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Tém tit

Nghién cuu khao sat viéc weng dung Phuong phap
dieong gang (CPM) dé ndng cao hiéu qua ldp ké
hoach, hoach dinh va giam sat dw dn. Muc tiéu
chinh la phat trién mét cong cu tinh todn tich hop
cdc nguyén tic CPM nham giam thiéu thoi gian
hoan thanh dy an. Nghién ciru sir dung ngon ngiv
ldap trinh Python dé thiét ké va trién khai mot hé
théng mot cong cu ¢6 kha nang xir Iy dir liéu san
xudt. Cdc tham sé dau vao dwoc ldy tir cdc nghién
cieu dién hinh thiee té, bao gom cdu triic phdn chia
cong viéc, thoi luong hoat dong va moéi quan hé
wu tién giita cdc nhiém vu. Chuong trinh sé tw
déng tao so do mang trwe quan héa cdc moi quan
hé phu thudc cua nhiém vu va tinh todan cdc tham
56 trong hoach dinh dy an nhw Thoi diém Bt dau
Chédm nhat, Thoi diém Két thiic Chdm nhat, thoi
gian diw phong va tong thoi gian thue hién dir dn.
Két qua dat dwoc da chirng minh hiéu qua cia hé
thong trong viéc dé xudt cdac hoat dong quan
trong, hé tro ra quyét dinh trong lap lich trinh dy
an va giam thoi gian ldp ké hoach so véi cdc
phwong phap thu cong.

Tw khéq: Phuwong phgip dwong gang, CPM, hoach
dinh, diéu do sdan xuat.

Abstract

The study investigates the application of the
Critical Path Method (CPM) to enhance the
effectiveness of project planning, scheduling, and
monitoring. The primary objective is to develop a
integrates CPM
principles to minimize overall project completion

computational  tool that
time. The research employs the Python
programming language to design and implement
a software system capable of processing
production-related data. Input parameters are
derived from real-world case studies, including
the work breakdown structure, activity durations,

and precedence relationships among tasks. The
proposed system automatically generates a
network diagram to visualize task dependencies
and computes key project planning parameters
such as Latest Start Time, Latest Finish Time,
float, and total project duration. The results
demonstrate the effectiveness of the system in
identifying critical activities, supporting project
scheduling decision-making, and significantly
reducing planning time compared to conventional
manual methods.

Keywords: Critical Path Method (CPM), project

planning, production scheduling, manufacturing
management.

1. Mé dau

Quan Iy thoi gian va 1ap tién do cong viéc 1a thanh
phin quan trong trong qua trinh quan Iy mot dy an
nhim dam bao hoan thanh dung thoi gian quy dinh va
dat chét lugng cao nhat. Dic biét trong giai doan phat
trién hién nay, cac du 4n thudng phirc tap hon do lién
quan dén viéc phéan chia thanh nhiéu giai doan, c6
nhiéu bén tham gia va phu thudc lién hé 13n nhau, diéu
nay lam cho cong tac quan 1y gap rat nhiéu khé khan.
Nhiéu thuat toan va phuong phap khac nhau da duoc
cac nha khoa hoc phat trién nham giai quyét thach
thirc nay, trong d6 phai ké dén so d6 Gantt [1, 2], k¥
thuat PERT (Program Evaluation and Review
Technique) [3, 4] va phuong phap duong gang CPM
(Critical Path Method) [5-9]. So' d6 Gantt cung cip cai
nhin tryc quan va don gian vé tién trinh thuc hién cong
viéc cua du an. Tuy nhién phuong phap nay cé han
ché trong viéc phan tich sau dé x4c dinh cac mbi quan
hé phu thudc va cong viéc quan trong. Phuong phap
PERT s& xem xét yéu t6 khong chéc chan trong thoi
gian thyc hién théng qua udc lwong xac suét, phu hop
véi cac dy an c6 muc do bién dong cao nhung doi hoi
dir liéu va tinh toan phuc tap. Nguoc lai, phuong phap
CPM cung cép céach tiép can c6 hé théng va xac dinh
trong viéc lap tién do, bang cach nhan dién r& chudi
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céc cong viée quan trong anh hudng truc tiép dén thoi
gian hoan thanh du 4n. Vi kha nang tinh toan do tré
va t6i uu héa phan bd nguodn luc, CPM gitip nha quan
Iy duara quyét dinh hiéu qua trong viéc rat ngén hoac
diéu chinh tién do. Do d6, CPM dugc xem 1a mot
trong nhitng phuong phép quan ly thoi gian va 1ap tién
d6 dang tin cdy, hiéu qua nhat trong nganh cong
nghiép c6 tinh chat chudi cong viéc phu thudc chat
ché nhu xay dyung, san xuét co khi hay ning lugng.
Phwong phap CPM duoc gidi thiéu 1an dau tién vao
nam 1959 boi Kelley va Walker, trong d6 mo ta quy
trinh xac dinh duong gang trong du an cong nghiép [5].
Tiép d6, CPM di trai qua nhiéu giai doan mé rong va
cai tién nham ting tinh img dung thyc tién va kha ning
xu 1y dir liéu phirc tap. Fapohunda va Akinlabi [6] chi
ra rang viéc ap dung CPM trong céc du an xay dung c6
thé rat ngén thoi gian hoan thanh trung binh tir 10-15%
s0 voi phuong phap truyén thong [6]. Ballesteros-Pérez
va Smith [7] dé xuat mo hinh tich hop gitra CPM va
phuong phap gia tri thu dugc, qua do cai thién kha nang
kiém soat tién do theo thoi gian thyc. Bén canh do, mot
s6 hudng nghién ciru lai tap trung vao viée mé rong
CPM bang cach két hop véi cac thuat toan tdi uu hoa
va m6 phong khac. Vi dy, Leu va Yang [8] cung
Marzouk va Moselhi [9] d4 4p dung thuat toan di truyén
(GA) cho bai toan lién hé gilra thoi gian va chi phi,
trong khi Nassar va Hegab [10] phat trién hé thong hd
tro ra quyét dinh két hop CPM va GA cho cac du 4n
xdy dung quy mé 16n. Mot s nghién ctru khéc tich hop
CPM véi cac cong cu mo6 phong va tri tu¢ nhan tao
nhim ting kha ning dy doan trong méi trudong c6 bat
dinh cao. Cac tmg dung CPM trong linh vuc san xuat
co khi va cong nghiép ché tao dang duoc quan tim
manh mé&. Cac nghién ciru [11, 12] d4 ching minh duoc
md hinh hoa tién do dua trén CPM cho phép doanh
nghiép can bang giita chi phi, chét luong va thoi gian
trong diéu kién ngudn luc gidi han. Ngoai ra, tich hop
CPM vao cac hé théng 1ap lich ty dong dang mo ra

hudng di méi cho chuyén ddi so trong nha may san xuat.

CPM la mot giai phap mang lai hiéu qua cao, tuy
nhién néu sir dung phuong phap thu cong dé tinh toan
s& tao ra nhiéu khé khin trong cac thach thirc k¥ thuat,
dac biét khi xtr ly cac dit liéu phuc tap. Hién nay, co
nhiéu ph?m mém duoc xay dung dua trén thuat toan
nay vi du nhu MS Project va Primavera P6 dang duoc
sir dung tai cac co s& san xuét. Dua trén nén tang co
s& ¢6 san, nghién clru nay sé str dung ngon ngit lap
trinh Python dé 14p chwong trinh ty dong tinh toan va
truc quan hdéa dudng gang trong céc du an tai cadc nha
méy sdn xuat vira va nhé véi man hinh giao dién dé
tiép can va sir dung.
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2. Thuat toan CPM

Xét mot du an gé)m n cong viéc khac nhau, cé rang
budc v& thir tu va thoi gian thuc hién. Trong do, thoi
gian xir Iy ciia mot cong viée j (j—1+n) 14 cb dinh va
dugc ky hiéu 1a p;. Goi C; 1a thoi diém hoan thanh
som nhat ciia cong viée j, S’ 1a thoi diém bat dau sém
nhét cua cong viéc j. Khi do, C’; = S + p;1a thoi gian
xur ly cia cong viéce j.

Ky hi¢u {k — j} la tap hop cac cong viéc trude do
clia cong viée j. Pidu nay c6 nghia 1a: néu cong viée k
1a lién trude cia j, thi & phai hoan thanh trudc khi j ¢6
thé bat dau. Phuong phap CPM dugc giai quyét dya
trén két qua cua hai quy trinh 1a tién va lui.

Quy trinh tién dya trén mot nguyén 1y don gian
nhu sau: Mot cong viée chi co thé bit dau xir 1y khi
hoan thanh tat ca cic cong viéce lién trude. Do do, thoi
diém bat diu sém nhat cia mot cong viée s& bang gia
tri 16n nhét cta cac thoi diém hoan thanh sém nhét cua
tat ca cac cong viéc trudc d6. Thuat toan dugc thuc
hién nhu sau:

Buoc 1:

Pt thoi gian t = 0. Véi méi cong viéc j khéng cé
cong viéc trudce do: dat S; =0, va C’; = p;.

Buée 2: Tinh todn quy nap véi méi cong viéc j:

S; = max Cy (1)
k—j
¢/ =S +p; 2)
Buée 3: Thoi gian hoan thanh toan bo du dn:

Cmax = max (C4, ..., Cy) 3)

Két thiic thudt todn

Thuét toan trén cho két qua t81 wu vé ké hoach thuc
hién va thoi gian hoan thanh. Trong d6, mdi cong viéc
bat dau xur 1y tai thoi diém som nhit c6 thé va hoan
thanh tai thoi diém sém nhét c6 thé. Tuy nhién, diéu
nay khong nhét thiét 1a diéu kién bat bugc dé dat duoc
thoi gian hoan thanh dy an tdi thiéu, trong mot )
truong hop, viée tri hodn bat ddu mot sd cong viée co
thé khong 1am tang thoi gian hoan thanh duy an.

Quy trinh lii duoc str dung dé xac dinh thoi diém
bét dau va két thuc tré nhit co thé cua tat ca cac cong
viéc, voi giad dinh thoi gian thue hién ti da duoc gitr
& murc toi thiéu. Thudt toan st dung gia tri Cpu 14 két
quéa dau ra tir quy trinh lam dir liéu dau vao. Mot s6
ky hiéu st dung trong thut toan gom: C”; 1a thoi diém
hoan thanh tr& nhét cia cong viée j, S”; 1a thoi diém
bat dau tré nhit ciia cong viéc /. {j — k} biéu thi tat ca
céc cong viée ké tiép cua cong viéc j. Thuat toan duoc
thuc hién nhu sau:
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Buoc 1:

Dat t = Cpax

Dt ' = Cpgx v Sj' = Cpax — pj v6i mdi
cong viéc j khong co cong viéc ke tiép:

Buée 2:

Tinh toan hoi quy voi moi cong viéc j:

' = minS, “)
j-k
S =G —p; ®)
Budce 3:
min(Sy, ...,Sp) =0 (6)

Két thiic thudt todn.

Mot cong viéc ma thoi diém bit diu sém nhét nho
hon thoi diém bét ddu tré nhat duge goi l1a cong viéc
¢6 do tré. Phan chénh léch gitra thoi diém bit dau tré
nhit va sém nhét goi 1a do tré. Nguoc lai, néu thoi
diém bt dau sém nhét bang véi thoi diém bat dau tré
nhét, thi cong viéc do dugc goi 1a cong viée toi han.

Han ché cua thuét toan CPM truyén thong néu trén
1a mai chi xét téi quan h¢ rang budc trudce sau gitra
chc cong viée va chua xét t6i cac yéu td tic dong bén
ngoai nhu nguén nhan lyc, may moc thuc hién dy an,
hay thoi gian cung cip nguyén vat liéu,... Gia sir ta goi
chung cac yéu té nay 1a rang budc ngudn tai nguyén
va gia dinh trong cong viéc chi chiu rang budc ctia mét
yéu t6. Goi W 1a giéi han ngudn tai nguyén, 7}, 1a tai
nguyén can thiét cia mot cong viée p;. Tai thoi diém
¢6 su chdng chéo cong viéc va ngudn tai nguyén sir
dung, ta can phai diéu chinh thoi gian hoan thanh cong
viéc nhdm dam béo gidi han ngudn tai nguyén cho
phép. Goi x;; 1a bién nhi phan (0-1), trong d6 nhan gi4
tri 1 néu cong viéc hoan thanh ding thoi diém ¢t va 0
trong cac truong hop con lai. Khi do, s6 nhan lyc can
thiét trong khoang thoi gian [¢-1, £] ciia cong viée j 1a:

P W @)

Diéu kién rang budc tai nguyén sé la:

t+p -1
j'c=1 Zt "

Thoi diém hoan thanh cong viéc j va thoi gian
hoan thanh toan bd dy 4n sau khi diéu chinh dugc tinh
nhu sau:

Zlc1=1 Xt ©® va Zlc1=1 X1t (10)

Bai toan ti wu hda ngudn tai nguyén thuong khod

Wixi, <W  (8)

gidi néu s6 lugng cong viéc 16n va mién thoi gian dai.
Do d6, trong phan dudi ddy s& gidi thidu so do thuat
toan va cong cu tinh toan ding lai ¢ phan t6i wu hoa
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thoi gian hoan thanh du 4n, phan tich hop t6i wu hoa
ngudn tai nguyén s& dwoc thyuc hién trong cic nghién
ctru tiép theo.

* Sor do thudt toan

Trong Hinh 1 biéu dién so d6 nhap dir lidu cia
nguodi st dung. Nguoi dung gb thong tin vao 6 dir licu,
khi d6 chuong trinh s€ tw dong sao luu dir li¢u vao cAu
trac dit liéu tam thoi. Trong budc nay yéu cau di liéu
phéi ¢ cau triic rd rang, tranh nhap tring, thiéu hodc
sai dinh dang. Hé thong s& kiém tra cac 16i nhu nhu tinh
hop 18 ciia cong viée, mbi quan hé trudce sau, 16i nhap
thong tin va giri thong bao cho nguoi dung. Quy trinh
va cach xir Iy s6 liéu duwoc mo ta trong so d6 Hinh 1.

‘ Nguéi ding Hé théng ‘

Bit dau

'

Nhap dit lidu: Tén,

thoi gian, rang bude Heé thong

Xuitkét qua

Hinh 1. So dé nhdp va xir ly div ligu ciia nguwoi ding

Hinh 2 biéu dién so d6 thuét toan trong 1ap trinh
Python cho quy trinh tién va Iui. Thuét toan bat dau tir
danh sach céc cong viéc dugc nhap tir nguoi dung, thoi
luong cong viée va quan h¢ trude sau. Khi d6 chuong
trinh s& chuyén danh sach cong viéc thanh mot do thi
¢6 hudng, nghia 1a cong viée lién trude phai xudt hién
trude cong viée ké tiép va khong co chu trinh phu thudc,
trong d6 mdi cong viéc g véi mot nit.

Trong quy trinh tién, theo thir tr chay cua bién j,
cac gia tri C’; va S dugc tinh cho dén khi chay hét
cong viée. Tiép do, chuong trinh s& chuyén sang quy
trinh 10i. Khi bién j chay, cac gia tri C”; va S”; dugc
tinh toan, tir d6 tim ra d6 tré giita hai quy trinh s& xuét
ra dudng ging cho toan bd du an. Cac thong s dau ra
ctia bai toan s& 1a so dd thé hién lién hé giita cac cong
viéc c6 quan hé chat ché tdi thoi gian hoan thanh du
an va thoi gian hoan thanh ngéan nht.
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‘ Quy trinh tién ‘ Quy trinh lii

C7j=Cuax,
™ 87 =Cimz-Pj
i=j-1
i
! Dung
$=0.C’=p
C”=min($’k)
$=C7 Py
Sai
<+
Prung l
Crax = Max (C;
S%= Max (Cx), x(C7)
8%5-8;
C7=58"1+P;

h 4

‘ Két thac ’

Hinh 2. So dé thudt todn tién liii

3. Két qua va thao luin

Giao dién ngudi dung cua chuong trinh duge biéu
dién trén Hinh 3 va 4.

Nrgp thong tn & Thim canh

o sy

nnnnnnnnnn

i | winmiasmmovs |

Hinh 3. Giao dién chung

Nhap théng tin & Thém canh

D NGi tir
Tén Pén
Thei gian
Thémisira nit | Them canh |
xeanit | Xeacanh |

Hinh 4. Giao dién nhdp dir liéu

Ky thuat va Cong nghé Hang hai

Bdng 1. Vi du minh hoa

STT Mbo ta cong Thoi gian | Cong viéc
viée (tuén) lién trudc
1 Dao mong 4 tuan -
Lam nén R
2 i 2 tuan 1
mong
3 Lép dim san 3 tudn 2
He¢ thong 6 .
4 ¢ ‘.ong‘ one 3 tuan 1
ngoai nha
5 | Lamsan 2 tudn 3,4
6 Cép dién tam 1 tuan 2
7 | Xay tuong 10 tuin 5
8 | Diday dién 2 tuén 6,7
Lip duon 3
9 p quons 1 tudn 8
truyén tin hiéu
Hé thong 6 .
jo | CTOMBONE 1 sian 7
trong nha
11 | Lép cira sd 2 tuin 10
12 | Lip cirara vao 2 tuin 10
Tudng thach N
13 3 tuan 9,10
cao
Noi that bén X
14 5 tuan 12,13
trong
Ngoai thét bén .
15 N 4 tuan 12
ngoai
16 | Son tuong 3 tudn 11, 14, 15
17 | Trai thim 1 tuan 16
18 | Kiém tra 1 tuan 17

Trong nhép dit liéu s& c6 cac truong dé nhap ma
cong viéc, tén cong viéc va phan rang budc. Ngoai ra
con ¢6 mot sd cac nit hd trg trong qua trinh nhap sai
thong tin.

Phan két qua hién thi s& c6 cac truong hién bang
hodc so dd va két qua tinh ra thoi gian hoan thanh
ngin nhat.

Phén duéi day s& trinh bay mot vi du vé cach xur
1y s6 liéu trong mot dy an xdy dung dya trén phan
mém d lap trinh. Bang 1 biéu dién 18 nhom cong viéc
v6i thoi gian hoan thanh va cac mdi lién hé rang budce
cong vi¢e trudc sau.

Céc dir liéu trong bang s& dugc nhap vao may. Két
qua thu dugc dugc dua ra trong Hinh 5, 6.

Hinh 5 mé ta cau truc mang ludi thé hién cac quan

SO 86 (04-2026)



TAPCHi  ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

Ky thuat va Cong nghé Hang hai

hé phu thudc giira cac cong viée thong qua so d6 CPM.

Trong so dd nay, mdi nit dai dién cho mot cong viée
(p)), con cac cung c6 hudng bicu dién mbi quan hé
trude-sau. Dya trén cdu trac ndy s& giup ngudi quan
1y x4c dinh chudi cong viéc quyét dinh thoi gian hoan
thanh dy an trd ngén nhat. Cy thé, théng qua viéc phan
tich thir tu logic va d¢ dai thoi gian thuc hién cia tirng
hoat dong dé nhan dién céac cong viéc c6 anh hudng
16n nhat dén du an xét theo toan bo tién do téng thé.

So dd céng viéc (dudng gang t6 do)

Hinh 5. So dé biéu dién méi quan hé giiva cic
cong viéc

# Thong béo X

Pudng gang 1a: 1-2-3-5-7-10-13-14-16- 17 - 18 vdi
thai gian 13: 39.0

oK |
Hinh 6. Két qua hién thi cdc cong vige trén dwong

gang dwa trén thudt toain CPM

Hinh 6 thé hién két qua x4c dinh dudng gang, tirc
chudi cac hoat dong c6 d6 du trit thoi gian bang 0. Day
14 tap hop cac cong viéc then chdt ma bat ky sy cham
tré nao ctia chiing déu dan dén sy kéo dai thoi gian hoan
thanh dyg an. Nguoc lai, cac hoat dong khong nam trén
duong gang c6 do du trir dwong nghia la cac cong viéc
nay c6 kha nang dich chuyén trong pham vi mot khoang
thoi gian nhét dinh ma khong anh huong dén thoi gian
hoan thanh cta du 4n. Thoi gian thé hién trong Hinh 6
chinh 14 thoi gian t6i thiéu hoan thanh dy 4n, dugc tinh
dua trén tong thoi gian cua chudi cac cong viée.

Béng 2 trinh bay két qua tinh toan cac thong sb cot
15i trong phuong phap CPM bao gdm thoi diém sém
nhét bit dau mot cong viée, thoi diém sém nhét két
thic cong viéc, thoi diém mudn nhat bit dau cong viéc
va thoi diém muon nhat két thic cong viéc khong lam
thay d6i thoi gian hoan thanh du an, do du trir tong,
cho biét murc do linh hoat cta tung cong viéc.

Két qua trong bang gitp 1am rd tac dong cia timg
hoat dong 1én tién do téng thé. Cac gia tri ES/EF thu
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dugc tir quy trinh tién thé hién gidi han sém nhét cua
tién do, trong khi LS/LF thu dwoc tir quy trinh [ui phan
anh cac rang budc tién d6 ¢ mirc mudn nhét co thé
chdp nhan. Sy chénh léch giira hai cap gia tri nay 1a
co s& xac dinh do tré, tir d6 xac dinh duong ging va
murc d6 linh hoat ctia tirng cong viéc.

Bing 2. Két qud tinh

C'(A:ng. Pj ES | EF | LF | LS BE
viéc j tre
1 4.0 0 40 | 40 | 0.0 0.0
2 20 | 40 | 60 | 6.0 | 4.0 0.0
3 30 | 6.0 | 90 | 9.0 | 6.0 0.0
4 30 | 40 | 70 | 9.0 | 6.0 2.0
5 20 | 90 | 11.0 | 11.0 | 9.0 0.0
6 1.0 | 6.0 [ 70 | 23.0 | 22.0 | 16.0
7 10.0 | 11.0 | 21.0 | 21.0 | 11.0 | 0.0
8 2.0 | 21.0 | 23.0 | 25.0 | 23.0 | 2.0
9 1.0 | 23.0 | 24.0 | 26.0 | 25.0 | 2.0
10 50 | 21.0 | 26.0 | 26.0 | 21.0 | 0.0
11 2.0 | 26.0 | 28.0 | 34.0 | 32.0 | 6.0
12 2.0 | 26.0 | 28.0 | 29.0 | 27.0 | 1.0
13 3.0 | 26.0 | 29.0 | 29.0 | 26.0 | 0.0
14 5.0 | 29.0 | 34.0 | 34.0 | 29.0 | 0.0
15 4.0 | 28.0 | 32.0 | 34.0 | 30.0 | 2.0
16 3.0 | 340 | 37.0 | 37.0 | 340 | 0.0
17 1.0 | 37.0 | 38.0 | 38.0 | 37.0 | 0.0

18 1.0 | 38 [39.0| 390|380 0.0

4. Két luan

Nghién ctru da xay dung thanh cong mot chuong
trinh tinh toan CPM bang Python, cho phép xdy dung
nhanh so db biéu dién mbi quan hé rang budc giira cac
cong viéc, xac dinh cac cong viéc then chdt anh hudng
toi thoi gian hoan thanh du an va dua ra thoi gian hoan
thanh dy 4n ngén nhat.

Két qua cho thiy hé théng hoat dong chinh xac, 6n
dinh va giup giam dang ké thoi gian xir 1y so véi
phuong phép thu cong. Viéc ting dung Python mang
lai tinh linh hoat cao trong nhap dit li¢u, kiém tra rang
budc, truc quan hda Kkét qua va dé dang mé rong cho
cac bai toan nang cao.

Tt cac két qua budc dau dat dau trong viéc hoach
dinh dy an dya trén thuat toan CPM trong, hudng phat
trién tiép theo cua nghién ctru s& di sau vao cac yéu to
rang budc va tai nguyén, tich hop véi thoi gian thuc
dé hd tro trong viéc quan 1y va dua ra quyét dinh trong
tung giai doan.

SO 86 (04-2026)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI
JOURNAL OF MARINE SCENCE AND TECHNOLOGY-|

TAI LIEU THAM KHAO

[1T Wadhwa, K. (2012), Gantt-Charts Revisited: 4
Critical Analysis of Its Roots and Implications to

the Management of Projects Today, Copenhagen
Business School Research Publications.

[2] Li, Z. X., & Zhang, L. L. (2012), A Study on
Multi-Project Management Based on Gantt
Chart and Network Planning Technique, Applied
Mechanics and Materials, Vol.174-177, pp.2854-
2858.

[3] Bagshaw, K. B. (2021), PERT and CPM in
project management with practical examples,
American Journal of Operations Research, Vol.11,
pp-215-226.

[4] Duc, N. A. (2024), Enhancing Program
Evaluation and Review Technique (PERT) for
construction project scheduling with Bayesian

probability
distributions, Journal of Science and Technology
in Civil Engineering (JSTCE - HUCE), Vol.18(4),
pp-132-147.

[5] Kelley, J. E., & Walker, M. R. (1959), Critical-
Path Planning and Scheduling, Proceedings of
the Eastern Joint Computer Conference, pp.160-
173.

[6] Fapohunda, J. A., & Akinlabi, E. T. (2017),

Optimizing project scheduling through critical

updating  and  appropriate

path analysis and resource leveling, Journal of
Construction  Project ~ Management  and
Innovation, Vol.7(2), pp.1926-1941.

[7] Ballesteros-Pérez, P., & Smith, S. D. (2015),
Improving project control by integrating the
earned value and critical path methods. Journal
of Construction Engineering and Management,
Vol.141(6), p. 04015005.

[8] Leu, S. S., & Yang, C. H. (1999), GA4-based
multicriteria optimal model for construction
scheduling, Journal of Construction Engineering
and Management, Vol.125(6), pp.420-427.

[9] Marzouk, M. M., & Moseclhi, O. (2003), 4
decision support tool for construction time-cost
trade-off analysis using genetic algorithms,
Advances in Engineering Software, Vol.34(7),
pp.421-432.

Ky thuat va Cong nghé Hang hai

[10]Nassar, K. M., & Hegab, M. (2006), Developing
a decision support system for project time-cost
optimization using CPM and genetic algorithms,
Automation in Construction, Vol.15(6), pp.731-
740.

[11] Tareghian, H. R., & Taheri, S. H. (2006), On the
discrete time, cost and quality trade-off problem,
Applied Mathematics  and
Vol.181(2), p. 1305.

[12]Julyanto, O., Wirani, A. P., & Agustina, H. (2021),
Product Planning and Control Using the Critical
Path Method, International Journal of Social and
Management Studies, Vol.2(3), pp.93-98.

[13]Ridwan, A. (2025), Optimizing Project Time
Management Using the Critical Path Method
(CPM) and Program Evaluation and Review
Technique (PERT), Jurnal Aplikasi Pelayaran dan
Kepelabuhanan, Vol.15(2), pp.354-361

[14] Eviany Raranta, M., Manoppo, F. J., & Malingkas,
G.Y. (2025), Implementation of the Critical Path
Method (CPM) in Web Applications for Project
Scheduling with Python Programming, Journal of
Social Research, Vol.4(7).

[15]Raihan, M., & Sidabalok, A. S. (2025), Design
and Build Project Scheduling Applications Using
the Critical Path Method, Bigint Computing
Journal, Vol.3(2).

[16] Tohari, H., & Suhasto, R. 1. (2023), The
Application of Critical Path Method (CPM) in
The Development

Computation,

of Project
Information Systems Using the Incremental
Model, Jurnal AKSI, Vol.8(2).

[17]Suramli, S., Rachman, K. A., Dewi, N. E,
Novianda, D. S., & Surahman, S. (2025), Critical
Path Analysis Scheduling Project with Critical
Path Method (CPM) using Application Microsoft
Project, Enrichment: Journal of Management,
Vol.15(2).

Management

Ngay nhan bai: 02/12/2025
Ngay nhan ban sta: 06/01/2026
Ngay duyé¢t dang: 01/02/2026

SO 86 (04-2026)



