2. M6 Hinh Mang PERT (Program Evaluation and
Review Technique)

2.1 Cac khai ném cia PERT
Mang PERT giup t [oi cac cau bi:
Du an € hoan thanh khi nao?

— MOdi hoat dong aia dr an néndugc bt dau vao thoi diem
nao va kt thc vao thi diém nao?

— Nhitng hait dong nao da dr an phii két thticdung thyi han
dé tranh cho toanddu an b két thuc clAm hon so Vi ké
hoach?

— Liéu co tre chuyén cac ngan du trir (nhan {rc, vat Iuc) tir
cac hat dong “khong d@ing” sang cac hat dong gang” (cac
hoat dong phii hoan thanhiing tén do) ma khonganh hrong
toi thot han hoan thanhwlan?

~Nhitng hait d6ng nao &n tp trung theo dai?
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Vi du: Cho king cac hat dong aia dr an, thir tu va thoi
gian thrc hign

Hoat déng Hoat déng ké tr wéc Thei gian thyc hién (tuén)

A = 2
B - 2
C - 2
D A 3
E A 4
F E 0 (haat dong gi)
G B 7
H B 6

| D, F 4
J C 10
K H,J 3
L G, I,K 4




» V& so @6 mang PERT nlx sau:




2. MO Hinh Mang PERT

Xac dinh thei gian tai thiéu thgc hién dw an
B¢ xacdinh thyi gian ©i thiéu thyc hign dr &n, troe het
ch(mgota nghiénu khali nem thoi diém bat dau sym nhat va
thoi diem ket thuc m nhat (EST va EFT Earliest start time
va Earliest finish timechc tizng haat dong.
Vi du 2: Hoat dong Aco ESTA=0va EFTA= 2, vi

— Thoi diém bat dau ssm nhat 1a khi bat dau khoi dong dr an,

— Thoi diém két thic $m nhat la sau 2 tén.
Moi quan ¢ gitta EST va FFT 1&;

EFT = EST + thi gian thxc hign haat dong.
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2. MO Hinh Mang PERT

» Pé xacdinh EST chlng ta cé quyd “thoi diéem hit dau
som nhit”; th oi diém hiat dau ssm nhit ciza npt hoat
déng roi mét nat ndodo 1a thvi diém mudn nhat trong cac
thoi diém két thac $m nhat doi véi cac hat dong di vao
nutdo
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2. MO Hinh Mang PERT

» Budc tiép theo 1a xadinh thyi diém hit dau muwn nhat
va thyi diém két thic mwn nhat (LST va LFT -Latest
start time va Latest finish time) ching hait dong.
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2. MO Hinh Mang PERT

o Xacdinh hoat dong ging, dwong ging

* Hoat dong ging la hat dong ma

e LST-EST =LFT - EFT =0, hay [EST, EFF][LST, LFT]

e Slack = LST- EST=0

o Slack=LFT - EFT= 0(d6 tré cho phép #ng 0)

e Gidi thich: Slack= @ néi long (@ tré).

e Trong vi di dang xét, cac dong ggng la: C—»J—> K — L
va tao thanhduong gaing (Critical Path). Vi vy, phrong phap
mang PERT con co tén lahuong phapiuong gaing (CPM —
Critical Path Method).

o Xacdinhdwong ging bing phin mém Lingo (i sv tim héu)
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2. MO Hinh Mang PERT

Thot gian thrc hién trng hait dong aia dr an ndi chung
la mot luong bién dong kho dr doén tirde, ching ta di
thiét chiing la cac Bh ndgiu nhién. Gi sir ta c6 cac&liéu
ude tinh \é thoi gian thrc hién cac hat dong aia dr &n a,
m, b

Ldc d6 thoi gian trung binh véo 1éch chiin thoi gian
thuc hién cac hat dong dugcudc tinh theo cong tirc
t=(a+ 4m +b)/6
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Th&i gian wéc tinh
Hoat ant déng a m b t o
dong | ke truoc (som | (nhidukha nang xdy | (muén | (thoigian | (d6 léch tiéu chuan,
nhat) ra nhat) nhat) trung binh) do bhién thién)
A — 1 2 3 2 1/3
B — 1 2 3 2 1/3
C _ 1 2 3 2 1/3
D A 1 2 9 3 4/3
E A 2 3 10 4 4/3
F E 0 0 0 0 0
G B 3 6 15 7 2
H B 2 5 14 6 2
I D.F 1 4 7 4 1
J C 4 9 20 10 8/3
K H, J 1 2 9 3 4/3
L G . ILK 4 4 4 4 0




2. MO Hinh Mang PERT

Budc tiép theo ladp v 46 mang cho @ &n \bi cac thyi
gian trung binh t va tirluong ging. buong ging la C—
J— K — L bao @m cac hat d6ng ging C, J, K va L.
Cac hat dong nay caio tré cho phép Bng 0, hay néi
cach khac, khéng cho phég cham tré nac

Thoi gian thee hién du an la ndt lwong ngiu nhién tinh
theocongthc: T=TC + TJ + TK + TL. Ta tim kiang
cua T (thoi gian trung binh tirc hién du an) theo cong
thec. m=mT=tC+tJ+tK+tL=2+10+3+4=19
(tuan).
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2. MO Hinh Mang PERT

» Tinhdo léch chuin cia thyi gian thrc hién dy an:

G=0p =0 +0, +0 +0,° = (/3P +(8/3)° +(4/3)° +0 =3
e Ta coi T la b¢n ngau nhién phan pbi chuan N(m=190=3
e Tatinh dugc
P(T <=21)=75% va P(T<=23=90%
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2. MO Hinh Mang PERT

2.3.Piéu chinh dw an khi ké hoach mdt s6 hoat déng bi
pha vo

Vi du : P6i khi trong qua trinh tirc hién dy an, K hoach
ctia mdt SO hoat dong bi pha . Chinh vi vy, khi phat
hién dr Andang b chim so i ké haach dé ra ta @n dinh
lai thoi gian thrc hién (thoi gian rat @n) mot so hoat
dong trong giadoan toi. Xét cac dr kién cho trong hinh
va hing dréi day
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Hoat Th&i gian dinh Thai gian rut Kinh phi bd sung/1don vi thoi gian rut gon (triéu
déng muc gon dong)

A 6 4 2

B 4 3 3

C 3 2 1

D 8 6 1.5

E 7 4 0.5




2. MO Hinh Mang PERT

Sau khi c6 thi giandinh mic cho cac hat, dé dang tim
dugc thoi gian ©i thiéu can thiet dé hoan thanh &haach
la 16 (tin). Tuy nhién do yéuati mdi, can ruat gon thoi
gian hoan thanhwan trong vong (khonguet qua) 10
(tuan).
Muon vay ta thrc hién cacdiém sau:

— Tim thoi gian 6i thiéu du dinh thec hién du an (16 tan)
va timduong gang.

— U'6c tinh thyi gian rat @n ti da (ot 3).

— Khi rut gon thoi gian tréndudng ging ding phii chd
trongdong thyi cac cungiuong khac.
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2. MO Hinh Mang PERT

» Ta thay can thuc hién A, C va E i thoi gian rat gn toi
da (4, 2, 4)i¢ tong cac thi gian thrc hien cac hat dong
gang la 10 tdan), dong thoi rat gon cac hat dong B va D
& mirc cho phép:

 Phrong an 1: rut bt thoi gian thrc hién haat dong B nit
tuan va rat gt D mot tuan.

» Phrong an 2: khong ratdd B va rat kbt D hai tuin.

o Bai toandit ra la rat ngn du &n nhr thé naodé chi phi
tang gia la nid nhat?
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2. MO Hinh Mang PERT

2.4. Tinh thoi gian rat gon téi wu bang phwong phap
don hinh (tw nghién aru)

2.5. Ap dung mang PERT trong phan tich chi phi va
quan li tai chinh dw an
Vi du : Chunctaxen xel du ar véi cac dir kién chc trong
bang va hinh d6i day. Tinhduogc thoi gian 6i thiéu dé
hoan thanhd an la 15 (thang) ?.
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HPE.lt EST LsT Th_f:fi gian, thuwce Té_n.g chj phi Chi phifmé_lt thang (triéu
déng hién (thang) (triéu dong) dong)
A 0 0 3 30 10
B 0 8 2 200 100
C 3 9 1 40 40
D 3 3 4 20 5
E 7 7 5 75 15
F 4 10 2 100 50
G 4 10 1 75 75
H 12 12 3 18 6
I 5 11 4 240 60




2. MO Hinh Mang PERT

Nguyén &c diéu hanh tai chinh 6t dy an la;

- Ludng kinh phi phi duoc dua vao dn dan sao cha@ap
trng duoc tién d6 dy an.

- Néu kinh phidua vao thra haic thicu (theo tén do) thi
phai kip thoi diéu chinh,

- Can nam hit dugc: nhitng hait dong nao khéng dungeh
kinh phi dr kién, nhirng hat dong nao & dung kinh phi
nhiéu hon du kién dé cé sr diéu chinh thich .

- C&c bao céadinh ki cho phép kim soatdugc du &n \é tién
d6 va luwong kinh phi.
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T. 1 2 3 4 5 6 7 8 =} 10 11 12 13 14 15
A 10 10 10
10 10 10
B 100 | 100
100 | 100
c 40
40
D 5 5 5 5
5 5 5 5
E 15 15 15 15 15
15 15 15 15 15
F 50 50
50 50
G 75
75
= 6 [ [
3 [ 3
[ 80 60 60 60
60 50 60 50
> 110 | 110 | 10 45 130 | 115 | 65 75 75 15 15 15 6 6 6
10 10 10 5 5 5 5 15 115 | 155 | 140 | 125 | 66 66 66
>+ | 110 | 220 | 230 | 275 | 405 | 520 | 585 | 660 | 735 | 750 | 765 | 780 | 786 | 792 | 798
10 20 30 35 40 45 50 65 180 | 335 | 475 | 600 | 666 | 732 | 798




« Lap bang theo ddi kinh phi choydan tr thang 1dén thang
15
» V& d6 thi mién kinh phi khi thi
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kinh phi céng dén

1T 2 3 4 5 6 7 8 910111213 14 15 16
th&i gian {thang)




2. MO Hinh Mang PERT

TOm tat:

CA&c \an dé co ban cn giai quyét khi &p ding phrong phap
PERT hay CPM trong theo doi danh gia @ an la:

— Xacdinh dugc v 36 mang PERT @a dr an.

— Tim duoc duong gang va cac hat dong gang.

— Tinhdugc d6 tin cdy tng Wi cac moc thoi han hoan thanh
du an khi 8 liéu la ndiu nhién.

~ Biét cachdieu chinh thoi gian rat gn khi tien do thuc
hién du an la clAm so \oi1 ké hoach.

— Phan tich chi phi vdiéu hanh kinh phid an.
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3. Mot S6 M6 Hinh Mang Khéc

» 3.1 Bai toan cay khung bi thi éu

» Vi du; Mac cap trugn hinh trong khu wc dan o tir tram
phéatdén duoc 7 1o giadinh wi chi phiduong day 1a bé
nhat. So do khoang cacht tram phat i cac 1 giadinh
nhu dudi day

&z
g
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3.1 Bai toan cay khung@t thiéu

Thuadt gidi Prim
Buroc Khvi tgo: Lap bing (ma tein) khaing cach gira cac nat mng.

Trong ung trén, clan oot bat ki (vi du cot 1, e 1a ta clon nat 1dé
bat dau), gach v cot vira chon ra kvl bang.

Cac lroc lap

Bwéc 1: Panh diu vao hanguongtng (hang cung cil"so) V6l cot
vira chon. Trén cac handa dugc danh diu tim 6 cé gia irnho nhat.

Bwéc 2 Chon oot trong rng Wi 6 vira timduoc (Cot 3 biéu dién nut
chon nmvi, ghi cungduong ra timduwoc 1— 3), 161 gach v nodl
(gach v cot 3). Neu trong hing \n con cac 6t chea qach B hét
thi quay & budc 1, réu trai hi chuyén sang lréc két thac.

Buroc ket thiic. N tat cd cac @t da bi gach v hét thi arng \oi tat
ca cac cungiuong lién thdng tinduoc tao nén cay khungt thiéu.
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(Nt Y v Nt (cot)
"ang) 1 2 3 4 5 6 7
y 1 0 11 1 3 6 10 4
2 11 0 M M M M 9
y 3 1 M 0 M 5 M M
y 4 3 M M 0 M 7 M
5 6 M 5 M 0 2 M
6 10 M M 7 2 0 8
y 7 4 g M M M 8 0

« Két thac thut giai prim ta thuduoc cay khung
1. 531 >4 1 7 3 55 6ya7 7




3.2 Quy hachdong

3.2. Bai toan timdwong di ngan nhat va quy hoach dong

Vi du: Bai toantim dwong di ngan nhat.

C6 mot ngudi di xuat phat tr nat 1 va Kt thdc hanh trinky
nut 10 theo hanh trinh nthinh droi day.
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3.2 Quy hachdong

Nguyén tic t%i wu Bellman trong quy hach déng
Chung ta chia bai toan thanh éhigiai doan, tirc la thanh
nhiéu bai todn nb. Tai moi giai doan ta én tim phrong
an 6i uu la cac pblrong an 6t nhat caa tinh tang hén co,
Xet trong ndi quan ¢ véi cac phrong an 61 vu da tim
dugc cia cac giatoan trueoc.

Ta c0 tl¢ giai quyét bai toan én theo trng giaidoan theo
cachtinh toan ten hazc tinh toan lui (backward
computing)
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e Cac giaidoan tinh toan éa quy hach dong

Khoang cach

Giai doan Pau vao Paura Bwrang di toi wu t&i dich
. 8 10 8—10 150
Giai doan | 9 10 910 100
5 8 5—8 400
Giai doan Il 6 9 6—9 300
7 78 275
2 5 26 600
Giai doan Il 3 6 3—=5 600
4 7 46 200
2 1—=2 700
Giai doan IV 1 3 1—=3 779
4 14 650




3.2 Quy hachdong

Quy trinh tinh toan ¥ng quéat
Trudc hét, can chon c6 cac Win trang thai 6tate
variables) nly mo t trongbang

Xac dinh ham mc tiéu:bat Fi(;) la khaing cach ngn
nhat téi dich tinh &i giai doan i

- Lap ham truy toan: ,(x;,4) = Min [F(x;) + fi(u)], Min
tim theo nol to hop thich fop X, va y trongdo u la bien
diéu khién dé diéu khien chuyén trang thai fr trang thal X
sang %, va f(u) la hiéu ang aia bien dleu khien tacdong
len ham truy toan (va lén hamumtiéu, rtu tinhdén bai
toan ci cung)
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» Bang cac ben trang thai

Bién | Somangthai |  Cactrang thai ni Gii‘:gg Efewfr:r?g E‘ﬁa
X4 1 | Ye=1

k 3 2,34 X=2,%=3%=4
X2 3 5,67 =0 0=6x0=T
Xi 2 8,9 X =8:%=9

0 1 10 =10




Fo(xp) =10 Xg =10 ug fo(up) Fi(x;)
K] = +ug =150 150 150 150
X =9 + ug = 100 100 100 100
Giai doagn 2:
Fi(xp) + fi(u F =
% X1 =8 X[ =9 1) + fi(uy) _ 2(X3)
X, =8 X,=9 Min[Fi(x;) + f;(uy)]
5 +1u; = 250 +u; = 400 400 500 400 = 150 + 250
6 — +u; = 200 — 300 300=100+ 200
7 +u; =125 — 275 — 275=150+ 125




Giai doan 3:

. Xy Fy(x;) + f5(uy) F3(x:) = Min
' 5 6 7 =5 | x=6 |x=7| [Fax)+hHlu)]
u=275 | ua=300 - 675 600 - 600
u, =200 - uy =350 | 600 - 625 600
=175 | u,=200 | u,=275 | 575 500 550 500
Giai dogn 4
F3(x3) + f5(u3) F, (%) =Min
= 2 X3= 3 X3= 4
X3= 2 %= 3 = 4 [F3(33) + fS(uS)]
U;=100 | us=175 | us=150 | 700 | 775 | 650 650




o

o Pap 9: F,(x,) = F,(1) = 650 \6i diwrongdi ngan nhit

Xp =10

X3=4—— + x,=6

Xa=1 X =9

us = 150 u = 200 u; =200 up = 100

— — — — — — - — — E— — — A o o —

e Mot s6 tthg dung aia Quy hach dong (xem gido trinh)




Thuat toan Dijkstradé tim duong di ngan nhat

Nhic lai Bai toan:
Cho G = (V. E)ion, lien thdng, co ting $ duong (W(u,v) > 0 i

moi u khac v). Timiuong di ngan nhat tir u, dén v va tinh khang
cach d(y,v).

Phwong phap: :
Xac dinh tuan tr cacdinh cé kha@ng cachién u, tir nho dén lon.

Trugc tiéndinh cé khang cach nb nhat dén v, la Uo-

Trong V\{ug} tim dinh cd khang cachdén u(inho nhat (dinh nay phi
la mot trong caatinh ke véi up), gia s do

Trong V\{u,, U} tim dinh co Khang cachién y, nho nhat (dinh nay
phai la mot trong caadinh ké Véi U, hoic uy), gia sir do 1a u,

Tiép tuc nhr trén chadén bao gb tim duoc khaing cachi u, dén moi
dinh.

Néu G cé ndinh thi: 0 = d(y,Uy) < d(tp,Uy) < d(Uy,W,) < ... < d(Uy,U,.,)
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e Thuat toan Dijkstra
Budcl:

1:=0

S = V\{ug}

L(ug) :=0

Véimoi v € S, L(v) :=o0 vadugc danh diu bi (co,-)

Néu n = 1 thi xdt d(uy,Uy) = 0 = L(y)

Buoc 2.

Véi moi v € S va K véi u; (néu do thi cé hréng thi v 1adinh sau aa u),
L(v) := min{L(v), L(u;) + w(uv)}

Xacdinh k := min{L(v), ve S}

Néu k = L(v) thi xuat d(u,v;) = k vadanh dwu v bai (L(v;),u)

Uy = Y,

S ;= S\{y+1}

Budéc 3:

=i+l

Néu i = n - 1 thi Kt thac, rBu khéng thi quayal Budc 2.




3.4 Bai Toan Tim Lang Cuc Pai

e Vi du: Xét mang duongdi co hxéng tir nat 1 &1 nut 5 Wi
cac #i nang Hi da aia cac cungtuong da bét nhe hinh
dudi. Bai toandat ra 1a: Gin xacdinh duoc ludbng arc dai
(Maximal Flow) gira nat 1 (nGt ngén) va nat 5 (nat hat).
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3.4 Bai Toan Tim Lang Cuc Pai

Vé mit toan e, ta @i mot luong chip nhin dwoc 1a mpt
VEC U (X0 X3 X141 Xoa Xo50 Xaan X350 X4, Xij €[ 0, X; "®] ¥
cung (i, J) cho trén mng duongdi co hudng va tha man:
O mot nat kat ki thi luong vao va ra la canang.

Luong ra¢ ndt nguon bang luong vac o ndt dich va bang
v. Luc nay, ndt luong arc dqi la mot luong chap nr}an
duoc sao cho giaiwv caia luong dat duoc la lon nhat
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3.4 Bai Toan Tim Lang Cuc Pai

* Thudat toan Ford — Fulkerson
* Buoc khvi tgo. Tim nat luong chip nhin duoc.
e Cac hroc lap.

Bwéc 1: Tim mot duong, ting luong l:nng thi tuc danh diu. Neu
khéng c6_thi chugn vé budc két thac. Con Au co thi xét gia
tr1 tang Iuong tirong ungA(P)

Buéc 2: Neu A(P) < +o thi day thémA(P) don vi tai nang e
theoduong tingluong Pdé duoc luong chip nhan duoc moi

roi quay \& budc 1. Neu tréi ki, A(P) = 4o thi vé budc két
thuc.

Buoc ket thac. Tim léng arc dai véi gia tri hitu han haic két
lugn bai toan c6 ldng chip nhan duoc V6i gid thi v = +oo.

Lam saadeé tim luong ting?
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3.4 Bai Toan Tim Lang Cuc Pai

Thii tuc danh diu

Budc khi tao. Goi | 1A tdp nUtdd dwoc danh diu |, bandau dat | = {nGt
ngwn}.

Cac hroc lap.

Bwoc 1 Néu | chra nat hiat hac | = @ thi vé buéc két thic. Neu tréi ki,
chon nat it ki i € | dé quét @ong thoi dwa né ra kisi tdap 1), tirc 1a xét tit
Ca cac nut j enh i, né cach khac, xét m cung tén co dmg (i, J) la cung
trén nung dwangdl mét chieu da chova trongrng Wi no lacung lui (j,1).

Buéc 2 Xét cac cung én (1, J) ma co | clradugc danh diu (khdng Am
trong &p ) thi tadua | vao &p | voi diéu kien X; (hién co) < max x, con
néu xét cac cung lui thdiéu kien d6 la X; (hlen co) >0 va quaydsrlal

budc 1. Cha y mt khi nat hatdugc dua Vao fip | thi ding & ngay lroc
két thuc.

Buoc ket thic. Timdwong ting luong P
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Burdic Timdwdng | Gidtriting | Céc taindng cla cic cung trén luong hién | Giafri
tng ludng luong tai (luong chap nhan duwoc) ludng
BurdC khéi =0 cung (i, ) 0
tao
Burdrc lap 1 1525 20 X12 = X5 = 20, %;= 0¥ cung (i, J) khac 20
Buwdrc Idp 2 13335 10 X2 = %25 = 20, Xi3 = %25 = 10, %;= 0 ¥ cung 30
(i, j) khac
Buedrc lap 3 12425 19 %12 = %25 = 20, %13 = X35 = 10, X192 = ¥a5 = 15, 43
X;= 0 cung (i, J) khac




