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TRANSPORTATION PROBLEMS (1)TRANSPORTATION PROBLEMS (1)

Transportation problems are for optimizing
the cost of transportation by using Linear
Programming (LP).
However, transportation problem has a
special characteristic.
Therefore, it can be solved easily by using, y y g
its unique method.
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TRANSPORTATION PROBLEMS (2)
ปญหาการขนสง  เปนปญหาของ Linear Programming 

ป ึ่ ึ่ ี ิ  ป ี่ไ  ี  

TRANSPORTATION PROBLEMS (2)

รปูแบบหนึง ซึงมีความพิเศษกวาปญหาทีไดเรียนมากอนหนา
นี้ ปญหานี้ตองการหาคาใชจายในการขนสงที่ต่ําที่สดุ หรือ 
หาเวลาในการขนสงนอยที่สด จาก Source ไปยังหาเวลาในการขนสงนอยทสุด จาก Source ไปยง 
Destination ตาง ๆ 

10 units max
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TRANSPORTATION PROBLEMS (3)TRANSPORTATION PROBLEMS (3)

Th T i P bl M d lThe Transportation Problem Model

เปนการแกปญหาการขนสง โดยการกร จายสินคาจากเปนการแกปญหาการขนสง โดยการกระจายสนคาจาก
แหลงผลติ(sources) ไปยงัลกูคา (destinations) โดยมี
เปาหมายเพื่อที่จะทาํใหตนทุนการกระจายสนิคาโดยรวม ต่าํุ
ทีส่ดุ (to minimize the total distribution cost)

Each source has a certain supply of units to distribute
to the destinations, and each destination has a
certain demand for units to be received from thecertain demand for units to be received from the
sources.
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TRANSPORTATION PROBLEMS (4)

Shipping cost ($) per Truckload

O t tW h OutputWarehouse

Cannery 1 2 3 4

1 464 513 654 867 75

5

2 352 416 690 791 125

3 995 682 388 685 100
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Allocation 80 65 70 85

SHIPPING DATA FOR P&T CO.

TRANSPORTATION PROBLEMS (5)TRANSPORTATION PROBLEMS (5)

C1

W1

[75]

[-80]

W2 [-65]

C2[125]

C3

W3

[100]

[-70]

6
W4 [-85]
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CONSTRAINT COEFFICIENT OF P&T CO. (6)

Prototype Example General problem

จํานวนTruckloads ของถัว่กระปอง จํานวนหนวยของสินคาจานวนTruckloads ของถวกระปอง จานวนหนวยของสนคา

โรงงานผลิตถัว่กระปอง 3 แหง แหลงผลิต m แหง

คลังสินคาถั่วกระปอง 4 แหง คลังสินคา n แหง

7

Output from canneries i จํานวนสินคาที่ผลิตไดจาก Source i, Si

Allocation to warehouse j ความตองการที่ destination j, Dj

Shipping cost per tr ckload from canneries i ตนทนในการขนสง C จากso rce i ไป
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7Shipping cost per truckload from canneries i
to warehouse j

ตนทนุในการขนสง Cij   จากsource i ไป 
destination j

NETWORK OF TRANSPORTATION PROBLEM (7)

8
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A SAMPLE WITH A DUMMY DESTINATION AND SOURCE (8)

โดยเงือ่นไขปกติแลว จะกาํหนดให ความสามารถในการผลติ
ของทุก ๆ แหลง เทากับความตองการของสนิคาของทกุ ๆ 

ั ิ คลังสนิคา

สํ ั ป ส ั่ ไป ี่สาํหรบัปญหาขนสงทัวไป ที
จะทาํใหเทากนัโดยการเพิ่มแหลงผลติหลอก ๆ หรือเพิ่ม

คลังสนิคาหลอก (Dummy destination or Dummy source)คลงสนคาหลอก (Dummy destination or Dummy source)

9
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TRANSPORTATION PROBLEMS (9)TRANSPORTATION PROBLEMS (9)

How to solve transportation problem?
There are two steps.
The first step: Finding the initial solution

Northwest Corner Method
Least Cost Method
Vogel’s Approximation Method

The second step: Optimality Test
If the initial solution is not optimal, the solution is
improved until the optimality test is valid.
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TRANSPORTATION PROBLEMS (10)

How to set up a transportation simplex tableau?

11

Parameter table for transportation problem
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TRANSPORTATION PROBLEMS (11)TRANSPORTATION PROBLEMS (11)

E l 1 A fi h 3 f i A B d C hi iExample 1: A firm has 3 factories; A, B and C, shipping
product to destinations; 1, 2, 3 and 4. The detail are
summarized on the table.summarized on the table.

Factory Supply 
(units)

Destination Demand 
(units)(units)

A 500

B 700

(units)

1 400

2 900
C 800

2 900

3 200

4 5004 500
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TRANSPORTATION PROBLEMS (12)TRANSPORTATION PROBLEMS (12)

T i CTransportation Cost:

From To

1 2 3 4

A 12 13 4 6

B 6 4 10 11

C 10 9 12 4

Check: Total Demand = Total Supply
400+900+200+500 = 500+700+800400+900+200+500 500+700+800

2000 = 2000 OK
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TRANSPORTATION PROBLEMS (13)TRANSPORTATION PROBLEMS (13)

Set up transportation tableau:p p

Source Destination Suppl
y1 2 3 4 y1 2 3 4

A 50012 13 4 6

B 700

C 800

6

10

4

9

10

12

11

4C 800

Deman
d

400 900 200 500

No. of basic variable = m+n-1 = 3+4-1 = 6

d
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1. NORTHWEST CORNER RULE (14)

- ไมคํานงึถึงcost เปนวิธีท่ีงายที่สด

15

ไมคานงถงcost เปนวธทงายทสุด
- เริ่มตนจากมุมบน ซายสุดกอน ใสคา xij ลงไปใหมากท่ีสุดกอน  แลว

จึงไลลงมาเรื่อย ๆ 
- พิจารณาถึง source และ destination ท่ีเหลืออย

Operation Research (IE 255320)
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15- พจารณาถง source และ destination ทเหลออยู
- จํานวนตัวแปรที่เปน basic variable ตองมีจํานวน = m+n-1

TRANSPORTATION PROBLEMS (15)TRANSPORTATION PROBLEMS (15)

1st Step: Finding initial solutionp g
By Northwest Corner Method:

S Solution:

BV = 6 OK

Source Destination Supply

1 2 3 4

A 50012 13 4 6

Solution:
Z = 14200 
BV:
X 400A 500

B 700

12

6

13

4

4

10

6

11

XA1 = 400
XA2 = 100
XB2 = 700

C 80010 9 12 4

XC2 = 100
XC3 = 200
XC4 = 500

Demand 400 900 200 500

C4

Non-BV:
Other Xij = 0
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TRANSPORTATION PROBLEMS (16)TRANSPORTATION PROBLEMS (16)

1st St Fi di i iti l l ti1st Step: Finding initial solution
By Least Cost Method:

BV = 6 OK
Solution:
Z = 12000 

Source Destination Supply

1 2 3 4

BV:
XA1 = 300
XA3 = 200

A 500

B 700

A3

XB2 = 700
XC1 = 100
XC2 = 200

B 700

C 800

C2 00
XC4 = 500
Non-BV:
Other Xij = 0C 800

Deman
d

400 900 200 500

Other Xij = 0

Operation Research (IE 255320)
©Copyright 

Original work by K.Yaibuathet August, 2009

d

TRANSPORTATION PROBLEMS (17)TRANSPORTATION PROBLEMS (17)

By Vogel’s Approximation MethodBy Vogel s Approximation Method

1. หาคาความแตกตางระหวาง cost ของแตละแถว และ
คอลัมน

2. เลอืกแถวหรือคอลัมนที่มีคาความแตกตางมากทีส่ดุ และ
ํ ั  ใ  ี่ ใ   ll ี่ ี  ่ํทาํการจัดการขนสงใหมากทีสดุ ใหแก cell ทมีีตนทุนตาํ

ทีส่ดุ ในแถวหรือคอลัมนนั้น ๆ Select row/ column with
the largest penalty then select the cell that containthe largest penalty then select the cell that contain
the lowest cost and assign the largest possible
value of Xij.

3. Eliminate that row or column and recalculate the
penalty and do the same process until no. of BV.
meet the condition
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TRANSPORTATION PROBLEMS (18)TRANSPORTATION PROBLEMS (18)
By Vogel’s Approximation Method

2 6

No. of BV = 6
OK

2

2

6
200 300300

2700
2 2

5

4 5 6 2

400

200

5600 1200200
200

1

4 5 6 2
4 5 2
4 5 7
2 52 5
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TRANSPORTATION PROBLEMS (19)TRANSPORTATION PROBLEMS (19)

200 300

700

400 200200

Solution: Z = 12000 
BV: X = 200 X = 300 X = 700 X =BV: XA3 = 200, XA4 = 300, XB2 = 700, XC1 = 
400, XC2 = 200, XC4 = 200
Non BV: Other X = 0
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TRANSPORTATION PROBLEMS (20)TRANSPORTATION PROBLEMS (20)

2 d S O i li T2nd Step: Optimality Test
A basic feasible solution is optimal if and only if

C > 0Cij - ui - vj > 0
for every (i, j) such that Xij is nonbasic.
And C = u + vAnd, Cij = ui + vj
       for each (i, j) such that Xij is basic.

How to find ui and vj for each i and j?
From BV., Assign ui = 0 when that row has the, g i
maximum no. of allocations.
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TRANSPORTATION PROBLEMS (20)TRANSPORTATION PROBLEMS (20)

2 d S O i li T
BV: 

2nd Step: Optimality Test
Start from VAM’s solution

XA3 : 4 = uA + v3 ; set uC = 0 
XA4 : 6 = uA + v4 v1 = 10, 
XB2 : 4 = uB + v2 v2 = 9, 
X 10 4

200 300

XC1 : 10 = uC + v1 v4 = 4,
XC2 : 9 = uC + v2 uA = 2,
XC4 : 4 = uC + v4 uB = -5,

v = 2200 300

700

v3 = 2 

NBV:  ***Cij - ui - vj > 0  ***
XA1 : 12 - uA - v1 = 12 - 2 - 10 = 0

400 200200

XA1 : 12 uA v1  12 2 10  0 
XA2 : 13 - uA - v2 = 13 - 2 - 9 = 2 
XB1 : 6 - uB - v1 = 6 - (-5) - 10 = 1
XB3 : 10 - uB – v3 = 10 - (-5) - 2 = 13 

OK

B3 B 3 ( )
XB4 : 11 - uB - v4 = 11 - (-5) - 4 = 12 
XC3 : 12 - uc - v3 = 12 - 0 - 2 = 10 The solution from VAM is optimal. 
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TRANSPORTATION PROBLEMS (21)TRANSPORTATION PROBLEMS (21)

2 d S O i li T2nd Step: Optimality Test
How about when the initial solution is not optimal?
Basic feasibleBasic feasible

solution from NW:

400 100

200 500100

700
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TRANSPORTATION PROBLEMS (22)TRANSPORTATION PROBLEMS (22)
BV: 
XA1 : 12 = uA + v1 ; set uC = 0

400 100

XA1 : 12  uA + v1 ; set uC  0 
XA2 : 13 = uA + v2 v2 = 9, 
XB2 : 4 = uB + v2 v3 = 12, 
XC2 : 9 = uC + v2 v4 = 4,

200 500100

700
XC2 : 9  uC  v2 v4  4,
XC3 : 12 = uC + v3 uA = 3,
XC4 : 4 = uC + v4 uB = -5,

v1 = 9 1 

NBV:  ***Cij - ui - vj > 0  ***
XA3 : 4 - uA - v3 = 4 - 3 - 12 = -13 
XA4 : 6 - uA - v4 = 6 - 3 - 4 = -1XA4 : 6 uA v4  6 3 4  1 
XB1 : 6 - uB - v1 = 6 - (-5) - 9 = 2
XB3 : 10 - uB - v3 = 10 - (-5) - 12 = 3 
XB4 : 11 - uB - v4 = 11 - (-5) - 4 = 12 

This solution has to be improved!!

B4 B 4 ( )
XC1 : 10 - uc - v1 = 12 - 0 - 9 = 3 
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TRANSPORTATION PROBLEMS (23)TRANSPORTATION PROBLEMS (23)

1) Select the index that has largest

400 100 13 1

) g
minus value to be entering variable.
(This implies to how much that Z can
be improved for Min Prob.)

400 100

700

- 13 - 1

+3 +12+2

200 500100+3

2) Use the cell from 1), set closed loop from that cell by having
BV on all corner points.

-
13

100
+-

3) Set the starting point as + sign and the next corner as –
sign until complete all corners. 200100

700 +3
+ -
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TRANSPORTATION PROBLEMS (24)TRANSPORTATION PROBLEMS (24)

+

400 100
700

- 13

+3

100
+-

100

200 500100

700
200200100

700 +3
+ -

100
200 500100

4) See the minus corner select the minimum value of BV4) See the minus corner, select the minimum value of BV.

5) Use the value from 4) to add and reduce the BVs following the sign.

6) Recalculate indexes of each non-BV again and check the optimality test until the
optimality condition is valid.
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TRANSPORTATION PROBLEMS (25)TRANSPORTATION PROBLEMS (25)

U b l d CUnbalanced Case:
Case 1: Demand > Supply
D mm So rce D mm S pplDummy Source: Dummy Supply =

2000
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TRANSPORTATION PROBLEMS (26)TRANSPORTATION PROBLEMS (26)
Unbalanced Case:

Case 2: Supply > Demand
Dummy Destination: Dummy Demand =

2000
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AN EXAMPLE WITH A DUMMY DESTINATION (27)

29
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AN EXAMPLE WITH A DUMMY DESTINATION (28)

30
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AN EXAMPLE WITH A DUMMY SOURCE (29)

31
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AN EXAMPLE WITH A DUMMY SOURCE (30)
Table 8 12 Parameter table for Metro water district

Cost (Tens of Millions of Dollars) per unit distributed

S lDestination

Table 8.12 Parameter table for Metro water district

SupplyDestination

Source Berdoo
1

Berdoo
(extra) 2

Los
Devils 3

San Go
4

HollyGlass
5

Colombo river 1 16 16 13 22 17 50Colombo river 1 16 16 13 22 17 50
Sacron River 2 14 14 13 19 15 60

Calories River 3 19 19 20 23 M 50
Dummy 4(D) M 0 M 0 0 50

Demand 30 20 70 30 60

32
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TRANSPORTATION PROBLEMS (31)TRANSPORTATION PROBLEMS (31)

Initial Solution from Northwest Corner Rule

Solution:
Total Cost (Z) =

1             2            3           4           5

BV:

Non-BV: Other Xij = 0
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TRANSPORTATION PROBLEMS (32)TRANSPORTATION PROBLEMS (32)

Initial Solution from Least Cost MethodInitial Solution from Least Cost Method

1 2 3 4 5

Solution:

1             2            3           4           5

BVBV:

Non-BV: Other Xij = 0
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TRANSPORTATION PROBLEMS (33)TRANSPORTATION PROBLEMS (33)
Initial Solution from VAM (1)

Penalty1             2            3           4           5

Penalty
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TRANSPORTATION PROBLEMS (34)TRANSPORTATION PROBLEMS (34)
Initial Solution from VAM (2)

S l ti

1             2            3           4           5

Solution:

BV:

Non-BV: Other Xij = 0
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TRANSPORTATION PROBLEMS (35)TRANSPORTATION PROBLEMS (35)
Check Optimality from VAM Solution

Ui 1             2            3           4           5

50

0                     20                  40

30 2030        20

30         20

Vj
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TRANSPORTATION PROBLEMS (36)TRANSPORTATION PROBLEMS (36)

Optimal Solution:Optimal Solution:
Total Cost (Z) = 2460
BV: X = 50 X = 0 X = 20 X = 40 X = 30 X = 20BV: X13= 50, X21= 0, X23= 20, X25= 40, X31= 30, X32= 20, 
XD4= 30 and  XD5= 20
Non-BV: Other Xij = 0ij
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TRANSPORTATION PROBLEMS (37)TRANSPORTATION PROBLEMS (37)

So from our problem: BV: X = 50 X = 0 X = 20 X =• So, from our problem: BV: X13= 50, X21= 0, X23= 20, X25=
40, X31= 30, X32= 20, XD4= 30 and XD5= 20

Berdoo (1,2) get 50 from Calorie River. 
Los Devils (3) get 70 from Colombo and Sacron River.
There is no supply for San Go (4). (Min needed = 0)
Hollyglass (5)gets 40 from Sacron River (Min needed =10)
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Hollyglass (5)gets 40 from Sacron River. (Min needed 10)
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