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TOM TAT

Sw bung nd thwong mai dién tir dit ra yéu cau cao vé hiéu qua va tinh linh hoat trong vin hanh
kho. Nghién ctru xay dwng nguyén tic thiét ké va tiéu chi danh gia dé xac dinh diém nghén va dé
xudt cai tién cho kho Fulfillment. Pong thoi, mé hinh quy hoach tuyén tinh (LP) dwoc xdy dwng
dé t6i wu hoa khong gian Iwu trir thong qua viéc phin bé, xac dinh s6 lwong va slot cho tirng loai
ké, c6 xét dén nhu cAu lwu trir va xir ly don hang. Bén canh d6, md phéng roi rac bang phan mém
AnyLogic dwoc sir dung dé ki€ém chirng cac gidi phap dé xuit thong qua cac chi s6 nhw hiéu suit,
thoi gian x& Iy va mirc d6 str dung khong gian. K&t qua md phong cho thdy phwong dn phin bé
khong gian lwu trit theo ty 1€ pallet:shelving 20:80 tao ra sw cin bing t6t hon gitta nang lwc leu
trir va hiéu suat xtr Iy don hang, déng thoi cung cip co sé tham khao cho viéc thiét ké va cai tién
kho Fulfillment trong béi canh thwong mai dién ti.
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ABSTRACT

The rapid growth of e-commerce has imposed increasing demands on efficiency and flexibility
in warehouse operations. This study develops design principles and evaluation criteria to
identify bottlenecks and propose improvements for fulfillment warehouses. In addition, a linear
programming (LP) model is formulated to optimize storage space by determining the allocation,
quantity, and slot configuration for different rack types, taking into account storage
requirements and order processing demand. Furthermore, discrete-event simulation using
AnyLogic is employed to validate the proposed solutions through key performance indicators
such as operational efficiency, processing time, and space utilization. Simulation results indicate
that the storage space allocation strategy with a pallet-to-shelving ratio of 20:80 achieves a
better balance between storage capacity and order processing performance, while also
providing a valuable reference for the design and optimization of fulfillment warehouses in the
e-commerce context.
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1. Gi¢i thiéu

Sw buing no cua thwong mai dién ti toan cau va tai
Viét Nam dang tao ra nhitng thay ddi sdu sic trong
nganh ban 1é va logistics. Theo Tap chi Kinh té va Du
bao dén nam 2024, doanh thu thwong mai dién ti toan
cau dat 6,3 nghin ty USD (20% tong doanh s6 ban 1) va
dv kién vwot 8,09 nghin ty USD vao nam 2028. Xu
hwéng nay kéo theo su thay déi hanh vi tiéu dung, véi
nhu cAu cao vé tién loi, tdc do giao hang, va chat lvgng
dich vu.[1] Trong boi canh d6, dich vu Fulfillment xuat
hién nhw giai phap toan dién hd tro doanh nghiép
thwong mai dién tx - ttr nhp kho, lwu triv, dong goi, van
chuyén, dén x Iy sau ban hang. Fulfillment gitp tiét
kiém chi phi, t6i wu vin hanh, ning cao trai nghiém
khach hang, va tang nang luc canh tranh.

Cac nghién ctiru vé thiét ké va toi wu kho hang, dac
biét déi v&i hé thong kho 14y hang theo don thi cong,
nhin chung van chi yéu tap trung vao tirng khia canh
riéng 1é thay vi ti€p cin toan dién. Mot s6 nghién clru
tip trung vao chinh sach vin hanh kho, tiéu biéu nhw
Rosenblatt, Roll & Zyser (1993) [2] va Aase (2004) [3].
Trong khi dd, cac nghién ctru cta Caron, Marchet &
Perego (2000) [4] va Dukic, Vedran & Opetuk (2010)
lai cht trong dén thiét ké b6 cuc hodc kich thwéc kho
[5]. Mot s6 cong trinh da bat dau két hop gitra hai yéu
t6, thwong 12 b6 cuc kho va chinh sach vin hanh, nhw
Altarazi & Ammouri (2010) [6], Shqair, Altarazi & Al-
Shihabi (2014) [7], Roodbergen, Vis & Taylor (2015)
[8], hoac Petersen & Aase (2016) [9]. Tuy nhién, nhitng
nghién ctru nay van chi dirng lai & viéc két hop mot s§
yéu t6 nhat dinh, chwa da dé phan anh day da mirc d6
phirc tap trong van hanh kho thuc té. Ngoai ra, Kosfeld
(1998) [10] va Macro & Salmi (2002) [11] cho rang cac
nghién ctru hién nay thwong it chi trong dén vai tro cia
nhéan luc, thiét bi va théng lwong trong toan bo hé thdng
kho. Pong thoi, Gu, Goetschalckx & McGinnis (2010)
[12] cling nhan dinh rang linh virc thiét ké kho bai hién
nay van chu yéu thién vé phan tich tirng phén thay vi
xay dung mot khung phwong phap tich hop va toan
dién.

Bén canh d6, phén 16n cac m6 hinh mé phong trong
giai doan nay chi phan 4nh mot phan quy trinh vin
hanh hodc chi yéu tip trung qua mirc vao hoat dong
14y hang theo don ma chwa bao quat diy du cac giai
doan khac nhu ti€p nhan, sip xép vi tri lwu trit, x&p do,
bdo quan, phan loai va van chuyén. Tiéu biéu c6 thé ké
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dén Petersen (2002) [13], Petersen & Aase (2004) [3],
Chackelson et al. (2013) [14], va Shqair, Altarazi & Al-
Shihabi (2014) [7] . Vi vay, cac nghién ctru thwong chi
str dung nhirng chi s6 nhw quang dwong di chuyén hoic
thoi gian xt Iy don hang dé€ danh gia hiéu qua cta tirng
cong doan riéng 1é. Trong khi d6, d6i voi kho
Fulfillment, yéu t6 quan trong hon 1a tong thoi gian
hoan thanh toan bo chu ky van hanh, do dé viéc tdi vu
héa theo tirng khiu riéng biét cé thé chwa phan anh
ding hiéu qua chung ctia toan hé théng.

Mot han ché ndi bat khac ndm & hé thong chi s6
danh gia hiéu suat kho bai. Pa s6 nghién ctru méi chi st
dung cac chi s6 cuc bd nhw quang dwong di chuyén cia
nhan vién hodc thoi gian xtr Iy don hang. Chi tip trung
vao mot phin cta quy trinh xuit hang (chuin bi don
hang, 1ay hang va chat hang), ma bé qua quy trinh nhap
hang (tiép nhan, sip xép, luu trit, v.v.). Cach ti€p cAn nay
khién cac mo hinh t6i wu héa mang lai hiéu qua trong
pham vi gi¢i han clia mdt cong doan, ma it phan anh
dwoc toan bo hiéu suit van hanh tir géc d6 chudi cung
tmg. Trén thuc t& diéu ma chudi cung Umg trong
Fulfillment quan tAm la tong thoi gian hoan thanh toan
bd chu ky van hanh kho hang, thay vi chi 1a thoi gian di
chuyén hay xt Iy mot don hang don 1é. Vi viy, viéc t6i
wu héa dwa trén cac chi s6 cuc b cé nguy co tao ra sw
1éch lac, khi hiéu qua cta tirng khiu khéng nhat thiét
dam bao hiéu qua chung ctia toan hé thong.

Xuit phat tlr cic khodng tréng nghién ctru trudc
day, nhém tac gid da phan tich va dé xuit mé hinh téi
wu khong gian kho Fulfillment tai SwiftHub. M6 hinh
dwoc xdy dung dwa trén nén tang ly thuyét cla
Gu,Goetschalckx va McGinnis (2010) [12] va s dung
mo hinh quy hoach tuyén tinh (Linear Programming -
LP) [15] d€ t6i wu hdéa khong gian Iwu trir kho bai. Sau
d6, nhom tiép tuc ap dung mo hinh mo phong sw kién
roi rac (Discrete-Event Simulation - DES) bang phan
mém AnyLogic dé truc quan héa, tir d6 danh gia va so
sanh cac phwong an dé xuat chon ra mé hinh t6i wu. Bai
nghién cru dugc xay dung theo hwdng toan dién véi
pham vi rong hon.[16] Cu thé, dé tai xem xét dong thoi
nhiéu yéu t6 c6 anh hwdng dén hiéu qua van hanh kho
Fulfillment nhw nhan su, thiét bi, thong lwgng hang
héa, b6 cuc kho, chinh sach vin hanh va sy két noi gitra
cac khu vy chirc nang trong kho. Nhé d6, nghién ctru
khong chi dé xuit cach sdp xép hang hda ma con téi wu
toan bd hoat déng kho. Bén canh d6, nghién ciru tién
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hanh mo6 phong toan bd quy trinh hoat dong cia kho
Fulfillment, ttr nhdp hang, cit hang, lvu trit, chuin bi
don hang, 14y hang, dong gbi cho dén xuit hang. Qua
trinh mo6 phéng dwoc xay dung dwa trén cac tac nhan
(agents) nhw nhin sy, xe nang, thiét bi lwu trir va ludng
di chuyén hang hoéa. biéu nay giip mo phong sat thuc
té va danh gia anh hudng cia tirng yéu té dén hiéu suit
chung ctia kho. Ngoai ra, hiéu qua van hanh khong chi
dwoc danh gia thong qua mat chi tiéu don 1é ma dwa
trén hé théng cac chi s6 téng hop nhw thoi gian hoan
thanh don hang, hiéu suit st dung nhan su, ty 1é 14p
day kho, ty 16 hoan thanh don hang. Cach tiép cin nay
gitp danh gia toan dién quy trinh van hanh thay vi chi
tap trung vao mot cong doan riéng 1é nhw nhap hang
hodc xuit hang.

2. Phwong phap nghién ciru
2.1. Phwong phdp khdo sdt, phong vdn

Nghién cttu ap dung phwong phap thu thap dit liéu
thuc tién tai kho SwiftHub nhdm phan 4nh chinh xac
hién trang hoat dong kho. D liéu thu thip bao gobm bo
tri khdng gian kho, quy trinh vin hanh, tin suit nhép -
xudt hang va cac khé khan thwong gip trong qua trinh
khai thac. Thong tin dwoc thu thap thong qua quan sat
truc tiép, bang ciu hoi khdo sat dinh lwong va phong
van dinh tinh cc nhan vién, nhin sy dang tryc tiép lam
viéc tai kho. Phwong phap nay gitp dam bao tinh khach
quan va lam co s& dir liéu d4u vao cho qué trinh mé
hinh héa va phan tich & cac buéc nghién ciru tiép theo.

2.2. M6 hinh Quy hoach tuyén tinh (Linear
Programming - LP)

LP Model (Linear Programming Model) la mé hinh
t6i wu héa tuyén tinh dung dé tim phwong an tét nhit
trong diéu kién nguon lwc gi¢i han. Trong nghién ctu
nay, nhém tac gia st dung LP két hop vdi cong cu
Microsoft Excel Solver dé xay dwng cac phwong an thir
nghiém va lywa chon mé hinh kho t6i wu. M6 hinh tip
trung tdi wu hoa dién tich Ivu trir thong qua viéc phan
b6 cécloai ké khac nhau, dong thoi xét dén nhu cau lvu
trit va xt Iy don hang. Dya trén nhu ciu tirng loai don
hang theo ngay, m6 hinh xac dinh s6 lwong ké va slot
mdi diy ké cin b tri d& str dung hiéu qua khong gian
kho. [15]

Cac tham s6 chinh (Main Parameters):

56

Goi:

k=1,2,..,r: Loai ké
j=1,2,..m: Loai don hang
r: tong so loai ké

m: tong s6 loai don hang

Ck strc chtra chia 1 slot loai ké k (units/slot)
(k:1,2....1)

ai: dién tich cia 1 slot loai ké k (m?/slot) (k:1,2...r)

Yji: s6 units cta loai don hang j dwoc xt 1y bédi loai
kék(k:1,2..r&j=1,2,.,m)

Dj: nhu ciu tdi thiéu ctialoai don hangj (j=1,2,...,m)
M: tOng strc chira toi da cia kho (units)
A: téng dién tich kho (m?)

pi: phén tram dién tich loai ké k chiém trén tong
dién tich lvu trir cdakho (%) Qk=10x = 1)

Bién quyét dinh (Decision variable)

Xi: s6 slot trén ké loai k (k:1,2...r)

Ham muc tiéu (Objective Function)

T6i da hda téng s6 units c6 thé lvu trir trong kho:
Max Z= Y} -y Ci Xy (1)

Rang budc (Constraints):

Rang budc dién tich kho: Tong dién tich chiém dung
clia tirng loai ké k phai dap tng it hon hoic bang téng
dién tich kho

(2)

Rang budc strc chira kho: Téng strc chira (units) ctia
tirng loai ké k phai it hon hodc bang sttc chira tdi da cia
kho

Z£=1 ag XkSA

(3)

Rang budc dap &ng nhu ciu tirng loai hang: T6ng s
units dworc tao ra theo tirng loai ké k phai dap ing lém
hon hodc bang yéu ciu hang ngay cia tirng loai don
hangj

Yk=1CkXe s M
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(4)

Rang budc phan tram dién tich tirng loai ké k chiém
trén tong dién tich lwu trir ctia kho:

Z;=1 )/]kZD/ (J = 11 2/ ey m)

(5)

Rang budc sé lwong slot cta tirng loai ké k 1a s6
dwong

akXk= pi) =1 Qi X

(6)

Dua trén nghiém t6i wu Xk thu dwoc ttr mé hinh quy
hoach tuyén tinh (LP), nhém nghién ctru tién hanh xac
dinh cac théng so chi tiét lién quan dén cau tric ké va
dién tich lwu trir cia kho. Cu thé, s lwgng slot cia tirng
loai ké dwoc phan ra thanh cac thanh phan ciu tric bao
gbdm s6 day ké, s6 slot trén mdi tAng va s8 ting clia ké.
Dboéng thoi, cac thong s6 nay dworc st dung dé tinh todn
dién tich lwu trit twong &ng

X0 (k:1,2..,r)

Tong slot Iwu triv cha loai ké k

XkYikzk = Xk (7)
Trong do:

xi: SO day ké loai k (k:1,2...,r)

yi: SO slot trong 1 tAng cta loai ké k (k:1,2....r)
zi: SO tAng cta loai ké k (k:1,2....r)

Xi: s0 slot trén loai ké k (k:1,2...,r)

Tong dién tich lwu triv ctia loai ké k

Sk = (Wixk + Wa.kxz—k )iy (8)
Trong do:

Sk: Dién tich lwu triv cia tirng loai ké k (k:1,2...,r)
(m2)

xi: SO day ké loai k (k:1,2...,r)

yi: S6 slot trong 1 ting cta loai ké k (k:1,2....r)

wi: Chiéu rong cua 1 slot loai ké k (k:1,2...,r) (m)
Wax: Chiéu rong 16i di gitra loai ké k (k:1,2...,r) (m)
li: Chiu dai cta 1 slot loai ké k (k:1,2....r) (m)
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Xy
Yo | L] ||
Wi
—>
14
Hinh 1. So @6 mit bing bé tri ké loai k va cac thong s6

kich thuéc.
Tong dién tich lwu trir ciia kho
Tong dién tich lwu trir cia kho bao gdm dién tich lwu
trir cua tirng loai ké k, dwgc xac dinh nhw sau:

S =Yk=15k (9)

Trong do:
S: Tong dién tich lwu trir cia kho (m?)
Si: Dién tich lwu trir ctia loai ké k (k:1,2....,r) (m2)

2.3. Phwong phdp mo phdéng roi rac va céng cu
AnyLogic

Trong khu6n khé nghién ctru t6i wu hdéa khong gian
tai kho Fulfillment, phwong phap mé phéng sw kién roi
rac (Discrete-Event Simulation - DES) dworc lwa chon
do phu hop véi ddc diém van hanh theo quy trinh cua
hé thong kho. DES mé hinh héa cac thuc thé lan lwgt
trai qua cac hoat déng xtr Iy va str dung nguon luc, dan
dén sy hinh thanh hang doi trong qua trinh van hanh.
Phwong phap nay cho phép téi hién truc quan luéng di
chuyén hang hoa, mirc d6 st dung tai nguyén va cac
diém nghén then chét, qua dé tao co s& danh gia dinh
lwong hiéu suit va so sanh cac phwong an bé tri khong
gian lwu triv. Mot s6 chi s6 hiéu suit thwong dwoc danh
gia théng qua DES bao gom: Mirc d6 st dung nguén luec,
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thoi gian Ivu trd ctia tic nhan trong hé théng hodc tirng
phan doan, thoi gian cho, chiéu dai hang doi, thong
lwong hé théng, diém nghén.

Mot wu diém quan trong cua phwong phap nay 1a
kha nidng két hop dir liéu thyce té va dir liéu moé phong
dé phan tich dd nhay va kiém thir cac kich bdn vin hanh
trong diéu kién bit dinh. Nho d6, nguoi dung cé thé so
sanh cac phwong 4n bé tri, phan tich két qua bing biéu
d6 va bao cdo thong ké, tir 6 xac dinh phwong an bé tri
t6i wu va phu hop trudce khi thir nghiém thuec té, gitp
tiét kiém chi phi va thoi gian.

Trong nghién ciru nay, phdn mém AnyLogic dwoc
st dung lam cong cu mo phong chinh. Véi kha nang mo
phdng sy Kién roi rac va thw vién Material Handling
Library, phan mém hé tro mé phéng chi tiét cac hoat
dong kho bai nhw xép d&, lwu trit, di chuyén hang hoa
va phan b6 nguon luec. [16]

3. Co s& ly thuyét

Kho Fulfillment, hay con goi la kho hoan tit don
hang, 1a mét dich vu lwu kho tich hop tir viéc nhan hang,
lwu trir, déng goi dén giao hang cho khach hang cuéi
cung. Kho Fulfillment déng vai trd quan trong trong
viéc hoan tit don hang cho thwong mai dién ti. [17]

NHAN HANG VA
KIEM TRA
$6 lwong 16m SKU
vao kho

(" PHANTACHSO )
LU'ONG LON SKU

Phan tach, sap xép vao

cac thiing chira (tote).

v

(" CHUYEN DEN NOT )

dworc gan mot khu vwee

(zone) va 1 nhan vién

_ LUUTRU DANH SACH XEP HANG
Mai thiing chira (tote) Thiing chira (tote)— Khu

vire (zone)— SKU— O
chira (bin)—S6 lwong

\nhép hang trong (rg Y,

Hinh 2. Quy trinh nhan hang va lwu trir hang hda.
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(" DANH SACH PONDAT )
HANG
Théng tin chi tiét cac don
\ dat }Iwmg
v
g = )
TINH TRANG TON KHO
Thong tin vi tri va sd
lwong hang ton kho
trong kho

TIEP NHAN PON HANG
Pon dat hang cia khach
hang dén lién tuc

--»

S

. "y

(DANH SACH LAY HANG )
Danh sach chira thong
tin v& cAc mat hang can
chon: Thing chiva
[Tote)— Khu vire
(Zone)—> O chira (Bin)
\_ SKU— S& lwong Y,

(LAY HANG THEO DON )
PATHANG

Nhin vién chon hang tir
nhigu don hang khac

nhau theo don dathang

(picking list) va dat vao
mot thiing chiva (Tote

\ : g ( ) j

! v
e : A
awovycenaion, | [ Dasactuer
HOP NHAT BO'N HANG

M&i thiing tote riéng biét
sé dwoc hé théng gan
vao ciung mot danh sach

\_ heop nhit Y,

NWhan vién phin loai va
gom cac san pham theo
don hang

v
PONG GOI VA TONG
HOP
Déng goi tit ca cac SKU
thuéc mot don hang vao
mdt hop van chuyén duy

\_ nhat J

Hinh 3. Qu4 trinh ldy hang va hgp nhit don hang.

' )

_ GANXETAI
Moi don hang dwroe gan
cho métxe tai cu thé dwa
trén lich trinh xe tai :
¢’ |
LICH TRINH BANG XE
TAI
_| Théng tin vé lich trinh xe
tai, bao gbm ma bén, sé
xe tai, ma buu dién va
thévi gain xuat/nhap

(.

GIAO HANG BANG XE
TAI
Don hang dwoe tailénxe [*
va van chuyén dén diém
cudi cung
o /

v

GIAO HANG THONG )
QUA DON VI VAN

CHUYEN BEN THU BA
Bon hang dwoc giao cho
bén van chuyén dé giao

\_ dén diém cudi cling Yy,

Hinh 4. Quy trinh gan xe tai va xép hang 1én xe tai.

Hinh 2, Hinh 3 va Hinh 4 mé ta tdng thé quy trinh
van hanh ctia mét kho Fulfillment tiéu chuin, bao gom
cac giai doan ttr ti€p nhan va lwu trir hang héa, xt 1y va
hop nhit don hang dén phan b phwong tién va giao
hang dén khach cuéi cing. Quy trinh nay phan anh
dong chdy van hanh xuyén suét trong kho Fulfillment,
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dong thoi thé hién moi lién két gitra cac hoat dong nhap
hang, luu trit, 14y hang, dong gdi va xuit hang nham
dam bao tdc d6 xi ly don va hiéu qua vin hanh hé
thong.

Hinh 5 trinh bay so do tdng hop cic nguyén tic va
tiéu chi t6i wu khéng gian kho hang, dwoc xiy dung tir

cac nghién ctru truedre day két hop vai mé hinh van hanh
thuc té tai doanh nghiép. Thiét ké kho Fulfillment vé co
ban ké thira cAc nguyén tic cia kho truyén théng, tuy
nhién dic biét nhadn manh yéu t6 thoi gian hoan tit don
hang nhw mot tiéu chi trong yéu trong danh gia hiéu
qua van hanh. Cac nguyén tic va tiéu chi danh gia dwoc
hé thong héa trong hinh dwéi day:

— s ) =
g THONG LUVONG KHO HANG = —[ CHIPHI ]
(E E
g KICH THU'G'C KHO HANG g _[ HIEU SUAT SUr DUNG KHONG GIAN
- [ o )
E o 5
\‘ c - “m. 3 B
= [ THIET KE B6 cCUC KHO HANG = Z PO BEN VA AN TOAN
& Z \ T
g3 =
= _ . v i
< LU'A CHON THIET BI KHO BAI E TINH LINH HOAT
2| :
Z =]
& INH SACH VAN T2 & _, —
=2 —[ CHINH SACH VAN HANH = | THO'T GIAN HOAN TAT DON HANG
z | S J
|

Hinh 5. So d6 nguyén tic va tiéu chi t3i wu thiét ké khong gian kho hang.

4. Xay dwng mo6 hinh

Dwa trén khao sat va phong van tai kho Fulfillment
SwiftHub, nhém nghién ctru da thu thip va tong hop so

liéu thuc té nhw Bang 1, Bang 2 va Bang 3, sau d6 dwa
vao phan mém mo phong AnyLogic dé tinh todn va
phan tich cac kich ban trong nghién ctru.

Bang 1. Dit liéu dau vao cho md hinh kho anylogic.

STT Nhém Thong s6 dau vao Gia tri Ponvi
1 Thoéng tin kho Dién tich kho 3.000 m?
2 Chiéu rong kho 47 m
3 Chiéu dai kho 64 m
4 To6n kho & dong hang Ty 1é ton kho ban dau 50 %
5 S6 lwong hang nhap B2B 150 don vi/16
6 S6 lwong hang nhip B2C 1 don vi/16
7 Tén suat xuat hang B2B 10 ngay/ lan
8 Tén suit xuat hang B2C 3 1an/ ngay
9 Hé thong ké shelving SO lwong ké 10 ké doi
10 S6 tang mdi ké 5 ting
11 S8 bin mdi tAng 27 bin
12 Téng vi tri lwu triv 2700 vi tri
13 Hé thong ké pallet S6 lwong ké 14 ké doi
14 S6 tAng mdi ké 5 tAng
15 S& bin mdi tAng 33 bin
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STT Nhém Thong s dau vao bonvi
16 Toéng vi tri lwu tri 2310 vi tri
17 Ngubn luc Forklift 1 thiét bi
18 Nhéan vién cit hang 5 nguoi
19 Nhén vién 1y hang 3 nguoi
20 Nhan vién phan loai 3 nguoi
21 Nhéan vién dong géi 6 nguoi

Quy wéce 1 agent = 10 SKU

Bang 2. Dir liéu dau vao théng s6 kho cho mo6 hinh Ip.

Thong s6 Gia tri Don vi
Stec chira kho tdi da (M) 100,000 units
Téng dién tich kho (A) 3,000 m?
Sd loai sdn phdm 1 loai
S6 loai don hang (m) 2 loai
S6 loai ké (r) 2 loai

Bang 3. Dir liéu dau vao loai don hang cho mé hinh LP.

Loai Units Tong S0 S6 Demand/
don / slots/ don/ units ngay
slots don ngay /don (units)
B2B 150 2 0.1 300 30
B2C 1 400 3 400 1200

M6 hinh kho Fulfillment SwiftHub dwgc xdy dung
trong phin mém AnyLogic st dung Thw vién M6 hinh
héa Quy trinh (Process Modeling Library) va Thw vién
Xt ly Tai Nguyén (Material Handling Library) dé mo
phdng hoat dong trong kho fulfillment, cho phép mo
phong nhiéu kich ban khic nhau, xuét ra cac biéu do
hiéu sudt, ty 1& va cac thong s8 ki thuat cu thé tir d6 dé
dang phan tich va danh gia.

Mo hinh khong gian kho Fulfillment dwgc m6 phéng
tir m3t bang thuc t€ trong trong qua trinh di khao sat.
Nhém tac gia xay dung md hinh md phong bang phin
mém Anylogic v&i 3 phan: Co s& ha ting kho, cic sy
kién logic va cac biéu do so liéu.
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Phan 1 la M6 hinh 3D (Hinh 6) m6 phdng co s& ha
tang ctia kho va mé ta cac bé tri khong gian cac khu vuec:
d@& hang, nhap hang, bai db Forklift, khu virc lwu trit (ké
shelving, ké pallet), phan loai, d6ng goi, xuit hang, xép
hang, trd hang.

Y Yy
V4 P

Hinh 6. M6 hinh 3D kho hién tai.

Ngoai ra, nham mo ta ddy dd mo hinh, nhém tac gia
da xay dung so d6 ludng hang hoa tai kho SwiftHub. So
do6 nay dwoc xdy dung dua trén qua trinh nghién ctiru
thiét ké két hop khao sat thuc dia, va dugc trinh bay
trong Hinh 7.

Phin 2 (Hinh 8) 1a so d6 logic md phdng vin hanh
mo ta logic hoat dong ctia kho théng qua cac khéi chirc
nang trong AnyLogic nhw tiép nhin hang, lvu tri, truy
xudt, di chuyén, phan loai va xuat hang (Bang 3). Phin
3 1a cic biéu d6 (Hinh 9) va bang sé liéu (Bang 4) thé
hién hiéu suit va nang luc van hanh cta kho, gitp xac
dinh cac diém nghén va so sanh hiéu qua gitra cac kich
ban bo tri kho khac nhau.
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XE BUA
HANG B2C VAO KHO

LUONG DI
CHUYEN HANG B2C
TRONG KHO

LUONG DI
CHUYEN HANG B2B
TRONG KHO

XE BUA
HANG B2B VAO KHO

KE PALLET

KHU PHAN LOAI

of
& | wHu KHU |
Lo %
) [ v [
@ = HANG HANG _,_gg
- KHU
KHU KE SHELVING NHAN
PONG HANG
GOL

|vi'uu PHONG

Hinh 7. So d6 ludng dong hang héa trong kho hién tai.

QUY TRINH RETURN

source5  Stored  delay17 delay18 sink7 Retuml moveTo10 delayi6 moveToll sink6

D2C  hold Movelo  delay  moveTol  gine Q ﬂ %Otput 0 8 a ﬂ—ﬂ ﬂ 0
o 07. Ix) LUU TRU HANG TREN KE SHELVING LAY HANG QUY TRINH PHAN LOAI
unbatch queue store1 delays retrievel delay7 store2  delay8 retrieve2  delay6 sinkl

| ) [ | ¥E fi -
source delayl  batch seize  moveTol release  delay2 mﬂﬂ ¢ O . ¢E b) E_$
time2 timeEnd2 timeEnd1

R O - - g O e

timel hold1 delay3  retrieve de\aydj sourcel quevel convey  delayd  gipo

selectOutput
eI B oH @3
QUY TRINH DG HANG TU XE TAI QUY TRINH NHAP HANG

LUU TRU'HANG TREN KE PALLET QUY TTRINH DONG GOl HANG B2C
source10 delay1l  batch1 seizel  moveTo5 releasel  delay12  store3 delay13 retrieve3  queue3 source2 moveTo3  delayl0 pickup  moveTod g3
>u 00
o O LA e v e O e O Ei 2 ' e © g ) o o e

QUY TRINH DG HANG TU XE TAI QUY TRINH NHAP HANG LUU TR HANG TREN KE PALLET
g MoveTo8  delayls moveTod g5 sourced moveTo6  delay14  pickupl | moveTo7 ginq source3  queue2
o B & o 1B

QUY TRINH XUAT HANG B28 QUY TRINH XUAT HANG B2C

Hinh 8. So d6 logic trong md hinh mé phong kho hién tai.

Bang 3. Danh muc cic khéi dugc st dung.

Khoi Tén khoi Chirc ning
source
Ngubn dau vao (sources) Dua agent (hang h6a) vao hé thong tir nhiéu diém khac
nhau.
moveTo
o ) Di chuyén (moveto) M6 phong viéc di chuyén agent giitra cac vi tri xt ly.
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Khai Tén khdi Chirc nang

store  retrieve

Lwu trit va truy xuét (store & retrieve)  Lwu trit hang hoa va 1y hang héa ra khoi hé thng kho (ké
chtra, khu vuc lvu tam...).

28 xo 1y va cho (delay, seize, release) M6 phdéng thoi gian xi 1y, st dung va gidi phong agent

(nhw nhan luc, thiét bi).

baten unbatch

Tach/gdp agent (batch, unbatch) Cho phép gdp nhém hoic tach 1é agent khi cén thiét.
f‘:kuz Nhat 1én (pickup) M6 phong xe ning/ xe tai hodc robot 14y pallet/hang héa
tlr mot vi tri theo yéu ciu
% Bing chuyén (convey) M6 phong van chuyén agent trén mot truc vat ly.
g Diém két thic (sink) Danh d4u sv két thic cha agent trong hé thong.
O et T4c nhan (agent) D3di twong md phong cé kha ning tw di chuyén, twong tac,

va thuc hién cac hanh vi xac dinh trong mo phdng

Théng qua cac biéu do va so liéu thé hién hiéu suidt  b)
va nang lwc van hang ciia kho, nhém nghién ctru danh

s aep ~ N Ton kho theo thoi gian thue
gia cac diém nghén dwa trén biéu dé nhw sau: g g

Bang 4. Dit liéu dau ra mé hinh chwa t6i wu. 1,000

Tiéuchi Tylé Thoigian Hiéusudt Khéng

hoan hoan nhinsy  gian sk :
thanh thanh (%) dung
_ ) don don hang (%) g
Kich ban (%) TB (s)
Chwatéi 68.5 85.621 86.67 39 :
wu 500 1,000 1,50 2,00
a) Ké Shelving Keé pallet
Ty 16 lf,lp d?ty Hinh 9. Bién dong theo thoi gian cia hé thong ké

Shelving va ké Pallet ctia kich ban chwa t6i wu. (a) Ty 1é
14p day, (b) Mikc ton kho.

Hinh 9 biéu dién ty 1& 1dp day va mic ton kho da
téng hop tir cic chi s6 vin hanh, nhin thay mo hinh kho
hién tai chwa dat trang thai t6i wu ,nghiém trong nhatla
ty 1é hoan thanh don chi dat 68,5%, thip hon rat xa so
v&i muc tiéu cta kho Fulfillment thwong mai dién ti,
N A NN\l NN phan anh rdi ro cao vé ton kho thip, thiéu hut hang
thuc té hodc quy trinh xac nhan don chwa hiéu qua. Bén
canh d6, mic st dung khong gian chi 39% cho thay sw
lang phi dang ké vé chi phi mit bang, viéc b6 tri hang
héa chwa hop 1y va gidm hiéu qua van hanh. Ty Ié 14p
day chwa hop ly khi ké pallet dat khoang 48-50% trong
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khi ké shelving chi 20-30%, cho thiy hang h6a phan bd
chwa phtt hop v6i déc tinh Iwu triv va tn suit 1y hang,
dan dén lang phi dién tich va lam gidm hiéu qua picking.
Dboéng thoi, viéc ton kho tip trung chi yéu & pallet thay
vi shelving cling gop phan lam gidm hiéu qua khai thac
khoéng gian va kéo dai quang duwdng picking. Mac du
hiéu suit nhan sy dat 86,67% la diém tich cwc, nhung
van chua dat mic tt nhat, c6 thé ting thém néu cai
thién khong gian va van hanh kho. Nhin chung, cac chi
sO nay cho thiy kho chwa dat dwoc mirc t6i wu tiém
ning, can dworc tai thiét ké ca vé ciu triic khong gian 1an
quy trinh dé nang cao hiéu qua téng thé.

5. Két qua
5.1. Két qud mé hinh LP

Tl két qua cia mé hinh LP, bién quyét dinh Xk
(téng s slot cda loai ké k) dwoc phan ra theo ciu tric
khong gian ctia hé théng ké, cu thé:

Xkykzs = Xk

(7)

Trong nghién ctru nay, véi bai toan dién hinh tai
SwiftHub, nham t6i wu héa viéc st dung chiéu cao kho
dong thoi ddm bao phu hop véi dac tinh van hanh va
thiét bi xép d&, nhoém nghién ctru c6 dinh sé ting cia
cac ké pallet va ké shelving la 5 ting,vi zi=5.

Véi dac thu caa kho fulfillment, nhém tac gia da
phéan bé lai co ciu lwu trir gitra ké pallet va ké shelving
theo 4 kich ban ty 1& 40:60, 30:70, 20:80 va 10:90. ¢/
mdi kich ban, dién tich chiém dung dwoc xac dinh thong
qua quy dai tir s6 lwong va dién tich cac vi tri luwu triv
(slot) cua tirng loai ké, qua d6 1am co sé tinh toan dién
tich can thiét va so lwong vi tri lwu trir twong tng. Tir
két qua nay, nhom dé xuat phwong an bé tri s6 lwgng
ké pallet va ké shelving t6i wu, dap Gng nhu ciu vin
hanh cta kho fulfillment.

Do mé hinh dwoc xay dung dwdi dang quy hoach
tuyén tinh (LP), cic bién quyét dinh biéu dién s6 lwong
slot ctia tirng loai ké dwoc xem 1a bién lién tuc duwong.
Vi vay, nghiém t&i wu do bd gidi trd vé c6 thé nhin cac
gia tri thwe. Tuy nhién, trong thyc té s6 lwgng slot luu
trit phai la s6 nguyén dwong nén cic nghiém thu dwoc
can dwoc lam tron vé s6 nguyén gan nhit trude khi st
dung. Sai s6 phat sinh do lam tron la rat nho do dd 1éch
clia mdi bién khong virot qué +0,5 slot. Cu thé, sai s§
lam tron 16n nhat ctia bién (X1) la 0,460 slot (kich ban
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10:90), trong khi sai s6 16m nhét cta bién (X2) 12 0,439
slot (kich ban 40:60). So v&i quy mo hé thong tir hang
tram dén hang chuc nghin slot lwu trit, cac sai s6 nay chi
chiém ty 1é rat nho, dwédi 0,15% doi véi (X1) va dudi
0,005% déi voi (X2). Do d6, anh hwdng cda viéc lam
tron dén tong dién tich lvu triv va két qua so sanh giira
cac phwong an la khong dang ké. Vi vy, cac nghiém sau
khi lam tron dwoc xem 13 dd chinh xac d€ phuc vu phan
tich va dé xuit phwong an bo tri kho trong thuec té.

Bang 5 trinh bay dir liéu dau ra cia m6 hinh LP sau
khi cac bién quyét dinh dwoc lam tron vé s6 nguyén
dwong gin nhat.

Bang 5. Dit liéu d4u ra cia mo6 hinh LP.

Ty 1é ké (Pallet : Shelving)

Théng s6

40:60 30:70 20:80 10:90
X1:s6 slot 596 563 507 317
cua ké
pallet
X2:s6 slot 10,565 15,523 23,954 33,750
cua ké
shelving
Toéng dién 1,126. 1,419. 1,916. 2,400.
tichlvutrr 9 2 3 0
%diéntich 37.6% 47.3% 63.9% 80.0%
lwu triv so
vé&i dién
tich kho

Véi dac thu cta kho Fulfillment, nhém tac gia da
phén b6 lai co cdu lwu triv gitra ké pallet va ké shelving
theo 4 kich ban ty 18. & méi kich ban, dién tich chiém
dung dwoc xac dinh théng qua quy doi tir s6 lwong va
dién tich cac vi tri lwu tri (slot) cta tirng loai ké, qua do6
lam co s& tinh toan dién tich cén thiét va s6 lwong day
ké twong trng. Ttr két qua nay, nhom dé xuat phwong
an bo tri s6 lwong day ké pallet va shelving t6i wu, dap
trng nhu cau van hanh cia kho Fulfillment.

Cac kich ban dwgc phan loai theo ty 16 tong dién tich
lwru trir (ké shelving & ké pallet) trén tong dién tich kho.
Ty 1€ nay phan &nh mic d6 s dung khéng gian kho.
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Dua trén két qua, cac kich ban dwoc nhém lai d€ phan e Trong Bang 7 la nhém th& hai bao gbm cac
tich va so sanh, tir d6 chia thanh hai nhém chinh: tredong hop cé dién tich lwu triv 16n hon 50% dién
tich kho.

e Trong Bang 6 1a nhém th nhit bao gdm cac
trwong hop c6 dién tich lwu trit nhé hon 50% dién
tich kho

Bang 6. Thong sd kich ban thwc nghiém véi dién tich lwu trir dwdi 50%.

Nhoém treong hop theo ty 1€ ké (pallet : shelving) X1 yi X2 y2  Phanloai kich ban

40:60 TH1: Rang budc theo x1 cta ké pallet va x2 cia ké Shelving 16 7 50 42 KB 1
TH2: Rang budc theo y1 cda ké pallet va y2 cia ké shelving 4 21 28 73 KB2
TH3: Rang budc theo y1 cda ké pallet 4 21 38 53 KB 3
TH4: Rang budc theo y2 cta ké shelving 8 13 28 73 KB 4
30:70 TH1: Rang budc theo x1 cta ké pallet va x2 cua ké Shelving 16 7 50 62 KB 5
TH2: Rang budc theo y1 cta ké pallet va y2 cia ké shelving 4 21 42 73 KB6
TH3: Rang budc theo y1 cda ké pallet 4 21 40 76 KB7

TH4: Rang budc theo y2 cia ké shelving 4 28 42 73 KBS

Bang 7. Thong so kich ban thwe nghiém véi dién tich lwu trir trén 50%.

Nhém treong hop theo ty 1€ ké (pallet : shelving) X1 y1  X21 Y21 X22 y22 Phanloaikich ban
20:80 TH1: rang budc theo x1 cda ké pallet 16 6 50 45 28 21 KB 9
TH2: rang budc theo y1 cua ké pallet 4 21 42 73 58 15 KB 10
TH3: rang budc theo x2.1 cua ké shelving 17 -3 50 75 58 73 LOAI
TH4: rang budc theo y2.1 cta ké shelving 1 21 52 73 58 73 KB 11
10:90 TH1: rang budc theo x1 cua ké pallet 16 3 50 53 58 48 KB 12
TH2: rang budc theo y1 cua ké pallet 2 21 48 73 58 41 KB 13
TH3: rang budc theo x2.1 ctia ké shelving 17 -6 50 84 58 73 LOAI
TH4: rang budc theo y2.1 cuia ké shelving 0.06 21 58 73 58 73 LOAI
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5.2. Ddnh gia
5.2.1. Kich ban nhom trwong hop theo ty 1€ ké (40 : 60)
Bang 8. Dit liéu d4au ra mé hinh ty 1& 40:60.

Tiéuchi  Mutc Thoi gian Hiéu Khong
dap hoan thanh sudt  giansw
rng don hang nhan dung
nang TB (s) su (%) (%)

Kich ban lye
(%)
KB1 97.69 2,464.909 85
KB 2 95.3 2,459.455 90
37.6
KB 3 85.72 2,459.223 85
KB 4 81.86 2,456.735 83.3

Tir Bang 8 cho ra s6 liéu, c6 thé thiy dwoc KB1 la
phwong an t6i wu nhit trong nhém truedng hop theo ty
1é ké (40 : 60) vi dat ty 16 hoan thanh don hang cao nhat
& mirc 97.69%, phan anh tryc tiép mirc dap &ng nhu
cau thuc té va mirc do hai long cia khach hang. Thoi
gian hoan thanh don hang trung binh ctia KB1 & mirc
2,464.9 gidy, mirc chénh léch khong dang ké va hiéu
suit nhan sw dat 85%. Du khong dat 100%, nhung KB8
c6 sw danh doi gitra hiéu suit nhin vién, thoi gian hoan
thanh, dién tich kho dé quing dwong di chuyén hop ly
nhat va nang luc dap &ng cao nhit

a)

Ty 1¢ lap day

K¢ Shelving K¢ pallet
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b)

Ton kho theo thoi gian thuce

K¢ Shelving K¢ pallet

Hinh 10. Bién dong theo thoi gian ctia hé thong ké
Shelving va ké Pallet ciia KB 1. (a) Ty 1é 14p day, (b) Mtkc
ton kho.

Hinh 10 thé hién cac biéu d6 bién déng van hanh
cta hé thong ké tai khu virc KB1. Trong d6, Hinh 10a
cho thay ty 1é 1ap day cta ké Shelving ting dan va duy
tri 6n dinh, trong khi ké Pallet c6 xu huéng giam. Pong
thoi, Hinh 10b phan anh lwgng tén kho theo thoi gian
thuc tip trung chu yéu tai ké Shelving va gidm dan tai
ké Pallet. Két qua cho thdy md hinh KB1 sau diéu chinh
da cai thién dang ké sw cAn bang trong phan bg lwu triv
va van hanh, khi hang héa dwoc chuyén dich hop ly
sang ké Shelving nham ning cao hiéu qua picking. Tuy
nhién, tong thoi gian x ly don van ting cao bit
thuwong, cho thdy moé hinh cén tiép tuc dwoc hiéu chinh
dé dam bao tinh 6n dinh va hiéu qua vin hanh tong thé.

5.2.2. Kich bdn nhom trwong hop theo ty 1é ké (30 :
70)

Bang 9. Dit liéu d4u ra mé hinh ty 1& 30:70.

Tiéu chi Mw&rcdap  Thoigian Hiéu Khong
ng hoan thanh suit gian
nangluc  donhang  nhansw st
Kich ban (%) TB (s) (%) dung
(%)
KB 5 75.03 2,456.347 77.33 47.3
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Tiéuchi Mtrcddp  Thoigian Hiéu Khong
rng hoan thanh suit gian
niangluc donhang  nhansw st
Kich ban (%) TB (s) (%) dung
(%)
KB 6 47.72 2,426.764 70
KB 7 81.14 2,457.24 83
KB 8 81.56 2,457.621 86.48

Tl Bang 9 cho ra s0 liéu, c6 thé thiy dwoc KBS 1a
phwong an t6i wu nhit trong nhém trudomg hop theo ty
1€ ké (40 : 60) nay vi dat mirc dap rng nang luc cao
nhat 81.56% va hiéu suit nhin su cao nhit 86.48%.
Mac du thoi gian hoan thanh don hang 2,457.621 tang
nhe so v&i cac treomg hop khac nhwng mirc chénh 1éch
khéng dang ké, dam bao kha nang vin hanh 6n dinh.

a)
Ty 1¢ lap day

K¢ Shelving Ké pallet

b)
Tén kho theo thoi gian thwe

K¢ Shelving K¢ pallet
Hinh 11. Bién dong theo thoi gian ctia hé thong ké
Shelving va ké Pallet ctia KB 8. (a) Ty 1¢ 14p day, (b) Mirc
ton kho.

Hinh 11 thé hién cac biéu d6 bién déng van hanh
cta hé thong ké tai khu virc KB8. Cu thé, Hinh 11a cho
thiy ty 16 1dp day ctia ké Shelving duy tri 6n dinh, trong
khi ké Pallet tiép tuc c6 xu hwéng gidm. Pong thoi,
Hinh 11b phan 4nh mtc ton kho theo thoi gian thuc
voi lwgng hang trén ké Shelving 6n dinh va tén kho tai
ké Pallet & mirc thap. K&t qua cho thay mo hinh KB8 da
c6 sw chuyén dich sang ké Shelving, tuy nhién mc d6
tAn dung chwa du dé tao ra cai thién ro rét trong van
hanh. Téng thoi gian xt ly don van & mitc cao, phan
anh dong chay vin hanh chwa dwoc tdi wuy, trong khi
hiéu suit nhan sw chi dat khoang 86,48%, cho thiy
ngudn lwc chwa dwgce khai thac déng déu. Vi vy, cd thé
nhin thdy mé hinh 30:70 du da dinh hwéng ting st
dung ké Shelving nhung van chwa mang lai hiéu qua
cai thién toan dién cho hé théng.

5.2.3. Kich bdn nhém trwong hop theo ty 1é ké (20 :
80)

Bang 10. Dit liéu d4u ra mé hinh ty 1é 20:80.

Tiéuchi  Mtc Thoi gian Hiéu Khong
dap hoan sudt  giansw
ng thanh don  nhan dung
nang hang TB  su (%) (%)

Kichban  1¥¢ (s)
(%)
KB9 105,89 214.81 85.3
KB 10 96.81  93.257 88.6 63.9
KB 11 66.44 2,253.108 51.6

Tl Bang 10 c6 thé thiy, KB10 la kich ban phu hop
nhit trong nhém treong hop theo ty1é 20:80. Kich ban
nay dat mirc dap rng ning lwc 96,81%, thap hon KB9
(105,89%) nhung van tiém can mirc dap tng day du
nhu ciu. Dong thoi, thoi gian hoan thanh don hang
trung binh chi 93,257 gidy, nhanh hon khoang 2,3 lan
so v&i KB9 (214,81 gidy) va khodng 24 lan so véi KB11
(2.253,108 gidy). Bén canh d6, hiéu suat nhin sy dat
88,6%, cao hon KB9 (85,3%) va vuwot troi so véi KB11
(51,6%), cho thay nguon lwc dwoc khai thac hiéu qua
hon. Két qua nay ciing pht hop véi xu hwdng quan sat
tir biéu d6 md phéng khi lead time dwoc rit ngin dang
ké va dong chay vin hanh tré nén 6n dinh hon.
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Mac du KB9 c6 mirc dap rng nang luc cao hon
(105,89%), nhung gia tri nay phan anh nang lwc xt ly
vwrot nhu ciu cta hé théng. Trong khi d6, KB10 van
duy tri mirc dap (rng ning lwc gin bang nhu ciu thuc
té, dong thoi dat thoi gian xtr Iy ngén hon va hiéu suit
str dung nhan sy cao hon. Piéu nay cho thiy KB10 cin
bang t6t hon gitra kha nang dap tng nhu ciu, téc do xir
ly don hang va hiéu qua str dung nguon luec. Vi vy, xét
theo muc tiéu t6i wu héa bd cuc kho nham rut ngan
thoi gian hoan thanh don hang va nang cao hiéu qua
van hanh, KB10 dworc lwa chon la kich ban t6i wu trong
nhém ty 1€ 20:80.

a)

Ké Shelving Ké pallet

b)
Ton Kkho theo théi gian thuc

K¢ Shelving K¢ pallet
Hinh 12. Bién dong theo thoi gian ctia hé thdng ké
Shelving va ké Pallet ctia KB 10. (a) Ty 1é 14p day, (b)
Mirc ton kho.
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Hinh 12 thé hién cac biéu d6 bién déng van hanh
cta hé thong ké tai khu vire KB10. Trong d6, Hinh 12a
cho thiy ty 1é 14p dy ctia ké Shelving ting cao va duy
tri 6n dinh, trai ngwoc véi xu hwdng giam cia ké Pallet.
Dbong thoi, Hinh 12b phan 4nh mirc ton kho theo thoi
gian thyc voi lwgng hang hoa gia tang manh tai ké
Shelving va giam dang ké tai ké Pallet. Két qua cho thay
mo hinh KB10 véi ty 1€ 20:80 da cai thién ro rét hiéu
qua van hanh khi hang héa dwoc phin b6 chu yéu vao
ké Shelving, gitip rit ngan dang ké thoi gian xtr ly don
va gidm thiéu tinh trang tic nghén trong hé thong.
To6ng thoi gian hoan thanh don gidm manh xuéng mirc
thap, trong khi thoi gian cho tai cic cong doan gan nhw
khéng dang ké, phan anh dong chay vin hanh da dworc
toi wu.

5.2.4. Kich bdn nhém trwong hop theo ty 1é ké (10 :
90)

Bang 11. Dit liéu d4u ra mé hinh ty 1& 10:90.

Tiéuchi Mt&c  Thoigian Hiéusudt Khéng
dap hoan nhansy  gian st
ng thanh (%) dung
ning  donhang (%)
Khbin e TE()

(%)
KB 12 90.14 318.674 71.67 80
KB 13 95.39 534.342 76.67

Tir dit liéu t§ 18 10:90, Kich ban 13 (KB 13) duoc
khuyén nghi la phwong an t6i wu, du c6 sw danh doi ré
rang & thoi gian xi Iy vi trong kho Fulfillment, mirc dap
trng nang lwc mai 1a yéu t6 quan trong nhit dé xuit
don diang va du. Mac du mirc dap trng nang lwc ciia KB
13 dat 95,39% (du chwa cham ngudng 100%), nhung
con s6 nay da tdi wu hon han mitc 90,14% ctia KB 12.
Su chénh léch 5,25% nay twong dwong véi viéc clru
van hang trdm don hang bi thit thoat hay ton dong moi
ngay & quy mo lén, anh hwéng truc ti€p dén trai
nghiém khach hang va doanh thu. Song song dé, hiéu
sudt nhan sw ciia KB 13 dat 76,67% so vdi 71,67% cia
KB 12, gitip nang suat lao dong t6t hon khoang 5%;
trong bdi canh chi phi nhan sy luén chiém ty trong 1é6m
tai kho Fulfillment, diy 1a loi thé canh tranh truc tiép
vé van hanh. Do d6, viéc chap nhan thoi gian xtr Iy dai
hon 1a hoan toan hgp ly, vi dac thu mé hinh nay wu tién
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tinh chinh xac va giao hang trong ngay chir khéng yéu
cau giao hang siéu toc.

a)
Ty 18 lap day

500 1,000 1,500 2,000 2,500

Ké Shelving Ké pallet

b)
Tén kho theo théi gian thwe

Keé Shelving Ké pallet

Hinh 13. Bién dong theo thi gian cia hé thong ké

Shelving va ké Pallet ctia KB 13. (a) ty 1é 14p day, (b)
mirc ton kho.

Hinh 13 thé hién cac biéu do bién dong van hanh
ctia hé théng ké tai khu viee KB13. Cu thé, Hinh 13a cho
thay ty 1€ 1ap day cia ké Shelving ting nhe roi giam dan
vé cubi chu ky, trong khi ké Pallet duy tri & mic thap.
Dbong thoi, Hinh 13b phan anh mic ton kho theo thoi
gian thuc véi lwong hang lvu tri chid yéu tip trung tai
ké Shelving va ton kho khong dang ké tai ké Pallet. Két
qua cho thdy m6 hinh KB13 véi ty 1é 10:90 xuit hién
sw mat can bang trong phan b6 khong gian Iuwu trit, khi
ké Shelving phai chiu phan 16n tai van hanh con ké
Pallet gin nhw khong dwoc khai thac hiéu qua. Mac du
md hinh dat thong lwong cao véi ty 1€ hoan thanh don
95,39%, gan twong dwong KB10 (96,81%), nhung thoi
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gian x( Iy trung binh 1én t&i 534,3 gidy, cao gan 6 lan
so v 93,3 gidy cuia KB10. Bén canh d9, hiéu sudt nhin
su ciia KB13 chi dat 76,67%, thap hon dang ké so v&i
88,6% & KB10, cho thiy ngu6n lwc chwa dwoc str dung
hiéu qua. Vi vdy, mo6 hinh KB13 du c6 kha nang xt ly
don cao nhung van thiéu tinh 6n dinh va can bang hé
théng, nén chwa phtt hop dé trién khai thuc té..

Tém lai, trong s6 cac kich ban da phan tich, m6 hinh
20:80 (KB10) la phwong an tdi wu nhét, khi dat dwoc
sw cin bang hop ly gitta phan bd khong gian va hiéu
qua van hanh, dong thoi khic phuc dwgc cac van dé vé
diém nghén, bién dong thoi gian hoan thanh don hang
va lang phi tai nguyén & cac cau hinh con lai.

6. Két luan

Nghién cru tng dung mo6 phdng roi rac cho thiy
moi lién hé tryec tiép gitra bo tri khong gian va hiéu qua
van hanh kho Fulfillment. Két qua phan tich mo hinh
hién tai chi ra cac han ché phé bién nhw khu lvu trir
chwa dwoc phan khu hop 1y, phan b6 nguon lwc mat
can ddi va dong chay van hanh thiu déng bd, dan dén
tinh trang mot s6 cong doan bi qua tai trong khi cac
cong doan khac con dw cong suat, lam giam hiéu qua
tong thé cta hé thong,

Trén co s& danh gia d6, nhom nghién ctu da de
xudt mot loat gidi phap cai tién nham giai quyét cac van
dé trong yéu. Dua trén co s& ly thuyét vé nguyén tac
thiét ké kho va cac tiéu chi téi wu, cic gidi phap tip
trung vao dé xut toi wu bo tri khong gian kho théng
qua phan bé lai khu vuce Ivu trit, t6 chie lai ludng di
chuyén théng qua phan ving chirc nang. Bén canh do,
ap dung co ché 14y hang theo khu vuc va diéu chinh
hoat dong phan loai - déng goi theo lwu lwong don
hang dwoc xem la gidi phap quan trong nham nang cao
hiéu qua str dung nhan lwc va han ché tinh trang qua
tai cuc bo.

Két qua mé phéng cho thdy mé hinh téi wu KB10
(ty lé 20:80) mang lai cai thién rd rét so véi mo hinh
ban dau. KB10 gitip ning ty 1é hoan thanh don hang tir
68,5% lén 96,81%, cho thiy kha nang dap ing don
hang va mirc d6 6n dinh cda hé thdng dwoc cai thién
dang ké. bong thoi, hiéu suit nhan sy tang tir 86,67%
1én 88,6%, phan 4nh viéc phan bd ngudn luwc va to chirc
van hanh da hop Iy hon, gidm tinh trang ch¢ doi va mat
can bang gitra cac cong doan. Vé khong gian lwu trit, ty
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18 str dung khong gian tang tir 39% 1én 63,9%, cho thay
dién tich kho dwoc khai thac hiéu qua hon, dac biét tai
khu vuc ké Shelving. Viéc tang ty trong Shelving trong
cau hinh 20:80 gitip hang héa phu hop hon véi dic thu
xtr ly don hang B2C, tir d6 rdt ngan quing dwong
picking va giam bottleneck trong van chuyén. Ngoai ra,
két qua biéu d6 mo6 phong cho thiy dong chay hang
héa trong KB10 6n dinh hon khi mtrc ton kho va ty 1&
14p day gitra Shelving va Pallet dwgc phan bo hop ly. Ké
Shelving duy tri ty 1€ 14p day cao va 6n dinh, trong khi
Pallet dong vai tro ving dém lwu trit thay vi bi ton dong
qua mirc nhw mé hinh ban dau. Mic du thoi gian hoan
thanh don hang trung binh tang nhe so véi mo hinh
chua t6i wu, day van 1a mitc thap nhit trong cac kich
ban t6i wu; do d6, mirc danh doi nay dwoc xem la hop
ly khi xét dén hiéu qua vin hanh téng thé ma hé théng
dat dworc.

Nhw vay, nghién ctru di chitng minh rang mo
phong la cong cu hiéu qua trong viéc phan tich va t6i
wu cidc hé théng van hanh phic tap nhw kho
Fulfillment, cho phép danh gia tic dong cua cac
phwong an bo tri va diéu phéi nguon luc trwdce khi
trién khai thuec té.

Tuy nhién, bén canh nhitng két qua dat dworc,
nghién ctru van ton tai mot s6 han ché nhat dinh can
dwoc xem xét trong cac nghién ctru tiép theo. Thir nhat,
nghién ciru dwoc thyc hién dwa trén dir liéu khao sat
va mo phong tai mot kho Fulfillment ciia SwiftHub nén
tinh khai quat cho cac loai kho khac con han ché. Thir
hai, m6 hinh nghién cttu chti yéu tip trung vao toi wu
khong gian va hiéu qua van hanh kho, trong khi chwa
xem xét day du cac yéu t6 nhw chi phi dau tw, cai tao
kho, thay ddi hé théng ké, chi phi trién khai thuc té va
tinh kha thi vé mat tai chinh. Thit ba, dit liéu dau vao
dwoc xay dwng trong diéu kién van hanh twong d6i 6n
dinh, chwa phan anh day da sw bién dong thuc té nhw
nhu ciu theo mua, cac dot cao diém don hang hodc cac
yéu t6 bat dinh trong chudi cung ing. Thit tw, nghién
ctru hién chi tap trung mé phéng cac hoat dong chinh
trong kho nhw nhap hang, lvu tri, picking, phan loai va
dong géi, ma chwa xem xét sdu cac yéu té lién quan dén
hanh vi lao dong, nang suit theo ca lam viéc, mirc do
phoi hop gitta nhin sw va tdc déng cda yéu to con
ngudi dén hiéu qua van hanh téng thé. Ngoai ra dé xay
dung m6 hinh mé phdéng cé do tin ciy cao, can c6 sw
phoi hop lién nganh va dir liéu dau vao chinh xac. Viéc
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ap dung cach tiép cin tich hop gitp xem xét toan dién
cac yéu t6 tir bo tri khong gian, t6 chirc van hanh dén
kha nang két ndi trong mang ludi logistics, tir d6 nang
cao hiéu qua va tinh kha thi cia giai phap.

6. Hréng phat trién nghién ciru

Trong twong lai, nghién ctru c6 thé mé rong mo phong
cho nhiéu loai kho Fulfillment khac nhau véi cac kich
ban van hanh phic tap hon nhw mua cao diém, bién
déng nhu cau don hang va da dang ching loai san
ph4m nham nang cao tinh khai quat va kha ning tng
dung ctia mé hinh.

Pong thoi, mé hinh ¢ thé két hop véi cac thuit todn
t6i wu hdéa ning cao nhw Genetic Algorithm (GA),
Particle Swarm Optimization (PSO), Reinforcement
Learning ho3c Digital Twin nham nang cao kha ning
tim kKiém phwong 4n t6i wu trong diéu kién van hanh
phirc tap. Ngoai ra, nghién ctru cling c6 thé mé rong
theo hwdng tng dung cdng nghé Logistics 4.0 va tv
dong hoéa kho hang nhuw AGV, robot picking, bang
chuyén théng minh va [oT d€ ning cao nang suit va
giam phu thudc vao lao dong tha cong.

Cac nghién ctru ti€p theo nén xem xét thém cac yéu to
veé chi phi dau tw, chi phi vin hanh va hiéu qua tai chinh
nhidm danh gia toan dién hon tinh kha thi cla cac
phwong an t6i wu. Dong thoi, viéc phat trién hé thong
hé trg ra quyét dinh (Decision Support System - DSS)
sé gilip doanh nghiép truc tiép thiét ké, danh gia va
diéu chinh bé tri kho Fulfillment dwa trén dit liéu van
hanh thuyec té, qua d6 nang cao hiéu qua van hanh va
nang luc canh tranh trong boi canh thwong mai dién t
phat trién manh mé hién nay
Pong gop cua cac tac gia trong bai bao

Pam Nguyén Quynh Nhién: Phan tich dir liéy;
phan ho6i phan bién; dé xuat hudng cai tién mo hinh.
Kim Thanh Phat: Xay dung phwong phap; phan tich
dir liéu; xac thuc két qua. H6 Thanh Thao: Téng hop
tai liéu; viét - hoan thién ban thao. H6 Kiéu Thanh:
Bién soan dit liéu, viét - hoan thién ban thdo. Ng6 Tuin
Kiét: Xy dwng mo hinh mé phdong; phén tich két qua
mo phong. Nguyén Trong TAm: dinh hwéng varasoat
két qua ctia bai bao.

Tuyén bo khong xung dot 1¢i ich va cam két ban
quyén
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Cac tac gid tuyén bd vé sw khong xuat hién nhirng
xung dot tiém an tir nghién cru nay, va cam két bai
bao chwa tirng dwoc cong bo trude day.

Chia sé dir liéu theo yéu cau

Dit liéu sé dwgc cung cip theo yéu ciu.
Loi cam on

Nghién cttru nay dworc tai trog bédi Trweong Pai hoc
Giao thong van tai Thanh phé H6 Chi Minh theo Hop
déng s6: KHSV2510/HDP-UTH. Nhém tac gia xin tran
trong ghi nhan va cdm on sy hd tro vé kinh phi cling
nhuw cic diéu kién thuin loi trong qua trinh trién khai
nghién ctru. Sw hd tro ndy di gép phan quan trong
trong viéc ddm bao tién do thuc hién, ning cao chat
lwong nodi dung va hoan thién két qua nghién ctiu.
Nhém tac gid dong thoi danh gid cao sw hop tac va hd
tro tir phia don vi tai tro.

Bén canh d6, nhom tac gia xin gii 1oi cdm on chan
thanh dén Cong ty C6 phan SwiftHub da tao diéu kién
thuén loi cho nhém ti€p can thuec té€, cung cip so liéu,
tai liéu va hd trg trong qua trinh khao sat, thu thap
thong tin. Nhitng déng gép quy bau tir phia cong ty da
giup nhém c6 co s& thuc tién vimg chic, gop phan
nang cao tinh chinh xac va gia tri tng dung ctia nghién
clru.
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