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Tém tit. Bai bao trinh bay vé viéc sir dung giai thuat Bellman trén nén tang phan mém toan hoc Mathcad
Prime trong quan 1y du 4n xay dung. Noi dung bao gdm phan gidi thiéu vé giai thuat Bellman va co so 1y
thuyét lién quan, déng thoi trinh bay cac giai thuat Bellman duoc tich hop va ap dung trong phan mém
Mathcad Prime. Muc tiéu ctia bai bao 1a cung cip mot phuong phép t6i wu chi phi quan 1y du 4n xay dung
dua trén giai thuat Bellman. Két qua nghién ctru gop phan cai thién hiéu qua va tang hiéu sut trong quan
1y du 4n xdy dung, t6i uu chi phi quan 1y, bén canh d6 ciing dap mg nhu cau tham khao cho sinh vién va
k¥ su quan ly du an xay dung.

Tir khéa: phuong phép t6i wu, chi phi quan ly, quan 1y du 4n xay dung, giai thust Bellman, Mathcad Prime.

1. PAT VAN DE

Giai thuat Bellman 12 mot phuong phap quan trong trong linh vuc ti uu hoa, dugc dé xuat boi Richard
Bellman [1] vao nhitng nim 1952. Phuong phap nay dua ra mot cach tiép can phan tich va giai quyét cac
bai toan toi vu duya trén tinh toan dé quy, gilp tim ra 16i giai téi wu mot cach hiéu qua.

Co s6 Iy thuyét cuia giai thuat Bellman dya trén nguyén tic cuia quy hoach dong, dé tim kiém duong di ngin
nhét gitra hai dinh trong dd thi c6 hudng hoic v hudng, cd thé cé trong sé hoic khong co trong sé, trong
do bai toan 16n dugc giai quyét thong qua viéc tdi wu hoa cac budc con, tir d6 dat dwoc 1oi giai tdi wu cho
toan bo qué trinh quyét dinh. Sau nay, giai thuat Bellman dugc mé rong bai Lester Ford va Fulkerson [2]
vao ndm 1956 dua ra mé hinh toan hoc vé dong chay trong mang, mé rong va ing dung giai thuat Bellman
trong bai toan nay. Cong trinh ciia Howard [3] vao ndm 1960 dua ra phuong phap giai quyét bai toan quy
hoach dong bang tinh toan dé quy. Cong trinh nghién ctu tiép theo cua Puterman [4] vao ndm 2008 dé cap
dén quy trinh dua ra quyét dinh Markov, mot dang phd bién cua quy hoach dong, va cung cap phuong phap
giai quyét dya trén giai thuat Bellman. Cubi cing, cong trinh ciia Sutton va Barto [5] vao nim 2018 1a mot
cubn sach gigi thiéu vé hoc tang cudng, mot linh vuc lién quan dén giai thuat Bellman, dua ra nhiing kién
thae co ban va ung dung cua giai thuat Bellman trong linh vuc nay. Tuy nhién, viéc van dung giai thuat
Bellman trong quan ly dy &n xay dung van con han ché, di n6 c6 tiém ning giai quyét cac bai toan phuic
tap trong linh vuc ndy. Muc tiéu cua nghién ctu 12 ap dung giai thuat Bellman cho bai toan tdi wu chi phi
quan ly du an xay dung. Nghién ctru phan tich cac cong trinh lién quan, xac dinh dic trung cua bai toan va
dé xuat md hinh toan hoc, thuat toan dwa trén giai thuat Bellman cho van d& nay. Két qua nghién ciru mo
rong ung dung cua giai thuat Bellman, cung cap cong cu hd trg ra quyét dinh cho cac nha quan ly du an.
Giai thuat Bellman c6 rat nhiéu ing dung da dang trong thuc té, chang han trong quan ly du an, quan ly tai
nguyén, quy hoach san xuét, quan ly rui ro, du tu tai chinh, va nhiéu linh vyc khac.

2. NOI DUNG NGHIEN CU'U
2.1 Co s& 1y thuyét
Giai thuat Bellman 1a mot giai thudt tim dudng di ngin nhat trong d6 thi co hudng va c6 thé chira cac canh
c6 trong s6 am. Giai thuat Berllman’c() thé dugc ap dung cho 516 thi lghéng am, nhung no ciing co6 thé dugc
sir dung d€ tim dudng di ngén nhat trong do thi c6 trong s6 dm néu khong c6 chu trinh am. Giai thuét
Bellman Ford sir dung phuong phép 1ap dé tim duong di ngén nhét tir dinh bat ddu dén tat ca cac dinh khac
trong do thi. N6 duyét qua tat ca cac canh trong do thi va cap nhat gié tri cia cac dinh lién quan. Giai thuat
Bellman duoc viét dudi dang:

z(i,j) = mm {C(L k) +z(@{i+1,k) (1)

2,.Mm
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trong do:

z(i + 1, ) - 1a chi phi t6i thiéu dé thuc hién cong tac (i + 1,j) xac dinh tir thoi diém xay ra sy kiéni + 1
den khi ket thac sy kién j;

z(i,)) - twong tu 1a chi phi toi thiéu dé thuc hién cong tac (i,j) xac dinh tir thoi diém xay ra su kién i
dén khi két thac su kién j;
2.2 Quy trinh giii thuat Bellman
Bu6e 1: Khai bdo cdc tham s6 ) )
Trong giai doan nay, ta xac dinh cac tham s6 quan trong cua bai toan t6i wu, bao gom so lugng giai doan
T, s0 lugng su kién hoac cong viéc N, cling nhu cac thong tin ve chi phi va rang budc tuong ung.
Buoc 2: Khai bao ma trdn chi phi cdc cong tac
i voi mdi giai doan t, ta tao mot ma tran C® kich thuéc N x N, trong dé phﬁn to Ci(? biéu thi chi phi
thuc hién cong viéc j trong giai doan t sau khi da hoan thanh cong viéc i ¢ giai doan trudc.
Buoc 3: Khai bao ma tran sw kién vng voi ting giai doan
Chung ta ciing dinh nghia ma tran P® kich thuéc N x N trong d6 phan tir PL.(;) biéu thi xac suat su kién j
c6 thé xay ra trong giai doan t sau khi da hoan thanh cong viéc i ¢ giai doan trudc.
Buoc 4: Xac dinh ma tran gia tri toi vu
Str dung cong thirc Bellman, ta tinh toan ma tran gia tri t6i wu V(® kich thuéc N x 1 cho ting giai doan t.
Gia tri Vi(t) thé hién gia tri ti wu cho viéc thuc hién cac cong viéc tir giai doan t dén T bét dau tir cong viéc
i 0 giai doan t. )
Buoc 5: Xac dinh dinh vector suw kién toi vu
Dua vao ma tran gia tri t6i wu V(®), ta tinh toan dinh vector sy kién t6i wu D® kich thuéc N x 1 cho ting
giai doan t. Dinh vector Dl.(t) thé hién cong viéc hoic sy kién ti uu can dwoc thuc hién ¢ giai doan t sau
khi hoan thanh cong viéc i ¢ giai doan trudc.
Buoc 6: Xac dinh gia tri chi phi toi wu
Cubi cung, ching ta tinh téng gié tri t5i wu J* bang céach lay tong cua dinh vector sy kién t6i wu D™ & giai

doan dau tién:
N
J= Z b )

i=1
Quy trinh nay ap dung giai thuat Bellman dé xac dinh gia trj chi phi ti wu cua chuéi sur kién trong cac giai
doan. Cac ma tran chi phi va xac suat duoc str dung trong cac phép tinh Bellman d€ cap nhat gia tri va xac
dinh huéng thuc hién toi vu.

3. THi DUAPDUNG

Xéc dinh chi phi tdi wu cta du 4n theo so dd mang dwa trén chi phi va cac mdi quan hé giita cac cong tac
theo bang 1:

Bang 1: Tong hop chi phi va mbi quan hé giita cac cong tac.

S6 thwr tur Cong tac Cbng tac trude do Chi phi (dong)
1 AB - 25
2 AC - 16
3 AD - 12
4 BE AB 18
5 BF AB 15
6 BG AB 17
7 CE AC 26
8 CF AC 19
9 DE AD 24
10 DF AD 21
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11 DG AD 40
12 FH BF, CF, DF 35
13 Fl BF, CF, DF 29
14 N El, FI 15
15 IK El, FI 23
16 IL El, FI 25
17 M N 0
18 KM HK, IK 3
19 LM HL, IL 8

Bang 2: Bang tong hop chi phi cho du 4n dua trén giai thuat Bellman.

2(i, j):k:rlrlzipmi{c(i, j,k)+z(i+1k)

2(5,1)=c(5,11)+2(6,1) 2(5,1)=0+0=0
2(5,2)=c(5,2,1)+2(6,1) 2(5,2)=3+0=3
2(5,3)=c(5,31)+2(6,1) 2(5,3)=8+0=8
_ [c(41,2)+2(5,2) , _ min 21+3 _
Z(4'1)=mm{c(4,1,3)+z(5,3) i {9+8 !
c(4,2,1)+2(5,1) 15+0
7(4,2)=min{c(4,2,2)+2(5,2) | 2(42)=min<23+3=15
c(4,2,3)+2(5,3) 25+8
[c(311)+2(4,1) (33417
Z(3’1):mm{c(3,1,2)+z(4,2) Z(3'1)=mm{27+15=
[c(3.22)+2(41) (35417
z(3,2)=m|n{c(3’2’2)+z(4, 2) 2(3,2):m|n{29+15=
2(3,3)=c(3,31)+2(4,1) 2(3,3)=30+17=47
c(211)+z(31) 184 42
(2,1)=minqc(2,1,2)+12(3,2) z(2,1)=min<15+44 =59
c(2,1,3)+2(3,3) 17+47
2(2,2)= mln{c(z’z’l)”(&l) 2(2,2)= 26+42:
c(2,2,2)+12(3,2) 19+44
c(2,31)+z(31) 24+ 42
(2,3)=min{c(2,3,2)+2(3,2) =min{21+44 =65
¢(2,3,2)+2(33) 40+ 47
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c(L11)+z(21) 25+59
3 | z(L1)=min{c(11,2)+z(2,2) | z(L1)=min{16+63 =77
c(11,3)+2(2,3) 12+65

M&i quan hé giita cac cong tac (bang 1) va két qua téng hop chi phi (bang 2) dugc thé hién nhu hinh 1

bén dudi:
Ad\  clig K /Ad-R)
w i-giai doan ~ \_k_/
2(2,1)=59 2(3,1)=42 2(5,1)=0
(B c211=18 _/E A
A 01 %, O
/:\<:> ,e/\ A
L S
& .\':\’
z(11)=77 2(2,2)263 ¥ 2(6,1)=0
A c(1,1,2)=16 C Y M

2\

z(L,2):15

€
Ge]

z(2,3)=65 z(3,3)=47 z(5,3)=8

)= :
giai doan 1 | giai doan 2 | giai doan 3 | giai doan & | giai doan 5
| | | |

Hinh 1: So ¢ mang thé hién chi phi dy 4n theo giai thuat Bellman.

Khai trién giai thuit Bellman trén nén ting Mathcad Prime [6]

Budce 1: Khai bao cac tham so

n=5 Xac dinh s6 luong giai doan thuc hién cic cong tac trong so dd mang
m:=3 Xac dinh s6 luwgng su kién t61 da & mdi giai doan
Fi=o Tham sb dau vao cho chi phi, trong truong hop cong tic dau ra cia sy kién khong ton tai

Budc 2: Khai bao ma tran chi phi cac cong tac

[25 16 12] roror roror
18 15 17 26 19 r 24 21 40
C1 =33 27 r CZ:: 35 29 r C3:= 30 r r
r 21 9 15 23 25 For
| 0 r 7| | 3 r 7 | 8 r 7|

Budc 3: Khai bao ma tran su kién (rng vai ting giai doan

2

~
Il
—_— W M W
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Budc 4: Xac dinh ma tran chi phi cua cac sy kién

N==1}{. ki=1..m Z =T u=1..1 an,u::o
z:=|forien..1 77 0
forjel..m 59 63 65
I |42 44 47
zl_,j<—||forkel..m z 1715 .
| |2=() +- 0 3 3
J i+1,k
I o
"mm(Z)
return z
Buéc 5: Xac dinh dinh vector cac sur kién c¢6 cac cong tac chi phi téi wu
Nopﬁmal:: foriel..n 1.0
x1<—1 ;g
forsel..m NoprimaI: 20
if x =s 1.0
| 1.0
js -
k+—C

forsel..r

1

ifz =k +:z

i i,s i+1,s

9]
[ S
” it+1

return x

Budc 6: Xac dinh gia tri chi phi téi uu

i=1..n Cost, = (CN@M‘)_ . Zin= >, Cost =77.0
E> Noptmai, i1 i
Thur ty cac sy kién c6 cong tac tdi uru chi phi:
1.0 12.0
2.0 21.0
i=|3.0 Conm =|29.0
4.0 " 1150
5.0 0.0

Két qua nghién clru cho thay, viéc sir dung giai thuat Bellman dé thiét 1ap va giai quyét bai toan t6i uru hoa
chi phi cho so d6 mang la hop ly. Thi du tinh toan da dugc trinh bay chinh xac va dugc ki€ém chimg bang
cach so sanh voi két qua 1ap trinh bang ngén ngir Mathcad Prime.
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4. KET LUAN

Qua két qua nghién ctru, tic gia nhan thay rang giai thuat Bellman 1a phuong phéap hiéu qua dé giai quyét
bai toan toi wru hoa, dic biét 1a trong cac bai toan co tinh phic tap cao. Két qua nay c6 thé dua ra nhiing
huéng phat trién méi cho cic nghién ciru trong linh vuc quan 1y du an xay dung. Ung dung thuat toan
Bellman trong linh vuc xay dung va quan ly du an con rat nhiéu tiém ning, do d6 tac gia cling dé xuat
huéng nghién ciru tiép theo nhu sau:

e Mot 1a: nghién ctru va phat trién cac bién thé caa thuat toan Bellman nham ti wu hoa hidu qua giai quyét
cac bai toan phuc tap trong linh vyc xay dung va quan ly dy an: két hop thuat toan Bellman véi céc
phuong phap toi wu hoéa khac nhu Linear Programming, Integer Programming, hoac Dynamlc
Programmmg dé giai quyet cac bai toan phic tap, dac biét Ia trong viéc 1ap ké hoach va diéu chinh tién
d6 du &n. Thuat toan c6 thé gidp phat hi¢n va giai quyét c&c rui ro trong qua trinh trién khai du an. Ap
dung thuat toan Bellman vao 1ap ké hoach ngan sach du an, gitp quan 1y tai chinh hiéu qua va dam bao
du 4n duge hoan thanh ding tién do.

Hai 1a: phét trién cac ung dung va cong cu dya trén thuat toan Bellman, giap ngudi quan ly dw 4n va nhan

vién c6 thé str dung dé dang va nhanh chong. Tang cudng dao tao va gido duc vé thuat toan Bellman cho

céc chuyén gia va nhan vién trong linh vuc xay dung va quan ly dy &n, nham nang cao ning lyc va hiéu
qua lam viéc cua ho.
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OPTIMAL COST MANAGEMENT METHOD FOR CONSTRUCTION PROJECTS
USING BELLMAN ALGORITHM

T.Thai-Phuong
Faculty of Civil Engineering, Industrial University of Ho Chi Minh City
thaiphuongtruc@iuh.edu.vn

Abstract. This article presents the implementation of the Bellman algorithm on the mathematical software
platform Mathcad Prime for construction project management. The content includes an introduction to the
Bellman algorithm and related theoretical foundations, and presents the Bellman algorithms integrated and
applied in Mathcad Prime software. The objective of this paper is to provide an optimal cost management
approach for construction projects based on the Bellman algorithm. The research findings contribute to
improving efficiency and productivity in construction project management, optimizing management costs,
while also meeting the demand for reference materials among students and construction project
management engineers.

Keywords: Optimization method, project management cost, construction project management, Bellman
algorithm, Mathcad Prime.
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