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Tém tit

Cong trinh xay dung st dung cAu kién bé tong dic sin (BTPS) dang tré thanh xu huéng hang diu ctia nganh
Xay dung thé gidi. Trong cac khoan chi phi dé thuc hién nhiing cong trinh loai nay, thi chi phi logistics cho
chu kién bé tong diic sin luon chiém ti trong 16n. Cc nghién ctiu vé t6i uu chi phi logistics truc day chi
tap trung vao chi phi van chuyén, chi phi kho bai ma thiéu di c4c yéu t6 quan trong khac nhu 1 chi phi mua
hang, quén ly, béc xép va lap dit. Vi vdy, nghién citu nay dua trén phuong phap chi phi dua trén cac hoat dong
(Activity-based costing-ABC) dé 1ap ra md hinh tinh chi phi logistics cho ciu kién bé tong dic sin mot cach
toan dién hon. Nghién ctiu phat trién thuat ton lai ghép mdi gitta kién su tif (ALO) va phuong phap hoc dbi
dién (Opposition-based learning), phuong phap dot bién va trao d6i chéo (Mutation and crossover strategy) dé
t6i ttu héa chi phi dua trén ABC. Két qué so sanh danh gid da chiing minh thuét todn lai ghép méi c6 két qua
VUGt trdi so véi thudt todn s6i xam GWO, thuit todn tdi uu bay dan PSO, thuét toan lai ghép chudn chudn — bay
dan DA-PSO va thuit toan ALO nguyén ban trong bai toan tim chi phi logistics cho ciu kién BTDS.

Tir khod: thuat toan kién su tit ALO; chi phi logistics; tdi vu héa qua trinh van chuyén; ciu kién bé tong diic
san; thuat toan t6i uu bay dan.

DEVELOPING THE HYBRID ANTLION ALGORITHM (ALO) TO OPTIMIZE LOGISTICS COSTS FOR
PRECAST CONCRETE STRUCTURES

Abstract

Precast concrete component utilization for building projects has been considered to become the leading trend
in construction industry around the world. The logistics costs for precast concrete elements have usually ac-
counted for a large proportion in whole costs executing projects. According to previous studies of logistics cost
optimization that have been focused on the costs of transportation and warehouse, however, other necessary
costs have not been examined carefully as costs of purchase, management, installation. Therefore, this study
provides the comprehensive model of logistics expenditures for precast concrete structures using the Activity-
based costing method. Also, this study develops the ALO algorithm by combining with other algorithms as
opposition-based learning, mutation and crossover strategy to optimize costs. The results of the comparison
and evaluation have proved that the new hybrid algorithm has superior results compared to the grey wolf algo-
rithm, the particle swarm optimization, the dragonfly - particle swarm algorithm (DA-PSO) in the problem of
finding logistics costs for precast concrete structures.

Keywords: Ant Lion Optimizer (ALO); logistics cost; optimize inventory and delivery; precast concrete struc-
tures; particle swarm optimization.
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1. Giéi thiéu

Trong thdi dai ngay nay, nganh xiy dung da khong ngiling dua ra nhiing cii tién, phit minh cong
nghé trong nhiéu linh vuc bao gom vit liéu, may méc thiét bi va bién phap k§y thuat thi cong nhu:
mo hinh thong tin cong trinh (BIM) [1]; bé tong cdt s¢i [2]; cong nghé in 3D [3]. Trong d6, thi cong
cong trinh 1ip ghép ciu kién bé tong diic sin (BTDS) da va dang 1a xu hudng & hién tai, trong tucng
lai cia nganh Xay dung thé gidi [4, 5]. Theo bdo cdo clia Polaris Market Research (2019) [6], quy
mo thi trudng BTDS toan cau du kién dat 149,1 ty USD vao nim 2026, ting trudng véi tbc do ting
truéng hang nim kép CAGR (Compounded Annual Growth rate) 12 6,6%. Cong nghé thi cong cong
trinh bang ciu kién BTDS dem lai nhiéu 1i ich vé kinh t&, mdi trudng, xa hdi va con c6 thé cai thién
do bén két chu cong trinh nhd viée tao tng suét truée. Céc 1di ich c6 thé k€ dén nhu 1a: (i) Ton it
nguon luc va nhan cong 1am viéc, gidm rii ro xay ra tai nan trén cong trudng; (i) chit lugng ciu kién
bé tong dudc nang cao va dong déu; (iii) thoi gian thuc hién du dn dudc rit ngan; (iv) giam tic dong
dén 6 nhiém moi trudng. Bén canh nhitng uu diém thi cong nghé niy ciing c6 nhitng mit con han ché
nhu: (i) Vi cAu kién BTPS thudng c6 kich thudc va trong lugng 16n nén kho khiin trong van chuyén,
lap dit tai cong trudng; (ii) yéu cau c6 ddi ngii ki su, cong nhan di trinh do vé ky thuat 1ap ghép, xir
ly mbi ndi diing quy trinh ky thut; (iii) D& dan dén su gian doan tai vi tri khp nbi giita cac ciu kién
BTDS, 4nh huéng dén kha niing chiu Ivc va thim do nit.

Pé tbi wu dugc chi phi thuc hién du 4n thi viéc tbi uu chi phi logistics cho ciu kién BTDS 12 rit
quan trong. Diéu nay khong nhiing gidp ting tinh hiéu qué vé tiét kiém chi phi chung cho du 4n ma
con gitip giai quyét cic rii ro kem theo néu cong tac logistics khong dudc thuc hién t6t nhu 1a tién do,
tién phat va chi phi nhian cong. Hon nita, van d& t6i uu chi phi Logistics can dit biét quan tim hon &
cdc du 4n c¢6 ngudn von han hep, niing suit clia nha mdy ché tao it, kinh nghiép quén ly chua tot va
cac du an § vi tri ddong duc, dién tich cong trudng xay dung bi giGi han cho viéc luu tri.

Gan day c6 nhiéu nghién cdu vé viéc 4p dung cong nghé 4.0 va Al (Artificial intelligence) vao
quan ly xdy dung nhu: Phat trién thuat toan cho riing vin hong dé tdi wu héa qua trinh van chuyén
[7];T6i uu héa binh d6 cong trudng st dung thuat todn lai ghép vi khuan va dan kién [8]; Giam sét
tién do va khbi luong thuc té bang mo hinh 3D trén dit liéu ddm may thong qua nén ting Autodesk
Forge [9].

Vé mo6 hinh tinh chi phi logistics cho ciu kién BTDS, di c6 nhiéu nghién ctiu véi cac mic do
bao quat khic nhau, tit khau luu kho & nha mdy, kho trung gian, dén van chuyén, bd tri cAu kién trén
cong trudng va van chuyén 1én cao. Mot s6 nghién ciiu ndi bat nhu Liu va cs. [10] ting dung mo hinh
thoi gian thuc dudc trich xuét tit mo hinh thong tin cong trinh 4D (BIM) dé tbi wu qua trinh luu trif
va van chuyén cu kién BTDS theo thdi gian thuc. Din va cs. [11] nghién ctiu tdi wu chi phi logistics
xdy dung & Ai Cap theo md hinh ké hoach cung tng vat liéu (Construction Logistic Planning). Hsu
va cs. [12] d& xuét mo hinh toan hoc d€ ti wu ké hoach logistics cho cong trinh xay dung lip ghép.
Hisham va Khaled [13] dd d& xudt mot mo hinh t6i uu logistics trong xay dung da muc tiéu. Tai va
cs. [14] da st dung chuong trinh LINGO 12.0 dé t6i uu chi phi logistics va san xuit ciu kién BTPS.
By va Choong [15] da 4p dung phuong phap Just-tin-time (JIT) dé€ quan 1y ké hoach vén chuyén ciu
kién BTDS tif nha mdy dén cong trudng. Fang va Ng [16] da 1ap md hinh tinh chi phi logistics cho
cAu kién BTDS bang phuong phap tinh chi phi dua trén hoat dong (ABC).

Bén canh nhiing dong gép ddng ghi nhan thi cdc mo6 hinh chi phi logistics cho cAu kién BTDS
trong cdc nghién cifu trudc day van con nhitng mit han ché nhu: (i) chua xét ky dén cic yéu t6 chi phi
can thiét (mua hang, boc xép, 1ap dit, quan ly, co hdi); (ii) chi trinh bay ap dung gidi quyét cic tinh
hudng don gian; (iii) thiéu cdc thanh phan chi phi logistics tuong ing v6i mo hinh dé xuat; (iv) con
dit nhiéu gia thiét cho bai toan; (v) chua giai quyét bai todn gdm nhiéu nha mdy, kho trung gian, cong
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truong. Vi vy, nghién cifu nay dé xuit st dung md hinh wéc lugng chi phi logistics chi tiét va toan
dién hon, khong chi bao gom chi phi van chuyén, chi phi luu trif va con tinh dén chi phi mua hang,
quan ly, 13p dit va thi cong, dua trén phuong phap Activity-based costing (ABC).

Pé gidi quyét muc tiéu tdi uu chi phi logistics, ngiy nay ciac phuong phap gii thuat kham pha
(Meta — heuristic) dugc nhiéu nha nghién cdu Iya chon. Céc phucng phap gidi thuat kham pha c6 thé
cai thién kha ning tim kiém 10i gidi t6i uu bang cach tinh toan ldp di lp lai lién quan dén mot tiéu
chi nhét dinh ma khong dua ra qué nhiéu gia dinh vé van dé tdi uu. Céc nghién ciu trudc day thudng
st dung thuat todn di truyén GA [7-9, 13], thuét toan chudn chudn DA [17] d€ tbi uu chi phi logistics
va qua trinh san xuét cAu kién BTDS. Cic nghién ciiu truéc day vap phai cc han ché nhu: (i) thiéu
su cai tién, phat trién cho thuat todn gbc nén chua khic phuc dudc cic han ché clia thuét toan; (ii) ap
dung phuong phap todn hoc doi héi nhiéu thong tin dau vao va qua trinh xit ly phic tap; (iii) chua so
sanh, danh gi4 thé manh vé6i cc thuat todn khéc; (iv) dit nhiéu gia thiét din dén bai toan mét tinh tu
nhién.

Nghién cifu nay 4p dung thuit todn kién st tii (ALO), 12 mot thuat todn gidi thuat kham pha dudc
gi6i thiéu vao nam 2015 bdi Mirjalili [15]. Cho dén hién tai, ALO da dudc ap dung va phat trién trong
nhiéu linh vyc, tuy nhién chua dugc 4p dung vao bai toan téi uu chi phi logistics. Céc nghién ciu
trudc day da chiing minh ALO c6 nhiéu diém manh, phit hop d€ gidi quyét cac van dé tdi uu nhu thuat
to4n don gian, it c4c thong sb dau vao, tbe dd hdi tu cao, kha ning kham pha cuc bd manh, quan thé &
vong lip tiép theo dudc Iva chon vira c6 tinh ngiu nhién vira c6 tinh ké thira gia tri t6i uu & vong lip
truée. Tuy nhién ALO ciing ¢ nhitng diém yéu can khic phuc nhu: kha ning kham pha chua manh
mic du duy tri su can bing gitta khai thac va kham ph4, d& dan dén tbi uu cuc b khi khong gian tim
kiém 16n, cdc tham sd trong thut todn qua cic 1an lip c6 xu huéng hdi tu vé cling mot gia tri. Pa c6
mot sd nghién cifu dé xuét cc cach cai tién va phat trién thuat todn ALO nhu: Wang va cs. [16] di cai
tién ALO bang cic mau tim kiém dudng xoin 6c (Spiral Complex Path); Tian va cs. [17] d lai ghép
ALO v6i PSO trong nghién ctiu tim kiém thong sb hé thong diéu khién tuabin thiy luc; Zhang va cs.
[18] da chiing minh viéc két hgp phuong phap tim kiém hén loan (Chaos search) vao ALO mang lai
két qua tdi wu hon khi ki€m tra so sanh trén 13 ham chuén; Ba va cs. [19] da két hgp phuong phap
Leévy va ALO trong bai toan so d6 hoc tap truc giao. Trong nghién cifu nay, dé khic phuc cic mit han
ché, thuat toan ALO dudc lai ghép véi phuong phép hoc dbi dién Opposition-based learning (OBL)
[20], phuong phép dot bién va trao ddi chéo Mutation and crossover strategy (MCS) [21], dong thoi
thay thé phuong phép lua chon banh xe Roulette bang phucng phap lua chon canh tranh Tournament
selection (TS) [22]. Hinh 3 trinh bay vé luu dd thut toan lai ghép ALO-TS-OBL-MCS.

2. Phuong phap nghién ciru

2.1. Thudt todn kién su tit (ALO)

Thuit toan ALO bat chudc hanh vi thong minh ctia loai kién su tif trong viéc sin mdi (thuong 1a
kién) trong tu nhién. Nim budc chinh trong viéc sin mdi gdm: Su di chuyén ngdu nhién ciia cdc con
moi; xdy dung bdy; nhot kién trong bdy; bdt moi; xdy dung lai bdy. Cac budc di chuyén ngau nhién
ctia kién dudc biéu dién qua cong thiic:

X @) = [0, cumsum 2r (t;) — 1), cumsum 2r (ty) — 1), ..., cumsum 2r (t,) — 1)] (D)
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trong d6 cumsum 1 tdng tich liy, n 12 s6 1an Lip t6i da, 7 12 vong Lip (budc di chuyén) hién tai va r(r)
1a mot ham ngau nhién dudc dinh nghia nhu sau:
lifrand > 0.5
r) =9 . (2)
Oifrand < 0.5

trong d6 rand 13 sb ngiu nhién dudc tao ra véi phan phdi dong nhét trong khoang [0, 1].
DE giit cdc budc di ngau nhién ctia kién bén trong khong gian tim kiém, vi tri ctia kién dugc chuan
héa bing phuong trinh sau:
,_(Ki—a)x(d-<)
X! = +cf 3)
' (bi — ai) '
trong d6 a;, b; 12 bude di ngdu nhién nhd nhét va 16n nhit ctda bién thi i; ¢!, d! 1a gia tri nhd nhét va
16n nhét ctia bién thi i tai 14n lip th z.
Dé mod hinh héa cic hanh vi clia kién trong by ctia kién su td, cic phuong trinh sau diy dudgc
dua ra:

C§ = Antlion§ +c 4)
d! = Antlion! + d' )

'

; C
= —’ 6
=7 (6)

dt
d=—; 7
; ™

t

I' =10"= 8
T 3)

trong d6 ¢',d" 1a gid tri nho nhat va 16n nhét cla tAt c cdc bién tai 1an 1dp thi 7. Antlion! 1a vi tri clia
kién su tif thi i tai 1an 1ap thif 2.7 12 s6 1an lip tdi da. I 1a ti sb trugt va w 1 hang s dugc xéc dinh dya
trén 1an Lip hién tai, w = [2,3,4,5,6] khi # 16n hon [0, 17;0,5T;0,757T;0,97;0,95] mdt cich tuong
ung.

Vi tri kién su tif vu td (giai phap t6t nhat) & mdi 1an Lip dudc Iuu lai va anh hudng dén su di chuyén
clia tit ca cic con kién trong céc 1an ldp. Vi vay, vi tri mdi ctia cic con kién dugc thé hién thong qua
phuong trinh sau: t z

Antl’- = @
trong d6 R', 12 budc di ngdu nhién xung quanh antlion dugc chon béng thuat todn bénh xe roulette &
1an 13p th 7, R%; 12 bude di nglu nhién quanh con kién su tf vu ti & lan 1dp th 7 va Ant! chi ra vi tri
ctia con kién thit i & 1an lap thi 7.

Sau khi tiéu thu con mdi, kién su tir cat nhat lai vi tri méi d€ tang co hdi bat dudc con mdi méi
theo phuong trinh sau:

9)

Antlion = Ant} néu  f(Ant}) > f(Ant}) (10)

trong d6 ¢ 12 14n 1dp hién tai, Antlion! 1a vi tri clia antlion thd i & lan 13p thi #, Ans} 12 vi tri cia kién
thd i & 1an lip thd thi 7 va f 12 ham thich nghi.
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2.2. Phuong phdp hoc dua trén su déi dién - Opposition-based learning (OBL)

Khéi niém vé phuong phdp hoc dua trén su d6i dién va cic ing dung ctia né da dugc Tizhoosh
gi6i thiéu vao nim 2005 [23]. Cho P (x,x2,...,x,) 1a mot diém trong khong gian n chiéu, x; €
[a;,bi],Vi€(1,2,...,n). Diém dbi dién ctia P dudc dinh nghia la P (x, x2, .. ., X,), trong do:

X, =a;+b;— x;

Hinh 1 md ta diém d6i dién X cia diém X trong khong gian tim kiém. Gia dinh f(x) la mdt ham
s6 do ludng sy & uu clia gidi phap. Néu f (P) > f (P), thi diém P ¢6 thé dugc thay thé bing P; néu
khong chiing ta tiép tuc véi P.

S Phirong phap hoc dira trén sy dbi dién

e
s

Biém té1 m -
tosn cuc

Hinh 1. Phuong phép hoc dua trén su dbi dién OBL [24]

2.3. Phuong phdp dot bién va trao doi chéo - Mutation and crossover strategy (MCS)

Mutation va crossover 13 thuat todn khai thac thong dung trong céc giai doan ctia qu4 trinh téi vu
héa. Mdi x; = {x;1, Xj2, . . ., Xin} 12 mOt vecto n huéng (dimensions).

Budc 1: Mutation — dot bién. Tao ra mot vector dot bién u; bi‘mg cach lya chon cic thanh phin
ngau nhién tlf cdc vector x,, X, X. (a # b # b # i). Cong thiic nhu sau:

up = x4+ F (xp — x¢) (1D

trong d6 F 1a s6 ngau nhién, thé hién miic d6 kich thudc x4o tron ctia dot bién.
Budc 2: Crossover — ddi chéo. Tao ra mot vector thii nghiém v; bang viéc st dung mdt trao ddi
chéo véi vector dot bién. Vector thii nghiém dudc tao ra biang cach Iuya chon ngiu nhién cac thanh
phan tlr vector u; va vector muc tiéu x; dua trén hé sd xdc suat p,.
u;j, rand < p.hoac j = j,
Vvij = ) (12)
X;j, ngugc lai

trong d6 p. 1a hé s6 xac suat kiém so4t su da dang ctia quan thé va lam giam nguy co tdi vu cuc bod

(trong nghién cuu nay iy p. = 0,1); j, 1a mot chi sé thude [1,2, ..., n] nham dam bao vector v; c6
chiia it nhit mot thanh phan tif vector dot bién u;.
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2.4. Phuong phdp lua chon canh tranh - Tournament selection (TS)

Trong thuit todn ALO, tai bu6c lua chon kién su tit antlion, phuong phap banh xe roulette sé dudc
thay thé bing phuong phap Iua chon canh tranh. Phuong phép lua chon canh tranh sé tién hanh chon
ngiu nhién k phan tif va so sdnh gid tri hAm muc tiéu. Phan tif ndo c6 gid tri ham muc tiéu t6t hon sé
dugc chon (Hinh 2). Phuong phdp nay gitp ting nhanh kha niing tim kiém gid tri tdi uu ctia thuit todn
ALO.

ChNQn Lua chon
ngau nhién canh tranh

:>:>

Gia tri ham thich nghi
cua cac ca the trong
quan thé

Cé thé “chién thing” 1a cé thé c6
gia tri ham thich nghi tt nhat
trong nhom duoc chon

Chon ngflu nhién k
ca the tham gia
canh tranh

Hinh 2. M6 phdéng mot vi du vé phuong phap Iwa chon canh tranh

Xac dinh s6 luong quin
thé, sO vong lap toi da
Max(iter), ...
L Yes
Vi tri céc “kién” va “kién
su tir” ban dau ]\i"
i Tinh toan ham thich nghi . Luru chon ngau nhién
K 12 “kidn” kién su tir” bang phuong
iur=0 cua Haen phap TS
i Yes i i
qunh t9a5 hg{nfhl‘cl}‘n%hl S'u' dt,m% Q?L, MC”S iau Khéi tao 1 buée di chuy én
cta cac “ kién” va “kién do thay “kién su tir” bang x i P
- A . ngau nhién chuan héa
sur tir kién” tuong ng
Xac di,nh ‘;kién su ta” uu Cap nhat “kién su ti” wu ‘ Cap nhat vi tri cia “kién”
ta nhat (elitist) ti nhét (elitist)

i A
‘ 1curr ++ ‘ ‘ I++ %

i <M
No

Hinh 3. Luu dd thyc hién thuat todn lai ghép ALO véi TS, OBL, MCS

2.5. Mo hinh logistics cho cdu kién bé tong diic sdn

Téng chi phi logistics xay dung dudc tinh todn dua trén kh4i niém ctia phuong phap ABC. Khi cac
ngudn luc, tai nguyén cho tiing hoat dong logistics dudc xac dinh, chi phi logistics c6 thé dudc xic
dinh dya trén phuong trinh nhu sau:

Kp = Kp+ Ks1 + Ks2 + K71 + K72 + Kip + Ks3
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Kp = Upay X Twork +U, depreciation X Ccontmct +U traffic X Ccnntract =F CP

F T+P E

KSI = FCSI + Z Z Z (Rdepreciation + Radminitration + Ropportunily) X Qt,f,e

F=1 1=1 e=1

FCSI = Z [(Upay X Qlabor + Urent X Qequip) X (T + P)]

f=1
T+P W E
KSZ = Z Z (Rrent + Ropportumly) Qt w,e
=1 w=1 e=1
+T F W dtf
w,e
Kri=FCri+ ) > > Rpay X X Dy
=1 f=1w=1 NLf

T W S
d
Ko = FCra + Z Z Z (R e X Dw,s + Rpenaltyl X Pdelay X

-[(v
rer=|(v

x dt,w,s,e
PO NLy, NL,

T W S E
Z Z Z Z Rpenallyl [Nt,s,e - dt,w,s,el Nt,s,e > dt,w,s,e]
1=

pay.driver T Urent) X eriver + Udepreciation X Qmat + Upay,ins X Qins] X (P + T)

pay,driver + Urent) eriver + Udepreciation X Qmal + Upay,ins X Qins] xXT

N
KLF - Z Upay + Urent + Udepreciation) X Q = FCLF

Mw

trong do:

K
Kp, Ks1
Ks»
Ks3
Kr1, K12
Kir
FCp,FCrfr
FCg1,FCgy
T,P

S G

Il
—_

S E
Z Z (Radminitration + Rdepreciation + Ropportunity) X Qt,s,e

s=1 e=1

: Chi phi logistics cho cAu kién bé tong dic sin;

: Chi phi mua hang va Chi phi luu trit tai nha may;

: Chi phi luu trit tai kho trung gian;

: Chi phi luu trr tai cong truong;

: Chi phi van chuyén tit @& kho trung gian, dén cong truong;
: Chi phi van chuyén, boc xép va lap ghép tai cong trudng;

: Chi phi ¢ dinh trong Kp, chi phi ¢b dinh trong K, F;

: Chi phi cb dinh trong Kg; va Kg»;

: Chi phi cb dinh trong K7y va K72;

(14)

(15)

(16)

(7)

(13)

(19)

(20)
1)

(22)

(23)

: Lan lugt 1a thai gian thi cong cong trinh va thdi gian nha mdy san xuét cu kién

truéc khi thi cong;

=[1,2,...,T + P] biéu thi ngay thii r;
ce =11, 2, E] biéu thi céc loai c4u kién;
: f=11,2,...,F] biéu thi cic nha mdy;
w=[12,.. W] bi€u thi cac kho trung gian;
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:s=1[1,2,...,S] biéu thi cic cong trudng;

: Tong s6 luong cau kién BTDS can c6 trong du 4n;

: SO lugng chu kién loai e dugc Iuu trit 8 nha mdy f vao ngay thi #;

: S6 lugng ciu kién loai e dudc Iuu trit & nha kho w vao ngay thi #;

: SO lugng céu kién loai e dugc luu trii & cong trudng s ngay thd 7

: La khodng c4ch tif nha mdy dén kho va tif kho dén cong trudng;

: Lan ludt 12 s6 luong ciu kién ma mot xe tai c6 thé van chuyén tif nha may dén kho

va tit kho dén cong trudng;

: Miic phat do hang dén tré;
: Miic phat do thiéu hang;
: S6 lugng céu kién loai e dugc van chuyén tir cong truong f dén kho trung gian w

vao ngay thu ¢

: S6 lugng ciu kién loai e dudc van chuyén tir kho trung gian w dén cong trudng s

vao ngay thu f;

: Nhu ciu st dung ciu kién loai e tai cong trudng s vao ngy thi #;
: X4c sult xe giao hang dén cong trudng bi tré;

: Midc luong nhan vién, nhan céng;

: Miic gi4 thué may moéc thé bi, xe tai;

: Thai gian lam viéc;

: Miic khiu hao may méc thiét bi trong chi phi mua sam, van chuyén;
: Gia theo hop dong;

: Mdc chi phi di lai;

: Muc luong cho nhan vién quan ly;

: Miic khau hao dung cu, thiét bi phu trg ;

: Mic chi phi co hoi;

: Miic thué kho bai tai kho trung gian;

: S0 lugng nhan cong va mdy méc thiét bi;

: S6 lugng tai xé, xe tai;

: S6 lugng vat tu phu trd trong van chuyén;

: S$6 lugng nhan vién nghiém thu dau vio;

: Miic luong tai xé;

: Miic luong nhan vién nghiém thu;

: Mc chi phi nhién liéu;

Tuy thudc vio cic hoat dong dudc st dung trong qud trinh logistics, cic ngudn luc, tai nguyén
dudc st dung sé khéc nhau, c6 thé dudc chia thanh ndm loai: Nhan cong; Vat tu/vat liéu; Mdy moc
thiét bi; Co s& vat chét; Tai san va von. Téng chi phi logistics xdy dung dudc tinh toan dua trén phuong
phiap ABC nhu dudc x4c dinh trong Bang 1 dén Bang 5.

Bang 1. Cac yéu t6 trong chi phi mua sam [16]

Hoat dong Loai Tai nguyén Chi phi tai nguyén Chi phi van hanh
Nhan cong Nhan vién Miic luong Muic luong x thdi gian lam viéc
X . ... .. Madyin, gidy, dién S I . N
Mua hang  May moc thiét bi thoai, mdy tinh, ... Muic khau hao Miic khau hao X gid hgp dong
Vén Chi phi di lai Muic chi phi dilai ~ Muc chi phi di lai x gid hgp dong
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Bang 2. Céc yéu td trong chi phi Ivu trit tai kho trung gian [16]

Chi phi tai nguyén Chi phi van hanh

Tai nguyén

Miic thué x sb lugng

Hoat dong Loai
Luu trix ) Thué Muic thué - e -
tai nha kho vén luu trt X thoi gian luu trd
trung gian Chi phi co hoi bi dong bang o . Miic chi phi co hdi x sb lugng
trong hang ton kho Muic chi phi cd hoi luu tr@t X thoi gian luu tri
Bang 3. C4c yéu tb trong chi phi luu trif tai nha may [16]
Hoat dong Loai Tai nguyén Chi phi tai nguyén Chi phi van hanh
Cong nhan Mtic luong Miic luong x Tong sb lugng
Nhan cong .
o . Miic luong quan ly x so lugng
Ngudi quin Iy Muic luong Iuu trit X thsi gian luu tri
Luu trit My méc Xe tai xit Iy, van chuyén Miic gi4 thué Mic gid thué x tdng sb lugng
tai kho bai At bi <
: thiet bi . < , P Miic khau hao x
hat ma ATy g . 4 Ic kha
nha may Dung cu thiet bi bang sat (xu ly) Muic khau hao 18ng s6 ltgng
- PN . 4 Muic khiu hao x sb lugng
Vatu G0 chen Mie khau hao Iutu trid X thsi gian I tri
4 Chi phi co hdi bi déng bang . Lo .. Miic chi phi co hoi x sb lugng
Von trong hang ton kho Muc chi phi cd hoi luu trit X thoi gian luu triv
Bang 4. Céc yéu td trong chi phi van chuyén [16]
Hoat dong Loai Tai nguyén Chi phi tai nguyén Chi phi van hanh
Tai x& Muic luong Miic Iuong x tong sb lugng X thoi gian 1am viéc
Nhén cong —
Ngudi nghiém thu Mic luong Mtc luong X so lan giao hang
May méc thiét bi Xe tai Muic gia thué Miic gia thué x tdng s6 lugng x thdi gian thué
Van chuyén v Gd chen Miic khéu hao Miic khiu hao x Téng s6 lugng
at - - - . -
Vat tu sat Muic khau hao Muic khau hao x Tong so lugng
Nhién liéu Xing, diu Muic gia Miic gia x khoang cach
Vén Tién phat Miic phat Miic phat X xdc sut tré x sb chuyén

Bang 5. Cac yéu tb trong chi phi bdc xép, lap ghép va luu trif trong cong trudng [16]

Chi phi tai nguyén Chi phi van hanh

Hoat dong Loai

Tai nguyén

Miic luong Mric luong X téng sb lugng

Nhén cong

Cong nhan

Miic gid thué Gia thué x tdng sb lugng

Pua ciu kién
Méy méc thiét bi

Céu thdp

Miic khiu hao Mitc khiu hao x tdng sb lugng

1én cao, lfip

Vat tu sit

Muic kh4u hao X s6 lugng

co dinh Vat tu
A Vit tu G& chen Muic khiu hao N N °
Luu trit trén luu trit X thoi gian luu tri
cOng truong Miic chi ohi ¢6 hoi  s6 1
Vén Chiphicohdi  Muc chi phi co hoi tic chi phi €0 hot X S0 uong
Iuu trit X thoi gian luu trix
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3. Panh gia m6 hinh toan

Truong hop nghién cifu dudc dé ra véi du an
gdm 3 nha mdy san xuét (F1, F2, F3), 2 kho trung
gian (W1, W2) va 3 cong truong (S1, S2, S3)
(Hinh 4). Cé4c gia thiét dugc dit ra: (i) Chi xem xét
mdt loai cu kién (tham sb loai cau kién e dudc bd
qua); (ii) Cdc nha kho c6 thé nhan hang tir tat nha
may va cung cip dén tit ca cong truong; (iii) Céc
nha mdy van chuyén ciu kién BTDS dén cdc kho Hinh 4. So d6 céc nha mdy, kho trung gian,
trung gi'fln hang ngéy v6i sO IUng co dinh cho d@;n cong truong
khi du so lugng can giao; (iv) ke hoach van chuyén
dén cong trudng theo ting khoang thdi gian ¢b dinh va s6 lugng dudc giao mdi 1an bing tdng nhu ciu
stt dung; (v) D€ don gidn trong gidi toan cdc chi phi ¢ dinh sé dugc lude bd. Cac thong s6 dau vao
ctia bai todn dudc trinh bay trong Bang 6 dén Bang 13.

Bang 6. Nhu cau sit dung ciu kién BTPS hang ngay tai cong truong S1

Ney 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Nhucau 9 9 9 9 9 9 9 21 15 15 12 12 12 12

Ngay 5 16 17 18 19 20 21 22 23 24 25 26 27 28

Nhucau 12 12 12 14 16 16 16 16 16 16 13 13 13 7

Ngay 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Nhucau 7 7 7 7 7 4 4 4 4 4 4 4 4 4

9 10 11 12 13 14 15 16 17 18 19

_
)
w
I
W
[@)}
N
0

Ngay

Nhuciu 4 4 4 4 7 7 7 7 7 7 10 10 10 8 8 8 8 8 8

Ngay 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

Nhuciu 8 14 14 14 14 14 14 14 14 14 14 14 14 14 14 10 10 10 10

Ngay 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57

Nhuciu 10 6 6 6 6 6 6 6 6 6 6 8 8 8 8 8 8 8 8

Ngay 58 59 60 61 62 63 64 65 66 67 68 69 70 T1 72

Nhuciu 8 8 8 8 8 6 6 6 4 4 4 4 4 4 4
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Bang 8. Nhu cau sif dung ciu kién BTDS hang ngay tai cong trudng S3

Ngay 10 11 12 13 14 15 16 17 18 19 20

[\
w
N
9}
@)
2
[e e}
O

Nhuciu 4 4 4 4 6 6 6 6 6 6 6 6 6 8 8 8 8 8 8 8

Ngay 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Nhuciu 8 12 12 12 12 12 12 12 12 14 14 14 14 14 14 14 14 14 14 16

Ngay 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Nhuciu 16 16 16 16 16 16 16 12 12 12 8 8 8 8 8 8 8 8 8 8

Ngay 61 62 63 64 65 66 67 68 69 70 71 72 73 74 15 16 711

Nhuciu 8 8 6 6 6 6 6 6 6 6 6 6 6 4 3 3 3

Bang 9. Niing suét tai cic nha mdy

Nha may Ning suit
Fl1 17
F2 12
F3 19

Bang 10. Diéu kién luu trii ti da tai cdc nha mdy, nha kho, cong trudng

S6 chu kién luu trit t6i da

Nha mdy F3 100
Kho trung gian W2 600
Cong truong S2 100
Cong truong S3 480

Bang 11. Céc thong s6 vé chi phi litu trit dudc dp dung trong trudng hgp nghién ciiu

s . Gid tri
Thong so Dién ta (USD/céu kién)
RadminitrationFl + RdepreciationFl + RdnpportunityFl Chi phi qUén 1)7 tal nha mé}' F1 + Chi Ph{ khéu hao tal 730
nha may F1+ Chi phi co héi tai nha may F1
RadminitrationF2 + RdepreciationF2 + RdopportunityFZ Chi Phi qugll‘l l}// tai nha méy F2 + Chi th khéu hao tai 900
nha mdy F2 + Chi phi cd hoi tai nha mdy F2
RadminitmtionFS + RdepreciarionFS + RdopportuniryF3 Chi Phi quan l}” tal nha méy F3 + Chi th khéu hao tal 750
nha mdy F3 + Chi phi co hoi tai nha may F3
Ropportmityw + Ryentiy Chi phi co hoi tai nha kho W1, W2 + Chi phi cho thué 910
tai nha kho W1, W2
Radminitrations1 + Raepreciations1 + Raoppornmirgs1 ~ Chi phi quan 1y tai cong trudng S1 + Chi phi khéu hao 1240
tai cong truong S1 + Chi phi co hdi tai cong truong S1
Rudminitraions2 + Rdepreciations2 + Raoppornmiys2  Chi phi quan 1y tai cong trudng S2 + Chi phi khiu hao 900
tai cong trudng S2 + Chi phi cd hoi tai cong trudng S2
Radminitratiuns3 + RdepreciatiunSS + Rdopportuniin:i Chi phi quén 1}// tal CGHg truang S3 + Chi phi khéu hao 200

tai cong trudng S3 + Chi phi cd hoi tai cong trudng S3
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Bang 12. Céc thong s6 vé chi phi van chuyén va phat trong trudng hop nghién ciiu

Thong s6 Dién ta (US];}/iCélflrikién)
Ppayr1r Chiphi van chuyén tit cong trudng F1 téi nha kho W1 25
Ppuyri2 Chi phi van chuyén tir cong trudng F1 t6i nha kho W2 15
P21 Chi phi van chuyén tir cong trudng F2 t6i nha kho W1 8
Pouyr22  Chi phi van chuyén tif cong trudng F2 t6i nha kho W2 20
Pouyr31 Chi phi van chuyén tir cong trudng F3 t6i nha kho W1 17
P32 Chi phi van chuyén tif cong trudng F3 t6i nha kho W2 22
Pous1i Chi phi van chuyén tt nha kho W1 t6i cong trudng S1 (gdm ca phi phat do tré v6i xac sult 5%) 6
Ppays21 Chi phi van chuyén tit nha kho W2 t6i cong trudng S1 (gdm ca phi phat do tré v6i xdc subt 5%) 15
Puys12 Chi phi van chuyén tt nha kho W1 t6i cong trudng S2 (gdm ca phi phat do tré v6i xac sult 5%) 21
Puys22  Chi phi van chuyén tit nha kho W2 t6i cong trudng S2 (gdm ca phi phat do tré véi xdc subt 5%) 24
Puys13 Chi phi van chuyén tt nha kho W1 t6i cong trudng S3 (gdm ca phi phat do tré v6i xac sult 5%) 6
Puys23  Chi phi van chuyén tit nha kho W2 t6i cong trudng S3 (gdm ca phi phat do tré véi xdc suét 5%) 3
Rpenatry  Chi phi phat vi khong cung cap di s6 lugng 100

Bang 13. Thong s6 du vio trong céc thuit toan

Thuat toan ap dung ALO ALO-TS-OBL-MCS
S6 c4 thé trong quan thé 150 150
S6 vong lap tdi da 100 100

Thuc hién chay bai toan hon 20 14n bing phan mém Matlab 2019b, chon két qua va hinh 4nh ciia

1an chay t6t nhat 1am két qua cubi cuing va trinh bay thuyét minh.

Puwong cong hoi tu
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Hinh 5. So sanh két qua va téc do hoi tu giita cac thuat toan (1an chay tot nhat)
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Bang 14. Két qua chi phi logistics tdi uu tim dugc

ALO ALO-TS-OBL-MCS
Chi phi Logistics can tim 2866250 USD 2228710 USD
S6 vong ldp bat diu hoi tu 32 27

Vi céc tham s6 vé s6 lugng cAu kién dudc luu trif tai cac dia diém c6 thé suy ra tif s6 luong ciu
kién dugc van chuyén dén nha kho va dén cong trudng nén tham sb can t6i vu “vi tri tdi uu cia kién”
trong ham muc tiéu chi can xét dén cic tham s6 vé s6 luong van chuyén dy fve Vadyy . VOi gidi thiét
ban ddu, gid trj cdc tham sb d; f,, . s& bing nhau trong véi 1 tuyén giao hang tif cong trudng dén nha
kho nhét dinh. Bang 15 dén Béng 18 thé hién gid trj tdi vu cla cdc tham sO dy . VA d; 5.0 tim dugc
bing thuat toin ALO-TS-OBL-MCS.

Bang 15. Két qua tbi uu vé ké hoach van chuyén ciu kién BTPS dén kho

S6 ngay van chuyén lién tuc S6 ciu kién van chuyén mbi ngay
Nha may F1 dén kho W1 0 0
Nha méy F1 dén kho W2 77 17
Nha may F2 dén kho W1 1 5
Nha may F2 dén kho W2 0 0
Nha mdy F3 dén kho W1 ) 10
Nha may F3 dén kho W2 0 0

Bang 16. Két qua tdi uu vé sb lugng cu kién van chuyén dén cong trudng F1

Ngay thi 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sé lugng 9 9 9 9 9 9 9 21 15 15 12 12 12 12
Ngaytha 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Sélugng 12 12 12 14 16 16 16 16 16 l6 13 13 13 7
Ngaythd 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Sé luong 7 7 7 7 7 4 4 4 4 4 4 4 4 4

Bang 17. Két qua tdi uu vé sb lugng ciu kién van chuyén dén cong trudng F2

Ngay 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Nhuciu 4 4 4 4 7 7 7 7 7 7 10 10 10 8 8 8 8 8 8
Ngay 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
Nhuciu 8 14 14 14 14 14 14 14 14 14 14 14 14 14 14 10 10 10 10
Ngay 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57
Nhuciu 10 6 6 6 6 6 6 6 6 6 6 8 8 8 8 8 8 8 8
Ngay 58 59 60 61 62 63 64 65 66 67 68 69 70 T1 72

Nhuciu 8 8 8 8 8 6 6 6 4 4 4 4 4 4 4
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Bang 18. Két qua tdi uu vé sb luong ciu kién van chuyén dén cong trudng F3

Ngay 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20
Nhuciu 40 O 0 O 0 0O 0 O 54 0 0 O 0 0o o0 0 76 0 0 O
Ngay 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Nhuciu 0 o o o0 102 o0 o0 O O O0O O o0 114 0 O O O 0 o0 o0
Ngay 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Nhuciu 124 0 0 O 0 o o0 o0 72 0 0 O 0 0O 0 0 60 0 0 O
Ngay 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77

Nhuciu 0 o o o 4 0 O0 0 o o o0 o0 19 0 o0 0 O

Pé kiém tra tinh t6i vu cla thuat toan lai ghép ALO-TS-OBL-MCS, tién hanh so sanh véi céac
thuat toan thudng dung khiac nhu GWO [25], PSO [26], DA-PSO [17], ALO-OBL-PSO [27]. Tién
hanh chay mdi bai toan 20 1an va chon ra két qua tdi wu nhit d€ so sanh. Bang 19 va Hinh 6 trinh bay
két qua so sanh giita cdc thudt todn.

Bang 19. Gi4 tri d xuit cho mot s6 tham sd st dung trong cac thuét toan

GWO

PSO

DA-PSO

ALO-OBL-PSO

-Hé sb ry, ry, xic sut p: ngiu nhién - Trong s6 quan tinh - Trong s6 quan tinh w gidm - Trong sd quan tinh w gidm
trong khoang [0, 1]
- Vector & giam tuyén tinh tii 2 dén 0 tr 0,4 dén 0,9

w giam tuyén tinh

tuyén tinh tir 0.4 dén 0.9 [17]
-Hésbkéthie=1[17]

tuyén tinh tir 0,4 dén 0,9

Chi phi logistics (USD)
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Hinh 6. Biéu d6 so sanh két qua tbi wu khi gidi biang cic thuit toan

Theo Bang 14 va 20, Hinh 5 va 6, thuat toan ALO-TS-OBL-MCS cho ra két qué tbi wu hon céc
thuat toan ALO, GWO, PSO, DA-PSO, ALO-OBL-PSO. C6 thé gii thich két qua nay 12 do thuat
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toan ALO-TS-OBL-MCS c¢6 dudc nhiéu vu diém tir cac thuit toan dugc lai ghép. Két qua so sanh gép
phan khing dinh thuit toin ALO-TS-OBL-MCS dugc d& xuit 1a hgp ly va phu hop dé gidi bai todn
tdi uu chi phi logistics.

Bang 20. So sanh cac két qua tdi uu khi giai bang cac thuét toan

ALO-TS-OBL-MCS ALO-OBL-PSO GWO PSO DA-PSO
Sb ca thé ban dau 50 50 50 50 50
S6 vong lap t6i da 200 200 200 200 200
Chi phi logistics (USD) 2239490 2454758 2626547 2648299 2325355
Sé vong lap bit dau hoi tu 113 162 198 162 147
Thoi gian giai thudt (gidy) 2036,007 1932,052 729,941 503,814 1537,424

4. Keét luan va de xuat

MO hinh tinh chi phi logistics cho cAu kién BTPS dudc dé xuét trong nghién cifu nay khong nhiing
xét dén céc khoan chi phi van chuyén, luu trif ma con b3 sung cic khoan chi phi can thiét khac nhu
mua hang, quéan 1y, béc xép, 1ap dit. Cuing véi viéc xét dén cac rang budc (ning suit san xuat, kha ning
luu trit, nhu cau st dung), mo hinh logistics dé xuét da gitp giai quyét bai toan tbi uu chi phi tudng
don gian nhung thuc su lai kha khé va ton nhiéu thdi gian xi 1y. Nghién cifu nay hé trg viéc 1ap ké
hoach s&n xuét, van chuyén, cung tng ciu kién BTDS, dong thdi tbi uu trong 1ap binh d6 cong trudng
(dién tich kho bai Ivu trit). Thong qua cac két qué c6 dudc, nghién cifu ching minh thuit todn lai ghép
ALO-TS-OBL-MCS cho ra két qua tdi uu hon cdc thuat toan PSO, GWO, DA-PSO, ALO-OBL-PSO
va ALO nguyén ban trong bai todn tim chi phi logistics cho cAu kién BTDS.

Nghién citu nay md ra mot sd huéng nghién citu méi c6 thé thuc hién trong tuong lai nhu: Md
rong mo hinh tinh chi phi logistics khi xét dén chi phi mua vat liéu & nha may, quy cach xap sép, bo
tri hop 1y cu kién BTDS d¢€ ti vu thdi gian cu ldp va tiét kiém dién tich kho bai tai cong trudng;
Thuc hién bai todn tdi vu da muc tiéu vé chi phi logistics, thdi gian thi cong va cdc van dé khéc trong
du 4n; Mo hinh can xem xét su linh hoat trong ké hoach nhép ciu kién dua trén tinh hinh thuc té tai
cong truong.
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