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ABSTRACT

This study addresses urban last mile delivery, where routing decisions must
simultaneously account for multiple depots, heterogeneous vehicle fleets, time
dependent travel times, and customer time windows. The study formulates the
Multi Depot, Heterogeneous Fleet, Time Dependent Vehicle Routing Problem
with Time Windows (MD-HF-TDVRPTW) and develops an Improved Adaptive
Large Neighborhood Search combined with Simulated Annealing (IALNS-SA).
The solver extends existing ALNS and SA frameworks through an enlarged set of
time aware destroy operators, a dual evaluation scheme that searches on soft
penalties but certifies the incumbent only under hard feasibility, per iteration
stabilization of route duration limits and multi depot consistency, and a traffic
aware alignment of depot departure times. On a Vietnamese dataset spanning
Sfour major cities with 200 customers and 100 vehicles, each solver was run ten
times with different random seeds. IALNS-SA attains a mean total cost of 298.03
(standard deviation 50.62), a reduction of 38.8 to 60.9 percent relative to
GRASP, HCLS, SA, and CWS, while activating only 12.6 vehicles on average.
Wilcoxon signed rank tests with Holm correction confirm that this advantage is
statistically significant (p = 0.0078), with IALNS-SA winning all ten paired
comparisons against every baseline.

TOM TAT

Giao hang chang cudi trong dé thi ngdy cang phirc tap do quyét dinh dinh tuyén
phai dong thoi xét den da kho, déi xe di ching, thoi gian di chuyén phu thugc
thoi diém va cira s6 thoi gian phuc vu. Nghién ciru xdy dung bai todn dinh tuyén
phirong tién da kho, ddi xe di ching, phu thudc thoi gian, c6 cira sé thoi gian
(MD-HF-TDVRPTW) va phat trién bg gidi IALNS-SA. So véi cdc khung ALNS
két hop SA hién c6, bé gidi mo rong tdp todn tir phd hiy nhdn biét thoi gian, bo
sung co che danh gid kép tim kzem trén ham phat mém nhung chi ghi nhdn
nghiém tot nhat khi kha thi ciing, on dinh héa nghiém trong tirng vong Idp doi
Véi gidi han thoi lwong tuyén va tinh nhat qudn da kho, dong thoi canh thoi diém
xudt phdt tai kho theo diéu kién giao thong. Trén bé dit liéu bon dé thi lon cia
Viét Nam voi 200 khach hang va 100 phuong tién, méi bo gidi dwoc chay doc
lap 10 lan véi cdc hat giong ngau nhién khdac nhau. IALNS-SA dat tong chi phi
trung binh 298.03 véi dg léch chuan 50.62, giam tir 38.8 téi 60.9 phan tram so
v6i GRASP, HCLS, SA va CWS, dong thoi chi kich hoat trung binh 12.6 phuwong
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luyén kim mé phong,  tién. Kiém dinh hang c6 dau Wilcoxon véi hiéu chinh Holm xdc nhdn wu thé nay
dinh  tuyén phwong cé y nghia thong ké (p = 0.0078), véi 10 trén 10 c¢dp so sinh déu nghiéng vé
tién. IALNS-SA.

1. Giéi thiéu

Giao hang ching cudi (LMD) 1a cong doan cudi ciing ciia qua trinh phan phdi va 1a khau
phtc tap bac nhat cua logistics do thi, do ddng thoi chiu tac dong cua mat do don hang, yéu cau
giao dGing hen, ha tang giao thong va ap lyc st dung doi xe hiéu qua; phan 16n quyét dinh téi vu
trong LMD vi vy quy vé bai toan dinh tuyén phuong tién (VRP) (Boysen va cong su, 2021;
Braekers va cong su, 2016).

Trong thyuc té, bai toan thuong mo rong ddng thoi theo bdn huéng: da kho (MD), doi xe
di chung (HF), thoi gian di chuyén phu thudc thoi diém (TD) va cura s6 thoi gian (TW). Viée
dung ma tran thoi gian ¢6 dinh trong moi truong do thi co thé danh gia sai tinh kha thi cua tuyén
(Ichoua va cong su, 2003), trong khi cac tong quan cho thdy van liéu van phat trién theo timg
nhanh twong ddi riéng biét va s0 cong trinh xtr Iy ddng thoi ca bdn thanh phan con han ché, dic
biét tai cac do thi dang phat trién (Solomon, 1987; Kog va cong su, 2016; Braekers va cong su,
2016; Wang va cdng su, 2024; Adamo va cong su, 2024).

Vi cac bai toan gidu rang budc nhu vay, metaheuristic 1a hudng tiép can chi dao, trong
d6 ALNS dugc xem 1a khung hiéu qua nho co ché phdi hop nhiéu toan tir pha huy va sira chita
v6i x4c suat Iya chon thich nghi (Ropke va Pisinger, 2006; Voigt, 2025). Trén co sd d6, bai bao
dé xuit b giai IALNS-SA cho MD-HF-TDVRPTW véi ba dong gop chinh. Thu nhit, xay dyung
khung bai toan tich hop dong thoi MD, HF, TD va TW cho giao hang ching cu01 Thr hai, phat
trién b giai IALNS-SA v6i cac co ché thiét ké riéng cho 16p bai toan nay, gom tap toan tur pha
hiy nhén b1et thoi gian c6 khai thac lich sir im kiém & muc cip, co ché danh gia kép mém cung,
cac budc on dinh hoa nghiém theo vong lip va co ché canh thoi dlem xudt phat; khac biét so 4
ALNS chuin (Ropke va Pisinger, 2006) va cac khung IALNS gan day duoc ddi chiéu chi tiét
trong Muc 3.2. Thtr ba, cung cap bang chung thyc nghiém co kiém dinh thong ké trén dir liu
boén d6 thi 16n cia Viét Nam, trong d6 mdi bo giai duoc chay doc lap 10 lan va uu thé cua
phuong phép dé xuat dugc xac nhan bang kiém dinh phi tham s6. Bai bao duoc to chirc nhu sau:
Muc 2 trinh bay co s& 1y thuyét; Muc 3 trinh bay mé hinh toan hoc va phuong phép; Muc 4 trinh
bay két qua va thao luan; cudi ciing 1a két luan.

2. Co s& 1y thuyét

2.1 Giao hang chiing cui va bai toan dinh tuyén phwong tién

Giao hang ching cudi bat dau khi hang hoa di dén mot diém xuat phat trong do thi va két
thiic khi hang dugc giao dén khach hang cudi ciing; day 1a giai doan hoi tu dong thoi yéu cau vé
thoi gian, to chire doi xe va ha ting, nén c6 murc phire tap van hanh cao nhat trong chudi logistics
do thi (Boysen va cong sy, 2021). Cac quyét dinh cdt 18i xoay ‘quanh phén bd phuong tién, phan
cong khach hang, thiét ké tuyén va lap lich phuc vu, do do phan lon bai toan trong linh vyc nay
quy vé khuon kho VRP, 16p bai toan tdi wru to hop xéac dinh tap tuyén chi phi thip nhét phuc vu
moi khach hang dung mdt lan duéi cac rang budc van hanh (Braekers, Ramaekers, va Van
Nieuwenhuyse, 2016). Trong cc bién thé cia VRP, bai toan c6 TW giir vai tro dic biét quan
trong vi dua truc tiép yéu t6 lich trinh vao mé hinh va lam ting dang ké do kho tinh toan
(Solomon, 1987).

2.2 Bai toan dinh tuyén phwong tién da kho, ddi xe di chiing, phu thudc thoi gian, c6
cira s6 thoi gian (MD-HF-TDVRPTW)

MD-HE-TDVRPTW 14 bién thé gidu rang budc cua VRP, trong d6 quyét dinh dinh tuyén
phai déng thoi xac dinh depot phuc vy, loai phuong tién, thir tuw phuc vu va thoi diém di chuyén
trén tung cung: MD phat sinh bai toan gan khach hang cho depot trong mang luéi phan tan; HF
doi hoi xir Iy khac biét vé tai trong, dung tich, chi phi ¢ dinh va chi phi van hanh giita cac loai
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xe; TD khién thoi gian hanh trinh thay ddi theo thoi diém khoi hanh; TW budc phuc vu trong cac
khoang thoi gian dinh trudce (Kog va cong su, 2016; Ichoua va cong sy, 2003; Solomon, 1987).
Trong mang ludi TD, bo qua bién dong thoi gian hanh trinh c6 thé 1am sai 1éch thoi gian dén va
pha v& tinh kha thi cua 101 giai; Ichoua va cong su (2003) cho thay mo hinh phu thudc thoi gian
cai thién dang ké so v6i gia dinh c6 dinh mién bao dam tinh chit vao trudce ra trude, con Wang
va cong su (2024) khang dinh viéc két hop dong thoi MD, TD va TW phan anh thyc té d6 thi tdt
hon nhung 1am ting manh d6 khé va nhu cau vé phuong phap gan dang hiéu qua.

2.3 Thuat toan tim kiém lan can lom thich nghi (ALNS)

ALNS phat trién tir ¥ tuong Large Neighborhood Search, trong d6 nghiém hién tai dugc
cai thién qua hai nhom thao tac pha hily va sira chira, véi xac suit chon toan tir diéu chinh theo
hiéu qua lich sir; co ché nay giip bd giai thich nghi véi déc trung timg instance va tao dugc cac
1an can du 16n dé thoat khoi cu triic nghiém cuc bd ma tim kiém cuc bo truyén théng khé vuot
qua (Ropke va Pisinger, 2006). Tong quan ctia Voigt (2025) trén 211 nghién ctru xac nhan ALNS
1a mot trong nhimg khung metaheuristic duoc ding rong rai nhat cho cc bai toan dinh tuyén
giau rang budc, trong d6 cac toan tir chén kiéu regret thuong thuéc nhém hiéu qua nhat.

Trong nhiing nam gan day, hu’O’ng két hgp ALNS véi co ché chap nhan nghiém cua SA
ngdy cang pho bién nham can bang gitta mé rong khong gian tim kiém va kha ning thoat cuc tri
dia phuong. Alinaghian, Jamshidian va Tirkolace (2022) dé xuat IALNS véi tiéu chuin chap
nhan SA va danh sach cdm cho bai toan dinh tuyén xanh da kho, ¢ lua chon co cdu doi xe hon
hop va thot gian phy thude thoi diém, nhung khong xét cira sd thot gian va gioi han thoi luong
tuyén, von 13 hai rang budc trung tim cuta giao hang chang cudi. Ma va Yang (2025) dé xuat
IALNS-SA cho bai toan giao nhan dong thoi c6 ctra s6 thoi gian véi mot kho, doi xe ddng nhat
va thoi gian tinh, ding nim toan tir pha hiy va nim toan ti sira chita véi trong sb cap nhét theo
phén doan 1000 vong lap. Tang va cong su (2025) ap dung IALNS trong khung hai cap cho thu
gom réc thai y té véi hai muyc tiéu chi phi va rii ro lay nhiém, song tang dinh tuyen van dya trén
khoang cach tinh vo1 mot trung tam xur Iy va mot loai phuong tién. Nhu vdy, moi khung hién co
moi bao phu mot phan dic thi cia MD-HF-TDVRPTW, va chua khung nao dong thoi giai quyet
ba thach thtrc ¢t 18i: danh gia phep chén phuy thude thoi diém khoi hanh du6i rang budc cra s6
thot gian cung; don bay chi phi tir cdu trac doi xe di chung; va tinh nhit quéan ciia nghiém trong
moi truong nhiéu kho. Pay 1a khoang trong ma bo giai dé xuat trong Muc 3.2 hudng dén.

3. Phuwong phap nghién ciru

3.1 M6 hinh toan hoc

Bai toan dugc hinh thirc héa nhu mét mé hinh quy hoach s6 nguyén hdon hop cho truong
hop TD va HF. Thoi gian di chuyén trén mdi cung phy thudc vao gio khai hanh. Dir lidu di cho
cung cép TW cua khach, thoi lugng phuc vy, dung tich cua xe, chi phi ¢ dinh va bién doi, gidi
han ca lam vi¢c, mang duong cd nhan muc do giao thong theo gio va cac rang budc luu thong
dugc mo hinh hoa nhu sau:

Tdp chi s6 va cdc tham sé:

- D: tap kho. M&i xe k gdn v6i mot kho d(k) € D.

- N = {1, ...,n}: tap khach hang.

-K ={1,...,|K|}: tap xe. V&i mdi k € K, dinh nghia niit xuat phat s, va nat két thic e,.

- Vie = {s ek} U N. Tap cung hop 1€ cua xe k: Ay S {(i,)) € Vi X Vj:i # j}. Céc cung bi
cdm do mot chiéu hay cAm xe nang da duoc loai khoi A.

-H ={0,1, ...,23}: tap lat cit gio trong ngay.

Céc tham s6 vdn hanh:

- g¢; = 0: nhu cau ctia khach i theo mét chiéu do di chon trong budc tién xir 1y.

- Qi > 0: dung tich cta xe k theo ctng chiéu do vdi g;.

- s; > 0: thoi luong phuc vy tai khach i tinh bang phut. Dit s, = s,, = 0.
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- [e;, 1;]: TW ciia khach i tinh bang phut.
- [ag, bg]: khung gio van hanh cta kho d. Suy ra [esk, lsk] = [aaay bago] va
leeso Le] = [@awo, baao , ‘
- H;, > 0: gidi han thoi lugng tuyén cia xe k tinh bang phut.
-T; j = 0: thoi gian hanh trinh co s6 ctia cung (i, /) tinh bang phut.
-my, > 0: hé sb gid cho lat h € H.
- F,, = 0: chi phi ¢6 dinh néu st dung xe k.
- ¢ = 0: chi phi bién d6i trén mot phit chay cia xe k.
- M: hiang s6 du 16n cho rang budc thoi gian. Vi du Mit}me =lj—e+s; +

maxh(rlﬁhTij)’.

Cdc bién quyet dinh:

- Xiji € {0,1} v6i (i, ) € Ag: bang 1 néu xe k di cung (i, )).

-z, €{0,1}: béng 1 néu xe k dugc st dung.

-t; > 0: thoi diém bat dau phuc vu tai nit i t1nh bang phut.

- Ui = 0: tai tich iy ngay sau khi phuc vu i néu i nam trén tuyén cua xe k.

- yin € {0,1}v6ii € N,h € H: bang 1 néu thoi diém roi i thudc lat gio h.

- Wijnk € {0,1} v6i (i,)) € Ay, h € H: bién tuyén tinh hoa cho tich Xiji * Yin ding trong
ham muc tiéu va lan truyén thoi gian.

Ham muc tiéu.

minZ = Z Fy z), + Z Z Z Ck Tijthijhk
(3.1)

keK keK (i,j)EAy heH
Cac rang bugc:

z z xijk = 1, VieN
kEK JEV (32)
(L.)EAK
Z Z ink = 1, VieN
& (3.3)
(J)EAg
Z xijk_ Z ink=0, VkEK,VLEN
JEVk JEVK 3.4
(L,))EAK (J,)EAE
z xskjk = Zy, Vk €K
s (3.5)
(sk.)EAK
xjekk = Zg, Vk e K
& (3.6)
(J.ex)€Ak
e; < ti < li’ VieN (37)
ad(k) < tsk’tek < bd(k)' Vk e K (38)
tj > ti+Si+Tijthyih_M(1_xijk), VkEK,V(i,j) EAk (39)
heH
z yin=1 VIi€N (3.10)
heH
te, — ts, < Hy, VK€K (.11)
Wi = uge + q; — Que(1 — xij1c), (3.12)
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Vk € K,Vi € {s } UN,Vj € Nvéi (i,j) € A,

0 z X < Uge < Qk - z X, VkEKViEN

JEVL JEVL (313)
(i:j)EAk (i:j)EAk

Uk =0, VkEK (3.14)

z xskjk < Zy, Zy € {0,1}, Vk € K
& (3.15)

(sk.J)EAK

Xijk =0, Vk & K;,Vjvéi(i,j) € Ay (3.16)
Wijnk le-jk, Vk EK,V(i,j) EAk,VhEH (317)
Wijnk < Yin» Yk €K,V(i,j) € A,,Vh € H (3.18)
Wl]hk >xl]k+ylh 1, VkEK V(l ]) EAk,VhEH (3 19)

Ham muc tiéu (3.1) tdi thiéu héa tong chi phi, bao gdm chi phi kich hoat phuong tién va
chi phi blen d6i theo thoi gian di chuyén trén cac cung dugc chon. Cac rang budc (3.2) va (3.3)
bao dam mdi khach hang chi dugc phuc vu dung mot lan, trong khi rang budc (3.4) duy tri cén
bang luong tai tu:ng khach hang dé bao dam tinh lién tyc cua tuyen Céc rang budc (3.5) va (3.6)
gan moi tuyén v6i depot tuong tmg, qua d6 xac dinh chinh xac viéc str dung phuong tién va chi
phi ¢ dinh phat sinh. Céc rang budc thoi gian duoc mo ta boi (3.7) dén (3.11). Cu thé, (3.7) va
(3.8) bao dam thoi diém phuc vu khach hang va thoi diém xe hoat dong tai depot déu nam trong
cac TW cho phép. Rang budc (3.9) va (3.10) thyuc hién lan truyén thoi gian doc theo tuyén, trong
d6 thoi gian hanh trinh phu thudc vao thoi diém roi nat hién tai, cho phép phan 4nh anh huong
clia trang thai giao thong theo gid. Rang budc (3.11) gidi han tong thoi lugng lam viée cta mdi
phuong tién. Cac rang budc (3.12) dén (3.14) kiém so4t tai tich lity trén tuyén, bao dam nhu cau
ctia khach hang khong vuot qua dung tich cua phuong tién theo chiéu do di duoc chuan héa &
budc tién xtr Iy. Rang budc (3.15) lién két bién kich hoat phuong tién véi quyét dinh roi depot,
con rang budc (3.16) bao dam tinh tuong thich gitra khach hang va tap phuong tién duogc phép
phuc vu. Cudi ciing, cic rang budc (3.17) dén (3.19) tuyén tinh hoa tich giita quyét dinh chon
cung va lat cat thoi gian, nho d6 duy tri mo hinh ¢ dang quy hoach nguyén tuyén tinh hon hop va
phtt hop véi bo giai chuan.

Mo hinh gia dinh mang duong c6 hudng, thoi gian hanh trinh 1a x4c dinh va phu thuc
vao thoi diém roi nat theo dang lat gio. Mdi khach hang dugc phuc vu ding mét 1an boi ding
mot phuong tién, khong cho phép tach don; mdi xe xuat phat va két thuc tai cting mét depot, chi
phi gdom phan cb dinh khi kich hoat xe va phan bién doi theo thoi gian di chuyén. Nhu cau khach
hang va dung tich phuong ti¢én dugc xét theo mot chiéu do théng nhét, trong khi TW, gidi han
thoi luong ca, tuong thich xe va cac han ché luu thong dugc xem 13 cac rang budc cung. Trong
pham vi nghién ctru, m6 hinh chua xét tdn kho dong tai depot, nghi bit budc cua lai xe, nap
nhién li¢u hodc sac trong ca, ghép cdp giao nhan hoan tra, cling nhu bat dinh do thoi tiét hay su
cb. Ngoai ra, viéc biéu dién TD theo l4t gi' chi 1a mot x4p xi bac thang ctia thoi gian hanh trinh
thuc té, do d6 c6 thé phat sinh sai sb tai bién 1at va lam tang nhanh d 16n ciia mo6 hinh khi mé
rong quy mo dir li¢u.

3.2 Thuat toan IALNS-SA

Thuat toan IALNS-SA duoc xay dung trén khung ALNS, két hop voi co ché chép nhan
nghiém ciia SA. V& nguyén 1y, ALNS dam nhiém viéc mo rong khong gian tim kiém thong qua
co ché pha hiy va sira chira thich nghi, trong khi SA cho phép chap nhan c6 kiém soét cac
nghiém kém hon dé giam nguy co ket tai cuc tri dia phuong (Kirkpatrick, Gelatt, va Vecchi,
1983; Ropke va Pisinger, 2006; Ma va Yang, 2025). Tuy nhién, khac voi cac khung IALNS hién
c6, von moi khung méi bao phi mot phan dic thi cia bai toan nhu di phan tich & Muc 2.3, bd
giai dé xuat tich hop mot tip co ché chuyén biét xtr 1y dong thoi ca ba thanh phan MD, HF va
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TD dudi rang budc ctra s6 thoi gian cimg. Bang 1 d6i chiéu khung dé xuit voi ALNS chuan cia
Ropke va Pisinger (2006) va ba khung IALNS gin ddy cta Alinaghian va cong su (2022), Ma va
Yang (2025) va Tang va cdng su (2025).

Nghiém khoi tao s, duoc xay dung dudi dang mot nghiém kha thi, trong d6 khach hang
lan lugt duoc gan vao cac tuyén sao cho van thoa rang budc dung tich, TW, gidi han thoi luong
tuyén va depot gdc ctia phuong tién. Muyc tiéu ctia budc nay khong phai tao ra nghiém tbt nhat tir
dau, ma tao mot nén nghiém du 6n dinh dé cac toan tir phd hity va sira chita c6 thé khai thac hiéu
qua & cac vong lap sau. Theo tinh than cua cac phuong phap khoi tao trong ALNS va IALNS-
SA, mot nghiém ban dau kha thi gitp giam s vong lap stra 18i va rat ngén giai doan hoi ty ban
dau cua bd giai (Ropke & Pisinger, 2006; Ma & Yang, 2025).

O mdi vong ldp, mot toan tor pha huy va mot toan tur stra chira dugce chon theo co ché
banh xe roulette. Nhom pha huy gém tam toan ta: Random, Worst, Related Distance, Cluster,
Service Time, Shaw, Historical Request Pair va Historical Action Pair. Toan tir Shaw do d¢ lién
quan ddng thoi theo khoang cach khong gian, d6 léch cira s6 thoi gian, chénh 1éch nhu cau va
murc twong thich phuong tién; chiéu thtr tu 13 phan mé rong danh riéng cho d6i xe di chung so
v6i cong thire gbe ciia Shaw (1998). Hai toan tir lich sir khai thac thong tin & mirc cip, khac voi
cach khai théc lich st theo chi phi vi tri ciia ting khach hang riéng 1¢ trong cac khung hién c6
(Alinaghian va cong su, 2022): bo giai tich lily tan sudt cac cip khach hang cung tuyén va chi phi
t6t nhat timg ghi nhan cia timg cung, tir 6 pha bo cac cap gin két kém hiéu qua lap lai va cac
cung c6 chi phi xau hon dang ké so véi lich str, giup thong tin hoc duoc tir chinh qué trinh tim
kiém dinh hudng truc tiép cho pha pha huy.

Pha stra chita dung Greedy Insertion va cac bién thé Regret 2, Regret 3, Regret 4 (Ropke
va Pisinger, 2006) v6i hai diéu chinh: chi phi chén dugce cong mot thanh phan nhidu ngiu nhién
nho dé da dang hoa quy dao tim kiém, va khi mot khach hang khong con vi tri cheén kha thi cing
do danh gia phy thugc thoi gian, co ché du phong cho phép chén theo danh gia mém dé nghiém
khong v& cau truc, phan vi pham do ham phat xur 1y.

Biang 1. Poi chiéu b giai IALNS-SA @ xuit véi ciac khung IALNS va IALNS hién c6

TALNS
o ALNS (Ropke | -\ jinaohian |  TALNS-SA | TALNS (Tang |y g g0
Tiéu chi va Pisinger, vi cong sy (Ma va Yang, va cdng su, dé xuAt
. bl
2006) 2022) 2025) 2025)
VRP xanh da LRP hai cap cho
kho, Iyra chon _rac thai y té;
b i enan | VRPSDPTW, | | MD, HF. TD
i PDPTW, mot o1 xe ! motkho, doi | Mor TS M ua TW tich
Lép bai toan hop, thoi gian A Z xur 1y, mot loai A
kho .~ .. | xedong nhat, Lo A hop dong
phq thudc thoi thoi eian finh xe, ¢ cua so thoi
diém; khong & thoi gian, hai
c6 ctra soO thoi muc ti€u chi phi
gian va rui ro
Toc do tuyén
tinh tirng khtic Tai mo
g Kouing i | 1978 00
Panh gia phép Ma tran thoi . .. 1.~ | Khoang cach | trac dia tinh, toc A
\ S chi phi nhién - A K L Vi thoi gian
chén gian tinh A1, tinh d0 co dinh theo A
li¢u va phat loai xe phu thue
thai theo tai : thoi diém
trong, toc do, khéi hanh
do doc
Toan ti pha hit Shaw, random, | Chin toan ti Nam toan tur: Bon toan ‘Eu: Tém toan tu,
P y worst theo khoang random véi Shaw, ngau bd sung hai
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TALNS
- ALNS (Ropke |y jinaopian | TALNS-SA | TALNS (Tang |,y Ng g
Tiéu chi va Pisinger, va chng sur (Ma va Yang, va cong suw, dé xubt
20006) 2622) : 2025) 2025)
cach, ving va | quy m6 dong, | nhién, chudi lién | toan tir lich
lich str chi phi similarity, ti€p, worst theo Sir & muc
vi tri tung maximum chi phi va rui ro cap (cap
khach hang; saving cost, khach hang,
kem danh sach destroying cdp cung) va
cam vehicle, Shaw m§
maximum rong chicu
waiting time tuong thich
phuong tién
N
IS global op ’ Ba toan tu: Regret 2, 3,
BoOn toan tu minimum X
e e . . . . regret, tham lam | 4 c6 nhiéu
Toan tir sira Greedy va tham lam va | insertion cost, N x i
< Y theo chi phi va ngau nhién
chira regret regret, co bién random K, . X . 4
thé nhidu minimum fut ro, ngau cung co ché
waitine time nhién du phong khi
& Hme, chén thét bai
regret
Panh gia
kep: tim
\ A kiém trén
Rang budc \
, A ham phat
Rang budc ctmg thong Rang bugc mém, ghi
Xir ly rang budc s qua phat 16n > Rang budc cung A 2
cung dé loai nghiém cung nhan nghi¢m
vipham tot nhat theo
ph kha thi cimg;
hé §6 phat tu
di€u chinh
Cat tuyén
, A vuot gidi
: pinehinne | o
On dll{l} hoa Khoéng Khoéng Khoéng vong lap dé lu9ng va 102'1,1
nghiém Lo oL trung lap, va
giam rui ro lay S
x nghiém
nhiém \
trong tung
vong lap
Theo phan Diu chinh phan Lll?lrrlnnigl;:f °
Cap nhat trong Theo phan Theo phan p thudng theo xép Lo
O N doan 1000 o mil ngay
SO toan tur doan doan vong lap NI hang Pareto voi .
vong lap £ , . trong tung
bon muc thudng Lo
vong lap
) Canh thoi
Khong; toc do diém roi kho
AL T £ tung cung 1a bang phep
L?II;:!:; f(llll?)t Khong bien quyet Khong Khong lap diém bat
p : dinh theo dépg theo
khung gi¢ dieu kién
giao thong
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Trung tdm cua bo giai 1a co ché danh gid kép mém clng: trong tim kiém, nghiém ung
vién duoc danh gia bang ham chi phi mé rong gdm ba thanh phan phat tuyén tinh voi hé sb pr
cho vi pham ctra s6 thoi gian, Po cho vuot tai va py cho vuot thoi lugng tuyén, cho phép quy
dao tim kiém di xuyén vung ban kha thi vén 14 cau ndi gilra cdc cuc tri dia phuong trong khong
gian bi siét chit boi cira s6 thoi gian; nguoc lai, nghiém t6t nhit chi dugc cap nhat khi vuot qua
kiém tra kha thi clmg, nén két qua cudi cing ludn 1a mot phuwong an trién khai duge. Cac hé sd
phat duogc thiét ké tu diéu chinh theo chu ky 200 vong lap dua trén ty 1¢ chap nhan va muc tri tré;
v61 ngn sach 100 vong 1ap cua thyc nghiém hién tai, cac hé s giit nguyén gia tri khoi tao.

Hai budc 0 6n dinh héa nghiém duoc thuc hién ngay sau pha stra chira trong tung vong lap:
cat tuyén qua dai, tire g& bot khach hang ¢ phan dudi cac tuyen vuot gidi han H; va tai chén
mém sang tuyén khac; va loai trung ldp, va nghiém, bao dam moi khach hang xuét hién ding mot
lan trén dung mot tuyén sau khi cac toan tir hoat dong trén nhidu tuyén thudc nhidu kho, dong
thoi chén bu khach bi bo sot. Pay 1a hai thanh phan dic thu ciia méi truong da kho va phu thude
thoi gian, khong co trong cac khung mét kho.

Thuit toan 1. Thuat todn IALNS-SA

Input:

problem, nghiém khoi tao s, tap toan tir pha huy D, tap toan tir sra chira R, tham
s6 Ty, @, pr, Po> Pu»> Hi, destroyyin, destroymqay, so vong 18p Ipq,, nguong thoi gian

tmax
Khéi tao:
Sbest <= Sos Scurr < So5 COStpest < cost(spest); T < To
Wp, Wi « trong sO khdi tao cho tirng toan tir (=1)
A « hé s0 hoc trong s0; ¢ < phan thuong cai thién, chap nhén, tir choi
khéi tao lich sir hanh dong va cdp khach hang
while chua vuot I,,,,, va thoi gian < ¢,,,, do
chon dfync € D va 15ypc € R theo roulette(wp, wg)

xéc dinh s khach can pha d dua trén ti 1& ngiu nhién

(s, removed) « drync(Scyrr» @) # Pha huy

s" « Trync (s, removed, pr, pg, pu) # Sira chita mém

s" « shave_long_routes(s"") # Cat tuyén dai

s" « dedupe_and_repair(s'") # Loai trung va va lai

A « cost(s"") — cost(Scyrr)

if A < 0orrand() < exp(—A4/T) then
Seurr < S # Chéap nhan theo SA
if cos tfeasible (Scurr) < COSlpest then

Spest < Scurrs COStbest < COStfeasible (scurr)
cap nhat trong s6 wp, wg theo hiéu suit toan tir (g, 1)
diéu chinh cac hé sd phat pr, py, py dinh ky
Te<aXT # Lam nguoi nhi¢t do
end while
return Shests COStpest
Vé6i méi tuyén, thoi diém roi kho duge xac dinh bang phép lap diém bat dong (tdi da sau
1an) sao cho phuong tién dén khach hang dau tién dung lic mo cwra s6 thoi gian, thay vi Xuét phat
tai thoi diém 0 va cho tai chd; do thoi gian di chuyen phu thudc thot diém khoi hanh, co ché nay
chi co y nghia trong moéi truong TD va truc tiép 1am giam téng thoi luong tuyén.
Sau mdi vong lap, trong sb cta cip toan tu vira dung dugc cap nhat ngay theo cong thuc
lam mugt mii w « (1 — D)w + Ao v6i hé sd hoc 1 bang 0.2, muc thuong o bang 6, 3 hoac 1
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tuong ung vdi tao nghiém tdt nhat mai, cai thién nghiém hi¢n tai hodc dugc chép nhén, va phan
13 khi bi tir chdi; so véi cap nhat theo phan doan ¢ dinh, cap nhat lién tuc giap phan phéi lua
chon toan tir phan tng nhanh véi giai doan tim kiém khi ngan sach vong lip han ché. Viéc chip
nhan nghiém tuan theo ti€u chuan Metropolis v6i nhiét do lam ngudi hinh hoc T « a X T
(Kirkpatrick va cong su, 1983); két thiic vong ldp chinh, nghiém t6t nhat dwoc tinh chinh thém
bang cac phép di doi don 1¢ dudi danh gia kha thi cing trude khi xudt két qua. Trinh tu téng quat
cua bd giai dugc tom tat trong Thuat toan 1.

4. Két qua va thao ludn

4.1 Dir liéu nghién ciru

Nghién ctru st dung bo dit liéu do Vién Cong nghé Théng minh va Tuong tac cung cip,
gdm ba thanh phén cdt 15i trinh bay trong Bang 2: 50000 don hang tap trung tai bon d6 thi 16n 1a
Thanh phd H6 Chi Minh, Ha Noi, Pa Nang va Can Tho, doi xe di ching 300 phuong tién thudc
nam loai, va hé théng 50 depot phan bd trén 10 khu vuc.

Bang 1. Phan b6 khich hang, ddi xe va cac kho
Khich hang (So6 don hang)

TP. H6 Chi Minh Ha Noi Pa Ning Can Tho
22414 17602 5991 3997
Doi xe
Motorbike Bike Van EV Van Cargo Trike
109 70 67 44 10
Depot
TP. H6 Chi Minh: 5 Ha Noi: 5 Pa Niang: 5 Can Tho: 5
Hai Phong: 5 Nha Trang: 5 Hué: 5 Bién Hoa: 5
Viing Tau: 5 Buo6n Ma Thuot: 5

Su khac biét giita cic loai phuwong tién 1a co s& cua thanh phan HF: chi phi kich hoat
trung binh theo loai 1an luot 1 7.48 vé&i Bike, 11.78 véi Motorbike, 13.78 voi Cargo Trike, 54.08
v6oi EV Van va 60.71 véi Van; chi phi bién d6i tir 0.06 dén 0.21 trén mot phut chay; giéi han thoi
luong ca cua timg phuong tién tir 360 dén 720 phut. Hé thong 50 depot trén 10 khu vuc tao bdi
canh MD rd rang, trong d6 viéc gan khach hang cho depot va phan bd phuong tién 1a mot phan
clia qua trinh t6i wu hoa.

45

40

35 . - -

30

25 - 9 3 3 - F

20 6 .c'i. / 6

15

: I I - I I 8

5

0 8 BER
TP.H6 HaNo6i DaNingCin Tho Hai Hué Bién  Ving Budn
Chi Phong Trang Hoa Tau Ma
Minh Thuot

B Motorbike ®Bike ®Van = Cargo Trike ®EV Van

Hinh 1. Phan bo s6 lwgng cac xe theo tirng khu vue kho
Hinh 1 cho thiy motorbike va bike chiém ty trong 16n tai hau hét khu vuc, phu hop vai
dic diém giao hang ching cudi, noi phuong tién nho cé loi thé tiép can ndi d6 con phuong tién
tai 1én phi hop véi tuyén gom don cao hodc pham vi rong.
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Lop dir liéu mang duong gdm 2500000 ban ghi (50 depot, mdi depot két nbi 50000 don
hang), mdi ban ghi luu khoang cach, thdi gian di chuyén, mic d6 giao thong va han ché luu
thong; day 1a co s& mo hinh hoa thanh phan TD va cho phép bo giai danh gia nghiém trong diéu
kién giao thong thay doi theo thoi diém.

4.2 Thiét ké thye nghiém

Thuc nghiém danh gia hi¢u nang cua IALNS-SA so vdi CWS, GRASP, HCLS va SA trén
cung dit liéu dau vao, ham chi phi, hé rang budc va quy trinh do ludong, dong thoi kiém ching
tinh on dinh cua két qua bang kiém dinh théng ké; cac bo giai duoc trién khai trong ciing moi
truong 1ap trinh va chay trén cung mot may tinh.

Bang 2. Co ciu ciia miu thuc nghiém so véi tong thé dir licu

Hang muc Tong thé Ty 1€ (%) Miu Ty 1€ (%)
Khach hang theo do6 thi
TP. H6 Chi Minh 22414 44.8 88 44.0
Ha Noi 17602 35.2 78 39.0
Pa Nang 5991 12.0 23 11.5
Can Tho 3997 8.0 11 5.5

Kiém dinh chi binh phuong: y? = 2.443, p = 0.486
Doi xe theo loai phwong tién

Motorbike 109 36.3 37 37.0
Bike 70 23.3 23 23.0
Van 67 22.3 23 23.0

EV Van 44 14.7 15 15.0
Cargo Trike 10 33 2 2.0

Kiém dinh chi binh phuong: y? = 0.578, p = 0.966; mau phu 10/10 khu vuc kho

Vé cau hinh dit liéu, thyc nghiém dung lat cat gom 200 khach hang va 100 phuong tién
dau tién theo thir ty ma dinh danh. Quy mé nay can dbi giita d6 kho to hop va chi phi danh gia
nghiém: do moi phép cheén phai tai mé phong lich trinh trén mang duong phu thudc thoi gian
2500000 ban ghi, 200 khach hang cho phep moi bg giai chay lap nhiéu lan trong ngén sach kha
dung, con 100 phuong tién 16n hon nhleu so vo1 nhu cau thyc té ctia moi 10i giai thu dugc (t6i da
41 xe dugc kich hoat), bao dam quyét dinh vé ciu trac doi xe khong bi bo boi ngudn cung. Do
ma dinh danh dugc cap doc 1ap vai vi tri dia ly va loai phuong tién, lat cit turong duong mot miu
ngiu nhién phan tang ty nhién: kiém dinh chi binh phuong trong Bang 3 cho p = 0.486 v&i co
cau khach hang theo d6 thi va p = 0.966 véi co cdu doi xe theo loai, tirc khong ¢ bang ching
mau léch khoi téng thé; miu phu du 10 trén 10 khu vuc kho, va cac dic trung nhu cdu bam sat
tong thé voi khdi lugng don trung binh 11.87 so véi 12.65 kg, do rong cira sb thoi gian 312.90 so
v6i 315.68 phut, thoi lugng phuc vu 8.93 so vai 8.98 phut.

V& quy trinh, mdi bo giai dugc chay doc 1ap 10 1an véi 10 hat gidng ngiu nhién ding
chung (7, 13, 21, 36, 42, 55, 68, 77, 89, 101) dé cho phép so sanh theo cip; mdi luot luu nguyén
vin dong 1énh, nhat ky va két qua nham bao dam kha ning tai 1ap, ca 50 luot déu hoan thanh véi
nghiém théa min toan bd rang budc cimg. Cau hinh chi tiét cia timg bo giai trong Bang 4.

Bang 3. CAu hinh thuc nghiém ciia cac bd giai

Hang muc Thiét 1ap

Quy md bai toan 200 khach hang va 100 phwong tién dau tién theo thir tw ma dinh danh

Hat giéng ngﬁu 10 gid tri: 7, 13, 21, 36, 42, 55, 68, 77, 89, 101; dung chung cho cd ndm bd
nhién giai

Hé s6 phat pr =200, p, =400, py = 800

Gioi han thoi H, theo timg phuong tién tir dit liéu, trong khoang 360 dén 720 phut; gia tri
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luong tuyén 480 phut chi dung dy phong khi thiéu di liéu

100 vong 13p, tymay 2000 gidy; T, = 200, a = 0.996; ty 1& pha hity 10-25%, hé

IALNS-SA L L x . LA :
s0 nhicu chén 0.02; khoi tao gom tuyén tiét kiém phuong tién
20000 lan thir bién d6i (d4o doan, hoan vi trong tuyén, di doi gitra tuyén); T,
SA
=199, a =0.995
HCLS 100 1an khoi dong lai, toi da 50 luot quét tim kiém cuc bd mdi lan
100 vong xay dung voi hé s6 danh sach ung vién han ché 0.25, 50 luot tim
GRASP £ A Xo s
kiém cuc bd moi vong
CWS Khoi tao tiét kiém Clarke va Wright, 100 vong cai thién, t,q, 2000 gidy,
cung hé sb phat
A AMD Ryzen 7 9800X3D (8 nhan, 4.70 GHz), 48 GB DDRS5 4800 MT/s,
MGoi truong

Windows 11, Python 3.14

4.3 Két qua théng ké qua nhiéu lan chay

Bang 5 tong hop két qua cua 50 luot chay dudi _dang trung binh kém d¢ Iéch chuan, cing
gi tri tong chi phi tot nhat cia timg bd giai. Trén 10 lan chay, IALNS-SA dat téng chi phi trung
binh 298.03 vdi do léch chuan 50.62, kich hoat trung binh 12.6 phuong tién va cho tong thoi
luong tuyén trung binh 4288.75 phiit. Cac phuong phap d6i chimg lan luot dat tong chi phi trung
binh 488.77 (GRASP), 492.41 (HCLS), 713.06 (SA) va 766.22 (CWS), twong tmg muc cai thién
cua JALNS-SA tir 38.8 dén 60.9 phan tram; s6 phuong tién giam tu 43.4 dén 67.6 phan trim va
téng thoi luong tuyén _giam tur 41.1 dén 50.4 phan tram. bang chu y, lugt chay kém nhat cia
TALNS-SA (391.35) van cho tong chi phi thap hon lugt chay tot nhat ctia moi phuwong phéap ddi
chimg (444.90 cia GRASP), cho thay uu thé cua phuong phap dé xuat khong phu thudc vao viée
lwa chon hat giéng ngiu nhién.

Bang 4. Két qua thong ké ciia cac bd gii trén 10 lan chay

Chi
~ ... Sbxesir 2 R phi Téng quing dwong  Thoi lwgng tuyén Thoi gian giai

Bogial  “qyng  Tongchiphi (km) (a) (phiif) (gidy)

nhat
CWS  39.1+1.6 766224458 68938 6293771+ 5601.00 8744.78£65551  37.47+0.51
GRASP 224+1.1 488.77+27.01 44490 1295420+2310.19  8190.88 + 560.58  750.26 + 38.66
HCLS  23.04+ 1.6 49241+ 1687 47227 7994.14+1972.02  7328.05+638.88  676.62 + 39.06
SA 202406 713.06431.57 6421 [216939E16633.54 0 680665  91.66+7.13

(b)

ISiLNS' 12.6£3.6  298.03+£50.62 237.56 16954.93 +4306.68 4288.75+721.32  1980.11 + 108.23

Ghi chu: (a) Tong quéng dwong la chi tiéu quy chiéu, dwoc tong hop theo khodng cdch duwong chim bay
gitka cdc diém dimg lién tiép; ham muc tiéu cua bai toan dya trén chi phi kich hoat va thoi gian di chuyén phu thuéc
thoi diém, nén quing du’ang quy chiéu va tong chi phi khong dong bién. (b) Phén bé quang dwong cua SA co tinh
lwong cuc: tam luot cho cing gid tri 4286.82 km, hai luot con lai dat chi phi thap hon bang cau triic tuyén dai hon
nhiéu lan, khién dg léch chudn Iom hon trung binh; xem thdo ludn & Muc 4.4.

Dé kidm chung ¥ nghia thong ké cta cac chénh 1éch, nghién ctru 4p dung kiém dinh hang
c¢6 dau Wilcoxon theo cdp gitra IALNS-SA va tung phuong phap d6i chimg trén cac cap luot
chay cung hat glong, v6i hiéu chinh Holm cho so sanh boi, theo khuyén nghi vé so sanh thuat
toan trén nhiédu tap két qua ciia Demsar (20006). Két qua trong Bang 6 cho thiy JALNS-SA thang
& toan bo 10 trén 10 cdp so sanh véi timg ddi ching vé tong chi ‘phi va p sau hiéu chinh bang
0.0078 & ca bdn cip, tae uu thé ¢6 y nghia thong ké & mirc 5%. Két luén tuong ty cling dat dugc
khi kiém dinh trén s6 phuong tién str dung va tong thoi lugng tuyén, véi cing muc p sau hiéu
chinh va ty ) thang hoa thua 10 trén O trén 0 ¢ toan b cac cap. Kiém dinh Friedman trén ca
nam bo giai va 10 lan chay chung bac bo gia thuyét cac thuat toan c6 hiéu ning twong duong véi
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x* = 37.36 vap < 0.001, cling c6 két luan v& sy khac biét c6 hé thong giita céc bd giai. Hinh 2
tryc quan hoa phan bo tong chi phi cua ting b giai qua 10 hat giong.
Bang 5. Kiém dinh hang c6 dau Wilcoxon theo cip trén tong chi phi (n = 10 cap)
Chénh léch  Miic cii thién Thing/Hoa

So sinh trung binh (%) /Thua p 80¢ p Holm
TALNS-SA va CWS 468.20 60.9 10/0/0 0.00195 0.0078
TIALNS-SA va SA 415.03 58.1 10/0/0 0.00195 0.0078
IALNS-SA va HCLS 194.38 39.5 10/0/0 0.00195 0.0078
TIALNS-SA va GRASP 190.75 38.8 10/0/0 0.00195 0.0078

(@)

700 5 6
= o
2 600
2
= ==

400 T

300 A

—1
cws SA IALNS-SA HCLS GRASP
Hinh 2. Phin b6 tong chi phi ciia cac bd gidi qua 10 lin chay
4.4 Thao luan

Phan tich dir li¢u van hanh ctua 50 lugt chay chi ra bon nguyén nhan chinh tao nén
khoang céch hi¢u ndng 6 Muc 4.3.

Thir nhét, don bay chi phi 16n nhat nam & ciu triic doi xe. Chi phi kich hoat mot Van gép
hon tam lan mot Bike (60.71 so voi 7.48) trong khi chi phi bién ddi chi 0.06 dén 0.21 trén mot
phiit chay, nén tong chi phi bi chi phdi béi s lwong va ching loai phuong tién dugc kich hoat.
TALNS-SA chi dung trung binh 12.6 phuong tién so véi 22.4 dén 39.1 cua cac doi chung nho
pha hity quy mé 16n (10 dén 25 phan tram s khach hang mdi vong 1ap) két hop chén kiéu regret,
cho phep giai phong tron timg tuyén va don khach hang sang phuong tién chi phi thap, diéu cac
phép bién doi cuc bo don I¢ khong lam dugc; vi vay du téng quing dudng quy chiéu 16n hon mot
s6 dbi chimg, chi phi van thap nhét, ding ban chat ham muc tiéu dua trén chi phi kich hoat va
thoi gian di chuyén.

Bang 6. Mirc sir dung va dong gop cda tirng toan tir trong TALNS-SA

S6 1an T¥ 16 ché S6 1an tao
Nhém Todn tir duge Y€CAD  ohiém t6t nhat Ty 18 (%)
nhan (%) r
chon : maoi
Pha hiy Cluster 167 98.8 90 53.9
Pha huy Worst 128 96.1 62 48.4
Pha hity H‘““‘;ZLAC“O“ 134 96.3 60 44.8
Pha hiy Service Time 117 96.6 27 23.1
Phé hily Shaw 87 93.1 19 21.8
Pha huy Related Distance 99 99.0 21 21.2
Phihay  Hstorical Request 92 97.8 16 17.4

Pair
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So lan T¥ 16 ché S6 lz‘in'tao ]
Nhém Todn tir dwgc YIECUAD  ohigm t6t nhat TV 18 (%)
nhan (%) e
chon : maoi
Pha huy Random 103 98.1 16 15.5
Stra chira Regret 3 238 98.7 88 37.0
Stra chira Regret 2 228 99.6 78 34.2
Stra chira Regret 4 246 99.2 83 33.7
Stra chira Greedy Insertion 215 90.2 62 28.8

Thir hai, co ché thich nghi va cac toan tir méi dong gop thuc chat. Gop 927 vong lip cua
10 luot chay (Bang 7), ba toan tur pha huy hiéu qua nhat 13 Cluster, Worst va Historical Action
Pair vdi ty 1¢ tao nghiém t6t nhat méi 1an luot 53.9, 48.4 va 44.8 phan tram, 80 VOi 15.5 phan
trdm cla toan tir ngau nhién; banh xe roulette ciing don tan suit lya chon vé dung nhom nay
(Cluster chiém 18.0 phan trim s vong so voi muc 12.5 phan tram néu chon déu). Viéc toan tir
lich str cap cung ding trong nhom dan dau 1a bang chimg dinh luong cho thdy thong tin tich lity
tir qua trinh tim kiém thuc sy dinh hudng pha hiy vao cac cau tric kém hi¢u qua. O pha sta
chira, nhom Regret dat 33.7 dén 37.0 phan trim so voi 28.8 phan trim cta chén tham lam, nhat
quan véi Voigt (2025).

Thir ba, hanh vi ctia SA ddi chimg cho thay phép bién doi cuc bo don 1¢ khong du cho 16p
bai toan nay: voi 20000 1an thir, SA ket tai nghiém khoi tao c6 chi phi 724.60 & 8 trén 10 luot;
hai lugt thoat duoc (624.21 va 709.57) déu bﬁng cach chuyén tai sang loai xe c6 chi phi kich hoat
thip hon du quing dudng dai hon nhiéu lan, ding co ché don bay doi xe va dong thoi giai thich
tinh ludng cuc ciia cot quang dudng trong Bang 5. Thi nghiém kiém ching v6i hé sé 1am nguodi
0.9996 cho két qua khong d6i, loai trir gia thuyét 1am ngudi quéa nhanh; nguyén nhan nam & thiét
ké 1an cén, khi nghiém khdi tao theo kho gﬁn nhét 12 mot cuc tri dia phuong rat manh ddi véi cac
phép dao doan, hoan vi, di doi chi chap nhan lang giéng kha thi cing. IALNS-SA vuot rio can
nay nho 1an can dii 16n va quy dao tim kiém mém di xuyén viing ban kha thi trong khi nghiém t6t
nhét van duoc bao ching kha thi cling, nho d6 ca 50 luot chay déu cho nghi¢m trién khai duoc.

—— Trung binh 10 1&n chay
700 A

600 +

500 4

400 4

Chi phi t6t nhat (kha thi céing)

300 1

(I) 2IO 4IO 6I0 8I0 1(1_)0
Vong lap
Hinh 3. Qua trinh hgi tu ciia IALNS-SA
Thir tu, Hinh 3 cho thiy phén lon cai thién dat dugc trong khoang 40 vong lap dau (chi
phi tét nhét trung binh giam tir xap Xi 680 xuong duéi 360) rdi chuyen sang giai doan tinh chinh,
nén bo gidi co thé dimg sém ma van giit phan 16n loi ich. D6i lai, thoi gian giai trung binh
1980.11 gidy 1a cao nhat trong nim bd giai do mdi vong lap phai tai mo phong lich trinh phu
thudc thoi gian cho hang nghin phép thir chén trén mang duong 2500000 ban ghi; phuong phép
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vi vy phu hop voi lap ké hoach trudc ngay van hanh hon la diéu phdi thoi gian thyc, va tang toc
pha danh gia bang bd nhé dém truy van thoi gian di chuyén 14 hudng cai tién truc tiép.

4.5 Han ché

Thuc nghi¢m con ba han ché. Mot 13, ciu hinh dat déng thoi 100 vong lap va tran 2000
gidy cho TALNS-SA, va tran thoi gian c6 hi¢u lyc trude & mot phﬁn cac luot: 5 Iugt du 100 vong
(hat giéng 7,13, 21, 77, 89), 3 lugt dung & 92 dén 93 vong, 1 luot & 80 vong va 1 luot & 70
vong. Vi vay do léch chudn tong chi phi 50.62 ciia IALNS-SA, cao nhat trong nam b giai, co
mot phan bat nguon tur ngén sach khong ddng déu chur khong thuan tay tr tinh ngiu nhién cua
thudt toan: h¢ s6 twong quan gilra s6 vong hoan thanh va téng chi phi 1a 4m 0.658, hai luot bi cit
som nhat chinh 13 hai luot chi phi cao nhéat (391.35 va 327.38), con hai nghiém tot nhét (237.56
va 248.38) déu thudc nhom chay da vong. Do viée cit ngin chi lam giam chit luong nghiém cua
chinh phuong phap dé xuat, uu thé ghi nhan trong nghién ctru 1a mot wéc lwong than trong. Hai
1a, thot gian giai dugc do trong diéu kién chay song song co tai nén nén chi ding dé so sanh
turong ddi gitta cac bo giai trong cung chién dich. Ba 14, chi tiéu tong quéng duong mang tinh
quy chiéu duong chim bay nhu dé chu thich tai Bang 5, va toan bg két qua gan v6i mot cau hinh
200 khéach hang; can kiém dinh trén nhiéu quy mé va lat cat dir liéu dé danh gia day du kha niang
khai quat.

5. Két luén

Nghién cou di xdy dung va kiém dinh bo giai IALNS-SA cho bai toan MD-HE-
TDVRPTW véi cac co ché chuyen biét cho moi truong da kho, doi xe di chung, thoi gian phu
thudc thoi diém va cira s6 thoi gian: tam toan tir pha hay gom hai toan tir lich sr 6 muc cdp va
Shaw mo rong tuong thich phuong tién, danh gia kép tim klem mém va bao chung kha thi cing,
hai buge on dinh hoa nghiém moi vong 1ap, canh thoi diém xuat phat tai kho ctng cap nhat trong
s6 lién tuc. Trén cAu hinh 200 khéach hang va 100 phuong tién véi 10 lan chay doc 1ap cho moi
bo giai, IALNS-SA dat tong chi phi trung binh 298.03 véi do léch chuan 50.62, giam 38.8 dén
60.9 phan trim so v6i GRASP, HCLS, SA va CWS, chi kich hoat trung binh 12.6 phuong tién va
cho thoi lugng tuyén thap nhat; wu thé co ¥ nghia thong ké theo kiém dinh Wilcoxon véi hi¢u
chinh Holm (p = 0.0078 v&i ca bon dbi chung, thang 10 trén 10 cap) va kiém dinh Friedman (p <
0.001). Phan tich co ché cho thy ngudn goc cua uu thé nam ¢ kha nang khai thac don bay chi
phi cua doi xe di chung, dong gop thuc chat cua cac toan tir pha hity méi va co ché thich nghi,
cung kha nang vuot cyc tri dia phuong ma phuong phap dbi ching SA bi ket & 8 trén 10 luot
chay.

Han ché chinh cua nghién ctru gom ngan sach vong lap chua dong déu gitra cac luot chay,
thoi gian giai cua phuong phap dé xuét con cao, va mo hinh chua xét bat dinh hay cac muyc tiéu
ngoai chi phi. Cac hudng tiép theo vi vay bao gom cap di ngan sach vong lap va tang toc pha
danh gia phy thugc thoi gian, kiém dinh trén nhiéu quy mo va lat cit dir liéu, mo rong t6i uu da
muc tiéu, md hinh hoa bat dinh va tich hop céc rang budc van hanh thuc té chi tiét hon.

Loi cam on: Cac tac gia xin bay to long biét on d6i véi sy hd tro vé dir liu tir Vién Cong
nghé Thong minh va Tuong tac, Trudng Cong nghé va Thiét ké, Pai hoc Kinh té Thanh phd Ho
Chi Minh.
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