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Bai toan van tai - The Transportation problem

e Gaspard Monge formalized
this problem in 1781.

e Monge-Kantorovich
transportation problem.

@ Linear programming
formulation of the
transportation problem is
known as the
Hitchcock—Koopmans
transportation problem.
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Example - p320

Procter & Gamble (P&G) is the world’s largest and
most profitable consumer products company. It makes
and markets hundreds of brands of consumer goods
worldwide and had over $83 billion in sales in 2012.
Fortune magazine ranked the company at 5th place in its
“World's Most Admired Companies™ list in 2011.

The company has grown continuously over its long
history tracing back to the 1830s. To maintain and ac-
celerate that growth, a major OR study was undertaken
to strengthen P&G’s global effectiveness. Prior to the
study, the company’s supply chain consisted of hundreds
of suppliers, over 50 product categories, over 60 plants,
15 distribution centers, and over 1,000 customer zones.
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distribution system for its North American operations.
The result was a reduction in the number of North
American plants by almost 20 percent, saving over $200
million in pretax costs per vear.

A major part of the study revolved around formulat-
ing and solving transportation problems for individual
product categories. For each option regarding the plants
to keep open, and so forth, solving the corresponding
transportation problem for a product category showed
what the distribution cost would be for shipping the prod-
uct category from those plants to the distribution centers
and customer zones.
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TABLE 9.2 Shipping data for P & T Co.

Shipping Cost (3) per Truckload
Warehouse
1 2 3 4 Output
1 464 513 654 867 75
Cannery 2 352 416 690 791 125
3 995 682 388 685 100
Allocation 80 65 70 85

o Lap ké hoach van chuyén dé téi thiéu héa chi phi.
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The (balanced) Transportation Problem Model

Dinh nghia

Bai toan van tai 1a bai toan toi thiéu héa chi phi cho viéc phan phdi
hang héa tit mot tap hop cdc nguon (kho, sources) dén cac tram (dich,
destinations). V&i cdc gid thiét nhu sau:

e Mobi nguon chita mot lugng hang hoéa c¢d dinh (certain supply of
units).

e Mobi tram can mot luong hang héa c¢b dinh (certain demand for
units).

o Céac tram chi nhan hang héa tit cic nguon.

e Tit cd luong hang héa tit cic nguon phai dugc phan phdi hét va
tat ca cac tram phai nhan du luong hang héa nhu nhu cau.

e Chi phi cho viéc phan phdi méi don vi sdn pham tit mot particular
source dén mot particular destination 1a ¢ dinh.

v
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Parameter table for the transportation problem

TABLE 9.5 Parameter table for the transportation problem

Cost per Unit Distributed
Destination
1 2 o n Supply
1 11 Gz Cin 5
Source ? =4 €22 Can 52
rﬁ Cm Cm2 S Cmn Sm
Demand d d> dn
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Network representation of the transportation problem

|32]

(5]
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Linear Programming model

m n
Minimize Z = Z Z CijLij
i=1j=1
subject to
n
Yowij=38 fori=1,2,...,m
j=1
m
Zasij :dj forj:1,2,...,n
1=1

xi; > 0 for all 7,
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Balanced transportation problems

e Bai toan van tai sé c6 PA néu nhu tong lugng cung ctia cac nguon
bang v6i tong luogng cau cua cac tram.
Neu ta c6 m sources, trong dé nguon ¢ c6 luong cung la s;, va n
destinations, trong dé tram j c6 lugng cau la d; thi dé bai todn c6 PA,
dieu kién can va du la

s1+s2+ -+ sm=di+dat+-+dy

Mot bai todn nhu trén con dude goi 14 mdt bai todn van tai can bang.
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Unbalanced transportation problems

Trong thuc té
e Ngudn cung thudng biéu thi gia tri t61 da ma né cé thé chia.
o Luong cau tai cic tram 1a bieu dién lugng cau to6i thiéu ma tram
dé can.
Bai todn nhu thé khong yéu cau diéu kién can bang. Tuy nhién ta cé
thé "reformulate’ bai todn nay thanh bai todn cAn bang bang cidch thém
vao cac nguon gid (dummy source) hoic tram gia (dummy destination).
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Cac phuong phap giai bai toan Van tai

Phuong phap tim nghiém tbi vu:
@ Phuong phap don hinh.
@ Phuong phip duyét tuan tu.
@ Phuong phap phan phdi cai tién.
Phuong phap tim phuong an cyc bién ban dau
@ Phuong phip géc tay bac.
@ Phuong phap chi phi thap nhat.
@ Phuong phap xap xi Vogel.
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Bang van tai

To A B C Supply
From
6 8 10
1 150
7 11 11
2 175
4 5 12
3 275
Demand 200 100 300 600
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Phuong phép géc tay bac (Northwest corner rule)

Nguyén tac: Phan bo nhieu nhat vao goc tay bac ctia bang van tai.

To A B C Supply
From
6 8 10
1 150
7 11 11
2 175
4 5 12
3 275
Demand 200 100 300 600




Phuong phép géc tay bac (Northwest corner rule)

Nguyén tac: Phan bo nhieu nhat vao goc tay bac ctia bang van tai.

To A B C Supply
From

6 8 10

1 150
150

7 11 11
2 175

4 5 12
3 275
Demand 200 100 300 600




Phuong phép géc tay bac (Northwest corner rule)

Nguyén tac: Phan bo nhieu nhat vao goc tay bac ctia bang van tai.

To A B C Supply
From
6 8 10
1 150
150
7 11 11
2 175
50
4 5 12
3 275
Demand 200 100 300 600




Phuong phép géc tay bac (Northwest corner rule)

Nguyén tac: Phan bo nhieu nhat vao goc tay bac ctia bang van tai.

To A B C Supply
From
6 8 10
1 150
150
7 11 11
2 175
50 100
4 5 12
3 275
Demand 200 100 300 600




Phuong phép géc tay bac (Northwest corner rule)

Nguyén tac: Phan bo nhieu nhat vao goc tay bac ctia bang van tai.

To A B C Supply
From
6 8 10
1 150
150
7 11 11
2 175
50 100 25
4 5 12
3 275
Demand 200 100 300 600




Phuong phép géc tay bac (Northwest corner rule)

Nguyén tac: Phan bo nhieu nhat vao goc tay bac ctia bang van tai.

To A B C Supply
From
6 8 10
1 150
150
7 11 11
2 175
50 100 25
4 5 12
3 275
275
Demand 200 100 300 600
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Phuong phap chi phi ré nhat

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhét

To A B C Supply
From
6 8 10
1 150
7 11 11
2 175
4 5 12
3 275
Demand 200 100 300 600




Phuong phap chi phi ré nhat

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhét

To A B C Supply
From
6 8 10
1 150
7 11 11
2 175
4 5 12
3 275
200
Demand 200 100 300 600




Phuong phap chi phi ré nhat

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhét

To A B C Supply
From
6 8 10
1 150
7 11 11
2 175
4 5 12
3 275
200 75
Demand 200 100 300 600




Phuong phap chi phi ré nhat

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhét

To A B C Supply
From
6 8 10
1 150
25
7 11 11
2 175
4 5 12
3 275
200 75
Demand 200 100 300 600




Phuong phap chi phi ré nhat

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhét

To A B C Supply
From

6 8 10

1 150

25 125

7 11 11

2 175
4 5 12

3 275

200 75
Demand 200 100 300 600




Phuong phap chi phi ré nhat

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhét

To A B C Supply
From
6 8 10
1 150
25 125
7 11 11
2 175
175
4 5 12
3 275
200 75
Demand 200 100 300 600
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Phuong phap xap xi Vogel (Vogel’s approximation

method)

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhat
& hang hay cot c¢6 chi phi co hoi 16n nhat. Chi phi co hoi 1a hiéu cta chi
phi bé nhat va bé ké trong cting hang (hay cot).

To A B C Supply
From
6 8 10
1 150
7 11 11
2 175
4 5 12
3 275
Demand 200 100 300 600




Phuong phap xap xi Vogel (Vogel’s approximation

method)

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhat
& hang hay cot c¢6 chi phi co hoi 16n nhat. Chi phi co hoi 1a hiéu cta chi
phi bé nhat va bé ké trong cting hang (hay cot).

To A B C Supply
From
6 8 10
1 150 2
7 11 11
2 175 4
4 5 12
3 275 1
Demand 200 100 300 600




Phuong phap xap xi Vogel (Vogel’s approximation

method)

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhat
& hang hay cot c¢6 chi phi co hoi 16n nhat. Chi phi co hoi 1a hiéu cta chi
phi bé nhat va bé ké trong cting hang (hay cot).

To A B C Supply
From
6 8 10
1 150 2
7 11 11
2 175 4
175
4 5 12
3 275 1
Demand 200 100 300 600




Phuong phap xap xi Vogel (Vogel’s approximation

method)

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhat
& hang hay cot c¢6 chi phi co hoi 16n nhat. Chi phi co hoi 1a hiéu cta chi
phi bé nhat va bé ké trong cting hang (hay cot).

To A B C Supply
From
6 8 10
1 150 2
7 11 11
2 175 4
175
4 5 12
3 275 1
100
Demand 200 100 300 600




Phuong phap xap xi Vogel (Vogel’s approximation

method)

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhat
& hang hay cot c¢6 chi phi co hoi 16n nhat. Chi phi co hoi 1a hiéu cta chi
phi bé nhat va bé ké trong cting hang (hay cot).

To A B C Supply
From
6 8 10
1 150 2
7 11 11
2 175 4
175
4 5 12
3 275 1
25 100
Demand 200 100 300 600




Phuong phap xap xi Vogel (Vogel’s approximation

method)

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhat
& hang hay cot c¢6 chi phi co hoi 16n nhat. Chi phi co hoi 1a hiéu cta chi
phi bé nhat va bé ké trong cting hang (hay cot).

To A B C Supply
From
6 8 10
1 150 2
7 11 11
2 175 4
175
4 5 12
3 275 1
25 100 150
Demand 200 100 300 600




Phuong phap xap xi Vogel (Vogel’s approximation

method)

Nguyén tic: Phan bd nhiéu nhit ¢ thé vao cic 6 c6 chi phi bé nhat
& hang hay cot c¢6 chi phi co hoi 16n nhat. Chi phi co hoi 1a hiéu cta chi
phi bé nhat va bé ké trong cting hang (hay cot).

To A B C Supply
From
6 8 10
1 150 2
150
7 11 11
2 175 4
175
4 5 12
3 275 1
25 100 150
Demand 200 100 300 600
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Mot vai dac trung cua PPDH cho BTVT
(Transportation simplex method)

Bai tap nhém / %
Cho bai toan QHTT nhu trén.
@ Xac dinh cac rang budc trén M %
c6 DLTT hay khong? .
@ Néu khong DLTT thi hang cia 5 NU-[ A

-I_.

hé rang budc la bao nhiéu?

@ Mot PACB ciia bai todn SPECTATOR SPORT
BTVT c6 t6i da bao nhié
phin ti kho 07 THE ONLY WAY

@ Mot PACB la khong suy bién TO LEARN MATH
khi n6 c6 chinh xdc bao nhiéu IS TO DO MATH

phan t khéc 07?
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Phuong phap duyét tuan tu (The Stepping-stone

solution method

Luu ¥y quan trong: Phuong phap nay chi st dung dé tim nghiém téi
ru khi PACB ban dau 1a khong suy bién.

@ Xic dinh PACB ban dau: Xac dinh PACB ban dau bang mét
trong 3 phuong phap trén.

@ Tinh chi s cai tién I;; cho tat cd cc 6 rong.

@ DAu hiéu tdi wu: Néu tat ca I;; > 0, PA dang xét 1a t6i wu. Néu
ton tai I;; <0, chon 6 c6 I;; nho nhat, dieu chinh dé duge PA méi
t6t hon.

@ Diéu chinh PA: X4c dinh lai bang van tii va quay lai buée 2.
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Tinh chi s6 cai tién I;; (1)

Dé tinh cac chi s cai tién, trude tién can tao cac chu trinh (closed
loop). Nguyén tac tao chu trinh

e Bit dau tit mot 6 trong.

e Di qua cic 6 cé s6 (da duge dien).

e Két thiic tai 6 trong da tao ban dau.

o Chi c6 thé di ngang hodc di doc.

e Khong di qua 3 0 trén cung mot hang hoac mot cot.

X X X —t

X=X

X
I
|

X

X -——-x

X ==X

Kot K
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Tinh chi s6 cdi tién I;; (2)

@ Thém + vao 6 trong, sau d6 thém lan lugt — va + vao cac 6 tiép
theo trong chu trinh da chon.

@ Tiép tuc lam vy cho dén khi hét tat ca cic 6 trong (c6 thé dién
chu trinh).

@ Nhiing 6 trong khong thé dién chu trinh thi git nguyén.

To A B C Supply
From
+ e |- 8 10
1 ~ - 150
| 25 125
7l 11 11
2 . | 175
I ! 175
— |4 |+ |5 12
3 I Bl B 275
200 75
Demand 200 100 300 600
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Tinh chi s6 cdi tién I;; (2)

To A B C Supply
From
6 | — 8 |+ 10
1 1 - 150
2 125
71+ 11— |11
2 oL 175
175
4 53 12
3 275
200 75
Demand 200 100 300 600
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@ Thém + vao 6 trong, sau d6 thém lan lugt — va + vao cac 6 tiép
theo trong chu trinh da chon.
@ Tiép tuc lam vy cho dén khi hét tat ca cic 6 trong (c6 thé dién
chu trinh).
@ Nhiing 6 trong khong thé dién chu trinh thi git nguyén.
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Tinh chi s6 cdi tién I;; (2)

To A B C Supply
From
6 |+ 8 |- 10
1 e P 150
25 125
71 |11 | |11
2 w ‘ 175
1 175
4| |5+ |12
3 e 275
200 75
Demand 200 100 300 600
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@ Thém + vao 6 trong, sau d6 thém lan lugt — va + vao cac 6 tiép
theo trong chu trinh da chon.
@ Tiép tuc lam vy cho dén khi hét tat ca cic 6 trong (c6 thé dién
chu trinh).
@ Nhiing 6 trong khong thé dién chu trinh thi git nguyén.
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Tinh chi s6 cdi tién I;; (2)

To A B C Supply
From
+ 6 | — 8 10
1 ~ - 150
| 25 125
7l 11 11
2 ! : 175
: | 175
— 4|+ |5 12
3 - - 275
200 75
Demand 200 100 300 600
O Chu trinh Chi s6 cai tién
1A | 1A-1B-3B-3A | 6 —8+5—4=—1
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Tinh chi s6 cdi tién I;; (2)

To A B C Supply
From
6 | — 8 |+ 10
1 - - —-- 150
2 125
71+ (11— |11
2 ol 175
175
4 5 12
3 275
200 75
Demand 200 100 300 600
O Chu trinh Chi s6 cai tién

1A | 1A-1B-3B-3A | 6—-845—4=—-1
2B | 2B-2C-1C-1B | 11 - 11 +10 -8 =2
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Tinh chi so

To A B C Supply
From
6 |+ 8 | 10
1 S B 150
25 125
7 1 11 | 11
2 | | 175
1 175
4| |5+ |12
3 e 275
200 75
Demand 200 100 300 600
O Chu trinh Chi s cai tién
1A | 1A-1B-3B-3A 6—-—8+5H—-—4=-1
2B | 2B-2C-1C-1B | 11 —114+10—8 =2
3C | 3C-1C-1B-3B | 12—-10+8—-5=5
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Diéu chinh phuong an

@ Chon 6 c6 chi s6 Am nhat 14 6 1A,

@ Trong cac chu trinh cé sit dung 6 1A, xac dinh cac 6 dugc danh
dau "—", trong cac 6 dugc danh dau trir nay, xac dinh 6 cé phan
phéi it nhat. Trong trudng hop nay 1a 6 1B va luong phan phdi
tuong tng la 25.

@ Céc 6 gan dau "+" sé dude gan gia tri méi bang cich cong thém
vao mot luogng & budce trude, trong khi cac 6 dude gan dau "—" thi
sé tru di luong d6. Trong trucng hop nay ta +25 vao cac 6 1A, 3B
va —25 vao cac 6 1B, 3A.

@ Tinh toan lai céc chi sb cai tién I;;. Tiép tuc diéu chinh néu chua
thay dau hiéu téi wu.

@ Dau hiéu toi vwu: tat ca cac chi so cai tien déeu khong am.
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Diéu chinh phuong an

To A B C Supply
From
6 8 10
1 ~ - 150
| 25 125
7l 11 11
2 . | 175
: | 175
la| T s 12
3 3 . 275
200 75
Demand 200 100 300 600

Bai tap nhém: Tinh cic chi so cai tién ciia phuong an mdi.
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Diéu chinh phuong an

To A B C Supply
From
+ 6 | — 8 10
1 150
25 125
7 11 11
2 175
175
— 4 |+ 5 12
3 275
200 75
Demand 200 100 300 600

Bai tap nhém: Tinh cic chi so cai tién ciia phuong an mdi.

Ha Van Hiéu (UEL) Operations research 10th November 2020 23 /26



Diéu chinh phuong an

To A B C Supply
From
+ 6 | — 8 10
1 150
25 125
7 11 11
2 175
175
— 4 |+ 5 12
3 275
175 100
Demand 200 100 300 600

Bai tap nhém: Tinh cic chi so cai tién ciia phuong an mdi.
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Diéu chinh phuong an

To A B C Supply
From
6 8 10
1 150
25 125
7 11 11
2 175
175
4 5 12
3 275
175 100
Demand 200 100 300 600

Bai tap nhém: Tinh cic chi so cai tién ciia phuong an mdi.

Ha Van Hiéu (UEL) Operations research 10th November 2020 23 /26



Bai tap thuyét trinh

Nghiém nguyén ctia BTVT - p325 - Integer solutions property.
Vi du ve nguon gia (p330).

Vi du vé tram gia (p327).

Bai toan trung chuyeén.

Bai todn vAn tai khéng can bang.

Phuong phap phan phdi cai tién.

000000

Co s6 1y thuyét ctia phuong phap phan phoi cai tién va phuong
phap duyét tuan tu.
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Homework

Exercises: 9.1-2, 3,4, 5,6, 7

SPECTATOR SPORT

THE ONLT WAY
T0 LEARN MATH
1570 0O MATH




Any question?

Thank you!
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