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TOM TAT— Bai toan x€p lich tai x€ 1a mot bai todn quan trong, anh hwdng tryc ti€p dén hiéu suit hoat dong clia cong ty van
chuyén hang hoa va sy hai long ctia khach hang. Cong viéc cia tai x& bao gom viéc giao nhan hang ding thoi gian, tuin thu cac
quy dinh vé giao thong va luat 1 cia nha kho. Do d6, bai todn xép lich tai x€ khong chi la mét vin dé phan cong cong viéc ma
con lién quan dén viéc t6i wu héa hoat dong cuia toan bd hé théng van chuyén hang héa. D€ ap dung cac kj thuat 1ap trinh rang
budc (constraint programming) vao tinh hudng cu thé, 1a viéc xép lich tai x€ tai cong ty van chuyén Phan Long, Quin 11, Tp.
H6 Chi Minh, chung tdi rng dung cach tiép cin 14p trinh rang budc vai gidi thuat tdi wu héa nhdnh-va-cdn (branch-and-bound)
dé giai quyét hai bai todn con quan trong trong céng tac x€ép lich nay: (i) xép lich chuyén hang sao cho t6i wu hda vé thoi gian
dwa vao bai todn xép lich véi cdc rang budc thiv tw trwdc sau va (ii) bai todn gdn (assignment problem) dé phan cong tai xé phu
trach cac chuyén hang sao cho thich hop nhit. K&t qua thwe nghiém trén di liéu thuc té tai cong ty Phan Long cho thiy tinh 6n
dinh, tinh chinh xac va tinh hiru hiéu vé thoi gian tinh todn cua giai phap dé xuit.

Twr khéa— xép lich tai xé, vin chuyén hang héa, Idp trinh rang budc, gidi thudt nhdnh-va-can, xép lich véi cdc rang budc

thir tw trwdrc sau, bai todn gdn.

I. GIOT THIEU

Bai toan xép lich tai xé (driver scheduling) 1 mot bai todn chi yéu, c6 anh hwdng truc ti€p dén hiéu qua hoat déng
cla cong ty van chuyén hang héa va sw hai long ctia khiach hang. Cong viéc cla tai xé bao gdm viéc giao nhan hang
ddng thoi gian, tuin thi cac quy dinh vé giao théng va luit 1é cia nha kho. Do d6, bai todn xép lich tai x&€ khéng chi
la mot van dé phan cong cdng viéc ma con lién quan dén viéc t6i wu hda hoat dong ctia toan bo hé thdng van chuyén
hang héa [1].

C6 rat nhiéu céng trinh nghién ciru lién quan dén bai toan xép lich tai xé cho céng ty van chuyén hang héa vi bai
todn nay 12 mot bai todn thanh phin quan trong trong nhiéu ng dung c6 pham vi 1én hon, thudc lanh vic logistic.
Mot s6 nhitng cong trinh tiéu biéu trong nhirng ndm gin day lién quan dén bai to4n xép lich tai x& cho cdng ty van
chuyén hang héa duwoc téom lwgce nhw sau.

Azadeh va cac cong sw ndm 2013 [2] dé xudt giai phap cho bai toan xép lich phi hanh doan (flight crew scheduling)
cho hing hang khong. Xép lich phi hanh doan la viéc gan cac thanh vién ctia phi hanh doan vao cac chuyén bay sao
cho tong chi phi dwgc téi thiéu héa va ton trong nhirng ndi quy clia nganh hang khéng. Bai toan xép lich phi hanh
doan 12 mot bai toan t8i wu td hop c6 rang budc thudc loai khé nén khong thé giai bing giai thuat chinh xac véi
thoi gian tinh todn chip nhin dwgc. Azadeh va cic cong sy da dé xuat mot gidi thudt téi wu héa bdy dan (particle
swarm optimization - PSO) déng b6 héa vi mot giai thuét tim kiém cuc bé (local search) dé giai nhirng bai toan
todn xé&p lich phi hanh doan qui mé 16n.

Tian va Song ndm 2013 [3] dé xuit mo hinh va giai thut giai quyét bai toan xép lich doi Idi tau (crew scheduling)
cho hé théng tau hda cao téc (high-speed railway) & Trung Qudc. Cac tac gia da chia bai toan xép lich doi 1ai tau
thanh hai giai doan: giai doan th nhit xac dinh tip hop cac 16 trinh cta ddi lai tau (crew route) va giai doan thi
hai gan cac doi 1ai thu dén cac 16 trinh. Cac tac gia da sit dung md hinh phii tdp (set-covering) va giai thuat dan kién
(ant algorithm) cai tién, mot gidi thuit metaheuristic, d€ gidi quyét bai todn néu trén. Cac tac gia da thir nghiém
mo hinh dé xuit vao hé théng tau hda cao téc Bic Kinh-Thién Tan.

Nghién ctu clia Han va Li ndm 2014 [4], d& dé xudt phwong phap dwa vao Idp trinh rang budc (constraint
programming) d€ giai bai toan xép lich ddi tai xé (crew scheduling) cho cac chuyén tau trong mdt hé thdng giao
thong cong cong tai Dai Bic (Dai Loan). Bai todn ndy c6 muc dich tim ra s6 nhiém vu (duty) nhé nhit bao phu tit
ca cac chuyén di chuyén (task) ma thoa min tit ca cic rang budc cleng va rang budc mém cia viéc xép lich. Cac tac
gia dé xuit mot cach ti€p can bao gdbm mot mo hinh 14p trinh rang budc d€ sinh ra cic nhiém vu, mot md hinh bai
todn phii tdp (set-covering) dé t6i wu hoa sé nhiém vu va cac phwong phap khac dé€ tim ra loi gidi cudi cung tai
nhirng tinh hudng khac nhau. Cac tac gia da 4p dung cach tiép cin dé xuit vao bai toan xép lich doi tai xé cho cac
chuyén tau trong mdt hé théng giao thong cong cong tai Dai Bic.

Nghién ctru cta Jacyna va Izdebski ndm 2014 [5], d4 dé xuit st dung giai thuit dan kién (ant algorithm) dé giai
quyét bai toan gan tai nguyén (xe va tai x€) cho cac chuyén van chuyén hang. Cac tac gid xac 1ap mo hinh toan cho
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bai todn va mo ta cic budc khi 4p dung gidi thuit dan kién d€ giai bai todn gan tai xé& va xe cho cac chuyén vin
chuyén hang.

Nghién ctru ciia Izdebski va Jacyna ndm 2014 [6], da dé xudt st dung gidi thudt di truyén (genetic algorithm) dé
gidi quyét bai toan gan tai nguyén (xe va tai xé) cho cac chuyén van chuyén hang. Cac tac gia da dinh nghia mo
hinh toan cho bai toan néu trén va mé ta cic buwdc khi ap dung giai thuit di truyén dé giai bai toan gan tai x€ va xe
tai cho cac chuyén van chuyén hang.

Jacyna va cac cong sw ndm 2018 [7] nghién ctu bai todn gdn xe cho cdc chuyén vdn chuyén hang (task assignment
of vehicles) ctia mét cong ty san xuat. Bai todn nay bao gdm hai giai doan: giai doan thi¥ nhat1a xac dinh cac chuyén
van chuyén hang va giai doan thit hai 12 gan xe tai cho c4c chuyén van chuyén hang. Mbi chuyén van chuyén hang
dwoc dinh nghia nhw 1a mét cong tac van chuyén hang tir nha cung cp dén nha kho ctia céng ty va van chuyén tir
nha kho ctia cong ty dén xwdng san xuit clia cong ty. Cac tac gia da dinh nghia mé hinh todn cho bai todn néu trén
nhw 1a mét bai todn t6i wu hda da muc tiéu (multi-objective optimization) va dé xuit ap dung giai thuét di truyén
(genetic algorithm) d€ giai quyét bai toan nay.

Nghién ctru ctia Cruz va cic cong sw nam 2020 [8], dé xuit phwong phap gidi quyét bai toan phdn bd xe (vehicle
allocation) cho cdng ty van chuyén hang héa (freight transportation). Bai todn phin b6 xe bao gdom viéc phan bé
xe tai d€ thwe hién mot yéu cau van chuyén hang gitra cic dia di€ém. Muc dich cta bai todn 1a cwc dai hda lgi nhuin
dem lai khi cong viéc hoan tit. Cac tac gia dé xuat st dung gii thuat branch-and-price, mot cai tién cla giai thuit
nhdnh va cdn (branch-and-bound), d€ giai quyét bai todn phin bé xe cho cong ty vin chuyén hang héa. Cac tac gia
da thuc nghiém phuwong phap dé xuat trén 30 b dir liéu mau va két qua cho thiy phwong phap dé xuit lam viéc
kha hiéu qua.

Nghién ctru ctia Benli va cac cdng sy nam 2022 [9], tap trung phan tich hiéu &rng cla viéc lwa chon khung thoi gian
(time window) d6i v&i bai todn phan bé xe cho céng ty van chuyén hang héa. Khung thoi gian &m chi thoi khoang
v&i nhitng can trén (upper bound) va can duéi (lower bound) cho mét hoat dong dién ra. Khung thoi gian dwoc
str dung nhw métloai rang budc (constraint) thwong dién ra trong bai toan dinh tuyén xe c6 va bai toan van chuyén.
Cac tac gid mo hinh hoéa bai todn phan b6 xe nhw 1a mot bai todn quy hoach nguyén hén hop (mixed integer linear
programming).

Nhin chung, cic cdng trinh néu trén déu phai giai quyét nhirng bai toan t6i wu hoa kha phirc tap va qui mé dir liéu
cta bai toan kha 16n nén phai st dung nhitng giadi thuit nhw quy hoach nguyén, téi wu héa da muc tiéu hodc cac
giai thuat meta-heuristic nhw giai thut di truyén, giai thuit dan kién, giai thuit t6i wu héa bay dan PSO, giai thuit
tim kiém cuc b, v.v... Nhirng gidi thuit metaheuristic thwong dem lai két qua xap xi toi wu chi khéng dem lai két
qua t6i wu chinh xac. Chi riéng cdng trinh [8], Cruz va cic céng sw st dung mot bién thé cai tién cha giai thuit
nhdnh-va-cdn, 1a giai thuit cé thé dem lai két qua toi wu chinh xac, vi bai todn trong cong trinh nay khéng qua phirc
tap va c6 quy mo dir liéu vira phai.

D3Gi voi viéce x€p lich tai x€ tai cong ty van chuyén Phan Long, Quin 11, Tp. H6 Chi Minh, 1a bai toan c6 quy mé nho,
ching t6i ng dung ky thuit t6i wu hda nhdnh-va-cdn (branch-and-bound) dé gidi quyét hai bai todn con
(subproblem) quan trong trong cong tac xép lich nay: (i) xép lich chuyén hang sao cho tdi wu hda vé thoi gian dwa
vao bai todn xép lich véi cdc rang budc thir tw trwdc sau va (ii) bai todn gdn (assignment problem) dé phan cong
tai x&€ phu trach cic chuyén hang sao cho thich hgp nhit. Hai bai toan con néu trén cé dang thirc ctia bai todn thoa
hé rang budc tdi wu hoa (optimized constraint satisfaction problem) va dwoc giai quyét theo huéng tiép cin Ildp
trinh rang buéc (constraint programming). Két qua thwc nghiém trén dit liéu thwc té tai cong ty Phan Long cho
thay tinh 6n dinh, tinh chinh xac va tinh hiru hiéu vé thoi gian tinh todn ctia giai phap dé xuét.

Phin tiép theo cta bai bdo dwoc td chirc nhw sau: Muc 11 gidi thiéu vé cic bai toan tdi wu hda va giai thuit lién
quan; muc III mé ta sy hién thwc va thwc nghiém trén dir liéu cu thé ca céng ty Phan Long; muc IV néu mot vai
két luan va huwéng phat trién ctia nghién ciu nay.

II. CAC BAI TOAN TOI U HOA VA GIAI THUAT LIEN QUAN

A. BAI TOAN THOA HE RANG BUQOC
Trong bai todn théa hé rang bugc (constraint satisfaction problem -CSP), chiing ta dwgc cho:

e Mot tip bién, cac mién tri (domain) cho cac bién trong tip bién,

e Mot tap cac rang budc.
Mai rang budc dugc dinh nghia trén mdt tap con clia tap bién géc dwoc cho va nhim gi¢i han céc t6 hop tri duoc
phép gan cho tip con cac bién c6 lién quan véi rang budc.
Muc dich la tim ra mdt phép gdn tri (assignment) vao cac bién sao cho thda tit ca cac rang budc dwoc cho [10].
Cac bai toan CSP c6 thé dwoc chia lam hai nhém:
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e Bai todn théa rang budc (Satisfiability problem) c6 muc dich tim mot phép gdn tri (value asignment) sao
cho théa tip rang budc. Mot phép gan tri vao bién c6 thé thda cac rang budc hay khong.

e  Baitoan t6i vu héa (Optimization problem) 12 bai todn ma trong d6 méi sw gan tri vao bién c6 mot gia tri
ham chi phi hoZic ham muc tiéu di kém v&i nd. Muc dich cia bai toan 1a tim mot phép gan tri vao bién dat
gia tri ham chi phi cwc tiéu hoic gia tri ham muc tiéu cwc dai. Phép gan tri d6 dwoc goi 1a phép gdn téi wu
(optimal assignment).

Nhiéu bai todn trong lanh vyc tri tué nhén tao, khoa hoc may tinh va cac lanh vyc khic ctia khoa hoc kj thuét c6
thé dwgc moé ta nhw 1a nhirng bai toan thdéa hé rang budc.

1. THIET LAP MOT BAI TOAN THOA HE RANG BUOC
Mbt bai toan théa hé rang budc dwoc md ta bdi mot tap bién Vi, Vz, ..., Ve Mdi bién Vi c6 mot mién tri twong (rng
Dvibao gobm nhirng tri kha hiru cta bién dé.

Doi v6i bai toan thoa rang budc, sé c6 nhitng quan hé rang budc gitta nhirng tip con khac nhau cta tip bién ma
dem lai nhitng t6 hop tri hop 1é d€ gan vao cic bién. Nhirng rang budc nay c6 thé dic ta nhw la nhirng tip con cla
tich Pé Cac ctia cdc mién tri cia cac bién lién quan.

Mot loi gidi (solution) clia bai todn thoa hé rang budc 1a mot bd gdm n tri gan vao cac bién sao cho théa min tit ca
cac rang budc ctia tap rang budc.

D6i véi bai toan ti wu hoa, c6 ton tai mot ham dé danh gia chi phi cho mbi phép gan tri vao bién. Mot [oi gidi cia
bai to4n tdi wu hoa 1a mot bd gom n tri gan vao cac bién sao cho tdi wu héa dwoc ham chi phi (cost function).

2. GIAI THUAT QUAY LUI CHUAN PE GIAI BAI TOAN THOA HE RANG BUQC
Goi D la tich Dé Cac ctia cac mién tri trong bai toan théa hé rang budc:

D =Dvi x Dvz X ... x Dvy

Bang gidi thudt quay Iui (backtracking algorithm), chiing ta c6 thé thdm do mot cach c6 hé théng bing cach gan tri
va0 cac bién véi cac bién dwoc sdp theo mot thi tw ndo d6 va danh gid mdi rang budc ngay khi cac bién lién quan
dén rang budc da dwoc gan tri. Néu c6 bat ky rang budc nay khong dwgc thoa bdi sw gan tri thi sw gdn tri riéng
phdn (partial assignment) vira thuc hién khong thé 1a mot phan cha sw gan tri day da va hop 1é. Ching ta loai bo
sw gan tri riéng phan dé, va tiép theo, chung ta cé thé thir 4p dung nhirng sw gan tri riéng phan khac. Mdi mot sy
gan tri riéng phan thit bai sé giup thu hep khéng gian tim kiém rat 1é6n cha tip hop D. Giai thuét quay lui la mot
qua trinh l3p dwoc thuwc hién cho dén khi moi bién déu dd dwoc gan tri mot cach thanh cong.

B. GIAI THUAT NHANH-VA-CAN
Giai thuat nhdnh-va-cdn (branch-and-bound - BB) van hanh twong tw nhw gidi thuit quay lui chuén. Gii thuat
nhanh-va-can theo déi loi gidi tét nhdt tim thdy hién gicr (best-so-far solution) va tir bd moét nhanh tim kiém khi
phat hién nhanh nay khong thé din dén mot 1o giai t6t hon 1&i gidi tét nhat tim thay hién gio.
Giai thudt nhanh-va-cin dya trén mét phién ban dic biét cia giai thut quay lui chuin ma tim kiém vét can moi loi
giai ctia bai todn ch& khong phai chi 1o giai ddu tién. Dwa trén phién ban tim kiém vét can cta giai thuit quay lui
chuén, giai thuit nhanh-va-cén cé thé tim thiy loi giai tét nhit cho bai todn CSP t6i wu hoéa.
Giai thuit nhanh-va-can dé giai bai toan CSP t6i wu hoa st dung mét ham ddnh gid (thwong 1a ham chi phi) dé
danh gia do tot cua loi giai tim thiy.
Ciing giong nhw giai thuat quay lui chuin, gidi thuit nhanh-va-cin cé dd phic tap tinh todn kha cao (ham mi) nén
gidi thuat nay chi thich hgp véi nhirng bai toan t6i wu hdéa cé quy mé nho hoic vira phai va khong thich hop véi
nhirng bai todn t6i wu hda phire tap va cé quy mo lon.
C. BAI TOAN XEP LICH VO CAC RANG BUOC THU’ TU TRU'O'C SAU
Bai todn xép lich vé&i cdc rang budc thir tw trwede sau (scheduling problem with precedence constraints) 1a mot bai
todn thwong gip trong nhiéu trng dung thwc té [11], dwoc dinh nghia nhw sau. Ching ta dwgc cho mot du 4n gom:
e Mot tip gom n cong tac (task) ma cong tac i c6 thoi lwgng la diva
e Mot tap cac rang budc thir tw trwdc sau (precedent constraint) gitva cac cdp cong tac.
Mdt rang budc thi¥ tw trwdrc sau gitta hai cong tac i and j ham ¥ ring cdng tac j dwoc phép bt dau sau khi cong tac
i hoan tit.
Du 4n bat d4u tir thoi di€ém 0, va bai toan x&p lich phai tim kiém mot lich bi€u 1am viéc sao cho cuc tiéu hoa téng
thoi lwgng cta toan du an.
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Chung ta thém vao mot cdng tdc gid (fictitious task) véi thoi lwong 0, dwoc goi 1a cong tdc két thiic (end task) ma
duoc di truede bédi moi cong tac khac.

Thoi lwong ciia cac cdng tac c6 thé dwoc dung dé tinh ra hai dai lwong quan trong clia mdi cdng tac: thoi diém bdt
ddu sém nhdt (earliest time) va thoi diém bdt ddu mudn nhdt (latest time)

Thoi diém bat ddu sém nhat 1a thoi diém ma tai d6 cong tac bit dau néu nhitng cdng tac di trwde cdng tac nay da
duogc bat ddu sém nhit c6 thé. Thoi diém bit ddu sém nhit ¢ cho cong tac i la:
ti = max (¢ +d))
v&i moi cong tac j di trwdre cong tac i.
Suy ra tena 1a thoi diém bat dAu clia cong tac két thic (end task) va ciing 1a thoi lwong ti thifu cla toan dy an.
Né&u thoi lrong cla toan dw 4n 13 tenq, thoi di€m bat dAu mudn nhat T; cho coéng tac i dugc cho béi:
Ti=min (T;- di)
v&i moi cong tac j di sau cdng tac i, gia dinh rang Tenq thi bing v&i tena.
Nhu vay thoi diém bt dau cong tac i c6 thé dwoc biéu dién bang tAm tri [t;, Ti].

D6 loi (slack) m; clia cong tac i dwoc dinh nghia bing dd sai biét gitra thdi di€ém bit dau sém nhit va thoi diém bt
d4u mudn nhit cia cdng tac. Nhirng cdng tac c6 do loi 0 dworc goi la nhitng cong tdc tdi han (critical tasks).

Cach biéu dién bai toan xép lich néu trén dwgc thwe hién nhw sau. Véi mbi cong tac i, ta dwa vao bién S; biéu dién
thoi diém bit dau cdng tac i. Va rang budc thir tw truede sau gitta cong tac i va cdng tac j dugc biéu dién nhu sau:

Sj >=Si+d;
Vi du & Bang 1 m6 td mot dw &n phidn mém bao gom viéc 14p trinh 6 module A, B, C, D, E, F.

Bang 1. Danh sdch cdc module A, B, C, D, E, F trong mdt dw dn phdn mém va quan hé thit tw truéc sau

Tén module | Thoilwong (tudn) | Nhitng module di trwée
A 71 -

B 3|A

C 4|B

D 8| A

E 5|CD

F 4|CD,E

Bai toan x€&p lich thwc hién cac module d€ hoan tit dw 4n néu trén dwgc dinh nghia thanh bai toan thoa hé rang
budc nhw sau:

Tap bién L gdm 7 bién: SA: thoi diém bt ddu module A, SB: thoi diém bit dAu module B, SC: thoi diém bit dau
module C, SD: thoi diém bit dau module D, SE: théri diém bat dau module E, SF: théi diém bat dau module F, Send:
thoi diém két thic toan dw an,

Mién tri ciia mdi bién 12 0..30, nghia I th&i diém bat dau ciia moi module khong dwgc phép veot qua tuan thi 30.
Tap cac rang budc nhw sau:

SB >=SA+7,SC >=SB+3, SD >=SA+7,

SE >= SC+4, SE >= SD+8,

SF >= SC+4, SF >= SD+8, SF >= SE+5, Send >= SF+4.

Muc tiéu ctia bai todn trén la gan cac gia tri thoi gian vao cac bién SA, SB, SC, SD, SE, SF, Send sao cho théa mén tip
rang budc néu trén va dong thoi Send dat gia tri nhé nhit.

Dé tim ra loi giai toi wu chinh xac cho bai toan x&p lich nay (la mét bai toan thoa hé rang budc -CSP), ching ta cé
thé st dung giai thuat nhdnh-va-cdn dwgc mé ta & muc ILB.
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D. BAI TOAN GAN

Bai todn gdn (assignment problem) 14 bai todn gan n con ngwdi (person) vao n céng viéc (job) sao cho tdng chi phi
1a nho nhit [12]. D& thich hop véi bai todn gan, cac rng dung cin phai dwoc thiét 14p sao cho thoa min cac gia
dinh sau day:

S8 ngudri va s6 cong viéc phai bing nhau (con s6 nay dugc ky hiéu 1a n.)

MJdi con ngudri chi dwoe gan dén mot cong viéc.

Mdi mét cong viéc chi dwoc thwe hién béi mdt con ngudi.

Co6 chi phi cj khi con nguwoii (i = 1,2, ..., n) thyc hién cong viécj (j =1,2, ..., n).
e Muc tiéu ctia bai todn 1a xac dinh n sw gan sao cho tdi thi€éu héa ham chi phi.

Vi du: Mot cong ty cin phan céng 4 nhan vién vao 4 cong viéc. Cac chi phi ¢; khi nhan viéni (i = 1,2, ..., 4) thuc hién
cong viécj (j=1,2, ..,4) dwoc cho nhw Bang 2.

Bang 2 Vi du vé bai todn gdn

Cong viéc
1 2 3 4
1 13 16 12 11
Nhan vién 2 15 M 20 13
3 5 7 10 6
4 6 9 4

Lwu y: Mot chi phi rit 16n M dwgc gén véi sy gan nhan vién thir 2 vao cong viéc thi hai néu nhu sw gan nay thudc
dién bi cAm.

Bai todn gan ctia thi du néu trén dwoc dinh nghia thanh bai toan thoa hé rang budc nhw sau:

Bai toan cin 16 bién quyét dinh (decision variable) (1a bién chi c6 thé 14y gia tri 1a 0 hay 1a 1) véi Xij 14y gia tri 1
néu nhan vién i dwgc gan dén cong viéc j va lay gia tri 0 néu ngwoc lai nhin vién i khong dwoc gan dén cong viécj.
Danh sach 16 bién quyét dinh nhw sau: L= [X11, X12, X13, X14, X21, X22, X23, X24, X31, X32, X33, X34, X41, X42,
X43, X44]. Va mién tri cia moi bién quyét dinh 1a {0,1}

Tép cac rang budc gom 8 rang budc nhw sau:
X11+X12+X13+X14 =1, X21+X22+X23+X24 =1, X31+X32+X33+X34 =1, X41+X42+X43+X44 =1,
X11+X21+X31+X41 =1, X12+X22+X32+X42 =1, X13+X23+X33+X43 =1, X14+X24+X34+X44 =1

Tong chi phi cia bai todn gan néu trén 13 13*X11+16*X12+12*X13+11*X14 + 15*X21 +1000*X22 + 13*X23 +
20*X24 + 5*X31 + 7*X32 + 10*X33 + 6*X34 + 7*X41 + 6*X42 + 9*X43 + 4*X44.

Muc tiéu cua bai toan trén la gan cac gia tri 0 hodc 1 vao 16 bién quyét dinh sao cho théa min 8 rang budc néu
trén va dong thoi lam cho ham tdéng chi phi dat gia tri nho nhat. Lwu y gié tri chi phi rat Ién M trong ma tran chi
phi dugc thé hién bing gia tri 1000. K&t qua clia bai todn gan thi du nhw sau: X14=1,X23=1,x31=1vaX42=1
trong khi 12 bién quyét dinh khac déu bing 0. Ttc 1a nhan vién thit 1 dwoc gan vao cong viéc 4, nhan vién thir 2
dwoc gdn vao cong viéc 3, nhan vién thit 3 dwoc gan vao cong viéc 1 va nhan vién thit 4 dwoc gan vao cong viéc 2.

DE tim ra 1&i gidi tdi wu chinh xac cho bai toan gan (1a mot bai to4an théa hé rang budc t6i wu héa), ching ta c6 thé
stt dung gidi thuat nhdnh-va-cdn da dwoc mo ta & tiéu muc ILB.

E. LAP TRINH RANG BUQC VA NGON NGO’ LAP TRINH LOGIC CO RANG BUOC
Ldp trinh rang budc (constraint programming) thudc vé thé loai Idp trinh khai bdo (declarative programming).

Mbt rang buéc (constraint) bi€u dién méi lién hé gitta cac d6i twong khac nhau dwoc dinh nghia trong mot mién
tinh todn (computation domain).

Viéc dwa khai niém rang budc vao lap trinh dem lai hai tién lgi sau day: i) cho phép mo ta bai toan mdt cach ty
nhién hon, va ii) cho phép van dung nhirng giai thuat chuyén dung da cé & nhirng lanh vyc khac nhau nhu: tri tué
nhan tao, van tru hoc (operations research) va toan hoc.

Ldp trinh rang budc (constraint programming) 1a lanh vwc nghién citu vé nhirng hé théng dwa vao rang budc. Y
twong chinh cia 14p trinh rang budc 1a phét biéu cic rang budc va sau dé tim kiém loi gidi thoa man tit ca moi
rang budc.
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Ngon ngit 1ap trinh logic (Logic Programming - LP), nhw 12 ngdn ngit Prolog, v&i cach biéu dién ménh dé Horn téng
quéat (general purpose Horn clause) va mot ngit nghia rd rang, c6 thé biéu dién t6t nhitng rang budc dwéi dang
thiec khai bdo. Tuy vay, co ché hop nhdt (unification mechanism) ctia Prolog khong di manh dé xir Iy cac rang budc
mot cach dung din. Phép hop nhat khong thé xi Iy rang budc mot cach khéng-tdt-dinh (non-deterministically).
D4 c6 nhiéu né luc trong cong ddng nghién ctru vé 1ap trinh logic nhdm mé rong Prolog dé khic phuc nhitng han
ché ctia phép hop nhat. Tuy nhién, v&i nhitng cai tién nhw vy, ngdn ngit 1ap trinh logic van khong thé giai quyét
cac rang budc moét cach hiru hiéu.
Sau nay, c6 mot cach ti€p cdn mang tinh chit dét phd mé rong mé thirc lap trinh logic thanh ngdn ngi Idp trinh
logic c6 rang buéc (Constraint Logic Programming language). Ngon ngit 1ap trinh logic ¢ rang budc (viét tit 1a
CLP) 1a su két hop hai mo thirc 14p trinh khai bao: Idp trinh rang budc (constraint programming) va Idp trinh logic
(logic programming) ([13], [14]).
Giéng nhw 14p trinh logic, CLP van dung nguyén ly phén gidi (resolution principle). Tuy nhién, phép todn hop nhat
(unification) dwoc thay thé bang ki thuat théa hé rang budc trén mdt mién ng dung cu thé nao do.
CLP cai tién 14p trinh logic khi gidi quyét bai todn tim kiém cé rang budc (constrained search problem), bing cach
cung cap: i) Nhitng ngén ngir tét vé dién dat trong d6 ngwoi dung cé thé 1am viéc truc tiép véi cac doi twong tir
mot mién &ng dung ndo dé va dung nhirng rang budc tw nhién cho mién &ng dung nay, va ii) Mot su thwec thi hitu
hiéu hon bang nhitng phwong phap va giai thuat chuyén dung dé giai hé rang budc.
CHIP, CLP(R), B-Prolog, SWI-Prolog, ECLIPS¢ v.v. 1a nhitng ngén ngit 1ap trinh logic c6 rang budc tiéu biéu.

I11. HIEN THU’'C VA THUY’C NGHIEM TREN DU’ LIEU CUA CONG TY PHAN LONG

Tinh hudng dwoc khao sat trong nghién ctru nay 1a tir Cong ty vin chuyén hang héa Phan Long, Quan 11, Tp. H6
Chi Minh.

A. MO TA CHUYEN HANG TAI CONG TY VAN CHUYEN PHAN LONG
Tai Cong ty vin chuyén hang héa Phan Long c6 3 loai chuyén hang (transport task) bao gdbm: chuyén hang xuit,
chuyén hang nhip va chuyén hang két hop.

1. CHUYEN HANG XUAT
Dé& thwc hién mot chuyén hang xuit tai Cong ty van chuyén hang héa Phan Long cho mét khach hang nao dé, nguoi
tai x€ dwoc phan céng phu trach chuyén hang sé phai thwc hién cac céng doan (subtask) sau day.

S1. Tai x& xudt phat tir bii d6 xe dén dia diém cung cip container dé tiép nhan container rdng (dia diém nay
thwong la cang hoac Inland Container Depot (ICD)).

S2. Tai diém cung cip container, nguti ca dia di€m cung cip container thwc hién cong viéc gdp container rong
1én phwong tién cho tai xé, ton madt thoi gian nhat dinh.

S3. T dia di€ém cung cip container tai x& di chuyén xe dén nha kho cta khach hang.
S4. Tai kho, nguwoi clia cong ty khach hang ddm nhiém cdng viéc Ién hang (loading), t6n mot thoi gian nhat dinh.

S5. Twr diém kho, tai x& di chuyén dén dia diém tra container dé€ ban giao lai container c6 hang (dia diém nay
thwong la cang hoac ICD).

S6. Tai diém tra container, ngudi clia dia diém tra container thwc hién cong viéc gip container c6 hang xuéng roi
khoi phwong tién cho tai x€, tén mot thoi gian nhit dinh.

S7. Tl diém tra container, tai x€ di chuyén vé bai diu xe.

2. CHUYEN HANG NHAP
bé thwc hién mot chuyén hang nhip tai Cong ty vin chuyén hang h6a Phan Long cho mét khach hang nao d6, nguoi
tai x€ dwoc phan céng phu trach chuyén hang sé phai thwce hién cic cong doan sau day.

S1. Tai x€& xudt phat tlr bai d6 xe dén dia diém cung cip container dé ti€p nhan container c6 hang (dia diém nay
thwong la cang hoac ICD).

S2. Tai diém cung cip container, ngwoi cla dia diém cung cip container thuc hién cong viéc gdp container c6
hang 1én phwong tién cho tai x€&, ton mot thoi gian nhit dinh.

S3. T dia diém cung cip container tai xé€ di chuyén dén kho ctia khach hang.

S4. Tai kho, ngwdi ctia cong ty khach hang ddm nhiém cong viéc xuéng hang (unloading) trong container, t6n mot
thoi gian nhit dinh.
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S5. Tir diém kho, tai x& di chuyén dén dia diém tra container dé ban giao lai container réng (dia diém nay thwong
la cang hoac ICD).

S6. Tai diém tra container, ngwoi clia dia diém tra container thuc hién cong viéc gdp container réng xuéng phwong
tién cho tai x&, tén mot thoi gian nhit dinh.

S7. Tir diém tra container, tai x€ di chuyén vé bai diu xe.

3. CHUYEN HANG KET HQ'P
Dé thuc hién mdt chuyén hang két hop tai cong ty vin chuyén hang héa Phan Long, nguwoi tai x€ dwoc phin cong
phu trach chuyén hang sé& phai thwc hién cac cong doan nhu sau.

S1. Tai xé& thwc hién tir cdng doan S1 dén S6 ciia chuyén hang truéec.

S2. Taixé di chuyén tir dia diém & cong doan S6 clia chuyén hang truéc dén dia diém & céng doan S2 ciia chuyén
chuyén hang sau.

S3. Tai x€ thwc hién tir cong doan S2 dén S7 cia chuyén hang sau.

Uu diém khi c6 chuyén hang két hop la tiét kiém dwoc chi phi, thoi gian di chuyén tir diém tra container vé bai
d4u xe va tir bai dau xe dén diém cung cip container.

B. NGON NGU’ LAP TRINH VA CAC CONG CU PHAN MEM HO TRQ'

1. ASP.NET

ASP.NET l1a mot framework phat trién tng dung web dwgc phét trién boi Microsoft. N6 cung cdp mot mdi trudong
phét trién manh mé dé xay dwng cac rng dung web dong, linh hoat va hiéu qua. ASP.NET la mét phén ctia nén tang
NET ctia Microsoft, va dwoc st dung rong rii trén toan thé gi¢i cho viéc phat trién cac ¢ng dung web tir nhé dén
16n [15].

Mot di€m ndi bat cia ASP.NET 12 ASP.NET h6 tro st dung nhigu ngdn ngit 1ap trinh nhuw Visual Basic.NET, C#, F#.

2.LINQ

LINQ (Language Integrated Query) 12 mot phan cta .NET Framework clia Microsoft, gidp cac 1ap trinh vién thuc
hién cac truy van dit liéu trong cac ngdbn ngit 1ap trinh C#, Visual Basic.NET mot cach dé dang va linh hoat. LINQ
gitup thuc hién cac truy van di liéu bang cach st dung cti phap twong tw nhw SQL (ngdn ngit truy van trong hé co
s& dit liéu), nhung dugc viét truc ti€p vao ngdn ngit 14p trinh, gitp cadc doan ma tré nén dé doc hon.

Mot sd diém ndi bat cia LINQ:

e  LINQ dwoc tich hop truwc ti€p vao C# va Visual Basic.NET, gitdp cac 14p trinh vién thyc hién truy van truc
ti€p trén ma ngudn ma khong cin stt dung cac ngdn ngir truy van riéng biét nhw SQL.

e HO tro nhiéu tac vu xtt ly dir liéu: LINQ cung cdp mot s6 phwong thitc mé rong (extension methods) va
toan tir d€ thuc hién cac thao tac trén dir liéu nhw loc, sdp xép, nhdm, va tinh toan tdng, gitp viéc xt ly
dit liéu tré nén don gidn va tién lgi.

e HO tro nhiéu ngudn dir liéu: LINQ c6 thé dugc st dung dé thwc hién cac truy van trén nhiéu loai ngudn
dit liéu nhw mang, danh sach, bang dir liéu XML, va co s& dit liéu.

3. SWI-PROLOG
SWI-Prolog 1a ngdn ngit 14p trinh logic c6 rang budc ([16], [17], [18]), dwoc thiét ké va trién khai cic rng dung c6
tinh chAt tri tué nhan tao va dwa vao logic.

Mot s6 diém n6i bat cia SWI-Prolog:

e  Ma nguén mé: SWI-Prolog 1a mot dw 4n ma ngudn mé, mién phi va dwoc phat trién lién tuc b&i cong
dong. Biéu nay co6 nghia 1a bt ky ai cling c6 thé sir dung va déng gép vao viéc phat trién hé thdng nay.
e  Danén tang: SWI-Prolog c6 thé lam viéc trén nhiéu nén tang nhw Windows, macOS va Linux.
e  Thw vién mé réong: SWI-Prolog di kém v&i moét loat cic thw vién mé rong cho nhiéu muc dich khac nhau
nhw x Iy ngdn ngit tw nhién, giao ti€p mang, va phat trién &ng dung web.
Thw vién CLPFD (Constraint Logic Programming over Finite Domains) ctia SWI-Prolog cung cip cach tiép cin
manh mé dé gidi quyét cac bai toan théa hé rang budc trén mién tri hiru han. Piéu nay cho phép xac dinh gia tri cac
bién va rang budc giita chiing bang cach st dung cac quy tic logic.

Thuw vién CLPFD cung cip céng cu nhw cic rang budc s6 nguyén, rang budc s6 nguyén khéng 4m, rang budc phan
biét va nhiéu loai rang budc khac dé gidi quyét bai toan thoa hé rang budc trong mién tri htru han (finite domain)
mot cach hiéu qua.

Hai ham thu vién cia SWI-Prolog thwdng hay dwoc st dung trong nghién ctru nay la hai ham sau day:
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Vi tir Labeling vé&i cti phap st dung: labeling (Option, Vars).

Trong SWI-Prolog, vi tir labeling rit quan trong trong cac bai todn tim kiém, dic biét l1a trong viéc gidi quyét cac
bai todn thoa hé rang budc. Vi tir labeling dwgc stt dung dé gan tri cho cac bién Vars trong cac tip 1oi gidi ma hé
théng SWI-Prolog dang tim thay. Vi tlr labeling dwoc st dung dé gan gia tri cu thé cho cic bién nay dwa trén cac
rang budc da dwoc thiét 1ap. Viéc st dung labeling 1a rat quan trong dé€ thu duwoc két qua cudi cung cla cac loi giai.
N6 gitp xac dinh cac gia tri cu thé ctia cac bién ma théa man tit ca cic rang budc da dwoc dit ra.

Vi tir Min v&i cd phap st dung: min (List, MinValue)

Trong SWI-Prolog, vi tir min dwoc st dung dé tim céc gia tri phtt hop cho cac bién trong danh sach bién List sao
cho bién MinValue dat gia tri cuc tiéu. Diéu nay gitp cho MinValue dat gia tri nho nhit &ng véi cac bién trong danh
séch. Vi tlr min thwong dwoc sir dung trong cac tinh huéng tim gia tri nhé nhat ciia mot tap hop céc gia tri c6 thé
c6 trong ngdbn ngtr SWI-Prolog. Lwu y: vi tlr min ciia SWI-Prolog s dung giai thuat nhdnh-va-cdn d€ giai quyét muc
tiéu tdi wu hoa cuia vi tir nay.

4. GOONG DISTANCE MATRIX API

Goong Distance Matrix API 1a mét dich vu dwgc cung cdp bdi GOONG, cho phép ngwoi dung tinh khoang cach va
thoi gian di lai gitra 2 hodc nhiéu dia diém. Dich vu nay cung cip théng tin vé cic tily chon giao thong nhw wéc tinh
thoi gian di lai bing 6 td, xe dap, xe taxi, xe tai. Cac tinh ning nay twong tw nhu cac tinh ning Google Maps Distance
Matrix APL

C. CAC BUO’'C THU'C HIEN CUA BAI TOAN XEP LICH TAI XE
Bai toan xép lich tai xé cho cong ty van chuyé&n hang héa gom bon bwéc, duwgc mo ta nhw trong Hinh 1 sau day:

Chon tai xé

Gom nhom cac
chuyén hang

S&p xép lich bidu
cac chuyén hang

Gan tai xé vao
chuyén hang

Hinh 1. Cdc bwéc trong tién trinh xép lich tai x€ cho cong ty vdn chuyén.

1. CHON TAI XE THU'C HIEN CONG VIEC
Nguwoi dieu hanh can chon nhitng tai x&€ da hoan thanh cdng viéc truwede d6 dé tiép tuc thyce hién phin cong xép lich
chuyén hang sip téi.

Viéc truy xudt thong tin tai x€ dang lam viéc tai cong ty, bao gobm cac théng tin: ID, tén tai x&, bién sd xe, diém k¥
nang, diém ddng gidr, va diém thai do.

2. GOM NHOM CAC CHUYEN HANG

T s6 lwong tai x& da chon & buwdc 1, cic nhém chuyén hang dugc tao ra véi s6 lwgng nhéom chuyén hang bang voi
s6 lwong tai x€. Nhdm chuyén hang c6 thé 1a chuyén hang nhap, chuyén hang xuit hodc chuyén hang két hop. Ngwoi
diéu hanh cin chon chuyén hang dwa vao nhém chuyén hang sao cho ddm bao vé mit thoi gian khong bi trung lap
trong cing mdt nhém chuyén hang va diém cudi cia chuyén hang trwdc cé doan dwong di chuyén gan véi diém
dau clia chuyén hang sau. Cac chuyén hang chwa can sip xé&p thi khong can chon dwa vao cac nhém chuyén hang.
T6m lai nhém chuyén hang c6 thé 1a chuyén hang két hop, nhw da néu & muc IILA.

3. SO’ DUNG SWI-PROLOG PE SAP XEP LICH BIEU CUA CAC CHUYEN HANG

T cac nhém chuyén hang & bwéc 2, hé théng phai tinh ra chiéu dai cdc quang duwdng, va suy dan ra thoi gian cua
mbi cdng doan trong mot nhém chuyén hang va va dwa vao nhirng thong tin nay, hé théng c6 thé xuit ra doan ma
viét bing ngdn ngtr SWI-Prolog dé sap xé&p lich biéu cho mbi chuyén hang trong mot nhém chuyén hang. Ttc 1a
doan mi viét bang SWI-Prolog c6 nhiém vu giai quyét bai toan con thi¥ nhat dwoc mé ta & muc II.C.
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Hé thong c6 thé truy xuit thong tin vé thoi gian lam hang va vi tri ca tirng dia diém trong mot chuyén hang dwoc
cung cdp béi khach hang. C6 dwoc dia diém bat dau va két thic clia mdt cong doan trong chuyén hang, hé théng
phai st dung cong cu API Distance Matrix clia Goong d€ suy ra dwoc thoi gian, va chiéu dai quiang dwong di chuyén
gitra hai dia diém. Tém lai, hé théng da tich hop tir dit liéu ma cong ty c6 dwgc véi cac dir lidu dwoc dan xuit ra tir
phin mém API Distance Matrix cia Goong.

4. SO’ DUNG SWI-PROLOG PE GAN TAI XE VAO CHUYEN HANG

Madi kho hang (chuyén hang) va tai x& déu c6 diém ki ning, diém thai do va diém ddang gio dwoc tinh toan dwa vao
cong thirc dwoc trinh bay nhw trong Hinh 2.

M&bi kho hang va tai x& khac nhau cho ra nhirng dai lwgng (x), (y), (z) khac nhau. Cong 3 dai luong x, y, z d€ c6 duoc
diém cua tai xé véi chuyén hang. Piém cla tai x€ v&i chuyén hang dwoc dung dé hinh thanh ma trdn chi phi (cost
matrix) cda tai x€ va chuyén hang trong bai todn gdn (bai todn con thit 2 dwgc mo ta & muc I1.D).

Két qua (x) = quang dudng * 10 / diém k¥ nang tai xé

Diém ddng gi¢ tai xé (c) - diém ddng gid yéu cau tir kho hang (d)

Két qua > 0 Sai—» Két qua (y) = 1000

Buang
A 4

Két qua (y) = (d)*10-(c)

Diém thai d6 tai xé (e) - diém thai do yéu cau tir kho hang ()

Kétqua >0 Sa—» Két qua (z) = 1000

Bung
A 4

Két qua (z) = (f)*10-(e)

Hinh 2. Céng thikc tinh diém dé tao ma trdn chi phi cho buwéc gdn tai xé vao chuyén hang.

D. MOI TRUO'NG THU'C NGHIEM

Bai toan x€p lich tai x€ dwgc thwe hién trén may tinh véi cdu hinh: CPU 14 17 8750 véi 32GB RAM, hé diéu hanh:
Windows 11. Ngon ngir 1ap trinh dwoc st dung la: C#, ASP.NET, LINQ, SWI-PROLOG. Cac thw vién va API dwoc st
dung la: CLPFD ctia SWI-Prolog, Google Map hoac Goong.

E. KET QUA THU'C NGHIEM

Muc dich chinh ctia nghién ctru nay la tw ddng hoa cong tac xép lich tai x€ tai mot cong ty vin chuyén hang hoa.
V&1 Cong ty van chuyén hang héa Phan Long, s6 lwong tai x& cla cong ty la 8, va s6 lwgng chuyén hang phai xt 1y
trong mot dot xt Iy trung binh 1a 10. P& danh gia hiéu qua cia chwong trinh xép lich tai x€&, ching t6i tién hanh 3
lwot thuc nghiém véi nhirng dic diém khac nhau nhdm mé phdng cac tinh huéng thuc té ma cong ty van chuyén
hang hda nay thwong gap phai.

1. THU'C NGHIEM 1
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Thuwc nghiém nay dwoc thwe hién véi tinh hudng: s6 lwong tai x€1a 4 tai x€, s6 lwgng nhém chuyén hangla 4 nhém
chuyén hang (m6i nhém chuyén hang déu chi gobm 1 chuyén hang). Chi tiét vé cac thong s va két qua clia viéc sdp
x€p lich biéu cac chuyén hang dwgc néu trong Bang 3. Vé bai todn gan tai x& vao chuyén hang ctia thuc nghiém 1
gbm c6 cac théng s6 nhw sau: s6 bién quyét dinh trong bai todn gin 1a 16 va ma tran chi phi cé kich thwéc 4 x 4.
Ma trén chi phi cla giai doan gan tai x&€ cho chuyé&n hang trong thwc nghiém 1 dwgc trinh bay trong Bang 4. Viéc
tinh todn cac gia tri trong ma tran nay 1a dwa vao cach tinh diém cta tai x& d6i véi mdi chuyén hang dwgc néu &
Hinh 2.

Véi thwe nghiém 1, chwong trinh da chon dwoc t6 hop tri phtt hgp cho cac bién dat dwoc chi phi nhé nhit véi téc
do thyce thi nhanh (chi trong 1 gidy) va chinh xac.

Bang 3. Cdc thong sé va két qud ctia bwéc xép lich biéu cdc chuyén hang trong thwe Nghiém 1

Chuyén hang S6 ching dwong cua | S6 bién | Thoi lwgng téi wu ctia chuyén hang
, chuyén hang
Chuyénhang 1| 7 8 330 phut
Chuyf",:n hang 2 7 8 230 phut
Chuyénhang3 | 7 8 370 phut
Chuyén hang 4 7 8 430 phut
Bang 4. Ma trdn chi phi ctia giai doan gdn tai xé vao chuyén hang
Chuyén hang
1 2 3 4
1 1125 1074 217 1153
T3i x& 2 183 142 211 221
3 235 167 1208 299
4 216 157 256 270

2. THY'C NGHIEM 2

Thuc nghiém nay dwoc thwe hién véi tinh hudng: s6 lwgng tai x€ 1a 4 tai x&, s6 lwgng chuyén hang 1a 10 chuyén
hang (10 chuyén hang nay dwgc két hop thanh 4 nhém chuyén hang). S6 lwong chuyén hang trén cic nhém chuyén
hang: cdc nhém chuyén hang 1 va 4 gébm c6 2 chuyén hang két hgp thanh, cdc nhém chuyén hang 2 va 3 gém c6 3
chuyén hang két hop thanh.

Bang 5. Cdc thong sé va két qud ctia bwdc xép lich biéu cdc chuyén hang trong thwce nghiém 2

Chuyén hang S6 chdng dwong cua | SO bién | Thoi lwgng téi wu cia chuyén hang
chuyén hang

Chuyén hang 1 13 14 750 phat

Chuyén hang2 | 19 20 780 phut

Chuyén hang 3 19 20 840 phut

Chuyén hang4 | 13 14 590 phut

Chi tiét vé cac thong s6 va két qua clia viéc sdp x&p lich biéu cic chuyén hang dwoc néu trong Bang 5. Vé bai toan
gan tai xé vao chuyén hang ctia thwe nghiém 2 gom cé cac thong s6 nhw sau: s6 bién quyét dinh trong bai todn gan
l1a 16 va ma tran chi phi cé kich thwéc 4 x 4.

Véi thwe nghiém 2, chwong trinh da chon dwoc t6 hop tri phtt hop cho céc bién, dat dwec chi phi nhd nhit véi téc
dd thyc thi nhanh (chi trong 3 gidy) va chinh xac.

3. THUC NGHIEM 3

Thuc nghiém nay nhdm muc dich do lwdng sw gia ting thoi gian thwc thi cta bai todn gdn (bai todn t8i wu héa thi
hai) khi qui mé ctia dit liéu (s0 tai x€ va s6 chuyén hang) gia ting. Két qua vé thoi gian thue thi ctia bai todn gan
thay d6i theo qui mé chuyén hang dwgc néu trong Bang 6.

Két qua cua thwe nghiém 3 cho thiy giai thuat nhdnh-va-cdn dwgc st dung trong bai todn gan ciing nhw bai todn
x€p lich biéu (bai toan tdi wu héa thi nhit) giy ra sw gia ting vé thoi gian tinh to4n rat nhanh khi qui mo cia di
liéu gia ting. Piéu nay phan anh mot dic diém dang quan tim cta giai thuit nhanh-va-cén 1a giai thuét nay c6 do
phtrc tap tinh toan ham md.
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Bang 6. Thoi gian thwec thi cua badi todn gdn ttng voi qui mé dir liéu

Kich thuéc Tong s6 bién Thoi gian thwec thi (gidy)
4 tai xé, 4 chuyén hang 16 0.008

6 tai x&, 6 chuyén hang 36 0.011

7 tai x&, 7 chuyén hang 49 0.097

8 tai x&, 8 chuyén hang 64 1.021

10 tai x¢, 10 chuyén hang 100 10.031

Sau khi thwc hién 3 Ian thwe nghiém trén dir liéu thwec té tai Cong ty vdn chuyén hang héa Phan Long, ching téi thu
duoc két qua rit thoa dang. Thong qua qua trinh hién thwc va thwc nghiém 2 bai toan con (sdp x&p lich biéu va
gan tai x€), chiing t6i c6 mot sd nhin xét nhw sau: i) doan ma SWI-Prolog ctia ngdn ngit 14p trinh logic c6 rang budc
SWI-Prolog da gitip tim ra phwong 4n t6i wu rat nhanh, i) s6 nhém chuyén hang phai bang véi s6 tai xé thi chwong
trinh m&i c6 thé xuit ra doan ma SWI-Prolog can xiy dwng dé thwc hién viéc giai bai toan théa hé rang budc tdi
wu hoéa va iii) phwong phap dé xuit kha phi hop véi dit liéu ¢ qui mo nho va trung binh vi giai thuit nhanh-va
can c6 do phirc tap tinh toan ham mi.

To6m lai, trong khi gidi quyét bai toan x€p lich tai xé cho Cong ty vin chuyén hang héa Phan Long mot cach tha
cong thi tén thoi gian trung binh khoang 3 gior d€ hoan thanh thi st dung phwong phap dé xuit dwa vao 1ap trinh
rang budc chi tén thoi gian trung binh khoang 10 gidy.

IV. KET LUAN

Qua qua trinh nghién ctru va trién khai gidi phap dwa vao lap trinh rang budc két hop véi giai thudt nhdnh-va-cén
cho bai todn x&p lich tai xé cho Céng ty van chuyén hang héa Phan Long, mét céng ty c6 qui mé nho va vira, ching
toi da dat duwgc nhitng két qua dang ké. Bang cach 4p dung 1ap trinh rang budc két hop véi giai thuat nhanh-va-
can va tich hop dit liéu tir kho dit liéu ma cong ty c6 véi dir lidu thoi lwong dwoc dan xuit ra tir phan mém Distance
Matrix API clia Goong, ching t6i d4 tao ra mot hé théng tw ddng hoa quy trinh xép lich, gidp cho céng ty ting cwong
hiéu xuit lam viéc va ting tinh chinh xac trong qua trinh quén ly céng viéc vin chuyén hang. Hé théng gidi quyét
hai bai todn con quan trong trong cong tac xép lich nay: (i) xép lich chuyén hang sao cho tdi wu hoa vé thoi gian
dwa vao bai todn xép lich véi cdc rang budc cd thi tw trwée sau va (ii) bai todn gdn (assignment problem) dé phan
cong tai x& phu trach cic chuyén hang sao cho thich hop nhét.

Chung t6i lwa chon sw két hop 14p trinh rang budc véi gidi thuidt nhanh-va-cin thay vi két hop 14p trinh rang budc
véi giai thuit metaheuristic 1a do giai thuit nhanh-va-cén 1a giai thuit t6i wu héa dem lai 1&i gidi toi wu chinh xac
con cac giai thuat metaheuristic chi dem lai 1o gidi xap xi t6i wu. Tuy nhién gidi thuit nhanh-va-cin cé do phic
tap tinh todn ham mii nén chi thich hop véi bé dit liéu c6 quy mé nho va vira. Tl két qua thwe nghiém trén dir liéu
thwe cha céng ty Phan Long, ching toi rat ra dwoc cac két luin sau day:

e Giai phap 1ap trinh rang budc két hop giai thuit nhanh-va-cin gidp gidm thiéu thoi gian x€p lich va ting
cwong tinh linh hoat trong viéc thich (rng v&i cac yéu cau ctia khach hang vé thai do, tinh dung gio va ky
nang cla tai xé.

e Hé thdng da cho thiy sw hiéu qua trong viéc t6i wu hda str dung tai nguyén (tai xé, thoi gian) va gidm chi
phi hoat dong ctia cOng ty.

e Cac két qua thir nghiém cho thiy tinh 6n dinh, tinh hitu hiéu vé thoi gian tinh todn va tinh chinh xac cua
giai phéap, dong thoi khdng dinh tiém niang ng dung rong rii giai phap trong nganh van chuyén va
logistics.

Tuy nhién, nghién ctru nay chi méi thwc hién viéc xép lich tai x&€ cho mét céng ty van chuyén hang hoa c6 quy mo
nho va vira. Do @6, ching t6i dw dinh thir 4p dung phwong phap dé xuit cho bai todn x€&p lich tai x& tai mét cong ty
van chuyén hang héa c6 quy mo 1én hon d€ xem giai thuét t6i wu héa nhadnh-va-cin thich nghi dwoc véi bé dir liéu
c6 quy mo lén dén c& nao. Ké dén, chung téi du dinh so sanh tinh hitru hiéu vé thoi gian thwe thi ciia phwong phap
dé xuit (str dung giai thuit nhanh va cin) véi phwong phap dwa vao 1ap trinh rang budc két hop st dung mot giai
thuit metaheuristic, gidi thuat di truyén. Ngoai ra, ching tdi dw dinh phét trién cac tinh ning mé rong trong hé
théng nhw tich hop GPS dé theo dai vi tri tai x€ va cip nhiat lich trinh hoat ddng theo thi gian thuwec.

V. LO1 CAM ON

Céc tac gia cla nghién ctru nay chan thanh cdm on Cong ty Van chuyén hang héa Phan Long, Quén 11, Tp. H6 Chi
Minh d3 cho phép st dung b6 dit liéu xép lich tai xé ctia cong ty.
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APPLYING CONSTRAINT-PROGRAMMING TO DRIVER SCHEDULING IN A

TRANSPORT COMPANY
Duong Tuan Anh, Nguyén Dirc Huy

ABSTRACT— Driver scheduling is a crucial problem which affects the performance of a freight transport company and its
customer satisfaction. The duties of drivers include punctual load delivery, satisfying road transportation rules and warehouse
regulations. Therefore, driver scheduling problem is not only a human resource assignment problem but also an optimization
task for the whole freight transport system. In order to apply constraint programming approach to a case study: driver
scheduling in Phan Long Transport Company, District 11, Ho Chi Minh City, we use constraint programming approach
combined with branch-and-bound algorithm to solve two subproblems: i) scheduling with precedence constraints and ii)
assignment problem to driver scheduling. Experimental results on the real-world data at Phan Long Company show that the
proposed approach brings out not only robust and effective solutions but also the time efficiency in solving process.

Keywords— driver scheduling, freight transportation, constraint programming, branch-and-bound algorithm, scheduling
problem with precedence constraints, assignment problem.
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