoskoskoskokoskoskokeskeskokok

OBJECTIVE: MINIMIZATION

SUMMARY OF ORIGIN SUPPLIES

sk sk sk sk sk s sk sk sk sk sk sk sk sk skt skok sk skoskok skekoskok

ORIGIN SUPPLY
1 6000
2 6000

21
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SUMMARY OF DESTINATION DEMANDS

>k sk sk sk ook sk skosk sk kst sk sk sk sk sk skosk skok sk skoskok skokoskokok

DESTINATION DEMAND

6000
4000
2000
1500

=~ W DN~

SUMMARY OF UNIT COST OR REVENUE DATA

>k sk sk skoskosk sk sk skoskoskoskoskoskoskoskokokoskoskosk skoskosk skoskoskokokoskokok skokok

FROM TO DESTINATION
ORIGIN 1 2 3 4
1 3 2 7 6
2 7 5 2 3
3 2 5 4 5

22
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OPTIMAL TRANSPORTATION SCHEDULE

sk sk sk sk sk sk sk sk sk sk ok sk skoskosk skesk sk sk sk sk sk sk skoskoskok skokok sk

SHIP

FROM TO DESTINATION

ORIGIN 1 2 3 4
1 3500 2500 0 0
2 0 1500 2000 1500
3 2500 0 0 0

TOTAL TRANSPORTATION COST OR REVENUE IS 36500
NOTE: THE TOTAL SUPPLY EXCEEDS THE TOTAL DEMAND BY
1000

ORIGIN EXCESS SUPPLY

2 1000

23
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As an illustration of the assignment problem, let us consider the case of Fowle
Marketing Research which has just received requests for market research studies
from three new clients. The company is faced with the task of assigning project
leaders (agents) to each of these three new research studies (tasks). Currently,
three individuals are free from other commitments and available for the project
leader assignments. Fowle’s management realizes, however, that the time required
to complete each study will depend on the experience and ability of the project
leader assigned to the study. Since the three projects have been judged to have
approximately the same priority, the company would like to assign project leaders
such that the total number of days required to complete all three projects is
minimized. If a project leader is to be assigned to one and only one client, what
assignments should be made?

To answer the assignment question, Fowle’s management must first consider
all possible project leader-client assignments and then estimate the corresponding
project completion times. With three project leaders and three clients, there are
nine possible assignment alternatives.

24
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The alternatives and the estimated project completion times in days are
summarized in the following Table. Using these data, we see that Terry would
require 10 days to complete client’s 1 project, while Carle would require 9 days
for the same project. Similar completion time statements can be made about the
other possible assignments.

Client
Project Leader 1 2 3
1. Terry 10 15 9
2. Carle 9 18 5
3. McClymonds 6 14 3

25
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Project Leaders Clients
(origin nodes) (destination nodes)

1 1

1 1
3

1 McClymonds 1

T

Supplies Possible assignments Demands
(arcs)

26
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ij

_|1if project leader iis assigned toclient |
- {O otherwise }
where i =12,3,and j=12,3
Using this notation, X,; =1 and Xg; =0would tell us that project leader 2 (Carle) is
assigned to client 1, and project leader 3 (McClymonds) is not assigned to client 1.
Following this notation and using the completion time data in the Table, we

can develop the following completion time expressions:

Daysrequired for Terry's assignment =10x,, +15X,, +9x,,

Daysrequired for Carle's assignment =9x,, +18x,, +5X,,

Daysrequired for M cCly mondss assignment = 6X,, +14X,, +3X,,

The sum of the completion times for the three project leaders will provide the total
days required to complete the three assignments. Thus, the objective function is:

Min 10X, +15X,, +9X 5 +9X,; +18X,, +5X,5 +6X;, +14X,, +3X,,

27
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The constraints for the assignment problem reflect the conditions that each
project leader can be assigned to at most one client and that each client must have
one assigned project leader. These constraints are written as follows:

X1+ X, + X3 <1 Terry'sassignment

X, + X, + X, <1 Carle's assignment

Xa; + X3, + X33 <1 M cClymondss assignment
X1+ Xy, + X5, =1 Client 1

X, + X5, + X5, =1 Client 2

X;3+ Xp5+ X33 =1 Client 3

28
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Min 10X,, +15X;, + 9X 3+ 9X,, +18X,, + 5X,5 + 6X5, +14X;, + 3X,,

S.t.
X+ X+ X <1
Xo1 + Xpp+ Xog <1
Xg1+  Xgp+ X5 <1
=1
X3, =1
X3+ Xpq + X33 =1

X: >0 for i1=123 and j=12,3

ij =

29
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Objective Function Value = 26.000
Variable Value Reduced Costs
X11 0.000 0.000
X12 1.000 0.000
X13 0.000 3.000
X21 0.000 0.000
X22 0.000 4.000
X23 1.000 0.000
X31 1.000 0.000
X32 0.000 3.000
X33 0.000 1.000
Project Leader Assigned Client Days
Terry 2 15
Carle 3 5
McClymonds 1 6
Total 26
30

15



I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

The general assignment problem involves m agents and n tasks. If we let X; =10r0
according to whether agent i is assigned to task j or not, and if c;; denotes the cost

of assigning agent i to task j, then we can write the general assignment model as
follows:

m n

Min > > cx;

i=1 j=1
S.t.

X. <1 1=12,...m Agents

X. =1 ]=12,...,n Tasks

x; 20  foralliand ]
If the number of tasks n exceeds the number of agents m (i.e. if demand exceeds
supply), n - m dummy agents must be included for us to obtain a feasible solution.

31
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MultipleAssignments :
.0 X +X,+X;<1= X, +X,+X352

In general, if a, denotes the upperlimit for the
number of tasksto which agent i can be assigned,
we write the agent constraints as :

n
X; <@, 1=12,....m
j=1

32
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Specialized module for solving the assignment problem in the software
Management Scientist.

ASSIGNMENT PROBLEM

sk s sk sk sk sk ok sk sk sk sk skoskokosk skokok

OBJECTIVE: MINIMIZATION

SUMMARY OF UNIT COST OR REVENUE DATA

sk sk sk sk sk sk sk sk sk sk skosk sk sk sk skosk sk sk skosk sioskoskosk skoskoskokoskoskokok skok

TASK
AGENT 1 2 3
1 10 15 9
2 9 18 5)

3 6 14 3

33
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OPTIMAL ASSIGNMENTS COST/REVENUE

s ko ok ok ok KR KRk ok ok ok ok ok ok ok
ASSIGN AGENT 3 TO TASK 1 6
ASSIGN AGENT 1 TO TASK 2 15
ASSIGN AGENT 2 TO TASK 3 5

TOTAL COST/REVENUE 26

34
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ASSTGNMENT PROBLEM

skt skt skeoskeoskoskeoskokoskokoskokoskokoskok

OBJECTIVE: MINIMIZATION

SUMMARY OF UNIT COST OR REVENUE DATA

Sk skoskosie sk stk sk skoskoskeosk sk sk sk sk skoskoskoskoskoskeoskoskoskokoskoskokokoskoskokoskesk

TASK
AGENT 1 2 3
1 10 15 9
2 9 18 5

35
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OPTIMAL ASSIGNMENTS COST/REVENUE

s ks ok ok ok ok ok kR ok o ok ok sk ok sk ok ok ok
ASSIGN AGENT 1 TO TASK 1 10
ASSIGN AGENT 2 TO TASK 3 5)

TOTAL COST/REVENUE 15

NOTE:  THE NUMBER OF TASKS EXCEEDS THE NUMBER OF
AGENTS
1 TASK REMAINS UNASSIGNED.

36
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Let us consider the transshipment problem faced by Ryan Electronics. Ryan is
an electronics company with production facilities located in Denver and Atlanta.
Components produced at either facility may be shipped to either of the firm’s
regional warehouses, which are located in Kansas City and Louisville. From the
regional warehouses, the firm supplies retail outlets in Detroit, Miami, Dallas, and
New Orleans.

The key features of the problem are shown in the network model depicted in

the Figure that follows. Note that the supply at each plant and the demand at

each retail outlet are shown in the left and right margins, respectively. Nodes 1

and 2 are the origin nodes; nodes 3 and 4 are the transshipment nodes; and

nodes 5,6,7, and 8 are the destination nodes. The transportation cost per unit
for each distribution route is shown in the following Table and on the arcs of
the network model.

37
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Warehouse

Plant Kansas City Louisville

Denver 2 3

Atlanta 3 1

Retail Outlets

Warehouse Detroit Miami Dallas New Orleans
Kansas City 2 6 3 6
Louisville 4 4 6 5

38
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Plants Warehouses
(origin nodes) (transshipment nodes) 200

3
600 Derllver 2 » Kansas 4

3
150
Retail Outlets
(destination nodes)
3
) 350
2 1
400 Atlanta " Lousville
5 8
New 300
Orleans
I N 1
Supplies Distribution routes Demands

(arcs) 39
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As with the transportation and assignment problems, it is easy to formulate a
linear programming model of the transshipment problem given the network
representation. Again, we need a constraint for each node and a variable
for each arc. Let x;; denote the number of units shipped from node i to node j.
For example, X, denotes the number of units shipped from the Denver plant
to the Kansas City warehouse, x,, denotes the number of units shipped from
the Denver plant to the Louisville warehouse, and so on. Since the supply at
the Denver plant is 600 units, the amount shipped out of Denver plant must be
less than or equal to 600. Mathematically, this supply constraint is written

X5+ X%, <600

Similarly, for the Atlanta plant we have
Xp3 + X5, <400

40
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Let us now consider how we must write the constraints corresponding to the two
transshipment nodes. For node 3 (the Kansas City warehouse), we must guarantee
that the number of units shipped out must equal the number of units shipped into
the warehouse. Since

Number of units
shippedout of node 3 = X, + Xy + X537 + Xgg
and
Number of units
shippedinto node 3 = X;; + X,,
we obtain
X35 T Xgg + Xg7 T Xy = Xy3+ Xp3
Placing all the variables on the left - hand side of the expression enables
us to write the constraint corresponding tonode 3as
= X3 Xo5 F Xgg + Xag + Xg7 + X35 = 0

41
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In a similar manner, the constraint corresponding to node 4 is

= X14 = Xoq T Xgs + Xyg T Xg7 + Xy =0

To develop the constraints associated with the destination nodes, we recognise
that for each node the amount shipped to the destination must equal the demand.
For example, to satisfy the demand for 200 units at node 5(the Detroit retail outlet)
we can write

X35 + X5 = 200
Similarly, for nodes 6, 7, and 8, we have the following constraints:

Xg + X456 =150

X357 + X,47 =350

X3 + X,45 =300

42
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MiIn 2X,5 43X, +3X,5 +1X,, + 2X;5c +6X54 + 3X5; +6X55 + 4X,c +4X,5 + 6X,; + 5%,
s.t.

X13 + X14

X5 + X5 =200
X36 + X46 =150
X7 + X470 =350

Xgg + X,s =300
X; =20 foralliand j

1. Origin node constraints
2. Transshipment node constraints
3. Destination node constraints

Xp5+ Xy <400
— X3~ Xy3 t Xist Xggt Xg7+ Xgg = 0

— X4~ Xpq t Xpgt Xgg+ X7+ Xy = 0

43
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Objective Function Value = 5200.000
Variable Value Reduced Costs
X13 550.000 0.000
X14 50.000 0.000
X23 0.000 3.000
X24 400.000 0.000
X35 200.000 0.000
X36 0.000 1.000
X37 350.000 0.000
X38 0.000 0.000
X45 0.000 3.000
X46 150.000 0.000
X47 0.000 4.000
X48 300.000 0.000

44
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Route
Cost
From To Units Shipped Per-Unit Total Cost
Denver Kansas City 550 $2 $1100
Denver Louisville 50 $3 150
Atlanta Louisville 400 $1 400
Kansas City  Detroit 200 $2 400
Kansas City  Dallas 350 $3 1050
Louisville Miami 150 $4 600
Louisville New Orleans 300 $5 1500

$5200

45
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Plants Warehouses
(origin nodes) (transshipment nodes) 200

1 2 3

»

600 Denver g Kéri'ffs
3
150
Retail Outlets
(destination nodes)
A‘ 350
\ X

\

2

400 Atlanta
8
Ol\:ew 300
rleans
! N/ !
Supp“es Distribution routes Demands
(arcs) 46
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MiIn 2X,5 43X, +3X,5 +1X,, + 2X5c +6X54 + 3X5; +6X55 + 4X,c +4X,5 + 6X,; +9X,5 +4Xyg +1X,g

s.t.
Xis+ X <600 1
Xp5+ X,y +X,3 <400

— X3~ Xo3 T Xss T Kggt Xg7 T Xgg = 0 5
— Xy~ Xoa T XisF Xgg+ Xzt Xgg = 0
X5 + X5 =200

Xg6 + X6 =150

X7 + X7 —X,g =350

Xgg + X4 1 X, + X, =300

X >0 foralliand j
1. Origin node constraints

2. Transshipment node constraints
3. Destination node constraints
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Objective Function Value = 4600.000
Variable Value Reduced Costs
X13 600.000 0.000
X14 0.000 0.000
X23 0.000 3.000
X24 150.000 0.000
X35 200.000 0.000
X36 0.000 1.000
X37 400.000 0.000
X38 0.000 2.000
X45 0.000 3.000
X46 150.000 0.000
X47 0.000 4.000
X48 0.000 2.000
X28 250.000 0.000
X78 50.000 0.000
48
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A general linear programming model of the transshipment problem is
Min > c;x;

S.t.

all arcs

D X;— D % <s;  Origin nodes i

arcs out arcs in

D X;— > % =0 Transshipment nodes

arcs out arcs in

D> X;— D> x;=d;  Destination nodes j

arcs in arcs out

x; 20  foralliand |
¢; = per-unit cost of shippingfrom node i tonode j
s, =supplyat origin i
d; =demand at destination |

49
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Problem Description

Five Star Manufacturing Company makes compressors for air conditioners. The
compressors are produced in 3 plants, then shipped on to 4 heating, ventilation,
and air conditioning (HVAC) contractors.

A network model is shown below. Develop a linear programming model that Five

Star can solve to minimize the cost of shipping compressors from the plants
through the warehouses and on to the HVAC contractors.

50
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ITPOBAHMA META®OPTQXHX
TRANSSHIPMENT PROBLEM
OF

1 -
55
15
' B
s Q

Per Unit Shlppmg
Plant Costs T
Capacities Contractor
Demand
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ITPOBAHMA META®OPTQXHX
TRANSSHIPMENT PROBLEM

min  9x,, +11X,; +11X,,+15X,; +13X,;, +8X,s +12X,, +10X,, +9X,4
+13X,4 +10X., +12X;, + 9Xg + 11X,

S.t.
X4+ X5 <50 Nodel
Xp4 + Xos <55 Node2
Xa4 + X35 <45 Node3
— Xy4 = Xog = Xgq + Xgg + X7 + Xgg + Xgg =0 Node4
— X;5 — Xo5 — Xg5 + Xgg + Xe7 + Xog + Xcg =0 Node5
X6+ Xeg =25 Node6
X47 + Xe- =55  Node7
X8 + Xsg =35  Node8
Xp0+Xsg =25 Node9

x; >0foralli, j

52
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Plants L
(origin nodes) Boston 6000
. 3
5000 | Cleveland ‘ l
6

6000

Supp”es Distribution routes Demands
(arcs) 2




I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

[Ipod™ @don : EEebpeon Apyiknc Epuetng Avong
Phase | : Finding an Initial Feasible Solution

IMivaxac Metagopag (Transportation Table)

Cell cortesponding
to shipments from
Bedford to Boston

Destination
Origin
Origin Boston Chicago St Louis Lexington Supply
3 2 7 3]
Cleveland 5,000
Eedford £,000
\i \L \i \L
York 2,500
Destination
Demand 8000 4000 2000 1500 13500
Total supply

and total demand

10/22/2012



ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

MéBodog EAdyiotov Kdotove (Minimum Cost Method)

Destination
QOrigin
Origin Boston Chigago St Louis Lexington Supply
3 2 7 3] 1000
Cleveland 40p0 5600
Eedford £ 000
L \L \L \L
Y ork 2500
Destination
Demand 6000 4000 2000 1500




I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Destination
Origin
Origin Boston Chigago St Louis Lexington Supply
3 z 7 5 1000
Cleveland 4000 580
7 5 2 3
Bedford £ 000
\L \L \i \L 0
Y ork L0 _2ERTT
Destination
Demand BOpTT a0p0 2000 1500
3500

10/22/2012



ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Destination
Origin
Origin Boston Chigago St louis Lexington Supply
3 2z 7 4] 1000
Cleveland 40p0 5600
\L \L L \i 4000
Bedford 2000 5086~
2 5 4 5 0
Y ork eY=Caln] 2R
Destination
Demand Bosr 0BT 2dee— 1500
2500




I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Destination
Origin
Qrigin Boston Chigago St Uouis Lexington Supply
3 2 7 3] 1000
Cleveland 4000 580
2500
Bedford 2000 1500 A00—
\L \L \i \L 0
Y ork AE A 50T
Destination
Demand BT anpa _2dar 1506~
3500
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Destination
Origin
Origin Boston Chigago St louis Lexirjgton Supply
0
3 2 7 3] 101510
Cleweland =Hatalal A000 5000
2500
7 5 2 3 AR
Bedford 2000 1500 6.006—
2 5 4 5 0
Y ork SEAN s o
Destination
Demand Boso 408 _2dee— 15667
2560
2500




I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Destination
Origin
Origin Boston Chigago St. Uouis Lexington Supply
0
3 2 7 6 1061
Cleveland 1000 A000 5000
0
2566~
! 5 2 3| 40807
Bedford 566 2004 4500 6006~
2 5 4 5 0
Y ork 2E00 P
Destination
Demand _BoetT 40007 2dee— 1906
Be
2560
0

10/22/2012



ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

KéoTtoc apxikng Auong

Route
Units Cost

From To Shipped Per-Unit Total Cost
Cleveland Boston 1000 $3 $3000
Cleveland  Chicago 4000 $2 $8000
Bedford Boston 2500 $7 $17500
Bedford  St. Louis 2000 $2 $4000
Bedford  Lexington 1500 33 $4500
York Boston 2500 $2 $5000

$42000

10




I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

MéBodoc EAdyxioTou KOoTOUC

Step 1: Identify the cell in the transportation tableau with the lowest cost and allocate as
much as possible to this cell. In case of a tie, choose the cell corresponding to
the arc over which the most units can be shipped. If ties still exist, choose any
of the tied cells.

Step 2: Reduce the row supply and the column demand by the amount of flow allocated
to the cell identified in step 1.

Step 3: If all row supplies and column demands have been exhausted, then stop; the
allocations made will provide an initial feasible solution. Otherwise, continue
with step 4.

Step 4: If the row supply is now zero, eliminate the row from further consideration by
drawing a line through it. If the column demand is now zero, eliminate the column by
drawing a line through it.

Step 5: Continue with step 1 for all unlined rows and columns.

11
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

- KaBe kei (cell) otov TTivaka JETAQOPAC AVTIOTOIXEI PE Eva TOEO

oT0 OIKTUO.

- MpooTrdBeId pag gival va avayvwpiooupe Eva EICEPXOMEVO

TOCO (incoming arc) Kai éva e¢epxOMEVO TOCO (outgoing arc).

- H ué6odo¢ MODI pag fonBa oTov 110 TTAVWw UTTOAOYIOHO.

12




I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

MéBodoc MODI:

U, : O€iKTNG OEIPAG |

V; : OeikTNG OTAANG |

[Na KABe KEAAI TTOU €xeEI KaTaAn@Oei 1IoxUEl TO akOAouBo:

Ci=u; +v,

13
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Destination
Origin
Origin Bostan Chicago St Louis Lexington Supply
3 2 7 5

Cleveland 1000 4000 5000

3500 L \L 2 \L
Bedford 2000 1500 000

9500 \L \L \i \L
Y ark 2500
Destination
Demand E000 A000 2000 1500

14
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Occupied Cell Ui+ Vvi=¢j
Cleveland — Boston U +vy =3
Cleveland — Chicago Up+vy =2
Bedford — Boston Us+vy =7

Bedford — St. Louis Uz + vy =2
Bedford — Lexington Uz + vy =3
York - Boston Us+v, =2

©¢Toupe u, =0 TOTE:

0+V1=3 U2+V3=2 U1=0 V1=3
O+vs=2 U, +vs=3 |::> u; = 4 Vo= 2
UQ+V1=7 U3+V1=2 US=-1 V3=-2

Ve = -1

15




ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Ma KGO KeEAAi TTou dev £xel KATAANPOEI I0XUEL:

e;=¢C

\

AcikTng KaBapric acloAdynong

u;- v,

ij j

(net evaluation index)

16
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

U 3 2 2 -1

3 2 7 6
0 1000 4000 @ @

L7 ] 5 [ 2 | 3
4 2500 @ 2000 1500
e ] o o o =

17




ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Destination
Origin
Origin Bostan Chicago St Louis Lexington Supply
1001 3999 7 3]
Cleveland S v LB 5000

2499 L \L
L2 | L5 |

2 3
Bedford 506 1 2000 1500 6000
\i \L
Yark 2500 2500
Destination
Demand 6000 4000 2000 1500

18




I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Stepping-Stone Method

Boston Chicago St Louis Lexington Supply

* = 3 | L2 7 6
Cleveland E‘ﬁ‘dﬁj Ejo_@j 5000

- —
|

- SN . e S 2 3
Eedford E‘iﬁ* _tj 2000 1500 6000

2 S 4 5
Y ork 2500 T 3500

T
Demand 5000 4000 2000 1500
An unoccupied cell

Anoccupied cell
in the stepping-stone path

An occupied cell
nct in the stepping-stone path

19
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Vi Vs Vi V4
Boston Chicago St Louis Lexington Supply
3 2 7
Uy Cleveland 3500 1500 5000

-
F -

L s :
Uy Bedford 2500 2000 1500 6000
2 5 4 5
U3 Yoark 2500 \— \_ \_ \— 2500
Demand 6000 4000 2000 1500
v,=3 u,=3
u+v, =3 u+v,=2
O¢Toupe u, =0 V=2 us=-1
u,+v, =7 U,+ Vv, =2 |
V3 = _1
u,+v,=3 Ug+v, =2 _
v,=0

20
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Ui 3 2 - 0
3 2 7 o]
0 3500 1500 ®)
\# \L 2 2
3 @ 2500 2000 1500
1 2 \L \L \L
2500 (4) (8) ()
Route
Units Cost
From To Shipped Per-Unit Total Cost
Cleveland Boston 3500 $3 $10500
Cleveland Chicago 1500 52 $3000
Bedford Chicago 2500 $5 $12500
Bedford St. Louis 2000 52 $4000
Bedford Lexington 1500 53 $4500
York Boston 2500 32 $5000
$39500

21
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

m: apIOUOG TTNYWV

N: apIBUOC TTPOOPICHWY

- Edv oTov TTivaka peta@opdc Aiyotepa Twv (m + n —1) KeEAMwv £xouv

KataAn@Oei n Auon cival ekQuAiouévn (degenerate solution).

-Edv 1o Mo mavw 1oxvel, n pEBodoc MODI ouvavTtd TTPORANUa TN

Xpnon Tng / Asitoupyia TnG.

22
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ITPOBAHMA METAO®OPAX
TRANSPORTATION PROBLEM
Vi
Ui 3 6 Supply
3 6 7
0 35 25 60
| [ - KN
- 30
Kl Lo | L]
30 30
Demand a5 55 30
u+v, =3 ) v, =3
u,+v,=6 X | Eav u, =0 V,= 6
u,+v,=95 u,=-1
ug+tvy=11 ~ Ug=7? , V3 =7 .




ITPOBAHMA METAD®OPAX
TRANSPORTATION PROBLEM
Vi
Ui 3 6 g Supply
0 35 : 25 - @ : 60
L8 | s L7
-1 (6) 30 0 30
[ ] N I
3 @ @ a0 a0
Demand 25 55 30
u+v, =3 u,+vy=7
u+v,=6 u;+vy,=11
u,+v,=5
24
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

L, 3 3] 3 Supply

0 tgj “““ - - Eg—fj 60

! 4 9 - ' 11

e I
) - === - - — === —
| = "

Demand 25 55 30

25
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Vi
Ui 3 6 g Supply
3 5 7

. 5 55 Q) 60
KN [ 5 | L7 ]

1 @ 0 30 30
EN N K

1 30 (2) (2) 30

Demand 25 55 20

26
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Supply U 3 B 8 Supply

; g
3 — | B — 7 ‘3
T HEHe.
1

g + IH__L = Ia-_L 7 ‘8 ‘5
y L @\L%j\— " R @ 30 ) 30

1

’T

F

I
(=]

Demand a5 55 a0

Demand a5 55 an

27

10/22/2012



ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

PHASE |

Find an initial feasible solution using the minimum cost method.

PHASE I

Step 1: If the initial feasible solution is degenerate, add an artificially occupied cell wherever
necessary. Then use the MODI method to find u;, v; and identify the incoming cell. The
incoming cell is the one with the smallest net evaluation index: c; — u;—v;. If ¢; — u;— v; >=0 for
all unoccupied cells, stop; in this case, the optimal solution has been found. Otherwise, go to

step 2.

Step 2: Find the stepping-stone path associated with the incoming cell. Label each cell on
the stepping-stone path whose flow will increase with a plus sign and each cell whose flow
will decrease with a minus sign.

Step 3: Choose as the outgoing cell the minus-sign cell on the stepping-stone path with the
smallest flow. If there is a tie, choose any one of the tied cells. The tied cells that are not
chosen will be artificially occupied with a flow of zero at the next iteration.

Step 4: Allocate to the incoming cell the amount of flow currently given to the outgoing cell;
make the appropriate adjustments to all cells on the stepping-stone path, and continue with
step 1.

28
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

NapalAAayéc MpoBARuaroc (Problem Variations)

- Eav n ouvoAIKA TTpoc@opd ival peyaAuTepn TNG ¢NTNONG, EI0AYOULE
€IKOVIKO (dummy) TTpOOpPICHO TOU OTToiou N {NTNOoN €ival ion YE TN
d10pOopA TNG GUVOAIKAG TTPOCPOPAG Kail {rTnong.

- Eav n ouvoAikn ¢ATnonN gival peyaAutepn TNG TTPOCPOPAG, EI0CAYOUE
€IKOVIKNA TTNYyn (origin) Tng otroiag n duvauikdTnTa (Capacity) ival ion pe
TN d1a@opPd TNG CUVOAIKNG {TNONG KAl TTPOCPOPAG.

- Kal o1Ig dUO TTEPITITWOEIG TO KOOTOG PMETAPOPAG Eival uNdEV O0TN VEQ
TAgN.

29
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

MNapalAAayéc MpoBARuaToc (Problem Variations)

-MNa TpoBAApaTa peyloToTTOINONG:

-H dnuioupyia TNG apxIKAG EQPIKTAG AUONG TTPAYHATOTIOIEITAI JE TN
MEBODO TOU UEYIOTOU KEPDOUG.

-XpNOIYOTIOIOUYE TN PEYIOTN TIUR  €;; YIa va BPoUlE TO
EIOEPYXOMEVO TOCO.

- Mn ammodekTEg dladpouég / TG (unacceptable arcs / routes)
1. MpoBAnua eAaxioTOTTOINONG: OETOUNE TO KOOTOG HETAPOPAS
ioco e M.
2. MpéBAnua peyIoTOTTOINONG: OETOUNE TO KOOTOG HETAPOPAS

ioo pe -M.

30

15



I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Production Retail Forecast
Plants Capacity Outlets Demand
P 50 = 45
Ps 40 Rz 15
PS 30 Ra 30
Total 120 Total 80
Retail Outlets
Plants = Rs Rz
F 10 5 7
Py 3 11 B
Fa 12 7 11

31
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Dummy Destination

¥
Ry Rz Rs Ry
10 B 7 0
P4 15 a0 5 50
Lo L1 ] Lo | Lo |
P, 15 25 a0
12 7 1N 0
P3
a0 20
45 15 a0 30

32
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

¥
u 10 11 7 0 Supply
+ %8 7 0
0 E‘Egj @ E“Eaj 5 50
! 6 11 | 6 0
0 : 15 i @ 25 40
l !
- _ jg__________ Tl = ' 11 0
| & = S
Demand 45 15 30 30

33
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ITPOBAHMA METAOOPAX
TRANSPORTATION PROBLEM
u 10 11 7 0 Supply
10 6 7 0
0 45 @ 0 s 50
O I [ CT O N I 0
12 1 0
2 5 12 | L7 N o .
Demand 45 15 20 30
34
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Problem Description

Klein Chemicals, Inc. manufactures a product at two plants (Clifton Springs
and Danville) and ships it to four different customers denoted by D, D,,
Ds, D).

The profit per unit for shipping from each plant to each customer, the order
size or demand for each customer, and the plant capacities are shown

below:
Customers
(]| D2 O3 D4 Capacity
Clifton Springs | $32 $34 $32 $40 5000
Plant
Danwville $34 $30 $28 $38 3000

2000 5000 2000 2000

Since the number of units ordered exceeds the plant capacities, we
must add a dummy plant with a capacity of 4000 units.

35
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The complete Transportation Tableau is:

ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Customer
D, D, D, D, Capacity
32

Clifton 32 24 40
Springs 5000

34 30 28 38

Plant Danville

3000

0 0 0 0
Dumrmy 4000
Demand 2000 5000 3000 2000 12000

36
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I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Initial Feasible Solution — Min Cost Method
Note: In this case it is the Max Profit Method

D, 0. D- D, Capacity
Clifton [ 22 | EX [ =2 | [ 40 | 2000
Springs 200 5o60m
34 a0 28 as
Danville 3000
0 0 0] 0
Durnrry 4000
Demand 2000 5000 2000 e
D, D. D o, Capacity
Cliftan Ii Ii \i \& 2006
Springs 2000 101 ST
34 30 28 38
Danwville 3000
0 ] ul 0
Durnirry 4000
Demand 2000 3000 2herT
2000

37
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ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

D

W

D, D D, Capacity
Clifton [ 22 | EX [32 | [40 | a0eer
Springs 2000 2000 Sape

ER EN ER 28 | 1000
Danville 20p0 a006-
[ o | [ o EN [© |
Durmmy 4000
DT
Demand JQTe’ % 3000 2
D, D D D, Capacity
Clifton EX ER ER [ 40 | 2000
Springs 2000 2000 5080
Danville 28365 Ii £ Iﬁ Iﬂ Ii ﬁ
[ o Lo ] EN [°
Durnimy 1000 3000 408
Demand 2066~ _B0oe— 0o Pelint=ions
20681 38
1000

19
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38

34

34

Apply MODI Method to find Optimal Solution:

40

I[TPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

0 E 3000 = &) L2 2000 E
-4 2000 = 1000 = 2 El (2> N
ag IL 1000 - 2000 IL \L
ur 36 24 a4 40

0 = 4000 ER 2) 22 ] 1000 [
- 2000 2 & [se ] L2 | 2
s &y Lo 1000 - 2000 ° IL

Since the per unit change for each new cell is less than or
equal to zero, we have reached the optimal solution

39
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Optimal Solution:

ITPOBAHMA META®OPAX
TRANSPORTATION PROBLEM

Each plant should produce at its capacity

Route Units Profitf Unit Profit
Clifton Springs to Dy 4000 $126,000
Clifton Springs to Dy 1000 40,000
Danville to Oy 2000 65,000
Danville to Dy 1000 28,000
Danville to Tk 1000 0
Danville to Ok 3000 0]

Total Profit $262,000

Customer D, is not satisfied (1000 units short)

Customer Dy is not satisfied (3000 units short)

40
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ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Hungarian Method

Client
Project Leader 1 2 3
Terry 10 15 9
Carle 9 18 5
McClymonds 6 14 3

Step 1: Reduce the initial matrix by subtracting the smallest
element in each row from every element in that row. Then, using
the row-reduced matrix, subtract the smallest element in each
column from every element in that column.




ITPOBAHMA EKXQPHXHX

ASSIGNMENT PROBLEM

Client
Project Leader 1 2 3
Terry 1 6 0
Carle 4 13 0
McClymonds 3 11 0

Client
Project Leader 1 2 3
Terry 0 0 0
Carle 3 7 0
McClymonds 2 5 0

3




ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Step 2: Find the minimum number of straight lines that must be drawn
through the rows and the columns of the current matrix so that all the zeros
in the matrix will be covered. If the minimum number of straight lines is
the same as the number of rows (or equivalently, columns) in the matrix, an
optimal assignment with a value of zero can be made. If the minimum
number of straight lines is less than the number of rows, go to step 3.

Client
Project Leader 1 2
Terry 0 0 Two straight lines will cover
Carle 3 7 E all the zeros (step 2)
McClymonds @ 5




I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Step 3: Subtract the value of the smallest unlined element from every
unlined element, and add this same value to every element at the
intersection of two lines. All others elements remain unchanged. Return to
step 2, and continue until the minimum number of lines necessary to cover
all the zeros in the matrix is equal to the number of rows.

Client
Project Leader 1 2 3
Terry o) o) 2
Carle 1 5 0

McClymonds 0 3 0




ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Client
Project Leader 1 2 3
Step 2
Terry 6 8 2 Three straight lines must be drawn to cowver
Carle 1 5 0 all zeros; therefore, the optimal solution has
McClymonds 0 3 ’) been reached
Client
Project Leader 1 2 3
Optimal Solution
Terry 0 El 2
Carle 1 5 [o] Cost=15+5+ 6 = 26
McClymonds 0 3 0




I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Hoporrayéc TpoBiNuatoc

1) Ed&v o ap1Budg Epyatov sivor > and apibud Epyociov
If the number of Agents > number of Clients

® [IpocHitovue swovikn Epyacio (Dummy Client) pe
UNoOEVIKO KOGTOG.

2) Edv o ap1Buoc Epyatav eivon < amd apfuo Epyaciov
If the number of Agents < number of Clients

® IlpocOétovue sikovikd Epydatn (Dummy Agent) pe
uUnodeviko Kd6oToC.




ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Client
Project Leader 1 2 3
Terry 10 15 9
Carle 9 18 5
McClymonds 6 14 3
Higley 8 16 6
Client o Dummy Client
Project Leader 1 2 3 D
Terry 10 15 9 0
Carle 9 18 5 0
McClymonds 6 14 3 0
Higley 8 16 6 0




ASSIGNMENT PROBLEM

After adding a dummy column, we get an initial assignment matrix

Client
Project Leader 1 2 3 D
Terry 10 15 9 0
Carle 9 18 5 0
McClymonds 6 14 3 0
Higley 8 16 6 0
Applying steps 1 and 2 we obtain:

Client
Project Leader 1 2 3 D
Terry 4 @ 6
Carle 3 4 2
McClymonds 0 0 0
Higley 2 2 3 EIE

9




ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Applying step 3 followed by step 2 result in:

Client
Project Leader 1 2 3 D
Terry 3 0 5 i
Carle 2 3 1 (
McClymonds 8 0 O -
Higley 1 1 2 (
Applying step 3 followed by step 2 result in:

Client
Project Leader 1 2 3 D
Terry 3 D 5 1
Carle 1 P 0 0
McClymonds 0 D 0 2
Higley 0 D i 0

10




Optimal solution

I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Client
Project Leader 1 2 3 D
Terry 3 0 5 1
Carle 1 2 0 0
McClymonds 0 0 0 2
Higley 0 0 1 0
Terry: Client 2 (15 days)
Carle: Client 3 (5 days) Total time = 26 days
McClymonds: Client 1 (6 days)
Higley: Unassigned

Note: An alternative optimal solution is:

Terry:

Carle:
McClymonds:
Higley:

Client 2 (15 days)
Unassigned
Client 3 (3 days)
Client 1 (8 days)

Total time = 26 days

11




ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Hopairoyéc mpofinunartog: Ipofinpne Meyrotomoinong

Location
Department 1 2 3 4
Shoe 10 6 12 8
Toy 15 18 5 11
Auto parts 17 10 13 16
Housewares 14 12 13 10

Video 14 16 6 12

12




I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Location A/Dummy Location
Department 1 2 3 4 5
Shoe 10 6 12 8 0
Toy 15 18 5 11 0
Auto parts 17 10 13 16 0
Housewares 14 12 13 10 0
Video 14 16 6 12 0

13




ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Metatpénovue Tov wivako o Opportunity losses,
aQalpOVTAC KOO oToryeio amd To UEYIOTO GTOLXELD TNG
GTNANG OV OVIKEL.

Location
Department 1 2 3 4 5
Shoe 7 12 1 8 0
Toy 2 0 8 5 0
Auto parts 0 8 0 0 0
Housewares 3 6 0 6 0
Video 3 2 7 4 0

14




We start with the opportunity loss matrix

I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Location
Department 1 2 3 4 5
Shoe 7 2 1 8 D
Toy (2 : 5 )
Auto parts 0 D 0 D
Housewares 3 D 6 D
Video 3 7 4 D

Location
Department 1 2 3 4 5
Shoe 5 12 (v 6 )
Toy 0 0 8 3 D
Auto parts 0 16 2 0 P
Housewares T 6 0 4 D
Video 1 2 7 2 D

15




ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM
Location

Department 1 2 3 4 Dummy
Shoe 4 11 0 5 0]
Toy 0 0 8 3 1
Auto parts 0 10 2 d 3
Housewares 1 6 @ 4 1
Video 0] 1 6 1 0
Optimal solution Location Profit
Shoe Dummy 0
Toy 2 18
Auto parts 4 16
Housewares 3 13
Video 1 14

61
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I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Hopairoyéc Hpofinunatos: Mn anooektés Exyopnoes/
Unacceptable Assignments

M for unacceptable minimization assignments

-M for unacceptable maximization assignments

Location
Department 1 2 3 4 Dummy
Shoe 10 6 12 8 0
Toy 15 -M 5 11 0
Auto parts 17 10 13 -M 0
Housewares 14 12 13 10 0
Video 14 16 6 12 0
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ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Subtracting each element from the largest element in its column leads to
the Opportunity Loss matrix

Location
Department 1 2 3 4 Dummy
Shoe 7 10 1 4 0
Toy 2 M 3 1 0
Auto parts B 6 0 M 0
Housewares 3 4 D 2 0
Video 3 © 7 © i)

Location
Department 1 2 3 4 Dummy
Shoe 6 9 1 3 0
Toy 1 M 8 0 0
Auto parts 0 6 1 M 1
Housewares 2 3 0 1 o
Video 3 0 8
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I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Location
Department 1 2 3 4 Dummy
Shoe 6 9 1 3 0
Toy 1 M 8 0 0
Auto parts 0 6 1 M 1
Housewares 2 3 0 1 0
Video 3 0 8 0 1
Optimal solution Location Profit
Shoe Dummy 0
Toy 4 11
Auto parts 1 17
Housewares 3 13
Video 2 16

S7
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Problem Description:

ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

The Manager for a heating and air conditioning company has three jobs to
send technicians on and four technicians available. She would like to assign
technicians to the calls so that total service time is minimized.

Job

Techician 1 2 3

1 40 27 36

2 28 30 22

3 33 36 28

4 30 38 26
Add Dummy Job

Job 4— Dummy Job

Techician 1 2 3 Dummy

1 40 27 36 0

2 28 30 22 0

3 33 36 28 0

4 30 38 26 0

20
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I[TPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM

Row Reduction: Not necessary. Each row already has a zero
since a dummy job was added.

Job

Column Reduction: Techician 1 2 3 Dummy
1 12 0 14 0
2 0 3 0 0
3 5 9 6 0
4 2 11 4 0

After column reduction, the minimum unlined element i
found to be 2

Techician 1 2 3 Dummy

AWN PR
OF
oY
~NO O
o O
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ITPOBAHMA EKXQPHXHX
ASSIGNMENT PROBLEM
Job
Techician 1 2 3 Dummy
1 10 0 12 0
2 0 5 0 2
3 3 9 4 0
4 0 11 2 0
Optimal solution Job Hours
1 2 27
2 3 22
3 Dummy 0
4 1 30
Total hours 79
Technician 3 is not assigned.
22
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