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TRANSPORTATION PROBLEMS (1)

o Transportation problems are for optimizing
the cost of transportation by using Linear
Programming (LP).

o However, transportation problem has a
special characteristic.

o Therefore, it can be solved easily by using
its unique method.
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TRANSPORTATION PROBLEMS (2)

Heyranrsauas Wuileywrvav Linear Programming
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TRANSPORTATION PROBLEMS (3)

The Transportation Problem Model

o Hunsuntleymninisauds TREN19N5EANLFUAIIN
unainan(sources) ldvgnen (destinations) 1null
Lﬂmmmwammw‘lmmumumﬁﬂﬁumﬂﬁ’umimmm 6
ma 7 (to minimize the folal 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 the
sources.
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TRANSPORTATION PROBLEMS (4)

CANNERY 1
elflingham
° WAREHOUSE 3
ANNERY 2 Rapi.' CANNERY 3
g Albbu Lea
HOUSE 2
Sqlt Lakg City
WAREHOUE | e
Sagramento
HOUSE 4
lbuquerque 2]
\ /L,
¢
pp1INng Co $) pe pad
Warehouse Dutp
Cannery 1 2 3 4
1 464 513 654 867 75
2 352 416 690 791 125
3 995 682 388 685 100 a
Allocation 80 65 70 85
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SHIPPING DATA FOR P&T Co.
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TRANSPORTATION PROBLEMS (5)
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CONSTRAINT COEFFICIENT OF P&T Co. (6)

“ TABLE 8.3 Constraint coefficients for P & T Co.

Coefficient of:

X21 X2 X23

Cannery
constraints

Warehouse
constraints

Prototype Example General problem

J1uuTruckloads wavadInszilay FUIUNUISVDITUAN

TavunannInszilay 3 un UWHAIWNAR /77 LU

AavAUAIDINSaY 4 unv ARVFUAT 77 UKD

Output from canneries / FuuFudMnNan ldan Source |, S,

Allocation to warehouse / AUABIN159 destination j, D,

Shipping cost per truckload from canneries / | sunulunisauds C; 3nsource i ‘

to warehouse / destination j
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NETWORK OF TRANSPORTATION PROBLEM (7)

[51]

[52]

[—d>]

[$] [—edpl

n
T " Subject to Z X;j =8 fori=123,...m,

s oo T j=t
Minimize Z Z Cij Xij .
i=1 j=1 Subject (v Z X;j =d; forj=123,..n °

- 1 j
Xy = 0 foralliand j ©Copyright
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A SAMPLE WITH A DUMMY DESTINATION AND SOURCE (8)

Taarau ludnfiudn azAmua’l audnisalunisnas
WUDIYIA 9 UUAY LVNNAUAMNADINTITUVIFUAIUDINA €

AAVAUAN o N
=1 j=1

n

dwmsuilegvinaudinaly Z S F Z 9

j=1

.,vn‘lmmnu'iﬂﬂmstwuLma\mamwaaﬂ y w3
AavAuA1aan (Dummy destination or Dummy source)

n m
=5 ' =
E d; — E S =0 QU NNUNRINER
j=1 i=1
N 3 °
A
E S — E d =0 azIiNARIAUAN
i=1 j=1 ©Copyright
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TRANSPORTATION PROBLEMS (9)

o How to solve transportation problem?

o There are two steps.

o The first step: Finding the initial solution
» Northwest Corner Method
» Least Cost Method
» Vogel’'s Approximation Method

o 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)

o How to set up a transportation simplex tableau?

" TABLE 8.5 Parameter table for the transportation problem

Cost per Unit Distributed

Destination

1 2 o n Supply

(S} o} Cin 5

g —

Source
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TRANSPORTATION PROBLEMS (11)

o Example 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.

Factory Supply Destination | Demand
(units) (units)
A 500 400

1
B 700 2 900
C 800 3 200
4 500
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TRANSPORTATION PROBLEMS (12)

o Transportation Cost:

From To
A 12 13 4 6
B 6 4 10 11
C 10 9 12 4

o Check: Total Demand = Total Supply
400+900+200+500 = 500+700+800
2000 = 2000 = OK
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TRANSPORTATION PROBLEMS (13)

Set up transportation tableau:

Source Destination Suppl
1 2 3 4 y
A 12 |13 ] L4 (6] 500
B [ 6 KN 10 [11] 700
C 10 ER 12 L4 ] 800
Deman 400 900 200 500
d

o No. of basic variable = m+n-1 = 3+4-1 =6 ‘
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. NORTHWEST CORNER RULE (14)

TABLE 8.16 Initial BF solution from the Northwest Corner Rule

Destination
1 2 3 4 5 Supply u;
L e e B B[ B
[ ﬂ@_ [EE .
N R EE NEE PN ﬂ® "
L 3 R L R R 12

50

Demand

30 20 70

30

Z=2,470 + 10M

- hidnilviivcost Lﬂmﬁvmamam
- meumﬂuuuu fraganau Ve X; aﬂﬂ‘lumﬂmaﬂﬂau La"

50laavni3as g
- WRSUIDN source Way destination mmaaaﬂ

- Fruudusiidu basic variable gaviisiuiu = m+n-1
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TRANSPORTATION PROBLEMS (15)

1st Step: Finding initial solution

By Northwest Corner Method: BV =6 = OK
Source Destination Supply
1 2 3 4
A |12 ] [13 ] L4 [ 6] 500
B 1 6| 4] [ 10] 11| 700
C [ 10| ER 12 | L4] 800
Demand 400 900 200 500

Operation Research (IE 255320)

Solution:
Z =14200
BV:

XAy =400
Xao =100
Xg, =700
Xc, =100
Xc3 =200
Xcq =500
Non-BV:

Other X; =0
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TRANSPORTATION PROBLEMS (16)

1st Step: Finding initial solution

. Solution:
By Least Cost Method: BV = 6 > OK 2 = 12000
S Destinati Supply | oV
ource estination upply XA1 — 300
1 2 3 4 Xa3 =200
A 500 Xgz = 700
Xeq = 100
X, = 200
B 001 x, =500
Non-BV:
C 800 Other X; =0
Deman 400 900 200 500
d
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TRANSPORTATION PROBLEMS (17)

By Vogel’'s Approximation Method

1.

2.

UIANAIULANEATINTENINN  cost UAILURAELOD LAY
Aaaul

LaaﬂLme‘saﬂaauumummmLLmﬂmomﬂmam uaw
mqmiammﬁmudo‘mmﬂmam Tun cell mumumum
maﬂ Tuavsanaduiiu 9 Select row/ column with

the largest penalty then select the cell that contain
the lowest cost and assign the largest possible
value of X

3. Eliminate that row or column and recalculate the

Operation Research (IE 255320)

penalty and do the same process until no. of BV.
meet the condition.
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TRANSPORTATION PROBLEMS (18)

By Vogel’s Approximation Method

Source

Destination

Supply | 1 | 2
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| 1 2 3 ! 4
A TIZ T3 I| ] ™
o 200 | )300 55 @
B | & l_4 li 1y
ot o 8P (2] 2
24 7 =
¢ | 1068 5 0t0 L1’3200I @5 (5(11
Demand F
1 4 5 6
2 4 5
3 4 7
4 2 5
5 s -

No. of BV =6

= OK
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TRANSPORTATION PROBLEMS (19)

Source Destination Supply
1 2 3 4
A 2] [13] [4] [é] 500
200|300
B | 6 4 10 11| 700
700 L Lt
c 0 12 4
400~ 200]i ’—4200]— 6H9
Demand | 400 | 900 200 500

Solution: Z = 12000

BV: X,, =200, X,,= 300, X;,=700, X, =

400, X,,= 200, X-,= 200
Non-BV: Other X,]-= 0

Operation Research (IE 255320)
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TRANSPORTATION PROBLEMS (20)

2nd Step: Optimality Test
A basic feasible solution is optimal if and only if
C‘,]-- u- v, 0
for every (/ j) such that X);is nonbasic.
And, C‘,/ =ut
for each (7 )) such that Xjis basic.

How to find v;and v;for each 7and /?

oFrom BV., Assign u; = 0 when that row has the
maximum no. of allocations.
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TRANSPORTATION PROBLEMS (20)
BV:
2nd Step: Optimality Test Xpg:4=Uy+Vy ;setu.=0
Start from VAM’s solution Xna 6= Uptv, v, =10,
— = Xgo:4=Ug+V, V,=09,
Source Destination pPply Xop:10=Ug +V,  Vy= 4,
1 2 3 4 Xep :9=Uc+V, U,=2,
A 12 13| |4 | 6| 500 Xca:4=Uc+V, Ug=-5,
200|300 Vy=2
B 6 700 4 m & 7m NBV: ***Cij _ ul _ VJ 2 0 *%%
QN D Lo [ S e
400|200 200 e Un - V2 P ('5) 1o, 1OK
Demand Br-0-Ug-V,;=0-(-0)-1U=
PO 11400 | 900 ) #00 | 90 Xgs: 10 - Ug — Vs = 10 - (-5) - 2 = 13
XC3:12-UC-V3:12-0-2:10

The solution from VAM is optimal.
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TRANSPORTATION PROBLEMS (21)

2nd Step: Optimality Test
How about when the initial solution is not optimal?
Basic feasible

solution from NW: Source Destination Supply
1 2 3 4
A 2] [138] [4] [é] 500
400 |100
B 6 4 10 11| 700
‘_ 7OOL‘ _
c 10 9 12 4| 800
LJ 100J 200E 500‘
Denjnnd i 400 | 900 200 | 500 i
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TRANSPORTATION PROBLEMS (22)

Source Destination Supply BV
1 2 3 | 4 Xap:12=up+v, ;setu.=0
A 2] T3 P4 6500 | |Xy,:183=uy+v, Vv,=09,
400 1100 | [ Xgp:i4=ug+v, vy=12,
s [e] Ta] 0] TE 70| |xeio-uwev. vi=d
700 . Xeg:12=Uc+V; U,=3,
T | 4 = =
' 10 9 12 4| 800 Xea:4=U-+V Ug = -5,
100— zool—J 500{— “ St V=0
Demand | 400 | 900 200 500 NBV: G- Uj- v 20

XA34'UA'V3:4'3'1
XA46'UA'V4:6'3'4

This solution has to be improved!! Xgy:6-Ug-V,=6-(-5)-9=

XCllo-UC-V1:12'0'9:3
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TRANSPORTATION PROBLEMS (23)

Source Destination | Supply
1 2 3| 4
A N 5 6 | 500
400 |100 . )
B 6 4| 1110 11| 700
JELLETE
¢ o] [ Uef |142] 14] soo
+3 —106——==2d0— {500
500

Demond | 400 | 900 200

2 13
2) Use the cell from 1), set closed loop from that cell by having Q){—

BV on all corner points.

3) Set the starting point as + sign and the next corner as — g @Li

sign until complete all corners.

Operation Research (IE 255320)

1) Select the index that has largest
minus value to be entering variable.
(This implies to how much that Z can
be improved for Min Prob.)

o=

) 4|13

+3 -

x|

|12
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TRANSPORTATION PROBLEMS (24)

I MAA —

Source Destination Supply
1 2 3 4
A 2] 13| 100 4] [6] 500
400 |100

B 6 4 10 11} 700
- L_ L1

¢ 10} 200 9| 100 2 4| 800
T 100~ 200 SOOi-
Demand | 400 | 900 200 | 500

T

4) 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.

Operation Research (IE 255320)
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TRANSPORTATION PROBLEMS (25)

Unbalanced Case:
Case 1: Demand > Supply
Dummy Source: Dummy Supply =

dj_z Si

n
j=1 i=1

Dummy Source

Sum of Supplies # Sum of Demands e A e
Source Destination Supply 1 2 3 4
L 2 2 7 R B 6 5
A B 5B 2| [e]| 500
4 10 1
O 5 I ) T e | [ [ 700
Demand | 400 | 900 | 200 | 500 Dummy lof [6] [lof [EB 800
~ ~~ = Demand | 400 | 900 | 200 | 500 || 2000 ||
2000
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TRANSPORTATION PROBLEMS (26)

Unbalanced Case:
Case 2: Supply > Demand
m mn
Dummy Destination: Dummy Demand = Z s d
i j
i=1 j=1
Sum of Supplies # Sum of Demands
Dummy Destination

Source Destination Supply
1 2 3 Source Destination Supply
A 2] [18] [4] s00 1 2 3 | bummy
A 42l i3] &8 2 [gH 500
B le| [af [0 700
B 6 4 10 700
¢ o| [8] [4] soo e
c 10 95 4 0| 800
Demand | 400 900 200 \— |__.. L.
~ ~ — Demand | 400 | 900 | 200 | 500 | 2000
1500
©Copyright

Operation Research (IE 255320) Original work by K.Yaibuathet August, 2009




AN EXAMPLE WITH A DUMMY DESTINATION (27)

© TABLE 8.7 Production scheduling data for Northern Airplane Co.

Scheduled Maximum Unit Cost* Unit Cost*
Month Installations Production of Production of Storage
1 10 25 1.08 0.015
2 1.5 35 1 0.015
3 25 30 1.10 0.015
4 20 10 1,13
*Cost is expressed in millions of dollars.
TABLE 8.8 Incomplete parameter table for Northern Airplane Co.
Cost per Unit Distributed
Destination
1 2 3 4 Supply
1 1.080 1.095 1.110 1.125 ?
s 2 ? 1.110 1.125 1.140 ?
ouree 3 ? ? 1.100 1.115 ?
4 ? ? ? 1.130 ?
Demand 10 15 25 20

Operation Research (IE 255320)
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AN EXAMPLE WITH A DUMMY DESTINATION (28)

TABLE 8.9 Complete parameter table for Northern Airplane Co.

Cost per Unit Distributed

Destination
1 2 3 4 5(D) Supply
1 1.080 95 1.110 1.125 0 25
s 2 M 110 1.125 1.140 0 35
ource 5 M 1.100 1.115 0 30
4 M M M 1.130 0 10
Demand 10 15 25 20 30

Operation Research (IE 255320)
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AN EXAMPLE WITH A DUMMY SOURCE (29)

TABLE 8.10 Water resources data for Metro Water District

Cost (Tens of Dollars) per Acre Foot

Berdoo Los Devils San Go Hollyglass Supply
Colombo River 16 13 22 17 50
Sacron River 14 13 19 15 60
Calorie River 19 20 23 — 50
Minimum needed 30 70 0 10 (in units of 1
Requested 50 70 30 Ed million acre feet)

TABLE 8.11 Parameter table without minimum needs for Metro Water District

Cost (Tens of Millions of Dollars) per Unit Distributed

Destination

Berdoo Los Devils San Go Hollyglass Supply
Colombo River 16 13 22 17 50
Source Sacron River 14 13 19 15 60
Calorie River 19 20 23 M 50
Dummy 0 0 0 0 50
Demand 50 70 30 60

Operation Research (IE 255320)
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AN EXAMPLE WITH A DUMMY SOURCE (30)

Table 8.12 Parameter table for Metro water district

Destination o
Source Berdoo Berdoo Los San Go HollyGlass
1 (extra) 2 Devils 3 4 5
Colombo river 1 16 16 13 29 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

Operation Research (IE 255320)
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TRANSPORTATION PROBLEMS (31)

Initial Solution from Northwest Corner Rule

Destination
Source 1 5 3 2 5 Supply

16 | 16 | 13| 22| [17]

1 50
14 | 14 [13] [19] [15]

2 60
19 | 19 | 20 | 23 | M |

3 50
M| o] [M] Jo| o]

4 (D) 50
Demand 30 20 70 30 60

Solution:
Total Cost (2) =

BV:

Non-BV: Other X; =10

Operation Research (IE 255320)
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TRANSPORTATION PROBLEMS (32)

Initial Solution from Least Cost Method

Destination
Source 1 > 3 2 5 Supply

16 | 16 | 13| [22] |17

1 50
14 | 14| |13] [19] [15]

2 60
19 | 19 | 20 | 23 | M |

3 50
M o] M] (o] [0]

4 (D) 50
Demand 30 20 70 30 60

Operation Research (IE 255320)

Solution:

BV:

Non-BV: Other X; £0
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TRANSPORTATION PROBLEMS (33)

Initial Solution from VAM (1)

Penalty

Destination
Source 1 > 3 2 5 Supply
16 | 16 | 13 22| |17
1 50
14 | 4] (18] [19] [15]
2 60
19 | 19 | 20 | 23 | M |
3 50
M| o] [M]|] o] [o]
4(D) 50
Demand 30 20 70 30 60
Penalty

Operation Research (IE 255320)
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TRANSPORTATION PROBLEMS (34)
Initial Solution from VAM (2)

Destination
Source 1 > 3 2 5 Supply
16 | 16 | 13 22| |17
1 50
14 | 14| |13] [19] [15]
2 60
19 | 19 | 20 | 23 | M |
3 50
M| o] [M]|] o] [o]
4 (D) 50
Demand 30 20 70 30 60
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Solution:

BV:

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

Ui Source . . Destigation - . —_—
16 | 16 | 18] J22] [17]
1 50
50
14 | 4]  [18] [19] [15]
2 0 20 40 %
19 | 19 | 20 | 23] [M ]
3 30 20 50
0 M 0 0
o M | | 30(° 20
Demand 30 20 70 30 60
Vi
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TRANSPORTATION PROBLEMS (36)
Optimal Solution:
Total Cost (Z) = 2460
BV: X,3= 50, X,4= 0, X,5= 20, X,5= 40, X;,= 30, X3,= 20,
Xps= 30 and Xps= 20
Non-BV: Other X;=0
©Copyright
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TRANSPORTATION PROBLEMS (37)

40, X5,= 30, X5,= 20, Xp,= 30 and Xpg= 20

TABLE 8.10 Water resources data for Metro Water District

Cost (Tens of Dollars) per Acre Foot

Berdoo Los Devils San Go Hollyglass Supply
Colombo River 16 13 22 17 50
Sacron River 14 13 19 15 60
Calorie River 19 20 23 — 50
Minimum needed 30 70 0 10 (in units of 1
Requested 50 70 30 £ million acre feet)

Operation Research (IE 255320)

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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