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TOM TAT

KT thuat danh gia va xem xét dw an va Phuong phap duwéng gang la cac cdng cu tinh toan nén tang trong lap
tién trinh va didu chinh cac hoat déng clia dw an. Tuy nhién, & Viét Nam, vé& phwong dién mé hinh héa va tinh toan,
cac codng cu trén day con it dwoc tim hidu, trinh bay mét cach hé théng, ké& ca trong dao tao, nghién ctru va thuc té
quan li cac dy &n trong linh vic s&n xuét - kinh doanh néng nghiép ciing nhw nhiéu linh ve khéc. Cung véi viéc
trinh bay mot sb kién thirc nén tang vé& Ki thuat danh gia va xem xét dw an va Phwong phap dudng gang, bai bao
nay dé xuét mot cach thire ap dung quy hoach tuyén tinh vao viéc 1ap tién trinh dw an, xac dinh cac hoat dong géng
va dwong gang cua dy an, cling nhw vao viéc diéu chinh rut ngén thoi lweng thire hién cac hoat dong clia dy an dé
day nhanh tién do dy an véi tdng chi phi diéu chinh thap nhat. Dwa trén phwong phap mé hinh héa va tinh toan khoa
hoc, cac khung thuat toan méi cé ap dung quy hoach tuyén tinh dugc thiét 1ap nhadm téi muc tiéu 1a hd tro mét cach
hiéu qua cho viéc phan tich va quan Ii dy an véi Ki thuat danh gia va xem xét dy an va Phwong phap dwdng gang.

Tu khéa: Ki thuat danh gia va xem xét dw an, phwong phap dwéng gang, quy hoach tuyén tinh, 1ap tién trinh dy
an, diéu chinh dv an.

Application of Linear Programming to Project Scheduling and Project Crashing

ABSTRACT

Program evaluation and review technique and critical path method are powerful computing tools in project
scheduling and project crashing. However, in Vietnam, modeling and computing aspects of program evaluation and
review technique and critical path method have not yet been considered sufficiently and systematically in university
education and applied research as well as in project management of agricultural production and business and many
other fields. Besides reviewing fundamental knowledge of program evaluation and review technique and critical path
method, this paper proposed the application of linear programming in project scheduling for determining project’s
critical activities and critical path as well as for crashing project’s activities in order to shorten project completion time
with a minimum total crashing cost. As a result, utilizing the modeling method and the scientific computing method,
new linear-programming-based algorithm frames were constructed for efficiently supporting project analysis and
management with program evaluation and review technique and critical path method.

Keywords: Program evaluation and review technique, critical path method, linear programming, project
scheduling, project crashing.

duong gang (CPM) dugc phat trién 14n dau ciing

1. DAT VAN DE A ..
ATV vao nhiing ndm 50 cua thé ki trude boi tap doan

Ki thuat danh gia va xem xét du an (PERT)
lan dau tién dude phat trién bsi Hai quan Hoa
Ky trong nhiing ndm 1950. Cu thé hon, vao nam
1957, Phong cac du an d#c biét ctia Hai quin
Hoa Ky da phéat trién PERT dé quan 1i mét du
an phat trién tau ngAm hat nhan. Phuong phap

Dupont ctia Hoa Ky, sau nay dugc tich hgp véi
PERT va dudc coi 1a moét thanh phan khong
tach roi cia PERT (Anderson & cs., 2010;
Nguyén Hai Thanh, 2019). Trén thé& giéi, cung
v6i viéc phat trién cac cong cu quan tri dit liéu
I6n va cac cong cu tinh toan hién dai, dap tng
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nhiing yéu cau cua Cudc cach mang 4.0, PERT
va CPM ngay cang dudgc hoan thién trén phuong
dién m6 hinh héa va tinh toan khoa hoc dé tao
ra cong cu manh cho viéc phan tich va quan tri
mot cach hiéu qua cac du an phtc tap véi cac dit
liéu dau vao bao gébm cac dit litu s6 thong
thuong va ca cac dii liéu c6 tinh md va tinh ngau
nhién (Gouda & cs., 2006; Hsiau & Lin, 2009;
Ramadan, 2014; Wallace, 2015; Yerkezhan,
2016). Trong nhiing nidm gan day, mot s6 bai
b4o trén cac tap chi chuyén nganh da dé cap
budc dau téi viec ap dung quy hoach tuyén tinh
thay vi ki thuan tinh toan mang (network
computing) c¢6 dién dé giadi quyét cac bai toan
PERT hay CPM (Wallace, 2015; Elmarbrouk,
2011; Karmaker & Halder, 2017). Trong linh
vic san xuat - kinh doanh ndéng nghiép, PERT
va CPM ciing dude nghién ctu va ap dung dé
quan li cac du an (Duft, 1970, 1979; Fahimifard
& Kehkha, 2009).

0 Viét Nam, cac phuong phap PERT va
CPM dugce dua vao cac chuong trinh, gido trinh
dao tao bac dai hoc va sau dai hoc cho cac nganh
kinh doanh, quan li, tai chinh, céng nghé..
(Nguyén Hai Thanh, 2005; 2019; Taha, 2007;
Anderson & cs., 2010) déng thoi dugc ting dung
khéa rong rai trong thuc t€ trién khai cac du an &
Viét Nam (Nguyén Thanh Phong & Lé Thanh
Van, 2015; Téng Cong ty Dién luc Mién Trung,
2015). Tuy nhién, hau nhu chua cé cac nghién
ctiu, tong két, tai liéu chuyén nganh vé viéc ap
dung PERT va CPM trong quan tri dy 4n trong
linh vuc san xuat - kinh doanh noéng nghiép.
Cac kién thiic nén tang vé PERT va CPM chua
dude dé cap t6i mot cach hé théng va rd rang,
dac biét vé khia canh m6 hinh héa va tinh toan
khoa hoc.

Vi vay, viéc day va hoc quan tri du an con
chua chi trong téi thuc hanh tinh toan, viéc giai
quyét cac trudng hop nghién ctu hay quan tri du
an trong thuc t& san xuat - kinh doanh khong st
dung PERT hay CPM, hoic c6 st dung véi cac
hiéu biét khong th&u déo din téi nhiéu han ché
trong viéc Gng dung va nghién ctu cac phuong
phap quan tri du 4n tién tién § Viét Nam.

Bai bdo nay c6 muc tiéu la trinh bay mot
cach tiép can méi, 4p dung md hinh quy hoach
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tuyén tinh dé giai quyét mét cach déng bo ca hai
bai toan kinh dién trong quan Ii dy an dya trén
PERT va CPM: bai toan lap tién trinh du an va
bai toan diéu chinh du an, nham tao ra mét
khung thuat toan cho phép giai quyét ca hai bai
toan mot cach déng bo, gin két véi nhau. Cach
tiép can méi nay cling giip cho viéc gidi quyét
cic bai toan trén day dugc hoan thién vé khia
canh mo hinh héa ciing nhu vé khia canh tinh
toan, thong qua viéc ap dung thuit toan don
hinh dé giai quyét céc bai toan quy hoach tuyén
tinh, 1a cac thuat toan da dudc dong gobi trong
Microsoft Excel Solver hay trong cac phan mém
thuong phdm théng dung khac.

Cac muc tiép theo ctia bai bao c¢6 ndi dung
nhu sau: Muc 2 t6ng hop mot cach hé théng va
ngin gon mot s6 kién thiic nén tang vé PERT va
CPM, ciing nhu néu ra khung thuat toan giai
quyét bai toan tim thdi gian hoan thanh du an
s6m nhAat, xac dinh cic hoat dong ging va duong
ging cua du 4n cing nhu phat biu bai toan
diéu chinh rat ngén thoi lugng thuc hién cac
hoat dong cua du an dé ddy nhanh tién d6 du an
v6i tong chi phi diéu chinh th4p nh&t. Tiép theo,
dya trén phuong phap mé6 hinh héa va tinh toan
khoa hoc, Muc 3 trinh bay cach xiy dung céac
khung thuat toAn méi nham t6i muc tiéu la giai
quyét ca hai bai toan trén thong qua viéc ap
dung quy hoach tuyén tinh dé hd trg mot cach
hiéu qua cho viéc phan tich va quan li du an véi
PERT va CPM. Cudi cung, Muc 4 dua ra cac két
luan va mot sd phuong huéng cho cac nghién
ctu tiép theo.

2. KIEN THUC NEN TANG VE KI THUAT
PANH GIA VA XEM XET DU AN VA
PHUONG PHAP PUONG GANG

2.1. Mot s6 thuat ngtt thong dung va khai
niém co ban

Ki thuat danh gia va xem xét du an la tén
goi dugc dich ti cum tu tiéng Anh Program
Evaluation and Review Technique, thudng
duge viét tat 1a PERT. PERT chd trong nhiéu
nh4t t6i yéu t6 thoi gian cta du an, cu thé la
chu trong t6i thoi lugng thuc hién céac hoat
dong ctia dy an va thdoi gian hoan thanh du an



s6m nhat, ma khong chi trong nhiéu téi yéu to
chi phi. PERT thuong dudc 4p dung trong cac
du an phiic tap, c6 nhiéu hoat dong thanh phan
v6i thoi luong thuc hién cin dude kiém soét
mot cach chédt ché. Cac du 4n nhu vay phat
sinh trong nhiéu linh vuc, trong d6 c6 linh vuc
ndng nghiép, dac biét 1la cac du an nghién ctu
va phat trién. Phuong phdp dudng gdng 1a tén
goi dugce dich tit cum tu tiéng Anh Critical Path
Method, thudng dudc viét tit 1a CPM. CPM la
su b6 sung can thiét cho PERT, hién nay dugc
coi 1a mot thanh phan khéng tach roi cia
PERT. D6 1a do CPM cht trong dong thdi ca
yéu td thoi gian va yéu td chi phi caa cac hoat
dong cua du an. PERT va CPM dugc st dung
két hop song hanh véi so dé6 mang trong quan li
thoi gian du an, tit d6 c6 tén goi so dé mang
PERT (PERT network).

PERT va CPM la cac cong cu dé lap tién
trinh du 4n mot cach hiéu qua nhat nhim xac
dinh thoi gian sém nh&t va muén nhit dé bit
dau, thoi gian sém nh&t v mudn nhét dé két
thiic mdi mot hoat dong cta du an. Xét mot du
an c6 n hoat dong, thi déi véi hoat dong j cta du
4n, cac thoi gian trén duge ki hiéu mot cach
tudng tng la ES;, LS;, EF;, LF,. Lic d6, EF; - ES;
= LF, — LS; = t; chinh la thdi lugng thuc hién
hoat dong j, v6ij =1, 2,.., n. Goi s; = LF; - EF; =
LS, — ES; 1a do tré thoi gian cho phép déi véi
hoat dong j. Lic d6 cac hoat dong c6 do tré thoi
gian bing 0 la dudc goi l1a hoat déng gédng
(critical activity) khong cho phép mét sy cham
tré nao vé& mit thoi gian thuyc hién. Néi cach
khac, néu mét trong cac hoat déng gang bi thuc
hién cham tré thi thoi gian hoan thanh dy an sé
bi cham lai. Puong gdng (critical path) 1a tap
hop cac hoat dong gang cta du an, dugc sip xép
theo thi tu thoi gian thuc hién.

Nhu vay 4p dung PERT va CPM trong quan
Ii du 4n c6 nghia 1a phai lap dudc tién trinh thuc
hién cac hoat dong du an, hay néi ngin gon, la
lap tién trinh du 4n (project scheduling), nham
xac dinh khi nao thi moét hoat dong ctia dy an
can dugc bat dau va khi nao can dude két thic,
cac hoat dong nao 1a cac hoat dong ging can
dudc chd trong thuc hién dé thsi gian hoan
thanh du 4n 13 s6m nhat c6 thé. Khi cin diy
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nhanh tién d6 du an, PERT va CPM ciing dudc
ap dung dé tim ra phuong an diéu chinh du an
(project crashing) nham xac dinh nhiing hoat
dong nao trong du an can dugc diéu chinh rit
ngin vé mat thoi lugng thuc hién sao cho téng
chi phi diéu chinh du 4n 14 thap nhat.

C6 thé tim hiéu thém cac thuat ngit thong
dung va cac kién thtic nén tang trén trong céc
sach gido trinh, tham khdo va tai liéu chuyén
nganh (Nguyén Hai Thanh, 2005; 2019; Taha,
2007; Anderson & cs., 2010). Day cling 1a cac tai
liéu tham khao cho cac tiéu muc 2.2 va 2.3.

2.2. Bai toan lap tién trinh du an

Dé don gian héa van dé, xét mot vi du cu
thé c6 tinh ch&t minh hoa.

Bai toan 1: Mbt doanh nghiép san xuat -
kinh doanh trong linh vuc néng nghiép can thuc
hién mo6t du 4n bao gom 8 hoat dong. Doanh
nghiép muén ap dung PERT va CPM dé quan li
du an nham xac dinh: thdi gian hoan thanh du
an s6m nhat, nhiing hoat déng nao cua dy 4n la
hoat dong ging, thoi gian sém nhit va mudn
nhat dé két thic mbi mot hoat dong ctua du an.
Né6i cach khac, doanh nghiép muén st dung
PERT va CPM dé lap tién trinh du 4n mét cach
t61 uvu.

Sau day 1a khung thuat toan xac dinh duong
ging trong lap tién trinh du an (Nguyén Hai
Thanh, 2019) dya trén phucng phap tinh toian
mang (network computing) dang dugc st dung:

Buéc 1: Lap danh muc cac hoat dong ctua du
an, trong d6 d6i v6i mdi hoat déng j cta du an
can chi rd thoi lugng thuc hién va cac hoat dong
ké truéc ctia né (1a nhiing hoat dong phai dude
hoan thanh truée khi hoat dong j dude bat dau
thyc hién), v6ij =1, 2,.., 8 (Béng 1).

Budc 2: Phat trién quan hé lién ké cho céc
hoat déng ctiia du an va vé sé d6 mang PERT
(Bang 2 va Hinh 1).

Dé hidu méi quan hé lién ké 1a gi, c6 thé 14y
vi du: A va B dugc néi 1a c6 méi quan hé lién ké
va ki hiéu A > B vi A 1a hoat dong ké truéc hoat
dong B (Bang 2), lic nay B dudc goi 12 hoat dong
ké sau cua A.
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Bang 1. Cac hoat dong ctia du 4an, hoat dong ké truéc va thoi lugng thuc hién

Tén hoat déng Danh sb hoat dong

Hoat dong ké trudc Théi lwong thuc hién (tuén)

A 1 3

B 2 A 3

C 3 A 2

D 4 B 3

E 5 C 7

F 6 B, C 3

G 7 D, E 6

H 8 c 2

Bang 2. Quan hé lién ké
B4t dau A B C D E F G H Két thic
Bét dau >
A > >
B > >
C > > >
D >
E >
F >
G >
H >
Két thuc

Finish

Hinh 1. So d6 mang PERT

Buiée 3: St dung quan hé lién ké/so d6 mang
PERT va thai lugng thuc hién cac hoat dong ciua
du 4n d& tim thoi gian bit ddu sém nhat ES; va
thoi gian két thic sém nhat EF, cho m6i mot
hoat dong j ctia du an, v6i j = 1, 2,.., 8, bang
cach thuc hién tinh tién (forward
computing). Gia tri 16n nhat trong s6 cac gia tri
cua thoi gian két thic s6m nhat cta cac hoat
dong khong cé hoat dong ké sau dudc coi 1a thoi

toan
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gian hoan thanh du an sém nhét. P thuc hién
tinh toan tién, d6i v6ij =1, 2,.., 8, can thuc hién
cac tinh toan theo céng thic:

ES, =Max,_ . {EF}; EF =ES +t,

Trong d6 pred(j) 14 tap hop cac hoat dong ké
trude cua hoat dong j. Néu hoat déng j khong cé
hoat dong ké trudc thi dat pred(j) = &, va quy
uée ES; = 0.



Két qua thyc hién tinh toan tién dé tim ES;
va EF,, v6ij = 1, 2,.., 8, dudc tong hop tai cot 2
va cot 3 cia Bang 3. Bang 3 ciing cho biét, thoi
gian hoan thanh du 4n sé6m nhat 1a T = Max
(EF,, EF., EF,} = Max {9, 18, 7)= 18 (tuin).

Buiée 4: St dung quan hé lién ké/so d6 mang
PERT va thoi lugng thuc hién cac hoat dong ciua
du an dé tim thdi gian bit ddu mugdn nhat LS,
va thoi gian két thic mudn nhat LF; cho méi
mot hoat dong j cia du an, véij =1, 2,.., 8, bang
cach thuc hién tinh (backward
computing) theo cong thtc sau:

LF, = Min LS }; LS, = LF, —t,

toan lui

iesucc(j) {

Trong d6 succ(j) 1a tap hop cac hoat dong ké
sau cua hoat dong j. Néu hoat dong j khong cé
hoat dong ké sau thi dit succ() = &, va quy uée
LF,=T.

Két qua thyc hién tinh toan lui dé tim LS,
va LF, v6ij =1, 2,.., 8, dugc tong hop tai cot 4
va cdt 5 cua bang 3. Bang 3 ciing cho biét,
LF,=LF,=LF;=T =18.

Budc 5: Tim do tré s; = LS; - ES; = LF, - EF;,
véij =1, 2,.., 8. Hoat dong c6 do tré bing 0 la
hoat déng gang. Pudng gang gém cac hoat dong
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gang dudc sip xép theo thi tu thoi gian thuc
hién (dugc phan anh qua quan hé lién ké).

Bang 3 cho biét cac hoat déng ging cta du
an 1a cac hoat dong A, C, E, G. Bang 2 cho biét
quan hé lién ké cua cac hoat dong nay, tu do
duong ging cta du 4n duge xac dinh la: A —» C
— E > G. Két qua tinh toan Buéc 3, Budc 4 va
Buéce 5, nhu duge téng hgp trong bang 3, cling
dugc thé hién trén hinh 2. Trén hinh 2, v6i méi
hoat dong cua du an cé ghi rd thoi lugng thuc
hién, cac thdi gian bat dadu sé6m nhat va két thic
s6m nhat ghi 6 6 phia trén, bén phai, con thoi
gian bit ddu mudn nhat va két thic muodn nhat
dugc ghi 6 6 phia duéi bén phai.

2.3. Bai toan diéu chinh dy 4n

Bai todn 2: Xét Bai toan 1 & tiéu muc 2.2 véi
thoi gian hoan thanh du 4n s6m nhat 1a 18 tuan
da biét. Do mot s6 diéu kién phat sinh, doanh
nghiép muén ddy nhanh tién d6 du an bing cach
diéu chinh rdt ngén thoi gian hoan thanh du an
xudéng 16 tuan. Vay doanh nghiép cin diéu chinh
rat ngén thoi lugng thuc hién cta cac hoat déng
nao dé tong chi phi diéu chinh 14 thap nhat?

Bang 3. Thoi gian bat dau va két thic s6m nhat va mudén nhat ctia du an

Céc hoat dong ES EF LS LF Do tré Hoat dong gang
A 0 0 3 0 X
B 3 6 9 3
C 3 3 5 0 X
D 6 9 9 12 3
E 5 12 5 12 0 X
F 6 9 15 18 9
G 12 18 12 18 0 X
H 5 7 16 18 1

Hinh 2. K&t qua tinh toan tién va tinh toan lui trén so d6 mang PERT
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Bang 4. Thoi lugng thyc hién va chi phi binh thudng va diéu chinh t6i da

Hoat dong TLBT CPBT TLDCTD CPBCTD TLRNTD CPRN
A 3 20 2 30 1 10
B 3 100 2 150 1 50
C 2 50 2 50 0 N/A
D 3 250 3 250 0 N/A
E 7 180 5 300 2 60
F 3 30 2 40 1 10
G 6 100 4 140 2 20
H 2 150 2 150 0 N/A

Dé thuc hién diéu chinh du 4n véi tong chi
phi diéu chinh thap nhat caAn thu thap cac thong
tin sau: 1) Chi phi thuc hién hoat dong (CPBT)
khi thoi lugng thuc hién hoat ddéng la binh
thuong (TLBT); ii) Thoi lugng thuc hién hoat
dong diéu chinh té8i da (TLDCTD) iii) Chi phi
diéu chinh hoat dong 6 mitc téi da (CPDCTD).
Cac ki hiéu sau dugce st dung cho hoat dong j
cua du an, j = 1, 2,.., 8: t; = TLBT dudc bao dam
v6i chi phi du kién ban dau ¢; = CPBT;
t; = TLDCTD dugc bao dam véi chi phi diéu
chinh ¢;= CPDCTD; thoi lugng rit ngén toi da
(TLRNTD) M, = t, - t; chi phi trén mot don vi
thoi lugng rit ngdn (CPRN) la K. Két qua thu
thap céac théng tin trén dudec téng hgp trong
bang 4, trong d6 K, dugc tinh theo cong thic
K, = CPRN = (¢ - ¢)/M,, v6ij = 1, 2,..., 8.

3. TIEP CAN QUY HOACH TUYEN TINH
CHO LAP TIEN TRINH VA PIEU CHINH
DU AN

M6 hinh quy hoach tuyén tinh c6 thé dugc
ap dung dé giai quyét hai bai toan kinh dién
trong quan li dy 4n dua trén PERT va CPM: bai
toan lap tién trinh du an va bai toan diéu chinh
du 4n, nhim tao ra mét khung thuat toan cho
phép gidi quyét ca hai bai toAn mot cach déng
b6, gin két véi nhau. Céach ti€p cdn méi nay
cling giip cho viée gidi quyét cac bai toan trén
day dugc hoan thién vé khia canh m6 hinh héa
cling nhu vé khia canh tinh toan, théng qua viéc
ap dung thuét toan don hinh dé giai quyét bai
toan quy hoach tuyén tinh (BTQHTT). Khung
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thuat toan mdi c6 thé duge déng géi mot cach dé
dang dé tao ra cic phdn mém chuyén dung. Mt
khéac, v61 Microsoft Excel Solver, cac BTQHTT
phat sinh trong khung thuat toan nay cé thé
dugc gidi quyét mot cach tuong d6i dé dang.

3.1. Ap dung quy hoach tuyén tinh trong
lap ti€n trinh dy an

Pé ap dung quy hoach tuyén tinh trong lap
tién trinh du an (théng qua viéc gidi Bai toan 1
nhu duge phat biéu & tiéu muc 2.2), mot khung
thuat toan méi (KTT2) dé x4c dinh dudng ging
sé duge xem xét. So sanh véi khung thuat toan
(KTT1) dé x4c dinh dudng ging & tiéu muc 2.2,
KTT2 gom 6 budc tit 1 téi 6, trong d6 Buée 1 va
Buéc 2 cha KTT2 van gili nguyén nhu trong
KTT1, Buéc 6 cuia KTT2 giong véi Buée 5 cua
KTT1, con Bude 3, Buée 4 va Buée 5 caa KTT2
nhu sau:

Budc 3: Tim thoi gian két thic, dude ki hiéu
la x; cho hoat dong j, v6ij = 1, 2,.., 8, va thoi
gian hoan thanh dy 4n s6m nhat T bang cach
giai BTQHTT sau:

BTQHTTI: Min (Cuc tiéu héa) z = x,, v6i
cac rang budc:

X, > 3; Xg =Xy + 3;
Xy, > X, + 3; Xg> X5+ 3;
X3 > X, +2; X, >X,+ 6;
Xy > Xy + 3; X; > X5 + 6;
X; > X5+ 7; Xg > X5 + 2;

Xg < Xo; X < Xg; Xg < Xg; X; > 0 va nhén gia tri

nguyén, v6ij =1, 2,.., 8;



Trong d6 x; = thoi gian két thuc hoat dong j
(théa man diéu kién: EF,; < x; <LF)),

v6ij=1,2,.,8vax,="T.

C6 thé thay ring cac rang budc trén day
dugc thiét lap dua trén cac di liéu dau vao
trong bang 1 va bang 2. Ngoai ra, T = x, = Max
{Xg, X7, Xg}. Phuong an t61 wu cuia BTQHTT1 1a:
X;=3,%X=9,x=5,%x,=12,x, =12, x4 = 12, x; =
18, xg =7, xg = 18.

Buéc 4: Tim thoi gian két thic s6m nhat
EF; cho hoat dong j, v6ij =1, 2,.., 8 bang cach
gidi BTQHTT sau:

BTQHTT2: Min (Cuc tiéu hoéa z = x, + x, +
X4 + X, + X5 + X + X; + Xg, V61 cac rang budc nhu
trong BTQHTT1 c¢6 bé sung thém mot rang budce
Xq = 18.

C6 thé chiing minh chit ché vé mit toan
hoc (xem B8 dé 1 phan Phu luc) ring phuong an
t6i uu caa BTQHTT2 théa méan x; = EF,, véi
j =1, 2,., 8 Phuong an téi vu nay hoan toan
trung v6i phuong an dudc cho trong cot 3 cua
Bang 3. Ngoai ra c6 thé tinh thdi gian bit dau
sém nh&t cta hoat déng j bing cong thiic
ES, = EF; - t;, v61j = 1, 2,.., 8. Cac gia tri nay
tring véi cac gia tri cho trong cot 2 cia bang 3.

Buéc 5: Tim thoi gian két thic mudn nhat
LF; cho hoat déng j, v6ij =1, 2, .., 8 bang cach
giai BTQHTT sau:

BTQHTT3: Max (Cuc dai héa) z = x; + x, +
Xy + X, + X5 + X + X; + Xg, V61 cac rang budc nhu
trong BTQHTT2.

C6 thé chiing minh chit ché vé mit toan
hoc (xem B8 dé 2 phan Phu luc) ring phuong 4n
t61 uu cua BTQHTT3 théa méan x; = LF;, for j =
1, 2,.., 8. Phuong an t6i uu nay hoan toan trung
v6i phuong an dudc cho trong cdt 5 cua Bang 3.
Ngoai ra c6 thé tinh thoi gian két thdic s6m nhat
cua hoat dong j bang cong thic LS; = LF, - t; véi
j=1,2,.., 8. Cac gia tri nay trung vdi cac gia tri
cho trong cot 4 cia bang 3.

3.2. Ap dung quy hoach tuyén tinh trong
diéu chinh dy an
Dé ap dung quy hoach tuyén tinh trong

diéu chinh du an (théng qua viéc giai Bai toan 2
nhu duge phéat biéu & tiéu muc 2.3), mot khung
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thuat toan (KTT3) sé duge xem xét v6i cac buée
ti 1 dén 11, trong d6 6 budc dau gibng nhu
trong KTT2. Piéu nay c6 nghia ring truéc khi
diéu chinh dé ddy nhanh tién d6 du an can giai
quyét bai toan lap tién trinh du an véi cac di
liéu trong cic bang 1 va bang 2. Trong truong
hop cin diéu chinh du an véi tong chi phi diéu
chinh thap nhat, Budc 7, Bude 8, Bude 9, Bude
10 va Budc 11 sé& dugc tién hanh nhu sau day.

Buée 7: Tim thoi lugng rat ngén cho cac
hoat d6éng ctia du an dé téng chi phi diéu chinh
du an la th&p nhat bang cach giai BTQHTT sau
day (Nguyén Hai Thanh, 2005; 2019; Anderson
& cs., 2010):

BTQHTT4: Min (Cuc tiéu héa) z = 10y, +
50y, + 60y;+ 10y, + 20y, v6i cac rang budc:

x; 20+ (3-yy); Xg > Xy + (3 — ¥p);
X 2%+ (3-Yy);  Xe= X3+ (3-Y);
X3 2%+ (2-yy); X=X+ (6-y9);
X, 2%+ B -y); X2x+(6-yy);
X5 2%+ (T-y5);  Xg=X3+ (2 -Yy);

Xg < Xg; X7 < Xg; Xg < Xg; X;> 0 vA nhén gia tri
nguyénvéij=1, 2,.., 8;

Xy = 16 (thoi gian hoan thanh du 4n duge
rit ngén ti 18 tuan xuéng 16 tuin);

Vi<Lye<Lys=0iy,=0,y; <2y, < 1,y <
2;y5=0;

y;> 0 va nhan gia tri nguyén véij =1, 2,..., 8;

Trong d6 x; = thoi gian két thic hoat dong j,

y; = thoi lugng rit ngén ctia hoat dong j, véi
i=1,2,.,8.

BTQHTT4 trén day dugdc phat bidu dya trén
cac dii lidu dau vao cho trong bang 1, bang 2 va
bang 4. Cac bién quyét dinh tit y,, y,, ...ys c6 thé
duge ki hiéu lai, mot cach tuong tGng, la x,,,
X;1,-» X;7. Nhu vay BTQHTT4 12 BTQHTT véi 17
bién quyét dinh. Phuong 4an t6i uu cua
BTQHTT4 la: x;, = 2, x, = 5, x5 = 4, x, = 11,
x; = 11, x4 = 8, x; = 16, xg = 16, x4 = 16, y; = 1,
¥2=0,¥3=0,5,=0,5,=0,56=0,y, =1,y =0,
VA Z, = 30. Diéu d6 c6 nghia rang d€ diéu chinh
du 4n nhim rdt ngn thoi gian hoan thanh du
an tir 18 tudn xuéng 16 tuan, cAn rut ngin thoi
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lugng thuc hién cta cac hoat ddng A va G, mdi
hoat dong 01 tuan véi tong chi phi diéu chinh du
an thap nhat 1a z,,, = 1*10 + 1*20 = 30. Thoi
lugng thuc hién t; cia hoat dong j sau khi diéu
chinh, véij =1, 2,.., 8, hoan toan giéng nhu cac
gia tri duge cho & cot 4 & bang 1 chi véi 02 diém
sai khac: t;, =2 va t, = 5 (truéc day la 3 va 6), cac
thoi lugng thuc hién cta hoat dong khac van
gitta nguyén: t, = 3, t; =2, t, =3, t; = 7, tg = 3,
tg = 2. Can chu ¥ ring, néu trong BTQHTT4 ta
thay diéu kién rang budc x, = 16 bing diéu kién
X, = 12 chéng han, thi BTQHTT4 khéng c6
phuong an.

Thay vi sti dung phuong phap tinh toan
mang (tic la ap dung Budc 1, Buée 2, Buée 3 va
Budc 4 & tiéu muc 2.2 véi cac gia tri t; méi tim
duge 6 trén, j = 1, 2,.., 8, ching ta thuc hién
Buéce 8, Bude 9 va Bude 10 nhu sau day:

Budce 8: Tim thdi gian két thuc x; cho hoat
dong j,j=1, 2,.., 8, va thoi gian hoan thanh du
an s6m nhat T, v6i diéu kién da biét vé thoi
lugng rat ngin cho cac hoat dong nhu tim dudc
6 Bude 7, bang cach giai BTQHTT sau day:

BTQHTTS: Min z = X, v61 cac rang budc
nhu trong BTQHTT4 c¢6 bé sung thém céc rang
budcy, =1,y,=0,y;=0,y,=0,y;=0, ys = 0,
y; =1, yg =0 va bod b6t rang budc x, = 16.

Véi cac dit litu dau vao cua Bai toan 1
(Bang 1), phuong an t6i vu cia BTQHTT5 hoan
toan trung véi phuong an téi uu cua BTQHTT4
nhu tim dugc 6 trén véi x, =T = 16.

Buée 9: Tim thoi gian két thic sém nhat

EF, cho hoat dong j, véi j = 1, 2,.., 8, véi diéu
kién da biét vé thoi lugng rit ngin cho cac hoat
dong nhu tim duge ¢ Budc 7, bang cach giai
BTQHTT sau day:

BTQHTT6: Min (Cuc tiéu héa) z = x, + x, +
X5 + X, + X5 + X5 + X; + Xg, V61 cAc rang budc nhu
trong BTQHTT5 c¢6 b6 sung thém rang budc
Xy = 16 (nhu tim duge ttt BTQHTT5).

Phuong 4an t6i uu ctha BTQHTT6 la:
x, = EF,=2 x,=EF, =5, x;, = EF, =4, x, = EF,
=8, x; = EF; = 11, x, = EF; = 8, x;, = EF, = 16,
X = EF;=6,%=16,y,=1,y,=0,y;=0,y,=0,
ys=0,y,=0,y, =1, ys = 0. Thdi gian bat dau
s6m nhat cho hoat ddng j dugc tinh theo cong
thic ES; = EF; - t;, trong d6 t; c6 gia tri nhu tim
duge 6 Bude 7, v6ij=1, 2,.., 8.

Buéc 10: Tim thdi gian két thiic mudn nhat
LF; cho hoat dong j, v6i j = 1, 2, .., 8, véi diéu
kién da biét vé thoi lugng rat ngin cho cac hoat
dong nhu tim dude ¢ Budc 7, bang cach giai
BTQHTT sau day:

BTQHTT7: Max (Cuc dai héa)
X, t X3 + X, + X5 + X5 + X; + Xg, V61 cac rang budc
nhu trong BTQHTTS6.

Phuong an t61 uu cia BTQHTTS6 la: x, = LF,
=2,x,=LF, =8 x;, =LF, =4, x, =LF, = 11,
x; = LF, = 11, x4 = LF; = 6, x;, = LF, = 16,
xg = LF; = 16, x, =16, y, = 1, y, =0, y; = 0,
v.=0,y:=0,y,=0, y, =1, ys = 0. Thoi gian bit
ddu mudn nhat cho hoat dong j dude tinh theo
cong thic LS; = LF, - t;, trong d6 t; c6 gia tri nhu
tim dugc § Buée 7, véij =1, 2,.., 8.

z =x; +

Bang 5. Thoi gian bat dau va két thic s6ém nhat va muén nhat sau diéu chinh

Céac hoat déng ES EF LS LF Thoi lwgng thye hién Do tré Hoat dong gang
A 0 2 0 2 2 0 X
B 2 5 5 8 3 3
C 2 4 2 4 2 0 X
D 5 8 8 11 3 3
E 4 11 4 11 7 0 X
F 5 8 13 16 3 8
G 11 16 11 16 5 0 X
H 6 8 14 16 2 8

1506



Budc 11: V6i gia tri da tim duge cta thoi
gian bat dau va két thic s6m nhit va mudn
nhat sau khi diéu chinh nhu tim thay 6 Budc 9
va Budc 10, im do trd s, = LS, - ES, = LF, - EF,
véij =1, 2,.., 8. Hoat déng c6 do tré bing 0 la
hoat dong gang. Pudng ging gdbm cac hoat dong
gang dugc sdp xép theo thi tu thoi gian thuc
hién (dugc phan anh qua quan hé lién ké).

Bang 5 cho biét cac hoat dong gang cua du
an sau khi diéu chinh 1a cac hoat déng A, C, E, G.
Dua trén quan hé lién ké cta cac hoat dong nay
(xem Bang 2), duong géng clia du 4n sau khi
diéu chinh dugc xac dinhla: A > C > E - G.

4. KET LUAN

Bai bao da trinh bay mot cach hé théng va
ngin gon kién thtc nén tang vé PERT va CPM,
cing nhu phat biéu khung thuat toan KTT1
gdm 05 buéec nham xac dinh cac hoat dong gang,
dudng géng va thoi gian hoan thanh du 4n sém
nhat. Bai bao ciing dé xuit 02 khung thuat toan
méi KTT2 va KKT3. Bai toan 1 (lap tién trinh
du 4n) ciing nhu Bai toan 2 (diéu chinh duy 4an)
nhu dugc trinh bay trong bai bao nay chi 1a
nhiing vi du c6 tinh minh hoa nham trinh bay
van dé dé dang va truc quan hon thay vi trinh
bay cac bai toan téng quat. C6 thé nhan thay
KTT2 ¢6 muc dich giai quyét Bai toan 1 (xem
tiéu muc 2.2) va gbm 6 bude dau tién cua KTTS.
Trong khi d6, KTT3 gom 11 bude duge xay dung
nhim muc dich giai quyét ca hai bai toan: Bai
toan 1 va Bai toan 2 (xem tiéu muc 2.3). Nhu
vay, két qua chinh cta nghién ctu 14 da xay
dung duge khung thuat toan KKT3, mot cong cu
manh trong 14p tién trinh dy an va diéu chinh
dé ddy nhanh tién d¢ du an véi tong chi phi diéu
chinh thap nhat dua trén viéc 4p dung m6 hinh
quy hoach tuyén tinh tai Buéc 3, Budc 4, Budc 5,
Buée 7, Bude 8, Bude 9 va Bude 10. Trong do,
ngoai tri viéc 4p dung md hinh quy hoach tuyén
tinh ¢ Buéc 7 da dudc dé cap téi ti trude, viee ap
dung m6 hinh quy hoach tuyén tinh & cac budc
khac chua dudc dé cap tdéi trong cac sach dung
lam gido trinh hay tai liéu tham khao cho cac
chuong trinh dao tao dai hoc va sau dai hoc, va
theo nhiing thong tin ching t6i nim dude, hau
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nhu chua dudc dé cap t6i trong cac tai liéu
chuyén nganh vé PERT va CPM.

Khung thuat toan KTT3 dya trén mé hinh
quy hoach tuyén tinh sé 14 mot nén tdng quan
trong dé tiép tuc hoan thién va phat trién PERT
va CPM nham xt i cac dit liéu dau vao cé tinh
md va ngau nhién. Mot trong cac phuong hudng
cho cac nghién ctiu li thuyét va tng dung tiép
theo 1a cai tién KTT3 nhidm muc dich phan tich
va quan tri cac dy an vé6i thoi lugng thuc hién
cac hoat dong dy an 1a cac di liéu c6 tinh mo.
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PHU LUC

B6 dé 1: Phuong 4n téi wu cia BTQHTT2
cho biét cac thoi gian két thuc sém nhét x; = EF;
cua cac hoat dongj =1, 2,.., 8.

Ching minh:

Truéc hét dé thdy moi phuong an cua
BTQHTT2 14 phuong 4n t6i uu cua BTQHTT1.

Ki hiéu vector y* = (EF,, EF,,.., EF,, T) véi
T = 18 va EF; 1a thoi gian két thdc s6m nhét
hoat dong j cia du 4an, j =1, 2, .., 8. Dé thay, y*©
14 phuong 4n cua BTQHTT2. Ta di chting minh
yE ciing 14 phuong an t61 uu cua BTQHTT2. Béi
néu trai lai, goi x® = (x,, X, Xg., Xg Xg) 12
phuong an t6i vu cia BTQHTT2 thi x, + x, + ..
+ x4 < EF, + EF, + .. + EF,. Liic d6 ton tai it
nhéit mot chi s6 j sao cho x; < EF;, day la diéu vo
li, vi nhu da biét ¢ trén: cic phuong 4n t6i uu
cua BQQHTT1 déu thoa méan EF,; < x; < LF;, v6i
i=1,2, .., 8.
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Hon niia, y® 14 phuong an t6i uu duy nhat
cua BTQHTT2. Gia st x® = (x,, x,,
phuong an t6i uu ciia BTQTTT2, ta sé chi ra riang
(X1, Xpos Xg %) = (EF,, EF,.., EF, T), tic la
x;= EF;v6ij=1,2, .., 8 vax, =T = 18. That vay,
néu trai lai, ton tai mot chi s6'j € {1, 2,.., 8} sao
cho x; # EF;. Néu x;< EF; thi diy 1a diéu v6 1i. Con
néu x; > EF, thi ton tai mot chi s6'1 € {1, 2, .., 8}
sao cho x; < EF;do EF, + EF, + .. + EFy=x, + x, +
.. +Xg, va day cling 13 diéu vo li. m

Bé dé 2: Phuong 4n t6i uu cia BTQHTTS3
cho biét cac thoi gian két thuc mudn nhét x; =

w, Xg, Xo) 12

LF; caa cac hoat dongj =1, 2,.., 8.

Chiing minh:

Truéc hét dé thidy moi phuong an cua
BTQHTTS la phuong an t61 uu cia BTQHTT1.

Ki hiéu vector y* = (LF,, LF,,.., LF,, T) véi
T = 18 va LF; la thoi gian két thic mudn nhét
hoat dong j ctia du an, j = 1, 2, ..., 8. D& thay, y®
14 phuong 4n cia BTQHTTS. Ta di chting minh
yE ciing 1a phuong an t6i uu cua BTQHTTS. Béi
néu trai lai, goi x® = (x,, X;, Xgu, Xg Xg) 12
phuong an t6i uu cia BTQHTTS thi x, + x, + ..
+x, > LF, + LF, + .. + LF,. Liac d6 ton tai it
nhat mot chi s6 j sao cho x; > LF;, day la diéu vo
li, vi nhu da biét & trén: cac phuong an téi uu
cua BQQHTT1 déu théa méan EF, < x; < LF;, v6i
i=1,2,.,8.

Hon niia, y® 1a phuong an té61 uu duy nhat
cua BTQHTTS. Gia st x® = (x,, x,,
phuong an téi uu cua BTQTTTS, ta sé& chi ra
rang (x,, Xg,.., Xg, Xg) = (LF,, LF,, .., LF,, T), tiic
lax,=LF,v6ij=1,2,.,8vax,=T=18. That
vay, néu trai lai, ton tai mot chi s6j € {1, 2, ..., 8}
sao cho x; # LF,. Néu x;> LF, thi day la diéu vo
li. Con néu x; < LF; thi ton tai mot chi s§ 1 € {1,
2, .., 8 sao cho x; > LF;do LF, + LF, +.. + LF; =
X, + X, + .. + Xg, va day ciling 1a diéu vo li.

ey Xg, Xo) 12
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