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Gia1 thuat mo phong t61 luyén cho bai toan
diéu do xe

Phan Thi Mai Ha

Tém tit—Khi hoat dong xiay dwng ngay cang ting
cao, cac cong ty cung cap bé téng twoi s€ m¢ rng qui
md sin xuit nhim dap wng nhu ciu ciia khach hang
Cang nhiéu khach hang thi viéc cac xe dén lay bé
tong phai xép hang 1a khéng tranh khéi. Nhirng
khach hang 1a cic cong ty xdy dung lai c6 nhiéu cong
trinh khac nhau é cung mot thoi (‘_Iiém trong khi thoi
gian hoat dong cho viéc van chuyén bé téng twoi chi
12 ban dém. Khach hang phai diéu d¢ ddi xe van
chuyén bé tong twoi trong dém dén cac cong trinh
sao cho hiéu qua (quay diu xe vai Vong) voi rang
budc vé thoi gian chuyen bé tong tlr cong ty san xuét
dén cac cong trinh ciing nhw thoi gian cho aé lay bé
tong ¢ cong ty. Viéc diéu d9 doi xe ciia cac khach
hang xiy dung s&€ duwgc mé hinh héa nhim t6i thiéu
tong chi phi van chuyén (c6 dinh, bién déi) véi viée
wée lwgng thoi gian cho doi va quay du xe vai lan
trong dém. Mo hinh bai toan logistics nay la dang NP
hard nén sé dwgc dé xuit 2 giai thuat dé tim 1oi giai
gin t6i wu: gidi thuat kinh nghiém va gisi thuat mé
phoéng tbi luyén. Két qué giai bai toan didu do ddi xe
tir 2 giai thuit s€ dwge so sanh va phan tich.

Tir khéa—Pidu dd, ddi xe bdn, giai thuit md
phoéng t6i luyén (simulated annealing — SA), m6é hinh
logistics.

1 GIOI THIEU

inh té cang phat trién s& kéo theo nhu ciu xay

dung ting cao. Quan ly hoat dong Xay dung
ngdy cang phuc tap khi dong thoi co nhidu cong
trinh va phai hoan thanh cac dy an trong diéu kién
rang budc vé thoi gian va ngudn luc. Ap luc khéng
chi la quan ly dung tién do du 4n ma con 1a didu do
nhan lyc va ngudn lyc mot cach hidu qua. Néu
cong viéc xdy dung tai cong trinh phy thuoc vao
nhan luc, may méc cua cong ty va ngudn von dé
chudn bi du vat liéu xay dung thi cong viéc do bé
tong thuong co lién quan dén cong ty cong cip bé
tong twoi va doi xe bon. Hoat dong dd bé tong &
cac cong trinh nha ¢ hodc chung cu hay nha may
thuong sir dung bé tong tron sin ciia cac cong ty
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bé tong tuoi. Cac cong ty xay dung thuong dua xe
bdn chuyén dung dén 1dy bé tong cua nhiing cong
ty nay va chuyén dén cic cong trinh vao ban dém
do gidi han gi¢ luu thong.

Mot cong ty xﬁy dung c6 thé co nhiéu cong
trinh dong thoi, mdi cong trinh dugc coi nhu mot
nhiém vy va mdi nhiém vu co thé can d6 mot dén
vai xe bé tong mot dém. Néu thiéu xe thi cac cong
ty xdy dung phai di thué thém, thé nén viéc xac
dinh s lwong xe t6i wu can sir dung trong mot ca
lam viéc (dém) 1a rat can thiét. Cong ty mudn tan
dung tbi da luorng xe san ¢ bang cach ude luong
thoi glan di chuyén, thoi gian cho lay va thoi gian
chd d6 bé tong tai cong truong dé can nhic viée
quay dau xe trong mét ca lam viéc. Quyét dinh lién
quan dén diéu do doi xe bon 1a quyét dinh vé s
luong xe st dung trong mot ca, quyét dinh quay
dau xe bao nhiéu lan trong mét ca lam viéc va mdi
xe s€ thuc hién nhirng nhi€ém vy nao (dua bé tong
dén cong truong nao).

Hién tai nhiing quyét dinh vé diéu do xe bdn
véan chuyén bé tong tuoi cua cac cong ty xay dung
chi 1am theo kinh nghiém ma chua ap dung mo
hinh t6i wu dé hd trg. Nghién ciru ndy s& xdy dung
moé hinh va d& xuat giai phap hd trg cho viée didu
do doi xe.

2 COSOLY THUYET

Co rat nhiéu bai toan diéu do trén thuc t& va
duoc nhiéu nha nghién ciru phan loai dong thoi dé
xuit cac giai thuat dé giai bai todn nhu Baker
(1974); Blazewicz va cong su (1996); Pinedo
(1995); Tanaev va cong sy (1994)... . Nhiing bai
toan co ban 1a diéu do nhiéu viéc trén cic may
khac nhau va biéu dién bing so do Gantt. Nhiing
viéc nay c6 thé c6 qui trinh thuc hién khac nhau
nhu Graham va cong sy da gidi thi€u vao nam
1979. Muyc tiéu ciia bai toan diéu do thuong 1a toi
thiéu thoi gian hoan thanh tat ca cac nhiém vu.

Céc bai toan diéu d6 mé rong thanh cac md hinh
toan ¢6 ham muc tiéu va cac rang budc ¢ bién
nguyén hodc nhi phan. Van dé thay d6i cong viéc
qua nhiéu tram duoc thé hién bang nhing bai toan
ludn chuyén (transshipment problems) va giai bang
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phuong phap mang lan dau tién boi Dantzig
(1971). Bai toan phan viéc ciing van con duoc
nghién ciru tiép do tinh phtrc tap khi giai.

Hau hét c4c bai toan diéu do déu la NP-hard va
c6 rat nhidu cac tac gia van dang tiép tuc nghién
ctru 101 gidi hi€u qua cho tung truong hop tng
dung (Nowicki va Smutnicki, 1996; Shakhlevich
va cong sy, 1999; Sitters, 2011;... ). Bai toan van
tai c6 xem xét khoang thoi gian dén va di dugc coi
nhu mot bai toan diéu do phuc tap (Khaled Al-
Hamad va cong sy, 2012). Chen va cong su (2013)
da s dung giai thuat Genetic Algorithm (GA) dé
diéu do s6 luong xe dén dua hang ¢ cang container
tuy theo thoi glan dén lay hang cta tau bién dé
giam tic nghén ¢ cong.

Bai toan diéu do thuong dugc dua ra dudi dang
san xudt tich hop v6i giao nhan hang héa. Ullrich
(2013) da gi6i thiéu mod hinh két hop diéu do may
song song va diéu do doi xe giao hang voi ning
luc khac nhau & cac thoi diém sao cho thoi gian
hoan thanh 1a nhé nhét. Hai bai todn nho da dugc
giai bang giai thuat GA va cho 10i giai tot véi kich
thudc bai toan 1én dén 50 viée, 5 may va 10 xe.
Khi trung tdm phan phdi nhan don hang thi nha
mdy phai diéu do sin xudt dong thoi quyét dinh
dudng di giao hang dén cic nha ban 1¢ dé kip quay
vé trong ca lam viéc va c6 chu y dén khoang thoi
gian giao hang riéng cho tung khach trong nghién
ctru ciia Low va cong su (2013). Két qua cho thay
101 giai tir GA tuy chua duogc tot nhung tiét kiém
duogc rat nhiéu thoi gian dé giai 2 bai toan lién
quan san xuat va phan phdi hang hoa ddng thoi.
Giai thuat hybrid GA ciing dugc sir dung trong mo
hinh san xuat theo dong chay (flow shop) c6 tai
nhdp lai trong khoang thoi gian cu thé ¢ day
chuyén san xuit 6 cimg (Chamnanlor va cong su,
2014).

Trong linh vuc dich vy, bai toan diéu do xe véi
khoang thoi gian ghé tram cho iy va giao hang bi
gidi han thi cling dugc quan tdm (Wang va cong
su, 2015). Schneider va cong su (2014) lai diéu do
viéc sac cho xe dién vdi nang lyc sac ¢ cac tram
khac nhau va thoi gian giéi han chay xe tuy theo
binh dién cua xe bang giai thuat Tabu search. M6
hinh thim kham bénh dong thoi nhidu bénh nhan
trong cung mdt khoang thoi gian nao dé khi bi gidi
han nguén luc cling dugc Sohaib va cdng su
(2016) dung md phong t6i luyén (simulated
annealing — SA) dé tim 10i giai.

Trong nghién ctru nay ciing xem xét mot van dé
thuc té vé viéc nhan va chuyén bé tong tuoi dén
cac cong truong xay dung. Bai toan nay s€ dugc
md hinh voi diéu kién thyc té va dé xuit phuong

an didu do xe trong phan ké tiép.

3 MO HINH HOA BAI TOAN PIEU BO
Céc cong ty xay dung phai diéu d6 doi xe bon
clia minh bang cach xac dinh thoi diém dua xe t6i
lay bé tong twoi ciing nhu viéc van chuyén bé tong
cho céc cong trinh nham tdi thiéu hoa chi phi van
hanh d6i xe bao gém cé chi phi do cho liy ¢ cong
ty va cho d6 bé tong twoi ¢ cong trinh. Doi xe
thong thuong dugc diéu dén cong ty dé liy bé
tong, néu c6 nhiu xe dén ldy dong thoi ma chi c¢6
vai tru d6 bé tong vao thing xe thi cac xe phai cho.
Thoi gian chd phu thude vao sé lugng xe dén cong
ty vao thoi diém dé va sé xe dang cho trude thoi
diém d6. Khi 1y xong bé tong, cac xe s& dua dén
cac cong trinh, thoi gian di chuyén phu thudc
khoang cach gitta cong ty va cong trinh, thoi gian
ket xe xem nhu khong c6 vi thoi gian van chuyén
1a ban dém. Khi dén cong truong, cac xe sé lai xép
hang dé d6 bé tong theo chi dinh clia nha thau xay
dung. Thoi gian hoan thanh cong viée ciing bét
dinh tuy thude vi tri dd bé tong va ) luong xe bon
dang c6 ¢ cong truong. Khi thyc hién xong thi xe
¢6 thé quay vé cong ty dé thyuc hién viéc nhin bé
tong va dwa bé tong téi cong trinh (gidng hoic
khac chuyén true) thém lan nita. Viéc nay tiép
din cho dén khi hét thoi gian hoat dong trong mot
ca lam viéc cta xe bon.
M6 hinh hd trg diéu d¢ doi xe bon dugc thé hién
duoi day.
3.1 Cdc chi s6, tham sé va bién cia bai todn
Chi 56
ij :la chi s6 vé nhiém vu dd bé tong tai cac
cong trinh 7, j v6i B va F 1a nhiém vu bat dau
va két thic, c6 dia diém chinh 1a nha xe cla
cong ty xay dung.
ts : chi s6 v& don vi thoi gian (voi don vi thoi
gian c6 thé 1a 5 phat, 15 phat hodc 30 phut).
twax 12 s6 don vi thoi gian tré nhit (tng voi
don vi 30 phut thi ca 1am 8 tiéng thi fye = 16)
ma xe bon phai roi khoi cong trinh sau khi d6
bé tong (co can nhic dii thoi gian quay lai bai
chira xe trude gio cim xe tai).
Tham sé

b/ : don vi thoi gian sém nhat cho viéc chuyén

bé tong dén cong trinh i.
b :don vi thoi gian tré nhit cho viéc chuyén bé
tong dén cong trinh i.
di §6 chuyén xe bdn chd bé tong can chuyén
dén cong trinh i
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4, : kha ndng phuc vu t6i da tai cong ty bé tong
tuoi trong mot don vi thoi gian ¢

e : bién dong v& ning luc phuc vu tai cong ty
bé tong tuoi (yéu t6 mua vu, thoi diém trong
ca lam viéc, rui ro,...)

uy : Thoi gian di chuyén cta xe bon sau khi d6
bé tong ¢ cong trinh i thi quay lai cong ty bé
tong dé liy bé tong tuoi cho cong trinh j tai
don vi thoi gian ¢. Thoi gian nay dugc tinh
bang sb lwong don vi thoi gian.

w; : Thoi gian di chuyén cua xe bon chd bé tong
tir cong ty dén cong trinh i tai don vi thoi
gian 7. Thoi gian nay duoc tinh bang s lugng
don vi thoi gian.

s“ : thoi diém ma xe bdn hoan thanh xong viéc
db bé tong cho cong trinh i néu xe dén cong
trinh vao thoi diém , va dugc biéu dién bang
giatri r+wr’

sY : thoi diém ma xe bon hoan thanh xong viée
liy bé tong cho cong trinh i néu xe dén cong
ty vao thoi diém ¢, va dugc biéu dién bang gia
'[I‘i r+WT/LV

air  : thoi diém dén cua xe bdn & cong trinh i gia

st rang xe d6 da dén cong ty bé tong la ¢, va

dugc biéu dién bang gia tri <+ 7" + 4

f :chiphi cb dinh cua viéc sir dung mot xe bon
trong mot ca lam viéc (ca dém), twong duong
véi chi phi thué xe néu thiéu hodc chi phi
khau hao ctuia xe ma cong ty so hitu

0 : chi phi van hanh xe bon trong mot don vi
thoi gian (vi du chi phi chay trén dudng) — co
the 1a chi phi xang xe

w  : chi phi van hanh xe bon khi phai cho doi
trong mdt don vi thoi gian (co thé xe van phai
nd may quay thung xe hodc 1a hao phi do van
tra luong tai xé

WT' : thoi gian trung binh & trong hé thong cua
modt xe bon dén cong ty ¢ khoang thoi gian
don vi t dé co thé lay bé tong phuc vu cho
cong trinh i.

WT! : thoi gian trung binh & trong hé thong cua
mdt xe bon dén cong trinh i & khoang thoi
gian don vi # hoan thanh viéc do bé tong.

Tap hop

G : t@p céc cong trinh phdi dd bé tong trong mot
ca lam viéc cu thé

G; :tap cac cong trinh phai do bé tong trong mot
ca lam viéc cu thé va nhiém vu dau tién B —
diém xuat phat cta xe 1a nha xe.

G, :tap cac cong trinh phai d6 bé tong trong mot
ca lam viéc cu thé va nhi€ém vu cudi cung F —
diém ket thiic ciia xe can quay vé l1a nha xe.

T  : tap cac don vi thoi gian trong mot ca lam
vige, T={1,2,3, ..., twax}

T; - tap cac don vi thoi gian ma bién Xj; khong
thé 16n hon 0, vi du X, =0 véi

t<a, +W7;LI trong khi
{t' =min(¢' > u,,.) } va t'>b —WT’ +u,

Bién quyét dinh

X, ) luong xe bon bit dau thuc hién nhiém vu
d6 bé tong cho cong trinh j sau khi hoan
thanh cong viéc & cong trinh i tai don vi thoi
gian ¢

Q :sb lugng xe bon ma cong ty can st dung
trong mdt ca lam viéc (co thé ca ddi xe riéng
lan thué thém)

Bién phu thuoc

U . A A A~ A A A

A, :s0 lugng xe bon cong ty lay bé tong phuc vu
cho cong trinh 7 tai don vi thoi gian ¢

Al s6 luong xe bdn dén d6 bé tong cho cong

trinh 7 tai don vi thoi gian ¢

3.2 MO0 hinh toan

Minimize

o+ 2 [O”U’foj(rfu,,,)}rZZ[WWTI-%,L]

ieG jeG, teT+{0} ieG telT

+ z z [WWZtU +ou,, ]ﬂff

ieG tel

(1)
subject to
> > X, <0 2
Jj€G, teT+{0}
> X, <0 3
i€G, teT
YAl >d, Vv6i i e G(k) 4)

tel
bIAL <tAl <b'Al voiieGand teT (5)
(6 —a,) A <eal <(b' =a,) 2!

voiieGand teT (6)
_ U
Z X!'/'([*“i//) - /l./f
ie€Gy (k),rzuy
jeG
voi 7
t Sty +1=WT —u, ~WT, )
U L
A =4

1a;
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ieG
YO i<t H1-WTY —u, —WTE ®)
= Z PIRIEDI
4 USi(i-1)
5=y /€0 JjeG,
oa, <t<t +1-WT'
véi ; ©)
witht'=min(t'>u,,.)and i€ G
X, =0 v6iieG,jeG,tel] (10)
X, Ay A =20 véimoi i, j,t (11)
0>0. (12)

Mo hinh huéng dén viéc didu do doi xe dé tdi
thiéu téng chi phi van hanh cta S xe bao gom: chi
phi ¢d dinh (twvong mg thué xe trong mot ca lam
viéc), chi phi van chuyén va chi phi chd doi cta xe
bon ké ca ¢ céng trinh hay & cong ty bé tong tuoi.
Néu bién quyét dinh Xj; = 1 c6 nghia 1 c6 mot xe
bon dén cong ty ¢ khoang don vi thoi gian ¢ dé 1y
bé tong cho cong trinh j sau khi hoan thanh xong
viéc db bé tong cho cong trinh i tai thoi diém (7 —
wi). Nhu vdy chi phi van chuyén s& Ia
ou, X H-uy) Chi phi chd cua xe bon & cong ty va

& cong trinh lién quan dén chi phi ch don vi w va
thoi gian chd trung binh WT ciing nhu s6 luong xe
phai chd A. Chi phi roi cong trinh i dé quay lai
cong ty bé tong dé phuc vu cho cong trinh j dugc
udce lugng 1a ou ,/1.U.

Cac phuong trmh (2) va (3) thé hién tuong quan
gifra cac cong viéc bat dau va két thac dé dam bao
xe bon s& bat dau di tir nha xe va quay vé nha xe
kip trong mdt ca lam viéc va nhé hon hay bang
lugng xe st dung. Phuong trinh (4) dam bao lugng
xe bé tong dén d6 cho cac cong trinh khong nho
hon nhu ciu. Phuong trinh (5) dua ra rang budc vé
thoi gian dén d6 bé tong cho cong trinh phai nim
trong thoi gian yéu cau, va vi thé ciing phai dén lay
bé tong vao thoi diém trudec d6 mot khoang thoi
gian a; = thoi gian chd ldy bé tong ciing nhu di
chuyén sang cong trinh (phu’ong trinh 6).

Phuong trinh (7) tinh tong luong xe hoan thanh
cong viéc O cac cong trinh i va thyc hién nhiém
vu cho cong trinh j tai thoi diém ¢ va c6 dam bao
diéu kién xe phai hoan thanh xong nhiém vu j rdi
quay vé bai xe kip trong ca 1am viéc. Ciing voi
diéu kién vé thoi gian nhu vay thi lugng xe 1iy bé
tong s& bang luong xe dén d6 bé tong cho cong
trinh § trong phuong trinh (8) Phuong trinh (9)
lién quan dén nhimng xe bon tai cong trinh va
chuyén cac xe nay cho cong trinh khac. Thoi gian
cho cua xe duoc udc luong khi xe cudi cung toi

cong trinh nhung mot sb xe téi trude do6 co thé
dang d6 bé tong va roi di som hon. Nhu vy thoi
gian hoan thanh cho moi xe tai trong nhom la s;
cho viéc dd bé tong.

Phuong trinh (10) gan diéu kién cho bién quyét
dinh khi thoi gian chuyén tiép cong trinh khac
khong da trong ca lam viéc va cac truong hop
khac. Phuong trinh (11) va (12) 1a diéu kién khong
am cua cac bién quyét dinh.

4 GIAI THUAT

M6 hinh bai toan diéu do doi xe bon chd bé tong
dén cac cong trinh ¢6 bién quyét dinh 1 luong xe
quay dau & cac thoi diém. Nhing thoi diém trong
bai toan lai thay dbi va phu thuoc vao cac thoi
diém khac nén thoi diém vira 1 chi s6 cta bién lai
anh huong dén bién phu thudc hay khoang thoi
glan trong cac phuong trinh ciia mo hlnh Bai toan
diéu d6 c6 khoang thoi gian vira 1a chi s6 lai vira 13
tham sb thuéc dang NP-hard nén phai ding céc
giai thuat dé cho ra 151 giai gin t6i wu. V&i mod
hinh todn nay, giai thuat kinh nghiém va SA duoc
sir dung dé tim 10 giai vi tinh phd bién va hiéu qua
cua ching.
4.1 Gidi thudt kinh nghiém

Giai thuét kinh nghiém dya trén y tuong phan
cong nhi¢m vu ké tiép ctia cac xe bodn dua vao thoi
gian chd va thoi gian chd bé tong nhé nhit bing
ddi xe xac dinh trude. S6 xe trong doi xe duoc thir
nghiém 101 giai s& tang dan. Loi giai cia bai toan
s€ duogc chon trong cac 101 giai khac nhau s xe
trong d6i xe dé sao cho téng chi phi (ham muyc
tiéu) nho nhat. Qui trinh tinh toan dugc trinh bay
trong Hinh 1 va bét dau véi S, = 0.

4.2 Gidi thudt mo phong toi luyén

Giai thuidt mé phong téi luyén (simulated
anneahng SA) la phuorng phap dung thong ké de
dau tién boi Metropohs va cc_)ng su (1953) 10i duqc
gi6i thi€u rong rdi bdi Kirkpatrick va cong su
(1983). Do chinh la qui trinh di tim 101 gidi cuc bd
va kha nang phat trién khong gian 101 giai bang
thong ké, c6 kha ning tranh dua ra nghiém tbi vu
cuc bd. Phuong phap nay di duoc sir dung rat
nhiéu va da chimg t6 duoc hiéu qua. Giai thuat SA
dugc trinh bay trong Hinh 2 (Luke, 2011).
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Buécl: O0=0+1,¢=0,i=0
S0 luong xe bon = O
S6 nhiém vu chua hoan thanh = d;

\ 4
> Buéc2:t=1¢+1

y

Budc 3:
- Tinh lugng xe bon trong vao khoang thoi gian t
- Tinh thoi gian chd va di chuyén R, =u;, + wrY  +wT* cho tat ca cac nhiém vu j

J(t+uij) Jaj (t+ugi )

chwra hoan thanh ¢6 nhu ciu xe bon d;> 0 va b]l. <a <b;

J (1 ‘*‘“f,‘/)
- Xéc dinh bién X bing gia tri Ry nho nhat véi
Xijir = Min (s0 lugng xe bon chua phan viéc va nhu cau xe bon con can trong nhiém vu 5)
cho dén khi so xe bon chua phan viéc 1a 0 hodc nhu cau con lai cia moi nhiém vu déu =0

Budrc 4:
-Tinh toén lai s6 xe bdn & khoang thoi gian ¢ € T (& cong ty hay cong trinh)

Nhiém vu con lai =0
hoict=T

Buwérc 5:
- Tinh gia tri ham muc tiéu véi Sk

- Néu O0< Zdi thi quay lai budce 1, nguoc lai thi sang budc 6

A 4

Buéc 6: .
-Chon Q sao cho ham muyc tiéu nho nhat

-Ghi nhan gid tri bién quyét dinh X, Gmg v6i O

Hinh 1. Giai thuat kinh nghiém cho tim 15i giai bai toan diéu do xe bdn

Simulated Annealing
T < temperature, initially a high number
S < some initial candidate solution
Best < S
Repeat

N « Tweak (Copy (S))
Quality(S)—Quality(N)

If Quality (V) < Quality (S) or a random number 7 € [0, l] <e ! then

S« N

Decrease T=Txn (n<l)

If Quality (S) < Quality (Besf) then

Best < S
until Best is the ideal solution, we have run out of time, or 7< ¢
return Best

Hinh 2. Giai thuit mé phong t6i luyén (SA) cho bai toan diéu do xe bdn
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Trong bai toan nay, ma tran 2-way chinh Ia 101
giai cua giai thuat SA — phat 101 giai cho bai toan
didu d6. Ma tran thé hién mbi quan hé giita cic
nhiém vu béng cac gia tri uu ti€n cho nhiém vu ké
tiép (Bang 1). Trong mdi hang, nhiém vu voi gia
tri cao nhét s& dugc chon la nhiém vu ké tiép (cho
xe bdn quay dau dé thyc hién cho cong trinh ké).
Trong bang 1 thi B chinh la nhiém vu déau tién va
xe bon s& vu tién thyc hién nhiém vu tai cong trinh
4 trude vi ¢6 gia tri trong hang 1a 16n nhét 0,4. Sau
khi c6 da xe thyc hién nhiém vu 4, nhitng xe con
lai (trong Q) s€ lam nhiém vy 2 véi gia tri trong
ma tran 1a 0,3... Nhiing xe hoan thanh nhiém vy 4
c6 thé quay dau dé bat dau nhiém vu 1 hodc 2 vi
gia tri nhu nhau 1a 0,35. Khi x4c dinh duoc thu tu
cac nhi€ém vu thi st dung cac phuong trinh trong
md hinh toan udc tinh cac thoi diém dén, thoi gian
chd hay hoan thanh cua cac xe bon nham tinh toan
ham muc ti€u hay tinh kha thi cta 101 giai. Loi giai
tir giai thuat SA duoc két hop véi gia tri Q khac
nhau s& dugc so sanh dé tim gia tri nho nhét cua
ham muc ti€u chinh 1a 101 giai tr giai thuat.

BANG 1. MOT Vi DU VE LOI GIAI TU SA
CHO 4 NHIEM VU CAN PIEU PO XE BON

Nhiém vu 1 2 3 4
B 0.20 | 0.30 | 0.10 | 0.40
1 040 | 0.25 | 0.15 | 0.20
2 0.10 | 0.30 | 0.20 | 0.40
3 0.05 | 045 | 025 | 0.25
4 035 | 035 | 0.20 | 0.10

BANG 2. THAM SO CHO 7 NHIEM VU

Nhigm |\ sy s 6
vu i
di 2 03 1 4 3 2 1
b! 1 2 2 1 2 1 1
B |15 12 12 14 13 11 12

Loi giai dau tién S cla giai thudt SA dugc phat
ra V0’1 nhitng gia tri ngau nhién tir 0 dén 1 trong
mdi 6 ctia ma trén sao cho tong gia tri theo hang
phai bang 1.

Qui trinh SA dé tim 101 giai ngau nhién ké tiép
theo cdu triic co thé thuc hién bing cach dbi chd
cac gia tri cia cac 6 trong ma tran cung hang dé
dua ra khong gian 101 giai. Loi giai SA Best 1a 101
giai gan t6i wu.

4.3 Vidu cho bai todn diéu do

Phan nay trinh bay mot vi du duoc dua ra dé
thuc nghiém mé hinh todn cling nhu 161 gidi cho
bai toan diéu d6 doi xe bon. Nhirng thong tin vé
cac nhi€ém vu cho tung cong trinh, chi phi, thoi
gian di chuyén hay thoi gian chd uée tinh (trén
thuc té thi do woc tinh ciia cac nha quan 1y lién
quan). Bang 2, 3 va 4 1a mot sd cac thong sb lién
quan dén bai toan vi du gdm 7 nhiém vu. Trong ca
lam viéc 8h ta chia nho don vi thoi gian thanh 30
phat/don vinén 7= 16.

BANG 3. THOI GIAN U, CUA BAI TOAN Vi DU

Tu Dén Khoang don vi thoi gian
mhiém | nhiém )T T T s g s
vy i vy j
0 0 0 0 0 ... 0 0 0
1 1 1 3 ... 1 1 1
6 2 2 2 2 2 1
7 13 1 21 1
1 0 11 1 ... 1 1 1
1 1 1 2 2 1 1
7 0 10 10 10 10 10 10
2 1 1 11 1
;
BANG 4. CHI PHI LIEN QUAN
Loai chi phi Pon vi Gia tri
Chi phi cb dinh £ $/ca 20
Chiphivantiio | $/don vithoi gian 3.1
BANG 5. DPAC PIEM MOT SO BAI Vi DU
Stt S0 nhiém| Khoang don | Nhu céu toi da cta xe
vu vi thoi gian | bon & mdt cong trinh
1 5 10 3
2 5 15 3
3 5 10 3
4 5 10 4
5 5 15 4
6 5 10 3
7 11 30 4
8 11 40 4
9 20 30 5
10 30 40 4
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4.4 So sanh két qua bai todn tir 2 gidi thudt

Hai giai thuat dugc trinh bay trong phan 4.1 va
4.2 dugc lap trinh bang ngdn ngit Java. Nhimng
thong s6 dau vao dugc phat ngiu nhién dya trén
mot sd chi sd co ban tac dong 1é€n d6 16n bai toan
nhu sé nhiém vu, s6 khoang don vi thoi gian, sb
luong nhu ciu tdi da (s6 xe bon) trong mot nhiém
vu. Bang 5 trinh bay didc diém ctia 10 bai toan thir
nghiém giai thuat. Bang 6 1a két qua giai 10 bai
toan bang 2 giai thuat.

BANG 6. KET QUA TU 2 GIAI THUAT CUA NHUNG

BAI TOAN Vi DU
Stt | Giai thudt kinh nghiém SA
Ham muyc | Thoi gian Ham muc Thoi gian
tiéu (§) | may (gidy) tiéu ($) mady (gidy)
1 61.10 0.21 62.12 0.19
2 84.84 0.29 71.52 0.24
3 109.00 0.38 105.37 0.29
4 71.44 0.32 77.78 0.30
5 115.40 0.31 120.31 0.32
6 100.37 0.37 92.78 0.43
7 160.99 2.08 152.98 2.65
8 199.64 291 188.83 2.55
9 341.54 41.05 344.02 21.47
10 693.34 234.81 692.06 38.36

Két qua cho thiy 1oi giai tir giai thuat kinh
nghiém d6i khi c6 thé t6t hon tir SA. O day tac gia
st dung T = 10 va muc d9 1am lanh (cooling level)
= 0.98 cua giai thudt SA c6 thé chua phu hop véi
bai toan nho. Giai thuat kinh nghiém st dung chi
s6 ¢ can nhic thoi gian chuyén chd va thoi gian
chd khi diéu d6 nhiém vu tiép theo. Vi vy c6 thé
tinh toan 101 gidi nhanh hon. Giai thuat SA dua ra
10 giai t6t trong thoi gian nhanh hon vé6i nhiing
bai toan 16n (vi du 9 va 10).

5 KET LUAN

Bai toan diéu do xe bdn chd bé tong twoi cua
cac cong ty 1a dang bai toan can nhic viéc quay
dau xe trong mdt ca lam viéc (bai toan van tai
quéing ngén).

Bai toan diéu d6 bi anh huong boi thoi gian
chuyén chd giita cong ty bé tong tuoi dén cac cong
trinh va quay lai. Thoi gian cho doi dé 1iy bé tong
cling nhu d6 bé tong tai cac cong trinh ciing dwoc
tinh dén. Thoi gian chd doi ciing coi nhu chi phi
do lanh phi nén ciing phai dua vao ham muc tiéu.
Thoi gian chd dai hay ngén s& bi tic dong béi thoi
diém dén iy hay d6 bé tong trong mot ca lam viéc
(dau gid thuong dong hon cudi gio). Khi xem xét
cac yéu to d6 trong mod hinh toan nhim quyét dinh
sb luong xe bdn khi hoan thanh xong mot nhi¢m
vu s& bat dau nhiém vu ké tiép nao dé co chi phi
ti thiéu thi bai toan tr& thanh danh NP-hard. Hai

giai thuat da dwoc dé xuit dé giai, chinh 1a giai
thuat kinh nghiém va mo phong t6i luyén. Mot sb
bai toan vi du dd dwoc dé xuit dé danh gia hiéu
qua cua hai giai thuat. V&i nhling bai toan nho,
giai thuat kinh nghiém cho 10i giai t5t hon. Nhung
v6i bai toan 1on thi két qua khéng chénh léch
nhiéu trong khi giai thuat SA cho két qua nhanh
hon rat nhiéu.
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A simulated annealing algorithm for vehicle
scheduling problem

Abstract - As the construction activity has been growing, the companies that supply fresh concrete expand their
production scale to meet their customers’ needs. The more customers, the longer queue tank trucks have to wait to
pick up the fresh concrete. The customers are construction companies that have different construction works at the
same time while the transportation time is only at night. They have to schedule efficiently the fleet of fresh concrete
tank trucks during the night (turning the tank trucks a few turns) with constraints on the time window for the transfer
of fresh concrete from the concrete company to the construction site as well as constraints on the waiting time for
loading fresh concrete in the company. The scheduling for the fleet of construction company’s tank trucks will be
modeled to minimize total transportation costs (fixed, variable) with estimated waiting times and tank truck’s turns
several times during the night. The model of logistics problem is NP hard; Therefore, two algorithms are proposed to
find the nearly optimal solution: heuristics and simulated annealing algorithm. The results will be compared and
analyzed.

Keywords - Scheduling, fleet of tank truck, simulated annealing algorithm, mathematic model, logistics.



