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Mang - Network - Examples

Salt Lake City 25 Des Moines

St. Louis

Dallas

Tim dudng di ngin nhat tit cang Los Angeles dén céc cang khéc.
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So do mang

e So do mang gom cac nodes (nét, diém, vertices) va cac arcs
(duong di).

@ Trén cac arcs (nhanh, duong di, edges) (directed or undirected)
bieu dién mbi quan hé gitta cac node.

e Mot network 13 directed néu nhu tat cd céc arc 1a directed. Va
mot network 14 undirected néu tat ca cac arc 1a undirected.
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Shortest path problem - Example

Salt Lake City 25 Des Moines

St. Louis

Dallas

Tim duong di ngin nhat ti cing Los Angeles dén St. Louis.
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Shortest path problem - Example

@ Xéc dinh diém bat dau. Pua vao tap t6i vu. Ki hiéu 1a Ay

@ Chon node c6 16 trinh ngan nhat tu diem bat dau. Pua vao tap tdi
uvu. Ki hiéu la A;.

@ Chon node ¢6 16 trinh ngin nhat xuit phat tit tap toi wu & bude 2
va dua vao tap t6i vu. Ki hiéu 1a A,.

@ Lip lai cac bube 2 va 3 cho dén khi dat t6i wu.
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Shortest path problem - Example

Tap T.U. | Gan nhat | Khoang cich | Last connection
Los Angeles | Phoenix 9 L-P

S

-
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Shortest path problem - Example

n | Tap T.U. Gan nhat | Khoang cach | Last connection

0 | Los Angeles Phoenix 9 L-P

! Los Angeles | Salt Lake City 16 L-S
Phoenix Denver 94-15=24 L-P-Den
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Shortest path problem - Example

n Tap T.U. Gan nhét Khoang cach | Last connection
0 Los Angeles Phoenix 9 L-P
| Los Angeles | Salt Lake City 16 L-S
Phoenix Denver 9+415=24 L-P-Den
Los Angeles
9 Phoenix Dallas 9+4-22=31 L-P-Dal
Salt Lake City | Des Moines 16+25=41 L-Salt-Des
Denver Des Moines 244-14=38 L-P-Den-Des
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Shortest path problem - Example

n Tap T.U. Gan nhat Khoang cach | Last connection
0 Los Angeles Phoenix 9 L-P
! Los Angeles | Salt Lake City 16 L-S
Phoenix Denver 9+415=24 L-P-Den
Los Angeles
5 Phoenix Dallas 9+4-22=31 L-P-Dal
Salt Lake City | Des Moines 16+25=41 L-Salt-Des
Denver Des Moines 244-14=38 L-P-Den-Des
Denver St. Lois 24+19=43 L-P-Den-St.Lois
3 Dallas St. Lois 31+14=44 L-P-Dallas-St. Lois
Des Moines St. Lois 38+8=46 L-P-Den-Des-St.Lois
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Shortest path problem - Example
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Shortest path problem - Example
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Shortest path problem - Example
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Shortest path problem - Example
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Shortest path problem - Example
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Shortest path problem - Example
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Shortest path problem - Example
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Linear Programming model

Let’s denote
S 1 if arc 75 is included
w 0 otherwise

We need to minimize

16212 + 9213 + 3514
123324 + 255825

15234 + 22234

14x45 + 17246 + 19247
8rs7 + 14xg7

++ +
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Linear Programming model

o Mot dudng di (path) ngdn nhat xuat phét tir node 1 chi cé thé di
qua mot va chi mot trong cac node 2, 3, 4 do dé

12 +x13+x14 =1

o Néu dudng di ngin nhat qua edge 12 thi né phai tiép tuc qua mot
va chi moét trong 2 edges 24, 25 nén

T12 — Toq — Ta5 = 0

o Néu dudng di ngan nhit khéng qua edge 12 thi né ciing khong qua
edge 24, 25 nén ta cing van cé

T12 — Toqg — Tos = 0
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Linear Programming model

12 +x13+x14 =1
T12 — Toqg — To5 = 0

e Tuong tu cho x13
T13 — T34 + 236 = 0

e Néu di qua node 4, thi moét va chi mot trong 3 edges 24, 34, 14 1a
bang 1, va ldc d6 mot va chi mot trong 3 edges 45, 46, 47 14 bang
1, nghia la

T14 + To4 + T34 — (T45 + 46 + x47) = 0

e Néu khéng di qua node 4, thi cic edge xuat phat hay di t6i node 4
déu khong dude di qua, nghia 1a ta ciing co:

T14 + To4 + T34 — (T45 + 46 + x47) = 0
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Linear Programming model

T12 + 213+ 214 =1
T12 — X4 — X295 = 0
213 — X34 + 236 = 0
T14 + o4 + T34 — (Ta5 + Ta6 + Ta7) =0

e Tuong tu cho node 5, 6.

xo5 + T45 — 157 = 0
x36 + T46 — 67 = 0

@ Vi node 7 1a dich dén nén:

Ta7r + 57 + 267 = 1
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Linear Programming model

Minimize 16219 + 913 + 35214 + 12294 + 25295 + 1534+
22x36 + 14x45 + 17246 + 192047 + 857 + 14267

subject to

T2 +T13 + 214 = 1

12 — X4 — X25 = 0

r13 — 234 + 236 = 0

T14 + T24 + T34 — (Ta5 + Ta6 + Ta7) =0

To5 + T45 — 257 = 0

x36 + T46 — Te7 = 0

T47 + T57 + 7 = 1

x;; =0 or 1
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Shortest path problem - Applications

@ T6i thicu héa quang dudsng di chuyeén.
@ T6i thiéu héa tong chi phi clia mot chudi cac hoat dong.

@ Téi thieu héa tong thoi gian ciia mdt chudi cdc hoat dong.
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M6 hinh céy cuc tieu (Minimum spanning tree problem)

o Tim dudng di qua tit ci cic node clia mang sao cho cuc tiéu tong

chiéu dai duong di.
O > ¢

12
16 8

14
s )
o - v @

17

@
O

14

Ha Vin Hiéu (UEL) Operations research 16th November 2020 14 / 27



Mé hinh cay cuc tieu

e Xuat phét tit mot node (vi du node 1).
o Chon node gan nhit dén node 1. O day 1a node 3. Duong di 13.

e Chon node gan nhat dén mot trong 2 nodes 1a 1, 3. 0 day la node
4. Bbuong di 134.

e Chon node gan nhat dén mot trong 3 nodes 1a 1, 3, 4. 0 day la
node 2. Puong di 1342.

e Chon node gan nhat dén mot trong 4 nodes 1, 3, 4, 2. 0 day la
node 5. PDudong di 1342, 45.

e Chon node gan nhat dén mdt trong 5 nodes 1, 3, 4, 2, 5. 0] day la
node 7. Puong di 1342, 457,

e Chon node gan nhat dén mot trong 6 nodes 1, 3, 4, 2, 5, 7. 0 day
la node 6. Duong di 1342, 4576.
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Mé hinh cay cuc tieu
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The Minimum Spanning Tree problem - Applications

@ Design of telecommunication networks (fiber-optic networks,
computer networks, leased-line telephone networks, cable
television networks, etc.)

@ Design of a lightly used transportation network to minimize the
total cost of providing the links (rail lines, roads, etc.)

@ Design of a network of high-voltage electrical power transmission
lines.

@ Design of a network of wiring on electrical equipment (e.g., a
digital computer system) to minimize the total length of the wire.

@ Design of a network of pipelines to connect a number of locations.
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M6 hinh Iuu lugng cuc dai (the Maximum Flow

problem)

o Cuc dai héa luu lugng tit mot diém bat dau dén mét dich.

8

03 s
4
6 0
- @ 3 ¢ g 0
—_— —_—
7 2 0
Omaha St. Louis
0 2

O:

o Node 1: Luu lugng vin chuyén téi da tit node 1 dén node 2 (hay
cia edge 12) 1a 6, trong khi luu lugng van chuyén tbi da tit node 2
dén node 1 (hay ctia edge 21) 1a 0.

o Luu v rang mic du do thi biéu dién 1& undirected nhung ban chat
cua network thuc ra la directed.
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The maximum flow problem - Algorithm

@ Chon mot dudng (path) bat ki tit diém nguon (Input) dén dich
(Output).

@ bDien luu lugng cuc dai vao path trén.

@ Diéu chinh luwu lugng tbi dai ctia mdi node bang céch trit di cong
suat cuc dai bén trén.

Q@ Xoa di duong dan (edge) cé cong suat 1a 0.

@ Quay lai budc 1 cho dén khi khong con dudng dan nao dén dich.
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The maximum Flow problem

4
0
0 ° Output
>
0
St. Louis

@ Chon path 1256. The maximum flow la 4.
Q ..
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The Maximum Flow problem - LPP

Let’s denote the flow from node 7 to node j by z;;.

e Maximize z = 19 + 13 + 214

e Constraints:
e Node 1: 12 S 6,21313 S 7,3314 S 4
e Node 2: T12 — X924 — o5 = 0, Io3 S 3,&?25 S 8
e Node 3: 13 — X34 — 36 — 0, T34 S 2,3336 S 6
© Node 4: x14 + Tog + 234 — T4 =0, T4 <5
e Node 5: o5 — Ly — O, I56 S 4
O Node 6: x12 + 213 + 14 = X36 + Ta6 + T56,
@ z;; >0, z;; are integers.
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The Maximum Flow problem - LPP

Let’s denote the flow from node 7 to node j by z;;.

o Maximize z =«

e Constraints:
Q@ Node 1: x = x12 + T13 + T14, 12 < 6,213 < 7,014 < 4
@ Node 2: x19 — 94 — T25 = 0, w23 < 3,725 < 8
© Node 3: 213 — w34 — w36 =0, 134 < 2,736 <6
©Q Node 4: 14 + To4 + T34 — Ta6 = 0, T46 < 5
e Node 5: o5 — Ly — O, I56 S 4
@ Node 6: © = 236 + T46 + T56,
@ z;; >0, z;; are integers.
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The Maximum Flow problem - Solved by Excel

E3 Microsoft Excel - Exhibit7.8

Objective—
maximize flow
from node 6

Eile Edit Wiew Insert Format JTook Datz window Help -2 ﬂ

e SRV iR T - @ = & 2%l 45 o - ),

Arial S0 - B XU EESE=EEH S %, W% EE DA
C16 | =C15

A B c | D E F G H | J K L M=
1 |Scott Tractor Company: Maximal Flow Problem —
|
Constraint at 3
. 4 Branch Branch | Branch MNetwork
node 1" 5 Modes Flow | Capacity MNode Flow
=C15-C6-C7-C8| |61z 6 1 0
7 1 3 7 2 0
81 4 4 3 0
92 4 3 4 0
10 2 5 a 5 0
111 3 4 2 6 0
.. 12| 3 B G
Decision 13| 4 | B 5
variables R 4
16 | Totaf|_D
17
18
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The Maximum Flow problem - Applications

@ Maximize the flow through a company’s distribution network from
its factories to its customers.

@ Maximize the flow through a company’s supply network from its
vendors to its factories.

@ Maximize the flow of oil through a system of pipelines.

Maximize the flow of water through a system of aqueducts.

@ Maximize the flow of vehicles through a transportation network.
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Excercises

& Tim duong di ngan nhat tir
Atlanta (node 1) dén mo1

node cua 5 nodeq (nhanh la o 4

thot gian di chuyén gitra céac

node). 6 o
3 2

¢ (G1a su nhanh la
5 7 2 khoang céch (thay
vi thor gian di
chuyén) gitta cic
node, hay tim cay

n cuc tiéu?

Ha Van Hiéu (UEL) Operations research 16th November 2020 24 /27



Excercises

Tim dudng di ngin nhat dé di tit A dén J.
B 12 L 10 H
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Excercises

Cho so d6 mang nhu hinh vé

Tur diém bat dau (O) hay chuyén lwong hang hoa 16n nhat ¢6 thé
dén dich T?
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Any question?

Thank you!
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