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KEYWORDS

Bai bdo nay dé xudt mot mé hinh téi wu héa két hop thuat todn chudn chudn (Dragonfly Algorithm DA) va
thuét toan s6i xam (Grey Wolf Optimizer GWO). Trong mé hinh nay, thuét toin DA dugc st dung dé cai
thién kha niing tim kiém toan cuc ctia thudt todn GWO. Trai ngugc véi nhitng thudt todn GWO lai dugc
phat trién truée ddy, trong mé hinh d@ xuét ctia bai béo ndy, qué trinh t6i vu héa dwoc din dit ddng thoi
b&i GWO va DA. Diu tién, quin thé cic c4 nhan tim kiém dvgc chia 1am hai nhém. Mdi nhém duge din
dét b&i mot thuat toan riéng ré. Sau dd, cac nhém con nay dugc két hop lai thanh m6t nhém vao cudi mbi
14n 1ap. Pé xac minh chit lwgng giai phap clia m6 hinh d& xut, bai bdo da st dung mot bai toan cu thé vé
diéu phéi lich trinh xe tai van chuyén bé tong thwong pham. Két qua cua thudt toan dugce so sanh v6i hai
thuét toan: thuit toan t6i biy dan PSO va thudt todn t6i wu kién sw tt ALO. Két qua chi ra ring mé hinh
lai duge d& xult vieot troi hon PSO va ALO vé chét lwvgng giai phap, 6 6n dinh va kha ning tim kiém giai

phép t6i wu toan cuc.

ABSTRACT

Optimization

Swarm intelligence (SI)

Hybrid algorithm

Dragonfly algorithm (DA)

Grey wolf optimization (GWO) algorithm
RMC dispatch shedule

In this paper, a hybrid optimization model of Dragonfly algorithm and Grey Wolf Optimization is proposed.
In this model, the dragonfly algorithm (DA) is combined with the grey wolf optimizer (GWO) to improve
the global exploration ability of the GWO algorithm. In contrast to the hybrid GWO developed in the
literature, in the proposed model, the optimization process is guided by the GWO and DA. The search
process begins with the parallel and separate processing of two subgroups of a population with the GWO
and DA; these subgroups are then combined into one group at the end of an iteration. To verify the
solution quality of the proposed model, its performance was compared with that of the Particle swam
Optimization (PSO) and Ant Lion Optimization (ALO) by using a ready-mix concrete (RMC) dispatch
schedule case study. The result indicates that the proposed hybrid model is superior to the PSO and ALO in

terms of solution quality, stability, and capacity to discover the global optimum.

1. Gi6i thidu

loai thuit toan nay lién quan dén s lwong tic nhan tim kiém. Trong

céac thuit todn metaheuristic dvwa trén ci nhan, chi c6 mét tdc nhin

Téi wu héa 1 qua trinh 1am cho thit gi d6 tét hon, bao gdm viéc
thi nhiéu 1an céc bién thé va st dung théong tin thu duoc dé cai thién
né ngay mét tdt hon. Cac thuat toan téi wu hita hen sé giai quyét van
d& nay v&i rAt nhidu wu diém. Trong céc bai to4n c¢6 st dung thuét
toan tbi wu, diu vao duge duwa ra, ham muc tiéu dugce xac dinh, cac
rang budc dugce thiét 14p va qua trinh tim kiém sé& dugce thye hién bén
trong mot khong gian phtic tap. Qua trinh tim kiém nay hoan toan tw
dong, tiét kiém thoi gian va yéu ciu sy tham gia t6i thidu cta con
nguoi.

Thuit toin metaheuristic 12 phwong phéap tim kiém t6i vu m&i.
Hai loai chinh ctia thuit todn metaheuristic bao gém: thuit toan dua

trén cd nhan va thuat todn duya trén tép hop. Sy khac biét gitta hai

*Lién hé tac gia: pvhson@hcmut.edu.vn
Nhan ngay 30/02/2022, stra xong ngay 31/03/2022, chip nhan ding 08/09/2022
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tim kiém dugc tao ra lam giai phap Gng ci vién va tic nhan nay dugc
cai thién sau céc vong lip. Cac thuit toan nay d& dang roi vao ti wu
cuc bg. Tuy nhién, trong thuat todn metaheuristic dva trén tip hop,
mot tip hop cac giai phap nglu nhién (goi 1a quin thé) duge tao khi
bit diu qua trinh t6i u héa va céc gidi phap nay duoce nang cip qua
céc 14n Lap lai. Qud trinh nay lam giam kha ning thuit toan roi vao
tdi wu cuc bd va tdng kha ning tim théy gia tri tbi wu toan cuc. Han
ché ctia cdc thudt toan metaheuristic dua trén téng thé 1a téc d6 hoi tu
thap va céc két qua diu ra c6 nhiéu kha ning 1 khac nhau trong mdi
14n chay.

Tr{ thong minh biy dan (SI) 1a mot nhanh ctia thuit toan

metaheuristic dua trén tap hop, dugc sit dung dé giai quyét cac van
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d8 t6i wu héa. Cac thuét toan SI dua trén hanh vi cta b?ay dan, cong
ddng hoic bit ki hé théng nio trong tu nhién. By bao gdbm by thd,
biy chim, biy con triing, dan c4, tit ca déu cé nhiéu thanh vién. Cac
thuét todn SI mé phéng hanh vi cia cic thanh vién trong bdy va sy
twong tac va quan hé giita cac thanh vién nay khi tiép cin ngudn thitc
an. Cac nha nghién cttu da phat trién nhiéu thuat toan SI, nhu 12 thuat
toan biy dan (Kennedy and Eberhart 1995), thuit todn dom dém
(Yang 2009), thuét todn s6i xam (Mirjalili, Mirjalili et al. 2014), Thuét
toan dan ong nhéan tao (Basturk 2006), thuit toan kién su ti (Mirjalili
2015), thut toan téi wu hoéa lodi buém dém (Mirjalili 2015), thudt
todn cd voi (Mirjalili and Lewis 2016), thuit toan chudn chudn
(Mirjalili 2016)....

Theo dinh Iy No Free Lunch (Wolpert and Macready 1997)
khong c6 thudt todn nao tét nhit cho tit ca cac bai toan. Mdi thuat
todn déu c¢6 vu diém va nhuge diém cta né. Tity theo muc tiéu cin
dat ctia bai todn ma s dung thuét todn phit hgp. Thuit todn chét
lwgng 1a thuit toan can bing tdt giita hai giai doan thim do va khai
thac, gitta két qua tim duogc va thoi gian chay chuong trinh. Cac nha
nghién cttu d&u dang cb ging tim cach 1am cho mot thut toan tét hon
dé cung cAp nhidu sy Iva chon hon cho céc chuyén gia va ngudi ding
trong c4c linh vuc khac nhau.

Trong nghién cu nay, mot thuat toan tdi vu héa méi dvuoe d@
xudt, 14 sy két hop cta hai thuit toan séi xdm va chudn chudn. Cac
phin sau sé trinh bay chi tiét hon v& thuit toan nay va hiéu qua clia
né trong viéc giai quyét bai toan t6i wu lich trinh phan phédi bé téng
thrwong phdm. Nghién ctu sé tip trung vio viéc ¢ng dwng thuét toan
nay d& tim ra dugc chudi cung ng cho vn d& phan phdi bé tong
thuong phdm bing xe chuyén dung sao cho “tdng thoi gian chd doi
ctiia xe bé tong tai cong truong va thoi gian cong trudng chd xe bé
tong t&i 12 thap nhat”.

2. Nghién citu téng quan

Cac thuit toan t&i wu héa khic nhau cé nhitng han ché khac
nhau; do d6, hai hodc nhiéu thuat toan t6i vu ngiu nhién thudng duge
két hop dé tich hop cac wu diém va khic phuc nhuge didm cta ching.
Pic biét, mét s6 phuong phap tiép can két hop di dwoc xay dung ma
trong d6 thuat todan GWO dugc lai ghép véi cac thuat toan khéc.

T® khi ra doi, thuat toAn GWO da thu hit sy quan tdm ngay
cang ting ti cic nha nghién ctu, nhitng ngudi da cb ging sta dbi
thut toan GWO dé phii hop v6i khong gian tim kiém ctia cac mién
phtic tap. Vao nam 2017, Singh va Singh (Singh and Singh 2017) da
d8 xudt mot phwong phép lai lién quan dén viée két hop thuét toan
GWO va thudt toén sin cos (SCA). Singh va Singh chi thay déi phuong
trinh cap nhat vi trf clia con s6i alpha trong thuit todn GWO bing
cach thay thé né bing phuwong trinh cdp nhét vi tri cia SCA. Bing
cich st dung mét quy trinh twong tw, Pan (Pan, Dao et al. 2017) két
hop thuét todn GWO v§i thuét toan thu phén hoa (FPA). Chuyén dong
clia cac phin tit trong thudt todn GWO di dugc cai thién bing cach st

dung cép nhat vi tri cta thuét toan FPA.

Chopra (Chopra, Kumar et al. 2016) va Kamboj (Kamboj 2016)
12 nhitng ngudi diu tién két hop cac thuit todn GWO va PSO. Ho lan
lwgt st dung cac thudt toan nay & mdi 1An Lip lai. Cac tic gia da dé
cap & trén cho ring tap hop giai phap dugc cai thién bing cich st
dung céc diém manh cta titng thudt toidn mot cdch riéng biét & mbi
14n 1ip lai. Tuy nhién, cac phuong phép ctia Chopra va Kamboj khac
nhau & mét khia canh chinh. Trong phuong phdp Chopra (Chopra,
Kumar et al. 2016), toan bd quin thé thu dugc tit mot thuat toan
trong 14n 1ip nay duoc ding 1am quan thé cta thust toan kia trong 13n
lap tiép theo. Ngugec lai, trong phitong phap Kamboj (Kamboj 2016),
chi ca thé 6t nhét thu dugc tit mot thuat toan duoc sit dung dé cap
nhat quin thé ctia thut toan khac trong 14n lip tiép theo. Mic di cac
phuwong phép néi trén c6 chit lwong cao nhung tc do hoi tu ctia
chiing thip do viéc thie hién tuln ty titng thut toan 1am kéo dai thoi
gian.

Singh va Singh (Singh and Singh 2017) ciing d& xut sy két hop
gitta cdc thuit todn GWO va PSO. Nguoc lai véi cdc mod hinh cua
Chopra (Chopra, Kumar et al. 2016) va Kamboj (Kamboj 2016), cac
thuat toAn GWO va PSO khéng chay 1an lvgt ma thay vao d6 1a chay
song song. Singh va Singh di sta dbi phwong trinh GWO bing cach
thém mét hing s quén tinh vao dé didu khién viéc tim kiém va khai
thac cta cac tic nhan trong khong gian tim kiém. Cac phuong trinh
van téc va cap nhat vi tri ctia thudt todn PSO ciing duoc siva dbi dé
xem xét ba ca thé t6t nhét cta thut todn GWO.

Senel (Senel, Gokee et al. 2019) d@ xuit su két hop cua thuat
todn GWO va PSO, trong d6 thuét toan GWO dugc st dung dé hd tro
thuét toan PSO. PAu tién, mét phin quin thé cta thuit toin PSO dwgc
lwa chon vé&i xac suét thip va dugc cai thién bai thuit todn GWO qua
mét s 1an 13p. Sau d6, tap hop nay duoc thay thé bing gia tri trung
binh clia céc gia tri thu dugc bi nhitng con séi tbt nhit cta thuat
todn GWO.

Céc thuat todn nhu thuit toan tién héa khéc biét DE ciing da
dugce két hop v6i thuit toan GWO algorithm (Zhu (Zhu, Xu et al.
2015) and Jitkongchuen (Jitkongchuen 2015)).

Céc thuat toan lai néi trén hoat dong tot hon céc thuat toan
riéng 1é. Tuy nhién, cdc nd luc vin dang dugc tién hanh dé cai thién
kha ning héi tu va tim kiém toan cuc ctia thuit todn GWO. Hon nita,
dinh 1y NFL (Wolpert and Macready 1997) tao dong luc thic diy

nghién ctu ndy d& xuét thuat toan lai GWO mdi.

3. Phat trién thuat toan tdi wu méi

3.1. Thudt todn s6i xdm

Seyedali (Mirjalili, Mirjalili et al. 2014) gidi thiéu GWO vao
ndm 2014. Thuét todn nay 14p mo hinh toan hoc hanh vi cta s6i xam
khi ching sin mdi theo bdy. Mot by séi bao gdm bén loai: alpha
(lanh dao biy dua ra quyét dinh sin bén), beta, delta va omega, theo
thit t¢ & cAp d6 giam dan clia hé théng phan cip x4 hoi ctia biy séi.
Alpha, beta, delta 14n lugt dai dién cho cac giai phap t6t nhét, t6t thit
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hai va t6t thi ba. Nhitng con séi omega (w), dai dién cho giai phap
con lai ctia quin thé.

Trong thudt todn GWO, qud trinh by s6i dudi theo va bao vay
con mdi dwgec md phong nht cc tac nhan di chuyén dé tim ra giai phap
tdi wu. Sau mbi 1an Lip lai, nhitng con séi (cdc tic nhan) cip nhat vi tri
ctia ching theo vi tri clia con mdi (giai phap tét nhit thu duoc tir 1in
lip cudi ciing) nht degec mé ta trong cic phitong trinh sau:

D= |CX,)-X®)| m
Xt+1)=X,t)- AD 2

Trong d6 X(¢) 12 vi tri clia con s6i & vong lap ¢, X_{,(t) 1a véc to
vi tri cia con mdi, A va € 1a cac véc to hé sb. Nhitng véc to nay dugc
tinh nhu sau:

A=24d7-d 3)
=27 4

Trong d6 d giam tuyén tinh ti* 2 v& 0 qua cdc vong lip, r, var,
1a cac hé s6 ngiu nhién trong khoang [0, 11.

Trong thuat todn GWO, vi trf ctia con mdi (hay 1a gié tri t6i wu
nhit) khéng duoc biét trude. Cac con séi alpha, beta, va delta dugc
gia dinh 12 biét v& vi tri con mdi, vi thé cac con séi trong dan sé di

theo ba con séi nay va cip nhét vi tri m&i ctia minh theo cic phuong

trinh sau:

X, =X, — A;. (D) )

X; = Xg — 4;.(Dg) 6)

X; = X5 — As.(Ds) @

D, =Ci. X, — X| ®)

Dy =[G, X; — X| ©)

Dy = |Go.%; - & 10)

fern < Mttt
3 an

Trong d6 X(t + 1) thé hién vi tri ctia con séi & vong lap (t + 1).

Pé dat dwoc sy can bing tét hon giita cic giai doan tim kiém
va khai thac, A'va € dugc s dung dé kiém soat qua trinh sin mdi.
Qua trinh tim kiém duge thiic diy b&i 4. Khi gid tri cia 4’ ndm trong
[—1, 1], s6i c6 nghia vu phai tdch khoi con mdi. Khi A" ¢6 gi tri nglu
nhién trong [-1, 1], qua trinh khai thic bit ddu. Trong pha nay, séi
x4m dén gin con mdi va tAn céng né. Do d6, cic tic nhan tim kiém
hoi tu vé giai phéap t6t nhit trong s céc giai phap alpha, beta va delta,
diéu nay ngan ching bi méc ket vio cuc tiéu cuc bo.

Tham s6 khac dam bao cho viée tim kiém 12 €. Vecto nay nhan
céc gia tri nglu nhién trong [0, 2] trong qua trinh t6i wu héa. Do dg,
n6 c6 thé gay ra nhitng thay di dot ngdt vé vi tri ctia cac tic nhan tim
kiém dé kham phé ra khu vuc déy hita hen cta khong gian tim kiém.
Khi C> 1, cic tic nhan tim kiém s& hoi tu vé phfa con mdi, va khi C

<1, céc tdc nhan tim kiém chuyén hwéng khéi con méi.
3.2, Thudt todn chudn chudn
Mirjalili (Mirjalili 2016) da gi&i thiéu DA vao ndm 2016. Thuét

todn nay duoc liy cam héng tit hanh vi cta chudn chudn trong ty

nhién. Chudn chudn 12 lodi con tring nhé séng thanh by dan dé sin

mdi va di cu, v cich séng biy din cta ching khic nhau tity theo
titng muc dich. P& san mdi, chudn chudn hinh thanh nhitng dan nhé
bay qua céc khu vye khac nhau dé dudi theo con mdi. Hanh vi nay
duwgce goi 1a biy dan tinh (static swarming). D& di cu, chudn chudn tao
thanh biy 16n va di chuyén theo mét hwéng. Hanh vi ndy duge goi 1a
biy dan déng (dynamic swarming). Cdc hanh vi biy dan néi trén c6
cic dic didm tuong ty nhu cic giai doan thim do va khai théc ctia
quad trinh tdi wu héa metaheuristic.

Nim yéu t6 duoc sit dung dé dai dién cho hai kidu biy dan cta
chudn chudn: phan vung (partition), S'flp xép (arrangement), g'fm két
(cohesion), thu hat dbi véi nguén thite dn (attraction toward a food
source) va chuyén huéng khéi ké thi (diversion away from an
adversary). Cac yéu t6 nay dugc xac dinh nhu sau.

Phéan viing dugc tinh nhu sau:

= (12)
S= - Zx— X
j=1

Trong d6 X 13 vi trf hién tai ctia chudn chudn, Xj 14 vi trf cta
chudn chudn thit j gin d6 va N 1a s6 chudn chudn gin dé.
Su sip xép dugc tinh nhu sau:
=Y (13)
N
V&i Vj thé hién van toc ctia chuon chuon thit j gan dé.
Gén két dugc tinh bing cong thitc sau:

A=

=% (14
==X
Thu hit d6i véi ngudn thite dn duge tinh nhu sau:
F=Xt"-X (15)

V6i X va X' 14n lwgt thé hién vi trf cla ca thé chudn chudn
hién tai va ngudn thic dn.
Chuyén hwéng khoi ké thii duge tinh theo cong thite sau:
E,=X"-X (16)
V6i X va X 14n lugt thé hién vi tri ctia c4 thé chudn chudn hién
tai va ké thu.
pé cap nhit vi tri cua chudn chudn trong khong gian tim kiém,
vecto bude nhay c6 thé duge tinh nh sau:
AXeyq = (8S; + ad; + cC; + fF; + eE)) + wAX, a7
Trong d6 s 1a trong s6 phan ving, Si 14 phan viing clia chudn
chudn thtt i, a 1a trong sb lién két, Ai 12 lién két ctia chudn chudn thi
i, ¢ 1a trong s6 gin két, C; 1a d6 nhit quéan ctia chudn chudn thit i, f1a
hé sb thite an, F; thé hién ngu?)n thite an cta chudn chudn tht i, e 1a
hé sb ké thil, E; 12 vi trf ké thit ctia chudn chudn thtt i, w 13 trong s

quan tinh, va t 1a vong lap hién tai.
M .Iteration, (18)
Iteration .y
Trong cong thic (18), w,, dugc dit 1a 0,9; w,;, dugc dat la

W= Wmax —

0,4; va Iteration,,,, s6 lwong vong lip téi da.
Vecto vi tri dugc tinh nhu sau:
KXepr = Xp +AXp 4y 19)
Bf’ing cach didu chinh céc thanh phan s, a, c, f, va e, cac hanh vi
kham phé va khai thac khdc nhau c¢6 thé dat dugc trong qué trinh tdi

wu héa.
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Khi khéng c6 giai phap lan cin ndo ton tai, vi tri ctia chudn
chudn nhan tao dugc cip nhat bing buwdc nhay ngiu nhién (Levy
flight) nhu sau:

Xer1 = X¢ + Lévy(d) X X, (20)

Khu vie 1an can din din dvoc m& rong, va bdy dan cubi ciing
chi tao thanh mot nhém trong giai doan cudi cling ctia qué trinh t6i
wu héa. Cudi cling, giai phap tdt nhit va kém nhit ma quin thé thu

dugc 1an lwgt 12 vi tri ctia ngudn thite dn va ké thil.
3.3.  Thudt todn lai ghép

Thuat toAn GWO di dugc sit dung trong mot s linh vire nghién
cttu. Uu diém chinh cta thudt todn niy sy don gian trong cong thitc
tinh toan, it tham sb diéu khién [18]. Tuy nhién, twong tv nhu céc
thudt to4n metaheuristic khac, thuat toAn GWO c6 mot sb han ché.

Han ché chinh ctia thuét toan GWO 14 kha nang xt 1y khong gian
tim kiém multimodal thip (Faris, Aljarah et al. 2018). Han ché nay xay
ra bi vi cdc con séi alpha, beta v gamma ¢6 xu hwdng hoi tu vé ciing
mot giai phap. Thudt toan lai ghép duge phat trién trong nghién citu
ndy khic phuc nhwgce diém trén cta thudt todn GWO bing cach chia
quin thé tic nhan tim kiém thanh hai nhém va cung cip cho cic tic
nhan co hdi khdm phé cic phan khéc ctia khong gian tim kiém thay vi
tién vé& phia ba con s6i tét nhit. DA dugc két hop véi GWO trong
nghién citu nay vi DA c6 kha ning tim kiém viigt troi, cho phép né tim
kiém & nhitng khu vuc d?iy hta hen trong khong gian tim kiém.

Thuét toan lai ctia nghién cttu nay dige mo ta nhu sau. Dau tién,
céc tic nhan duoc xép hang theo gia tri ham muc tiéu ctia né, va quin
thé sau d6 duge chia thanh hai nhém. Cac thanh vién cia nhém 1 duge
chon tif cac tic nhin c6 xép hang gi tri ham muc tiéu tit 1 dén N/2 va
céc tac nhén cdn lai ctia quin thé s& 14p nén nhém 2. Sau d6, thuét toan
GWO dugce chay v6i nhém 1 va ddng thoi DA dugce chay v&i nhém 2.
Hai thudt toan khong chay ndi tiép nhau; thay vao d6, chiing chay song
song v&i nhau. Cudi ciing, tit ca cc tdc nhan tit hai nhém duoce két hop
tré lai thanh mét nhém khi két thic mot 1an Lip.

Do DA ¢6 kha ning tim kiém cao nén céc tic nhan trong nhém
2 tranh dugc roi vao trang thai tdi wu cuc by; thay vao d6, DA huéng
céc tac nhan nay tim kiém trong cac khu vigc ddy hita hen ctia khong
gian tim kiém. Trong phuiong phap két hop, hai thuat toan khéng anh
hwéng dén tinh én dinh ctia nhau ma hd trg nhau trong viée thim do
va khai théc.

Céc budc lién quan dén thuat todn DA — GWO duoc dé xuit
nhu sau.

Bu6c 1. it cac tham sb va s6 14n Lip ctia thudt todn DA va GWO.
Buéc 2. Khoi tao quin thé ban diu.

Buéce 3. Tinh toédn céc gid tri ham muc tiéu cho quin thé ban diu.
BuGc 4. Kiém tra xem mot ca thé c6 gia tri ham muc tiéu xép hang ti¢ 1
dén N/2. Néu c6, thém c4 thé nay vao nhém 1, cu thé 1a quén thé s6i, va
néu khong, thém cé thé vao nhém 2, cu thé 14 quin thé chudn chudn.
Buéc 5. Bbi véi nhém 1:

Buéce 5.1 Tinh toan ra 3 gié tri t6t nhat (ba con séi tdt nhat).

Budc 5.2 bt cac gid tri cta a, A, va C.

Buéc 5.3 Tinh X1, X2 va X3 bing céch st dung cac cong thitc (5) -

(7), twong Gng.

Budc 5.4 Stt dung cong thite (11) dé tinh vecto vi tri.

Buéc 6 B6i voi nhém 2:

Buéc 6.1 Cap nhit vi tri ctia ngudn thiic dn va ké thil.

Budc 6.2 Cap nhatw, s, a, ¢, f, vae.

Buéc 6.3 Tinh S, A, C, F, va E bf?mg cach st dung cac cong thitc (12) -

(16), tuong Gng.

Buéc 6.4 Cap nhat ban kinh lan can néu c6 it nhit mot con chudn

chudn & gin mét con chudn chudn dang dugc xem xét.

Buéc 6.5 Cap nhit véc to van toc bang cach sit dung cong thiic (17).

Buéc 6.6 Cap nhit vecto vi tri bing cach st dung cong thite (19).

Néu khéng thi:

Cap nhit vecto vi tri bing cach st dung céng thite (20).

Bu6c 7. Tinh cic ham muc tiéu cla tit ca cdc c4 thé trong ca hai

nhém va lvu gid tri t5t nhét.

BuwGc 8. Kiém tra diéu kién ditng (sb 14n 1ip). Néu didu kién dat duoc,

ditng qua trinh; néu diéu kién khéng dat dugc, hiy quay lai budce 4.
Lutu dd ctia thudt toan lai DA-GWO duge thé hién trong Hinh 1.

Tinh gid i myc tiéu
cho it ca ci thé

Hinh 1. Lvu dd thuét toén lai.

4. Ung dung mé hinh vao giai quyét bai toan didu phdi xe

van chuyén bé téng thuong phidm

Bé tong tron sin hay con goi 1 bé téng thwong phdm (BTTP) 1a
mot trong nhitng loai vat liéu phé bién nhét trong nganh xay dung
hién nay. Cac vt liéu thanh phin ctia BTTP duoc can do va trén sin
tai nha may béng thiét bi chuyén dung tv dong hodc duoc dua vao
thiing xe tai van chuyén bé téng va tron trong qua trinh lwu théng
trén duwdng dén dia diém xay ding, ddm bao cac yéu ciu k§ thuit ctia
bé tong cung cip cho cong trinh. BTTP mang lai sy tién loi cho khach
hang st dung do tinh wu viét ctia né vé tiét kiém thoi gian, giam chi
phi, d6 bén cao, khong yéu ciu kho du trit va xi 1y vat liéu.

Tuy nhién, BTTP lai khéong thé dugc san xudt truwde khéi lvgng
16p va Iy trit san trong kho do dic tinh kho nhanh ctia bé tong va do
yéu ciu chit lwong bé téng & cdc cong trinh 13 khic nhau. BTTP
thuwdng can st dung trong vong 2 tiéng sau khi san xuit d& dam bao

chit lwong 6n dinh. Ngoai ra, BTTP cin dugce d6 lién tuc tai cong
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truong dé tranh mach ngitng trong thi céng. Vi vdy viéc van chuyén
BTTP ma bi chim tré sé giy ra chét lvgng bé tong khéng dam bao.
Tuy nhién c6 rit nhiéu yéu t6 c6 thé anh huwdng dén viéc van chuyén
BTTP nhu 14 xe bi hong trén dwong di, do chinh xac cta viéc tinh toan
khoang thoi gian di chuyén, tinh trang giao thong, va gidi han s
lwgng xe tai ma nha may s& hitu. Vi thé viéc t6i wu qué trinh san xuét
va lich trinh van chuyén BTTP 12 mét vAn d@ hét sitc cAn thiét. Nghién
cttu nay d& xuit mét mo hinh diéu phdi cdc xe tai bé tong trén sin
bang céich st dung thuat toan tbi wu HMDG dé quyét dinh mét lich
trinh t6i wu nhdm giam thiéu thiéu thoi gian chd doi cta céc xe tai tai
cong trinh (TWC) va thoi gian cong trinh phai ch¢ dgi xe tai (CWT).

4.1. Vdn dé diéu phi lich trinh xe bé tong

Céc théng s6 diu ra (outputs): muc tiéu cta bai toan diéu déng
RMC 12 giam thiéu tdng thoi gian t6i da ma xe tai phai ch¥ tai céng
trieng va giam thiéu téng thoi gian téi thiéu ma cong tredng phai chdy
xe tai (Feng, Cheng et al. 2004), (Feng and Wu 2006). pé 1am duoc didu
dé, bai bao phat trién mét trinh tu didu phébi dé cung cAp RMC dén cac
cbng tredng xay dung mot cach hiéu qua. Ngoai ra, nghién ciu dva ra
lich trinh chi tiét cho titng xe tai dé tao ra mét san pham c6 thé 4p dung
ngay cho céng trizdng ma khéng cn nha phan phéi.

Cac thong s& dau vao (inputs): Cac théng sb nay bao gdm thoi
gian bit diu d6 bé téng tai cong trwdng (CST), thovi gian dd bét téng
tai cong trudng (CD), thoi gian di chuyén tit tram tron dén dia diém
xdy dung (TDG), thoi gian di chuyén tir dia diém xdy dung tré lai
tram (TDB), thoi gian tron tai tram (MD), va s6 lugng xe tai thudc s&
hitu cua tram tron.

Céc bién sé quyét dinh (decision variable): Trong nghién cttu
ndy, ching ta cin tim cdc trinh ty didu dong xe tai chd bé tong dé téi
wu héa cdc muc tiéu ctia bai todn. “Trinh ty didu dong” dwoc dinh
nghia 12 trinh ty didu dong titng xe tai dén cdc dia diém xiy dung
khac nhau (Feng, Cheng et al. 2004). Trinh tu nay 14 bién quyét dinh
duy nhit duoc coi 1a lién quan dén lich trinh kiém soat. Vi duy, dinh
dang dit liéu dugc biéu dién bing vecto [1.1.1.2.2.2.2], v&i cic s6 1
va 2 dai dién cho hai vi tri xdy dung tuong Gng. Trong vi du nay, ba
xe tai dAu tién sé duwgc chuyén dén cong trinh 1 va bdn xe tai tiép theo
sé dugc dwa dén cong trinh 2.

Han ché (constraints): Thei gian cho xe tai RMC dén cong
treong phai it hon thoi gian dém cho phép va thoi gian cho tai cong
truong khong qua 1au dé tranh lang phi nhan lyc. Ngodi ra, sic chiia
clia xe tai va sb lwong xe tai ctia tram 13 c¢6 han. Trén thuc té, mdi
tram trén bé téng s& hitu mot ddi xe tai han ché va mbi xe tai c6 gidi
han tai ¢§ dinh, thuong 1a 6m3. Vi vay, khi céng truong dit hang 22
m? bé téng thi tram bé tong phai ¢t it nhit 4 xe tai loai 6 m3 m&i giao

xong (trong d6 c6 3 xe tai chd 6m3 va 1 xe tai chd 4m?).
4.2. Qud trinh mé phong

Buéc 1: Xéc dinh thoi gian cho doi tdi thiéu

Hai muc tiéu cin duoc t6i wu héa.
Minimize:TWC = ¥;; max(O, WC;;) néu WC;; = 0 21)
Minimize: CWT = ¥;;min(0, WC;;) néu WCj; <0 (22)
Trong d6 WC;; la thoi gian xe tai thit i dgi ¢ cong triong j (thé
hién mét gid tri duong). WCj; cling 1a Itic cong triong j phai cho xe
tai i (hién gid mot gia tri 4&m).
Bu6c 2: Khai béo cac thong s6
Ngudi diing phai nhip cac thong sb cu thé cho mé hinh didu
Kkhién, bao gdm sb xe tai, SCT, CD, TDG, TDB, MD, DJ.
Buéc 3: Xac dinh thdi gian khéi hanh 1y twéng cho mdi xe chd bé
tong, xac dinh bang cong thitc (23-25).
m

FDT = min (SCT; — TDG;) (23)
j=1

IDT; = FDT + (i — DMD; ~ i=1~N (24

N =31k @5)

Trong d6 FDT 14 thoi gian khéi hanh ly twéng cho xe tai diu
tién cta tram; SCTj 12 thoi diém bit diu db bé téng tai cong trwdng;
TDG; 1a thoi gian di chuyén tit tram dén cong trinh j; IDT; 12 thoi gian
khd&i hanh 1y twdng cho xe i; MD; la thoi gian tron bé tong tai tram; m
12 s6 wgng céng trinh x4y dung cAn xe chd bé tong; i 1a thi ty clia
céc xe tai; Kj 12 s6 lugng lugt xe cin thiét d& chd bé téng dén cong
trudng j; Va N 12 téng s xe tai cin thiét ctia tit ca cdc cong trudng.
Budc 4: M6 phong qué trinh phan phdi RMC. Thoi gian khoi hanh 1y
twdng cla xe dAu tién ¢ c6 thé dugce xac dinh theo cong thite (23) - (25).

Tuy nhién, khong c6 xe tai nao c6 thé da quay tré lai sau khi tAt
ca céc xe tai rdi di. Do d6, thoi gian phan bd cho céc xe tai con lai
dvoc tinh bing quy trinh mé phéng dwogc trinh bay trong Cong thitc
(26), (27) dva trén thi ty didu dong do mé hinh HMDG tao ra.

STD, = IDT, ifi<c (26)
STD; = miin(TBBl +MD) ifc<i<N @7)

Dbi v&i ot xe tai diu tién trong téng sb xe (c), STD dwoc tinh
theo cong thic (26). DPbi vGi cac lwgt xe sau, STD duoc tinh béng
(27). TBB, 1a thoi diém céc xe tai ctia luwgt sau di vé tram nhung chua
duge giii di. J 1a chi sb cta dia diém xdy dung dvgc ky hiéuj = 1->
m, va c 1 sb xe tai bé téng thubc s¢ hitu cta tram. Thoi gian xe thit i
dén céng tredng j 1a TAGji duoe tinh nhu sau:

TAC;; = SDT; + TDGj; (28)

PTFji 12 thoi diém cong trudng bit diu db bé téng; LTJ 12 thoi
gian xe tai thd i roi khoi cong tredng; TBBi 1a thoi gian xe chd bé
tong dAu tién quay trd lai tram theo cong thiic 34.

PTF; = SCT;, if i<c (29)
PTF; = LTjk—1y, if c<i<c (30)
WC;; = PTF;; — TAC;; (31)
LTj; = TAC; + WC;; + CD; if WCj; <0 (32)
LTy = TAC; +CD; , if WCj; >c (33)
TBB; = LTj; + TDB; (34)

Hinh 2 thé hién quy trinh diéu phéi xe bé tong ti¥ tram tron dén

cac cong trinh.

JOMC | 85



Tap chi Vat liéu & Xdy dung Tdp 12 $6 05 ndm 2022

Nhip Céc Thong S6 Dau Vio

SDT: thoi gian khoi hinh cia xe tii
TAC: thori gian dén cua xe tai tai
cong truomg

PTF: duc thoi gian bit du xiy dung

FDT = min(SCTj - TDGj) : j=1-m
[DTi = FDT + (i-1)MDi ; 1 = 1-N
N=Tkj LT: dé lai thoi gian cua xe ti tai

cong truomg
TBB: thoi gian xe tdi tro lai tai nha

i gian som nhit ma xe tii
ai nha méy tron
inter: s6 lin m6 phong

STD,= IDTi
Khong
SDTi = min' (TBB1 +MDi)

it=it+1

WCji = PTFji - TAGji CD—-{’ LTji = TAGji + CDj
Khong

LTji = TAGji + WCji + CDj

OUTPUT
TWC = mean(TWC)
CWT = abs(mean(CWT))

TWC(ss) = sum(WC(WCji0))
CWT(ss) = sum(WC(WCji<0)

Hinh 2. M6 phong phan phéi bé tong tir tram dén cac cong trinh.
4.3. Ap dung vao triong hop cu thé

Cc thong tin chi tiét cia bai toan didu phéi xe bé tong nhu

trong Bang 1.

Bang 1. Cac thong s diu vao.

Céng | Thoi gian bat | Khéi lwgng | Chi tiét loai | Khoang céch tir
trinh | diu 1am viéc bé tong bé tong céng | tram trén dén
ctia cong dat mua truong dat cOng trudng
truomg (SCT) mua (PT) (DJ-Km)

1 8:00 16 San 10

2 8:15 22 Dam 8

3 8:30 30 Cot 15

4 8:00 20 San 10

5 8:00 25 Dam

6 8:30 32 Cot

7 8:00 14 San 10

8 9:00 18 Dam 6

$6 lwong xe tram s& hitu: 10 xe
Khéi luwong bé tong mdi xe c6 thé ché: 6 m?
Van téc di: 40 km/h;
Van téc vé: 50 km/h
Thoi gian tron: 3 phiit/m?
Téc @6 d6 bé téng cac ciu kién (CD)
San: 4 phit/m?®
Dam: 5 phit/m?
Cot: 6 phiit/m?®

St dung méy tinh xach tay ca nhin v§i bd xut 1y Intel Core i5 va
chay mdi thuat toan 30 14n v&i 100 tic nhan tim kiém trong 100 1in

lip, chiing t6i da thu duge mit phing t8i wu Pareto nhu trong Hinh 3.

Pareto font for DA_GWO algorithm
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Construction Wait Truck - CWT (minutes)
# Value A Pareto value
Hinh 3. Biéu b Pareto thé hién cic gi4 tri téi vu tim dwgc bing thuat
toén lai DA-GWO.

Thoi gian hoan thanh toan b qué trinh tim kiém 12 459 giay.
Thuit to4dn mang lai nim gia tri Pareto va hai gia tri t6i wu cho hai
muc tiéu tim kiém. Két qua tim kiém chi tiét dugc cung cp trong

bang sau.

Bang 2. Céc giai phap Pareto va chudi phan phéi.

Gia tri | Cac gia tri ham muc | Chudi phan phdi

Pareto |tiéu twong ¢ng

R1 => TWC: 143.0 [1,7,4,5,1,2,7,3,4,6,1,7,4,6,3,2,5,4,8,2,6
=> CWT: 156.0 ,3,5,8,6,2,3,6,8,5,3,6,5]

R2 => TWC: 153.0 [7,4,1,5,2,6,7,1,3,4,7,1,4,2,6,3,8,4,5,6,2
=> CWT: 148.0 ,3,8,5,6,3,2,8,5,6,3,5,6]

R3 => TWC: 130.0 [1,7,4,5,3,5,6,7,2,4,2,3,6,6,5,4,3,2,7,8,1
=> CWT: 343.0 ,6,3,8,5,1,4,2,6,3,5,8,6]

R4 => TWC: 123.0 [1,7,4,5,3,4,5,6,2,7,3,2,6,4,3,6,8,5,3,2,5
=> CWT: 380.0 ,7,6,1,4,1,8,6,3,5,2,8,6]

R5 => TWC: 75.0 [1,5,4,7,3,4,5,2,7,6,3,2,6,4,5,3,6,8,2,1,3
=> CWT: 383.0 ,5,6,8,4,7,2,6,1,5,8,3,6]

Trong d6 R1, R2, R3, R4, R5 13n lwot 14 cac gia tri Pareto trong
hinh 3 theo chiéu ti trdi sang phai.

Pé kiém tra tinh hiéu qua clia thuat toén lai, ching téi so sanh
két qua cia thuat todn vGi cdc thudt toan PSO va ALO. Két qua néu
trong Bang 3 va biéu dd Pareto & hinh 4 chi ra ring thoi gian t6i vu
thu dugc v6i thuat toan lai DA-GWO tét hon nhiéu so v&i thoi gian
thu dwgc tit PSO va ALO & ham muc tiéu CWT, v&i két qua nhé hon
14n lugt 12 44 va 10 phat. & ham muc tiéu TWG, thudt toan lai cho két
qua t6t hon thuat toan ALO khi giam thoi gian duoc 24 phit va cho
két qua bing thuit toan PSO khi ciing cho gi4 tri téi vu la 75 phit.
Ngoai ra thuit toan lai con mang lai nhidu gia tri Pareto hon so v&i
hai thuét toan con lai. Pidu nay mang lai cho ngudi ra quyét dinh
nhiéu sv Iva chon hon theo cdc tiéu chi va mife dé vu tién khic nhau
ctia cic ham muc tiéu. Nhitng két qua nay chi ra ring thuét toan lai

cung cAp cic giai phap t6t hon so véi hai thuat toan con lai.
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Bang 3. Két qua ctia cic thuét todn khéc nhau.

Algorithm | CWT (minutes) | TWC (minutes) sb lvong gié tri
Pareto tim dugc

DA-GWO 148 75 5

PSO 192 75 2

ALO 158 99 4

Pareto front for algorithms
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Hinh 4. Biéu dd Pareto thé hién cac gia tri tdi wu tim dugc béng thuat

toan khac nhau.

Viéc st dung thuat toan téi wu di lam giam thoi gian chd doi
ctia xe tai céng triedng (TWC) tit 411 phit (két qua kém nhét trong tit
ca cac vong lip) xubng 75 phit (gia tri tot nhét trong tit ca cac 1in
14p). Téng thoi gian tiét kiém dugc 1a 336 phit. S dung qué trinh t6i
wu héa sé giam duge thoi gian van hanh cta xe khéng cin thiét, tit d6
giam duoc lwong khi thai phat ra, gép phin bao vé méi triudng. Theo
(Ntziachristos, Giechaskiel et al. 2003), nhitng xe s@ dung dong co
diesel nhu xe van chuyén BTTP ¢6 mic phat thai trung binh 13: CO:
0.64g/km; HC +NOx: 0,56g/km, NOx: 0,5¢/km, PM: 0,05g/km. Trong
bai bdo nay, gia thiét xe van chuyén BTTP chay khi c6 tai 1a
40km/gi®, thoi gian tiét kiém duge 336 phiit twong duong véi giam
duwgc 224km. Mic phét thai gidam duwgce nhu trong bang sau:

Bang 4. Miic giam khi thai.

Khi thai Mtic phat thai (g/km) | Mic giam phat thai (g)
Co 0,64 143,36
HC+NOx 0,56 125,44
NOx 0,5 112
PM 0,05 11,2

5. Két qua

Trong nghién cu nay, mot thuit toan metaheuristic lai dugc
phét trién bing cach két hop thuat toAn GWO va DA. Thuét toan lai
ndy stt dung kha ning tim kiém ctia DA dé hd tro thuit todn GWO
khong bi roi vao tdi wu cuc bo. Trong thuat todn lai, cic tac nhan tim
kiém dugce chia thanh hai nhém c6 kich thuée bing nhau theo thit

hang v& gia tri hAm muc tiéu cta ching. Nhém 1 bao gdm cic tic

nhén c6 xép hang tit 1 dén N/2 va din dit béi thuat todn GWO. Nhém
2 bao gdm céc tac nhan con lai va dugce din dit béi DA. Mét bai toan
thuc té vé didu phdi xe bé tong thwong phdm di duwgc sit dung dé
kiém tra hiéu qua cta thuit toan lai. Két qua cta thuit toan lai da
dugc so sanh v&i két qua ctia cac thuat toan khac, bao gdm PSO va
ALO. Két qua chi ra ring thudt toan HDGM thuc hién thim do va khai
théc dang tin cay hon so v&i thuat todn PSO va ALO.
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