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Nghién cru gidi quyét bai toan dinh vi co s& da muc tiéu FLP (Facility Location
Problem) nhdm t6i wu héa mang lu&i chudi cung tng va logistics tai Viét Nam. Nghién
ctru nay st dung mo hinh FMILP (Fuzzy Mixed-Integer Linear Programming) gém 2
thuat todn chinh x4c va thuit todn meta-heuristic két hop véi phan tich kich ban dé
giai quyét bai todn trong diéu kién b4t dinh. M6 hinh dwoc 4p dung va kiém ching dwa
trén dir liéu thuc t€ tir mot doanh nghiép tai Hai Phong. T cic dit liéu dau vao nhw
don hang, vi tri cc kho va cic rang budc lién quan, nghién ctu giai quyét bai toan dinh
vi kho nhdm dé xu4t vi tri kho t8i wu cho mang lwéi phan phéi. Két qua cho thidy mé
hinh d@ xuit gitp giam chi phi logistics (gidm 23,6% chi phi vin hanh va 17,8% tong
quéng dwdng), rut ngin thoi gian giao hang va nang cao mirc d6 dap ing nhu cau (ting
7% ty 1& dap &ng), qua d6 khang dinh hiéu qua ctia cich tiép can FLP dwa trén FMILP
va tiém nang &ng dung cho logistics bén virng tai Viét Nam.
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ABSTRACT:

This study addresses a multi-objective Facility Location Problem (FLP) to optimize
supply chain and logistics network design in Vietnam. The proposed framework is
formulated as a Fuzzy Mixed-Integer Linear Programming (FMILP) model and solved
using a combination of exact and meta-heuristic algorithms, along with scenario-based
analysis to address uncertainty. The model is empirically validated using real-world
operational data from a logistics enterprise in Hai Phong, incorporating demand
information, candidate warehouse locations, and system constraints. The results
indicate that the proposed model significantly reduces logistics costs (a 23.6%
reduction in operating costs and a 17.8% reduction in total travel distance), shortens
delivery time, and improves service performance (a 7% increase in demand fulfillment
rate). These findings confirm the effectiveness of the FMILP-based FLP model and
highlight its potential for supporting sustainable and data-driven logistics
development in Vietnam.
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Ung dung bai todn dinh vi co s& va phan tich kich bdn trong t6i wu héa mang lwéi phdn phéi

1. Giéi thiéu

Phan 1é6n doanh nghiép, dic biét 1a doanh nghiép
vilra va nhd, van chi yéu dwa vao kinh nghiém dinh
tinh va phwong phap tha cong dé thiét ké mang lwdi
phan phdi, cu thé l1a trong viéc t6i wu héa vi tri kho.
Diéu nay din dén chi phi van hanh cao (wéc tinh
chiém khoang 16-18% GDP theo cic b4o cio gan diy
[1]), déng thoi mang lwédi kho bai tai cac khu cong
nghiép chwa dwoc phan bé hop ly [2], din dén tinh
trang st dung cong suat khong dong déu va lang phi
ngudn luc, thwong xuyén cham tré trong viéc giao
hang. Hé théng kho trong nwéc con phan tan, phu
thudc 16n vao nha dau tw nwéc ngoai, véi doanh
nghiép FDI kiém soat khoang 75% thi phén kho hién
dai [3]. Nhitng yéu t6 nay khién doanh nghiép ndi dia
khé tiép can ha ting chat lwong cao va van hanh hiéu
qua.

Trong t6i wu hda mang ludi chudi phan phdi, bai
todn dinh vi co s& FLP (Facility Location Problem)
dong vai tro then ch6t nham gidm chi phi van hanh,
thoi gian giao hang va nang cao mirc dé dap trng nhu
cau. Hién nay, nhiéu mo hinh da dworc dé xuit dé giai
quyét bai toan dinh vi co s¢ va tdi wu héa mang lwdi,
song phan 16n vAn mang tinh tinh v&i tham s6 ¢
dinh. Cac mo6 hinh nay thwong khong phan anh day
du cac bién dong thuc t€ nhu tic nghén giao thong
nghiém trong, dac biét tai cac khu vuwc cang 1é6n nhw
Hai Phong, gy ap lwc 1ém 1én hé théng dwong bo va
tang chi phi vin hanh [1], cing véi bién dong nhu cau
theo muia vu hodc cac yéu t6 bat dinh khac. Hau qua
1a tinh linh hoat cia mang lwéi giam sut, ty 1€ giao
hang ding han thwong chwa dat mic t6i wu va hiéu
qua tong thé ctia hé thong logistics bi anh hwdng
nghiém trong.

Trwéc thue trang dd, nghién ctru tdp trung giai
quyét bai todn dinh vi co s& da muc tiéu (FLP) trong
diéu kién bat dinh nham t8i wu héa mang lwéi chudi
cung Urng va logistics tai Viét Nam. Nghién ctru st
dung mé hinh 14p trinh nguyén hon hop tuyén tinh
mo FMILP (Fuzzy Mixed-Integer Linear
Programming) két hop phan tich kich ban da tinh
huéng, thuit toan chinh xac va thuit todn meta-
heuristic d€ xac dinh vi tri, s6 lwgng va quy mo kho
t6i wu trong mang lwéi phin phdi hién cé. Cach tiép
can nay hwdng tdi viéc nang cao kha nang thich trng
ctia mang lwdi truedre cac bién dong thue té, ddng thoi
g6p phan phat trién logistics hiéu qua va bén virng tai
Viét Nam.
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2. Tong quan nghién ciru
2.1. Co sé ly thuyét

Bai toan dinh vi co s& FLP (Facility Location
Problem) la mot trong nhirng bai todn tdi wu hda cot
16i trong linh virc quan tri chudi cung tng va logistics.
Bai todn nay nham xac dinh s lwgng, vi tri va quy mo
cac co s& (nhw kho bai hodc trung tAm phin phéi) sao
cho tong chi phi vin hanh, chi phi vin chuyén va cac
chi tiéu dich vu dat mitc t6i wu, dong thoi thda mén
nhu ciu khach hang dwéi cac rang budc vé nguon luc
[4], [5]- FLP thwong dwoc mé rong thanh dang da
muc tiéu d€ can bang giita chi phi kinh té& va cac yéu
t6 khac nhuw thoi gian giao hang hodc mirc @6 bao phu
dich vu.

Trong méi trueong logistics thuc té, cac tham so
dau vao thwong chiu anh hwéng cia diéu kién bat
dinh, chdng han bién dong nhu ciu theo mua vu, chi
phi van tai thay d&i hodc tic nghén giao thong. CAc mo
hinh truyén théng v&i tham s6 ¢d dinh khé phan dnh
day du nhirng bién dong nay, dan dén nghiém thiéu
tinh bén virng,

Dé khic phuc han ché trén, nghién ctru nay ap
dung ly thuyét tip mo (fuzzy set theory) lam nén ting
xtr ly diéu kién bat dinh. Ly thuyét tip mo, dwoc
Zadeh dé xudt nam 1965, cho phép thé hién cac thong
tin khong chinh xac hoac mang tinh chti quan thong
qua ham thudc (membership function), thay vi cac
gia tri diém chinh x4c [6]. Trong cac img dung chudi
cung Gng, s6 mo tam giac TFN (Triangular Fuzzy
Numbers) dworc wu tién st dung nho tinh don gian va
kha nang mo ta ba mirc d6 wére lwong: bi quan, kha di
nhat va lac quan. Cach biéu dién nay phu hop dé
chuyén d6i dit liéu thanh tham s6 dau vao dang tin
cay [7], [8]-

Trén co'sé ly thuyét tip mo, bai todn FLP dwoc mo
hinh héa dwéi dang 14p trinh nguyén hon hop tuyén
tinh md FMILP (Fuzzy Mixed-Integer Linear
Programming). M6 hinh FMILP st dung s6 m¢ lam
tham s6 dau vao va ap dung cac ky thuat khir mo
(defuzzification) nhu phwong phép trung binh trong
s6 hodc xép hang mo dé chuyén ddi vé dang dé giai
[9]. FMILP dac biét hiéu qua trong bai toan dinh vi co
s& damuc tiéu dwdi diéu kién bt dinh, vi né cho phép
xtr ly ddng thoi cdc ham muc tiéu mau thuin (tdi
thiéu chi phi c6 dinh, chi phi vin chuyén va khoang
cach trung binh) trong khi vin ddm bao cac rang budc
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vé cong sut, bao toan dong chay va dap irng nhu cau
mo.

Viéc gidi mo hinh FMILP gap thach thic 16m do
FLP thudc 1ép bai todn NP-hard v&i do phixe tap to
hop cao, ddc biét khi quy mo6 mang lwéilén va co diéu
kién bat dinh. Cac phwong phap giai dwoc phén loai
thanh hai nhém chinh: Thuat toan chinh xac (exact
algorithms), bao gdbm Branch-and-Bound, Benders
Decomposition va Branch-and-Price-and-Cut, dam
bdo tim nghiém t6i wu tuyét déi. Cac thuit toan nay
pht hop véi bai toan quy mé nho dén trung binh va
thwong dong vai tro chuin kiém ching chit lwong

nghiém [10], [11], [12]. Thuat todn meta-heuristic,
bao gbm thut todn di truyén GA (Genetic Algorithm),
mo phong SA (Simulated Annealing), tim kiém cim
ky TS (Tabu Search) va GRASP, tap trung tim nghiém
chit lwong cao trong thoi gian cho phép. Ching dac
biét hiéu qua véi bai todn quy mo 16 hodc can danh
gia nhanh nhiéu bién thé [13], [14], [15].

Bang 1 téng hop cic nghién ciru tiéu biéu trong
linh vwc dinh vi co s& va t6i wu héa trong méi treong
bat dinh, tir d6 cho thiy sw khac biét vé mo hinh va
phwong phap so véi nghién ciru hién tai.

Bang 1. So sanh cac nghién ciru vé bai toan dinh vi co s¢ va t6i wu héa mo.

Xem xét ,
~ .~ Strdung P " L
P Slae . s yéu to PR f s Boi canh Han ché so véi
Tac gia Loai bai toan A, SO mo Phwong phap giai , N
bat . wng dung nghién ctru nay
i tam giac
dinh
. e oA A , Khong phai mo
Zadeh (1965) Ly thuy\et tap Cé X Nén tang ly thuyét Mo hm{l ly hinh t6i wu héa
mo thuyét ,
trng dung
Owen & Pinh vi co s& X X M6 hinh quy hoach M6 hinh ly Khéng xét méi
Daskin (1998)  chién lwoc todn hoc tit dinh thuyét truedng bat dinh
Dinh vi nha Greedy Randomized
Delmaire et al. mAv ¢6 con X X Adaptive Search MO hinhly  Khoéng xét yéu td
(1999) y co cong Procedure (GRASP) thuyét mo
suit \
va Tabu Search
Pinh vi co s& Ay 11
Holmbersg et mot ngudn cd X X Exact Mo h1n£1 ly Mo hinh tat dinh
al. (1999) N 0 thuyét
cong suat
Bai toan dinh
Current et al. . N A Ls , ~ M& hinh ly Khong tich hop
(2001) vi m?:cg roi X X M®b hinh ly thuyét thuyét y&U t6 mor
M6 hinh dinh
Klose & Drexl  vi cho thiét . Hé théng Khong xét bat
(2005) K& hé théng X X Quyhoachtodnhoc 15 15 dinh
phén phéi
Pour & . Cos A1y . A o
Nosraty DPinh vi va bo X X Ant Colony M6 hinh ly Khong xét bat
(2006) tri co s& Optimization (ACO) thuyét dinh
Selim & Thiét ké n X Khong tip trung
Ozkarahan mang ludi Co Co Quy hoafrflldmuc tieu Chug:lcung vao mo hinh dinh
(2006) phén phdi & vi co' s& chuin
Pinh vi co s& N , A ,
Snyder (2006)  dudi didu C6 X Téng quan ly thuyée Mo hinhly  Khong st dung
kién bat dinh thuyét tap mo
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Xem xét

« .~ Strdung e " .
PR Clxs . s yéu to PR L as B6i canh Han ché so véi
Tac gia Loai bai toan x SO mo Phwong phap giai , NN
bat i ung dung nghién ctru nay
i tam giac
dinh
Pinh vi co s&
Melo et al. va quan tri X X Téng quan hoc Chubi cung  Khdng xay dung
(2009) chubi cung thuat rng mo hinh m&
rng
Quy hoach
Mula et al. tuyén tinh . M6 hinh ly Khong xt¥ ly bai
(2010) trong chudi X X Quy hoach toan hoc thuyét toan dinh vi co s&
cung rng
Tohyama et al. Dmp vicoso Genetic Algorithm M6 hinh ly Khong tich hop
X rang budc X X 0 s
(2011) N 0 (GA) thuyét yéu to mo
cong suat
Gortz & Klose  DPinh vi co s& o M6 hinh ly Khong xét bat
(2012) c6congsudt  * X Branch-and-Bound . ok dinh
Fischetti et al. ?:1:;;1” %;Z(Cy X X Benders MO hinhly  Khoéng xét yéu td
(2016) rang buc Decomposition thuyét bit dinh
coéng suat
Gadegaard et Dinh vi co 5o M6 hinh ly Khong tich ho
5 mot ngudn cd X X Cut-and-solve Ly ne Uen nop
al. (2018) N N thuyét yéu to m¢
codng suat
Phwong phap Ao . o 2i s
Dong et al. ra quvét dinh 6 6 Fuzzy Best-Worst M®d hinh ly Khong phai bai
(2021) quyetcin Method (FBWM) thuyét toan dinh vi
da tiéu chi
Pinh vi co s& Giao hang Khone 4p dun
Wang et al. da muc tiéu , , M6 hinh dinh vi m& khan cip & ap qung
it Co Co o N e cho boi canh
(2023) co xét tac da muc tiéu bang thiét e A
~ ; logistics Viét Nam
nghén bi bay

Bang trén cho thiy phan 1én cac nghién ctru trueée
day vé bai toan dinh vi co s& (FLP) tip trung vao mo
hinh tit dinh va cac thuit todn chinh xac hoac
metaheuristic d€ giai quyét bai toan c6/khong rang
budc cong suit. Mot s6 nghién ctru da xem xét yéu té
bat dinh thong qua ly thuyét tip mo va s6 mo tam
giac trong bdi canh 14p ké hoach chudi cung ttng, tuy
nhién chwa tich hop tryc ti€p vao mé hinh FLP chuin.

Vi vy nghién ctru nay st dung cach tiép cin két
hop meta-heuristic d€ cai thién nghiém va thuit toan
chinh x4c dé€ kiém chirng. Cu thé, ching t6i st dung
Branch-and-Bound (v&i chién lwgc branching theo
bién nhi phén y; wu tién cic bién c6 phan so6 gin 0.5
trong relaxation tuyén tinh dé ting tdc hoi tu,
bounding bang cach sir dung relaxation Lagrange dé
woc lwong gidi dudi chit ché hon va cit nhanh dwa
trén quy tic cat nhanh dwa trén tinh kha thi va gi¢i
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han (fathom by infeasibility, optimality, or bound)
nhdm loai bd cac nhanh khong hira hen sém) 1am
thuat todn chinh xac chi dao cho quy mé nhé dam
bdo nghiém t6i wu toan cuc ma khong can meta-
heuristic phttc tap v&i thoi gian tinh todn ngén (dwéi
1 phit trén may tinh tiéu chuin); két hop véi thuit
toan di truyén GA (ma hoéa nghiém dwdi dang chudi
nhi phan dai dién vi tri kho mé&/déng, ham fitness
dya trén tong trong s6 muc tiéu Z dé danh gia chit
lwong giai phép, toan ti lai ghép mot diém (single-
point crossover) véi ty 1€ 0.8 d€ duy tri da dang, dot
bién dao bit véi ty 1€ 0.01 d€ tranh hdi tu cuc bo, va
chon loc roulette wheel dé wu tién cac ca thé tot hon)
dé cai thién nghiém ban dau va hd tro phan tich kich
ban nhanh chéng. Viéc chon Branch-and-Bound lam
chi dao 1a hop 1y vi quy mé nhé cho phép tim nghiém
chinh xac nhanh chéng, trong khi GA chi dwoc st
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dung b6 sung dé kiém tra d6 6n dinh cia nghiém va
xr Iy cac bién thé kich ban, tranh 1ang phi tai nguyén
cho meta-heuristic khong cn thiét & quy mo tip so
liéu nho [11], [16] Két qua dwgc danh gid bé sung qua
phan tich kich ban, nham dam bao ciu hinh mang
lwéi kho dé xudt co tinh linh hoat va bén virng cao
trong diéu kién bit dinh thuc té ctia nganh logistics
Viét Nam.
2.2. Khodng tréng nghién ctru

Mic du trén thé gi¢i da c6 nhiéu cong trinh nghién
ctru vé bai todn dinh vi co s& (FLP) trong diéu kién
bat dinh, phan 16m van ton tai nhitng han ché dangké.
Cac nghién ciru truyén thong thwong st dung mo
hinh véi tham sé ¢d dinh, chwa phan 4nh day du cac
bién dong thuc t€ vé nhu cau, chi phi van tai hay rai
ro trong mang lu¢i chudi cung tng [16], [17]. Pong
thoi, dwa bai toan dinh vi co sé vao thiét ké mang luéi
chudi cung g bén virng chi yéu dirng & mirc mo
phong hodc st dung dit liéu gia 1ap, chwa trién khai
doéng bo cor ché tai toi wu lién tuc két hop dir liéu thuc
t& [18], [19], [20].

Tai Viét Nam, cic nghién ctru vé quy hoach kho bai
va kho van chli yéu mang tinh mé ta, pham vi hep
hoac dwa trén phan tich dinh tinh. Cac bao cao nganh
cho thiy hé théng kho con phan tan, thiéu mo hinh
dinh lwong hd tro ra quyét dinh, dir liéu chwa dwoc
chuin hoéa va hau nhw chwa c6 cong trinh &ng dung
FLP hién dai dwéi diéu kién bat dinh va dinh tuyén
[7], [3], [20]. Pac biét, chwa c6 nghién cru nao ap
dung dong thoi thuit toan chinh xac tién tién (nhw
Branch-and-Bound, Benders Decomposition hodc
Branch-and-Price-and-Cut) dé giai bai todn FLP da
muc tiéu trong diéu kién bit dinh, du diy 1a hwéng
khuyén nghi tir cac cong trinh qudc té gan day [21],
[22], [23].
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Qua tra ctru cac co sé dir liéu hoc thuat trong nwéc
dén thang 12/2025, chwa ghi nhin cong trinh nao
dong thoi thda man cac tiéu chi sau:

(i) Giai quyét bai toan FLP da muc tiéu trong diéu
kién bat dinh bing mé hinh 14p trinh nguyén hén hop
tuyén tinh m¢ (FMILP) két hop phén tich kich ban da
tinh huéng;

(i) Tao kich ban tw dong dwa trén dir liéu thuc té
tlr doanh nghiép;

(iii) S& dung dir liéu thuwc té tir doanh nghiép
logistics Viét Nam (nhw nhu cau khach hang, vi tri dia
ly, mang lwédi kho va dir liéu GPS/IoT tir hoat dong
van hanh) dékiém chirtng mé hinh va so sanh véi thue
tién van hanh. Xuét phat tir nhitng khodng tréng trén,
nghién ctiru nay dé xuit hwéng tiép cin maéi pht hop
v&iboi cAnh Viét Nam: phat trién bai toan FLP damuc
tiéu trong diéu kién bat dinh bang mé hinh FMILP két
hop ly thuyét tip mo va phan tich Kich ban, st dung
dit liéu thuc té tir doanh nghiép logistics, dong thoi
&p dung két hop giira thuit toan chinh xac va meta-
heuristic nham ddm bao chit lwong nghiém va kha
nang tai t6i wu. Nghién ctru ky vong dong gbp buéc
tién trong viéc chuyén hda FLP tir ly thuyét sang (rng
dung thuc tién, hd tro doanh nghiép téi wu héa
quy hoach kho, nang cao hiéu qua logistics, giam
chi phi vin hanh va thic diy phat trién bén virng
nganh.

3. M6 hinh va phwong phap nghién ciru
3.1. Mé hinh quy hoach tuyén tinh mo

Trong phian nay, ching t6i xdy dung mét mo hinh quy
hoach tuyén tinh m¢ cho bai toan dinh vi co sé trong
diéu kién bat dinh, dwa trén cic buéc dwoc minh hoa
trong Hinh 1 nham gitp doc gia hi€u ro hon vé cach
thirc m6 hinh héa ctia nghién ctru nay.
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ligu khodng md)

h

4

S6 ma tam giac

Xic dinh phwong phap nhim ning cao
higu qua

cia kich

v

Téi wu hoa da muc

tidn

Xay dung mé hinh téi wu hoa

Thiét 13p cic ham muc tiéu t6i
vu hoa

Téi wru hoa da muc tiéy
¥

Muc tigu chi phi

Rang budc vé dong hang (tai cic
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MG hinh quy hoach
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Hinh 1. Cic buéc xay dung mé hinh cho bai toan phan bs dwéi diu kién bat dinh hén horp.

3.1.1 Quy chudn héa s liéu

Giai doan dau tién la chuin hoéa sé liéu dau vao dé
xr Iy hiéu qua sy bat dinh va tinh cht quan trong di
liéu. Trong nghién ctru nay, cac so liéu thé ban dau
dwoc chuin hoda theo s6 liéu khodng mo thay vi st
dung cac gia tri diém chinh xac. Muc dich 1a chuyén
doi dir liéu thanh dinh dang s6 m¢ tam giac. Viéc ap
dung ly thuyét khoang mo gitp cac thong tin bat dinh
mo ho thong qua hdng s6 Big-M, qua d6 cung cAp mot
pham vi gia tri va mic dd tin cdy twong g cho moi
tham s6.

S6 mo tam giac dugce xac dinh thong qua ba gia tri
dac treng: wée lwong bi quan, wéc lwong kha di nhat
va wéc lwgng lac quan:

Uéc lwong bi quan thé hién gia tri cia tham so
trong diéu kién bat loi nhit, mot tinh huéng hiém khi
xay ra trén thuc té khi nang lwc ca nha cung cap hoac
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kho bi han ché va nhu cu cia khach hang & mirc
thap.

Uéc lwong kha di nhét dai dién cho gia tri thuc té
nhat ctia tham s6, phan anh trwong hop thuong gap
trong da so kich ban van hanh.

Uéc lwong lac quan md phdng tinh hudng thuin
loi nhét, véi kha nang xay ra thip, khi nang lwc cung
g du thira va nhu cau thi treong & mike tich cuec.

V6i kha ndng &ng bién linh hoat ba mic d6 bat
dinh nay, nghién ctru tiép tuc str dung s6 mo tam giac
dé biéu dién ning luc cung g md clia cAc nha cung
cap, nang lyc van hanh mo cua cac kho hang va nhu
cau mo cda khach hang. Cach ti€p cin nay gbp phan
tang d6 tin cdy cia mo hinh trong béi cdnh tham s6
d4u vao bién dong va khé xac dinh chinh x4c.

Sau khi s6 liéu da dwoc chuin hoa, giai doan tiép
theo tap trung vao xac dinh cac phwong phap nham
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ning cao hiéu qua cia hé thong dwoc nghién ciru.
Muc tiéu la lya chon va ap dung cac thuat toan phu
hop nhit dé dat dwoc két qua tét nhit. Diém mau
chét & day la viéc sit dung mo6 hinh FMILP. Trong
nhiéu bai todn thuc té, cic muc tiéu thuwong mau
thuin 1an nhau (vi du: can gidm chi phi nhwng van
phai ting chit lwgng san phdm). M6 hinh FMILP gitp
tim cac giai phap t6i wy, 1a nhitng gidi phap sau khi cai
thién 1 muc tiéu ma khong lam gidam hiéu qua cta
nhitng muc tiéu khac. Viéc lwa chon phwong phap nay
dam bao rang cadc md hinh dwoc xay dwng trong buéc
tiép theo sé& cung c4p cac giai phap cin bang va toan
dién.

Tiép theo 1a xay dung mo6 hinh t6i wu héa dua trén
s0 liéu mo da duwge chudn hoa va phwong phap t6i wu
héa da muc tiéu da dwoc thiét lap. Qua trinh xay dung
bao gom viéc phat trién thuit toan gidi quyét bai toan
t6i wu héa da muc tiéu str dung cic gia tri dau vao la
s6 mo tam giac, két hop cac bién, rang budc va ham
muc tiéu. Piéu nay cho phép mo hinh khong chi hoat
dong v&i cac dir liéu chinh xadc ma con xt ly dwoc cac
dit liéu khdng chinh xac, giup két qua t6i wu dat dwoc
c6 do bén virng va mg dung cao hon trong méi
trwong thuce té bat dinh

3.1.2 binh nghia bién va thiét ldp cdc rang budc
Cac tap:

e N.: Tap hop cac kho &rng vién trong mang

lwéi chudi cung trng;

N,: Tap hop cac nha cung cip trong mang
lwéi chudi cung tng;

N;: Tap cac khach hang trong mang lwéi
chudi cung tng;

N: TAp tat ca cac ndt trong mang lwéi chudi
cung ng, trongdé6 N=N_. U Ny U N;.

Ox

i,j, h: Chi s6 ctia cac nut trong mang ludi
chudi cung &ng, véi i, j, h € N;

Tham s6 mang ludi:

o 3§ = (s},s?s?): Cong sudt cung tng mo

(tdn/nam) cda nha cung cipi, véii € Ng.

o &= (cl,ct c?): Cong sudt van hanh mo
(tAin/nam) cua nha trung tim logistics/

kho rng viéni, véii € N,;
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7, = (v}, v? v?): Nhu cdu mo (tdn/niam)
cua khach hangi, véii € Ng;

d;;j: Khoang cach thuc té (km) tir ntit i dén
nitj, véiij € N.

Tham sé chi phi:

e g: Chi phi vin chuyén cua xe;

¢;: Chi phi xdy dung c6 dinh cua cac kho
tng vién i, véii € N;

fi:Chi phi vin hanh ¢6 dinh ctia cac kho trng
vién i, voii € N,.

Tham sé phu trg: M: Mot s6 dwong du lon (hang
s6 Big-M)

Bién quyét dinh:

x;;: Bién khong 4m biéu dién khdi lwong
hang héa (t4n) dwoc van chuyén tlr nut i
dén nat j.

y;: Bién nhi phan (0-1). Bang 1 néu kho
tng vién i dugc chon mé (y; = 1); bang 0
néu kho tng vién khong dwegc chon (y; =
0),véi i € N,

Thiét 1ap cac rang budc chinh:

0 Lo
ten, Xij — DhenyXjn = 0 VOij € No (1)

Phwong trinh (1) 1a rang budc bao toan dong
chay tai cac kho trng vién. Rang budc nay dam bao
khoéng c6 hang héa dwgc sinh ra hodc bi giir lai tai
kho trong su6t qua trinh van hanh.

0 ~ o
Yien Xij <8 Voii€ Ny

(2)

Phwong trinh (2) la rang budc cong suit cung
trng clia nha cung cip. Rang budc nay dam bao
tong khdi lwong hang héa ma mbi nha cung cip
dwa vao mang lwdi khéng dwoc viegt qua cong suat
cung rng mo cia nha cung cip do.

(3)

Phwong trinh (3) 1a rang budc dap ng nhu cau
cta khach hang. Rang budc nay dam bao tong khoi
lrong hang héa ma mdi khach hang nhan duoc
khong dwoc nhé hon nhu cidu mo ctua khach hang
do.

0 ~ .
ZiEchij =7, Voij e Ny

(4)

0 ~ VA i
EiENsxij < Voij €N,
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Phuwong trinh (4) 1a rang budc cong suit vin
hanh cda cac kho &ng vién. Rang budc nay dam bao
tong khoi lwong hang hoa dwoc xir ly tai mbi kho
khong virot qua cong suit van hanh mo cla trung
tam do.

0 L
My; = Yjen, Xij VOii €N,

(5)

Phwong trinh (5) 1a rang budc twong thich gitra
cac bién (variable compatibility constraint). Rang
budc ndy ddm bao rang néu kho tng vién j khong
dwoc chon mé (yj =), thi khong c6 dong hang nao
dwoc phép di qua trung tdm do6 (téng xij = 0).
Nguoc lai, khi trung tdm dugc mé (y; = 1), rang
budc tré nén du thira nhé hang s Big-M.

x;jj=0 VoiieN,VGijeEN
y;j €{0,1} Véii € N,

(6)
(7)

Phuong trinh (6) va (7) 1a cac rang budc mién
gid tri cda bién (variable domain constraints).
Chting ddm bao rang gia tri cia cac bién quyét dinh
phai tuan theo duing dinh nghia da xac lap.

3.1.3 Téi wu héa

Trong nghién cttu nay, bai toan dinh vi kho dwoc
xdy dwng dwéi dang t6i wu da muc tiéu véi ba ham
muc tiéu doc 1ap: (i) toi thi€u hoa chi phi ¢d dinh mé
kho, (ii) t6i thi€u héa chi phi vin chuyén, va (iii) tdi
thiéu hdéa khoang cach trung binh dén khach hang
(dai dién cho mtrc d bao phu dich vu). Vi mirc d6 wu
tién clia cAc ham muc tiéu d6i véi moi doanh nghiép
la khac nhau nén bai todn c6 nhiéu nghiém khac nhau,
cac nghiém ndy duwoc xac dinh bang phwong phéap
téng trong sd (weighted sum method).

Trong méi trueomg thuc té, cac tham sé chiu anh
hwdng cta sy bat dinh do: (i) bién dong nhu cau theo
mua vu va khu vuee cang, (i) thay ddi cudre van tai noi
vung, va (iii) gian doan ngan han trong hoat dong kho.
D& mo hinh hoéa hién twong nay, cac tham sé dwoc
biéu dién dwéi dang s6 mo tam gidc (Triangular
Fuzzy Numbers - TFN). Mot s6 mo tam giac p =
(p", pM, pY) 1a mot tap mo dwoc xac dinh trén tap s6
thwc R, v&éi ham thudc dwge dinh nghia nhw sau

(pi-x
pu_pm'
Uy (x) =
pm_pl 4

x—pl
LO, khi x > p* hoidc x < p'

khip™ <x < p"

(8)

khip!<x < p™
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Trong do, p*, p™va p“Ian lwot dwoc goi 1a can
dwdi, gia tri trung tAm (mode) va cin trén cia s6 mo
tam giacp = (p', p™, p¥), véi diéu kién p! < p™ <
p*.Néu p! > 0thi s6 mo tam giac ddwoc goi la s6 mor
tam gidc dwong. Néu p* < 0 thi p dwoc goi la s6 mo
tam giac 4am [24]. Vi dy, dit liéu lich st nhu ciu [80,
100, 120] dworc chuyén thanh TEN = (80,100,120)

DE xtr Iy diéu kién bt dinh, m6 hinh FMILP dwoc
xay dung bang cach chuyén d6i bai todn md thanh
MILP:

- L+ M+ 14
9@ = = 9)
Ham muc tiéu mo:
minZ = aC + BT + yvE (10)

Tir d6 ta c6 ham muc tiéu téng hop (Z) dwgc biéu dién
nhw sau:

minimize Z a(E?EN Z?EN 9. Xij- dij) +

B (Z?ENC Z?eNdfi- xij) + Y(Z?ENC Ci- Yi) (11)
Trong do:

o YienXlen 9-Xij-dyj: Chi phi van chuyén tir
nat i dén natj;
»o n, Ci- ¥;: Chi phi ¢ dinh mé kho;

Z?ENC Z?ENd fi-x;j: Chi phi van hanh.

Thuét todn Branch-and-Bound dwoc ap dung dé
giai bai toan FMILP sau khi khit mo, trong d6 khong
gian nghiém dwgrc chia thanh cac nhanh con dwa trén
bién nhj phan y; (quyét dinh mé kho hay khong).
Quy trinh bao géom:

Buwdérc 1: Khai tao ntt goc véi relaxation tuyén tinh
cda bai toan (bo rang budc nguyén).

Buérc 2: Chon nhéanh (branching): Uu tién bién y;
c0 gia tri phén s6 gan 0.5 trong nghiém relaxation dé
phan chia thanh hai nhanh con: y; =0va y;=1.

Buwdc 3: Tinh giéi dwédi (bounding): St dung
relaxation Lagrange dé wdc lwong gia tri nho nhat co
thé ctia ham muc tiéu Z & mdi nhanh.

Budc 4: Cat nhanh (pruning): Loai bé nhanh néu
gi¢i dwdi 16m hon gidi trén toan cuc (fathom by
bound), nghiém khong kha thi (fathom by
infeasibility), hoac nghiém nguyén t6i wu (fathom by
optimality).
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Buéc 5: Lap lai cho dén khi tim dwoc nghiém téi
wu toan cuyc. Vi du, véi quy mé 3 kho tng vién,
Branch-and-Bound khdm pha t6i da nhanh, nhung
cat sém dé giam thoi gian tinh toan [10].

Thuét toan di truyén GA dworc ap dung bo sung dé
cai thién nghiém ban dau, dic biét trong phéan tich
kich ban. Quy trinh bao gém:

Budce 1: Khdi tao quin thé ban dau vi cac ca thé
ma héa dwéi dang chudi nhi phan (vi du: [1,0,1] nghia
la mé kho 1 va 3).

Buwéc 2: Panh gia fitness: Tinh Z = a * chi phi van
chuyén + B * chi phi mé kho +y * chi phi vin hanh cho
mdi c4 thé.

Buére 3: Chon loc: Str dung roulette wheel, xac suét
chon cathéila); fitness.

Buwérc 4: Lai ghép: Toan ti single-point crossover
voi ty 1€ 0.8, vi du: Ca thé A [1,0,1] va B [0,1,0] lai tai
diém 1 thanh [1,1,0] va [0,0,1].

Budéc 5: Dot bién: Pao bit voi ty 18 0.01, vi du:
[1,0,1] d6t bién thanh [1,1,1].

Budrc 6: Lap lai 100 thé hé véi quan thé 50 ca thé
dé hdi tu dén nghiém gin tdi wu, kiém tra d6 6n dinh
vGi Branch-and-Bound (sai s6 <1%) [12].

3.2. Quy trinh vdn hanh chi tiét

Budc 1: Trwdce tién cin téng hop day du cac thong
tin phuc vu viéc lwa chon vi tri kho t6i wu. Cac di liéu
bao gébm: vi tri cac diém khach hang hoic diém tiéu
thu; nhu cu theo tirng diém (khoi lwong, tn suit, s6
don hang); chi phi van chuyén tir tirng vi tri ng vién
dén cac diém nhu ciu; chi phi mé mai kho, chi phi van
hanh c6 dinh va chi phi bién d6i. Néu c6 nhiéu mirc
wu tién phuc vu hodc cic yéu ciu dac biét theo khu
vire thi cling cin ma hda day du.

Tiép theo, st dung ban d6 hodc dir liéu GIS dé xac
dinh chinh x4c quing dwong va thoi gian van chuyén
gitra moi diém rng vién va tirmg khach hang. Nhirng
vi tri khéng dap g yéu cau vé khodng cach t6i da,
thoi gian giao nhan hodc diéu kién ha ting sé duoc
loai khéi danh sach trng vién.

Buérc 2: O bwde nay, tién hanh xac dinh cac quy
tdc ma phuong 4n dinh vi kho phai tuan thad. Vi du:
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tong nhu ciu cda tit cd khach hang phai dwoc dap
mg; mdi khach hang phai dwoc gan vao ding mot
kho hoat dong; cong suit cta tirng kho khong dwoc
vwot qua gidi han; s6 lwong kho dwgc mé phai nam
trong mikc téi thi€u - t6i da cho phép; va phai dam
bdo cac yéu ciu vé vung phuc vu, ban kinh giao hang
hodc thoi gian giao chudn.

Mobi phwong 4n dinh vi s& dwgc danh gia thong
qua tong diém goém bon yéu t6: chi phi mé va vén
hanh kho, chi phi vin chuyén, thoi gian giao hang
trung binh. Ba trong s6 sé dwoc p dung dé wu tién
cac tiéu chi quan trong hon, gidp hé théng lwa chon vi
tri kho vira hiéu qua vé chi phi vira ddm bao chit
lwong phuc vu.

Buéc 3: Dwa trén nguyén tic cua thuit todn
FMILP hodc mo6 hinh dinh vi co s& (FLP), hé thong sé
tdi wu hda viéc mé bao nhiéu kho, mé & vi tri ndo va
phén b6 tirng khach hang vao kho twong trg. Muc
tiéu 1a tim ra cdu hinh c6 téng diém nhé nhat theo bd
tiéu chi da dé ra, dong thoi thda méan toan bo rang
budc cong suit, khoang cach va nhu cau.

Két qua cudi cung bao gobm: danh sach vi tri kho
dwoc lwa chon; cong suat phan bo cho tirng kho; tong
chi phi mé& - van hanh - vin chuyén; thoi gian giao
hang trung binh; mirc d6 bao pht cac khu vue.

Bwéc 4:Sau khi tim dwoc ciu hinh kho téi wu,
budéc tiép theo la xdy dung ké hoach trién khai bao
gom: phan b6 nguon lwc (nhan sw, thiét bi, dién tich
str dung), ké hoach xiy dung hodc thué kho, va cau
hinh vin hanh ban d4u. Viéc phan b6 nguén luc cin
dwa trén cong suat tdi wu ciia moi kho va dic thu tirng
khu vuc nham tranh lang phi, chdng chéo hodc vurot
tai.

Tiép do, hé théng tién hanh giam sat hoat dong
kho theo thoi gian thwe: mic ton, lwu lwgng xt 1y,
thoi gian xt Iy don hang, va ti 1& tudn tha SLA. Néu
phat hién bién déng nhu cu 16m, rdi ro qua tai hodc
thay d6i mang lwdi phan phéi, co ché tai tdi wu cuc bd
sé& dwoc kich hoat dé danh gia lai cAu hinh kho va dé
xudt diéu chinh vi tri hodc cong suit.

Toan bd dir liéu van hanh dwoc ghi nhin dé phuc
vu viéc phan tich, danh gia va cai thién mo hinh dinh
vi kho trong cac chu ky hoach dinh tiép theo.
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(1

(3)

Nhip dir liéu
(dia chi kho, tham sé mang lwéi,

tham s6 chi phi)

M hinh hoi cic dién kién
(st dung Big M method chuyén cac

Thiét 14p 1&i giai ban diu
(Thiét ké phwong 4n ban dau)

tham s vé dang quy chuén)

h 4

Piura & phan tich
(Vi tri kho téi wu phii hop véi bo

trong s6 do doanh nghiép dwa ra)

=
)

cde dir lidu bing cdc thuit todn
két hop)

Giai bang bo giai MILP
(Xuw ly phan tich chuyén sau

Cii thién cuc bo
(Phwong an di qua céce rang budce,

lién tue tai toi wu)

(6

(4)

Hinh 2. Quy trinh vin hanh chi tiét.

4. Két qua thir nghiém
4.1. Thiét Idp kich bdn thir nghiém

Thr nghiém dwoc thue hién trén dit liéu thuc té
mé phéng tlr mot doanh nghiép tai thanh phé Hai
Phong. Kich ban bao gom:

Cac tap:

N_: 3 kho trng vién:

WO0: KCN binh Vii (20.849°N, 106.753°E);
W1: KCN VSIP (20.819°N, 106.725°E);

W2: Trung tdm Hong Bang (20.865°N,
106.684°E).

N: 2 nha cung cap
e  Cang Hai Phong (20.909°N, 106.740°E);
[ ]

KCN Nomura (20.883°N, 106.617°E);

N 4: 5 khach hang - toa d6 14y tir Google Maps API
(Hong Bang, Lé Chan, Ngb Quyén, Kién An, D6 Son).

Tham s6 mang lwéi:

Céng suat cung rmg mo: [6000, 8000, 10000]

Céng suit vAn hanh mo: [6000, 7500, 9000]
don vi;

Nhu cidu mo @, € [0.1,0.5] tin, mé hinh héa
bing TFN (vi du: CO: (0.24, 0.3, 0.36)).

Tham s6 chi phi (dwa trén ctra s6 thoi gian: [08:00
-12:00]):

Chi phi c6 dinh mé kho: [15,20,10] triéu VND;

Chi phi van chuyén: 20.000 VND/km (tir
Google Maps API).

Chi phi vdn hanh c6 dinh: [50, 70, 60] triéu
VND/nam/co s&

Bién quyét dinh:

x;j: Khoi lwong hang héa van chuyén - (8, 12,
16) tin/chuyén;

yi: yi=1 (chic chin c6 kho tng vién duoc
chon).

Dit liéu lich str 6 thang dwoc st dung dé wéc
lwgng TFN nhu ciu, ma trdn khoang cach/thoi
gian theo gi& cao/thdp diém tir Google Maps
Distance Matrix API.

don vi;
4.2. So sdnh cdc kich bdn thiét lap
Bang 2. Bang so sanh cac kich ban.
Kich ban oBy Vitrikhot6i Quing M kho (triéu  Van hanh (triéu
wu dwong VND) VND)

1 Uu tién chi phi van (0,6;0,1;0,3) HoéngBang 25 740.000 10,9

chuyén

2 Uu tién chi phi mé kho  (0,1;0,6;0,3)  VSIP 45 635.000 11,5

3 Uutién chi phi van (0,3;0,1;0,6)  Pinh Vi 32 750.000 9,1

hanh
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Trong nghién ctru nay, ba kich ban dwoc xay dung
theo cach tiép cin téng hop trong sd, dwa trén nhu
cau dé xuit tir chtt doanh nghiép nhé véi 12 nam kinh
nghiém van hanh dang dwoc thwc nghiém tai Hai
Phong, nham phén anh cac wu tién van hanh khac
nhau khi lwa chon tuyén khit héi. Cu thé, ham muc
tiéu dworc cdu thanh tir ba cum:

Z?GN Z?EN g-Xxij. dij: Chi phi van chuyén tlr nut
i dén nut .
Yen, Ci-¥i: Chi phi ¢6 dinh m& kho
On, X%, fi-x;j: Chi phi van hanh,

Trén co s& do, kich ban 2 (wu tién chi phi mé
kho) tang trong so cho chi phi mé& kho (B cao), vi
vay nghiém t6i wu c¢é xu hwéng chon cac don vi kho
c6 chi phi mé thép, du chi phi vin chuyén va chi
phi van hanh c6 thé cao hon.

Kich ban 1 (wu tién chi phi vin chuyén) gan
trong s6 16 cho chi phi vin chuyén gitra cic nut («
cao), khién mo hinh lwa chon vi tri c6 khodng cach
gan véi cac kho chinh va tdp khach hang, chip
nhin mic chi phi vin hanh va mé kho ¢6 thé cao
hon.

Cuéi cung, kich ban 3 (wu tién chi phi vin hanh)
dat trong s6 16m cho chi phi vin hanh (y cao), tir d6
thic ddy mo hinh lwa chon cac kho dat & cac khu
cum cang giup gidm thiéu chi phi hoat déng ngay
ca khi phai danh d6i bang chi phi van chuyén cao
hon hoac chi phi mé kho cao hon.

Cach xay dwng kich ban nay cho phép quan sat
ro rang quan hé danh déi (trade-off) trén cung
mot bd dir liéu mang lwdi phan phoi, dong thoi tao
co s¢& dé xép hang va lwa chon phwong an theo nhu
ciu cua nguoi ra quyét dinh.

4.3. So sdnh hiéu sudt vin hanh

Nhom tac gia cling da thyc nghiém so sanh hiéu
suit van hanh cho thir nghiém mé phdng tai doanh
nghiép logistics Hai Phong (2 nha cung cap, 3 kho trng
vién, 5 khach hang) v&i dinh huéng giam thiéu chi phi
van hanh va chi phi vin chuyén lau dai theo trong s
a,B,y = (0,6; 0,1; 0,3 (theo kich ban sé 1) va phwong
phéap lwa chon thi cong (dwa trén kinh nghiém). Két
qua cho thdy mo hinh FLP da muc tiéu tich hop
Google Maps API va FMILP mang lai cai thién vuot
troi so véi phwong phap chon kho thii cong nhuw trinh
bay trong bang duéi day:

Bang 3. Bang danh gia hiéu suit vin hanh.

Chi tiéu Truéc Sau Cai thién Cong thirc tinh
S6 kho m& 3 2 333% 1 Zrer Vi
Tong quang dwong 1.850 1.520 17.8% 1 Google Maps API
(km)
To6ng chi phi van hanh 68.5 52.3 23.6% ! alcyxy + aXcy;zy;
(triéu VND) + VZFyr
T6ng thoi gian van 42.0 35.6 152% 1 BEtyxix + Xty;zyj)
hanh (gi®)
Tylé dap tngnhu cidu 92 99 +7 dvt T 2z
N —=x 100
(A)) qj
Ty 1& sir dung cong sudt 65 78 +13 dvt 1 22y
0 —— % 100
kho (%) capy X Yk

Viéc giai quyét bai toan FLP da muc tiéu tich
hop Google Maps API va FMILP da mang lai nhitng
cai thién chién lwoc vé vi tri kho va hiéu qua van
hanh. Cu thé s6 lwong kho dwoc mé giam tir 3
xuéng con 2 (WO - Pinh Vii va W2 - Hong Bang),
loai bo kho VSIP do chi phi van hanh cao va vi tri
khong t6i wu vé thoi gian giao hang — tiét kiém 20
triéu VND chi phi ¢ dinh. T6ng quing duong di
chuyén gidm 330 km (tir 1.850 km xu6ng 1.520
km), nh¢ chon kho gan trung tdm nhu ciu va st
dung tuyén dwong thuc té tir Google Maps API

(tranh noi do git cao diém). Tong chi phi vin hanh
gidm 16.2 triéu VND, trong d6 chi phi van chuyén
chiém 70% cai thién. Téng thoi gian vin hanh gidm
6.4 gitr, ddm bao giao hang trong ctra s6 [08:00 -
12:00]. Ty lé dap ng nhu ciu ting tir 92% lén
99%, nho x Iy nhu cau bit dinh bang TFN, ddm
bao céng suat kho du cho kich ban x4u nhit. Hiéu
sudt str dung cong suit kho tang 13% (tir 65% lén
78%), giam tinh trang kho dw thira hodc qua tai.

5. Kétluin
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Trong nghién cttu nay, ching t6i xem xét viéc mo
hinh ho6a va t6i wu héa bai toan dinh vi co s trong tdi
wu hdéa mang lwdi phan phéi dudi diéu kién bat dinh,
théng qua mé hinh 1ap trinh nguyén hon hop tuyén
tinh m¢& két hop phéan tich kich ban. Tt nhitng phin
tich va thr nghiém trén, két qua nghién ctru c6 thé
dwoc tong két thanh hai nhém déng gop chinh: dong
g6p vé mit ly ludn va dong gop vé mit thuc tién (g
dung.

(i) Nghién ctru dé xuat mét khung t6i wu héa da
muc tiéu cho bai toan dinh vi co sd, trong d6 dong
thoi xem xét cac muc tiéu kinh té (chi phi mé kho, chi
phi vn hanh va chi phi vin chuyén) va muc tiéu dich
vu (thoi gian giao hang va mic do dap &ng nhu cau).
Cac nghiém Pareto thu dworc tir bai todn tdi wu hoa da
muc tiéu cung cdp mét chuin so sanh dinh lwong,
gidp danh gia roé rang cic quan hé danh déi gitra cac
muc tiéu mau thuln trong thiét ké mang lwéi phan
phoi.

(i) Cac dang bat dinh hdn hop, bao gdm nhu cau
khach hang, nang lwc van hanh kho va nang lwc cung
Umg, dwoc md hinh héa mot cach toan dién bang sé
mo tam giac dua trén ly thuyét tip mo. Cach tiép cin
nay giip nang cao dé tin cdy ctia cong tac quy hoach
mang lwéi phan phdi trong boi canh dit liéu dau vao
bién dong va khoé xac dinh chinh xac.

(iii) Mot mo hinh 14p trinh nguyén hén hop tuyén
tinh m¢ (FMILP) dwoc xay dung dé mo ta bai toan
dinh vi co s& da muc tiéu dwdi diéu kién bat dinh. Mo
hinh m¢ dwoc khir mé thong qua cac ki thudt quy
hoach co hdi c6 rang budc mo, tir d6 chuyén doi
thanh mo hinh xac dinh c6 thé giai bang thuat toan
chinh xac, dong thoi két hop véi thuit toan meta-
heuristic nhdm nang cao hiéu qua giai d6i véi cac bai
toan quy mo lon.

(iv) Nghién ctru phat trién mot cich ti€p can phan
tich kich ban két hop phan tich d6 nhay, cho phép
danh gia tac dong cla cac bién déng dau vao lén cau
hinh mang lwéi kho. Cach ti€p cin nay hd tro nha
quan ly xac dinh phwong an dinh vi kho c6 tinh linh
hoat va bén virng cao hon truéc cac diéu kién van
hanh khac nhau.

Duwa trén viéc thdo luan tredng hop st dung div
liéu thuc té tir mot doanh nghiép logistics tai Hai
Phong, nghién ctru cling rut ra mot sé két ludn quan
trong nham ho tr¢ cic nha ra quyét dinh trong viéc
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thiét k&, quan ly va vin hanh mang lwéi phan phoi
hiéu qua hon.

(i) Két qua tir t6i wu héa da muc tiéu cho thay cac
muc tiéu chi phi, thoi gian giao hang va mirc dé dap
trng nhu ciu ton tai méi quan hé danh doi ro rét; viéc
cai thién mot muc tiéu thuong dan dén su suy giam
clia muc tiéu khac. Thong qua phwong phap tong
trong so, cac nghiém Pareto dwoc xay dwng giup nha
ra quyét dinh Iwa chon phwong an phu hop véi wu
tién chién lwgc cu thé cia doanh nghiép.

(i) Két qua thir nghiém cho thiy viéc &p dung mo
hinh FLP dwa trén FMILP va phan tich kich ban gitp
giam dang ké chi phi logistics, rut ngan thoi gian giao
hang trung binh va ning cao ty 1&é dap ng nhu ciu so
vé&i phwong phap lya chon vi tri kho dwa trén kinh
nghiém. Piéu nay khang dinh gi tri thuc tién cta viéc
chuyén tir cach tiép cin dinh tinh sang cach tiép cin
dinh lwgng dwa trén dir liéu.

(iii) So v&i phwong phap quy hoach xac dinh
truyén thdng, viéc dwa cac bat dinh hon hop vao md
hinh gitp ning cao dang ké d6 tin ciy va tinh bén
vitng cia phwong an dinh vi kho. Cac m6 hinh FMILP
va phién ban xac dinh cta ching cho phép tim
nghiém t6i wu toan cuc, dong thoi ddm bao kha niang
thich rng ctia mang lwéi phan phdi trwdce cac bién
dong thuec té.

Tuy nhién, nghién ctru van con nhing han ché nhw
pham vi thr nghiém con gi¢i han tai mot doanh
nghiép nho véi thoi gian quan sat ngén. Bén canh do,
khi quy mé bai toan dwoc mé rong véi so lwong 16m
diém giao hang va kho t&ng vién, d6 phirc tap tinh
todn ciia mo hinh FMILP ting 1én ding ké do ban chat
NP-hard ctia bai toan FLP, lam gia tang thoi gian giai
va yéu cau tai nguyén tinh toan cao hon. Hwéng phat
trién tiép theo 1a mé rong quy mo thir nghiém, déng
thoi nghién ctu tich hop cac thudt todn meta-
heuristic ning cao hodc cic phwong phap tdi wu héa
hién dai nhdm nang cao hiéu qua tinh toan, cling nhw
tich hop IoT thoi gian thwe va hoc may dé tw donghda
qua trinh tai t6i wu toan mang lwdi.
Pong gop cua cac tac gia trong bai bao

Pang Thu Thao: Xay dung thuit toan va moé hinh
nghién ctru chinh, Bién soan va quan ly dit liéu, Phan
tich chinh thirc, Viét - ban thao goc, bé xuit giai phap,
Viét phan phwong phap va két qud, Chinh sira vahoan
thién ban thao. Ta Viét Ha: Viét phin téng quan tai
liéu, Pinh hwéng khung ly thuyét, Phwong phap
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nghién ctru, Viét - ban thao gbc, Chinh stra ban thao,
beé xuit giadi phap, Phan hoi y kién phan bién. Pham
Bui Khanh Linh: Viét phin tong quan tai liéu, Truc
quan héa dit liéu, H6 tro phan tich dir liéu, Viét - ban
thdo goc, Chinh stra ban thdo, Dé xuit giai phap. Lé
Thé Minh: Déng gép y kién chuyén mén, Thao luidn
va dién giai két qua, Chinh stra ban thao, Phan hoi y
kién phan bién, Dé xuat hwéng nghién ctru tiép theo.
Pham Ngoc Diép: Thu thip va tién xt ly dit liéu, HO
tro phan tich théng ké, Truc quan hoa dir liéu, Chinh
stra ban thdo. Nguyén Thi Lé Hang: Giang vién
huwéng dan chinh, Pinh hwéng toan bd nghién ciru,
Giam sat phwong phap ludn va chit lwong khoa hoc,
Chinh stra va gop y chuyén siu ban thao, Phan hoi va
xtr ly y kién phan bién, Pé xuit giai phap thuc tién,
Hudéng dan viét va hoan thién bai bao.
Tuyén bé khong xung dot lgi ich va cam két ban
quyén

Cac tac gia tuyén b vé sy khong xuit hién nhirng

xung dot tiém 4n tir nghién clu nay, va cam két bai
bao chua tirng dwoc cong bé trude day.

Chia sé dir liéu theo yéu cau
Dit liéu sé dugc cung cap theo yéu cau.
L&i cdm on
Nghién ctru nay dwoc tai trg béi Truwong Dai

hoc Hang hai Viét Nam trong dé tai ma sé SV25-
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