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KEYWORDS

Quan ly ton kho trén co6ng tridng xy dung c6 anh hudng 16n dén chi phi va tién d6 dy én, nhung t6i vu
héa chién lwge dit hang vat liéu van gip nhiéu khé khin do s xung dot giita chi phi va dé phic tap tinh
to4n. Nghién cttu nay giai quyét van dé t6i wu ton kho trong mdt dy an x4y dyng nha cao ting tai Ha Noi,
Viét Nam, biing ba phuong phap: phuwong phap chinh x4c (Exact) st dung mé hinh quy hoach tuyén tinh
nguyén hén hop (MILP), giai thuat di truyén (GA), va phuong phap lai ghép (Hybrid) két hop GA va MILP.
Céc phuong phéap duoc ap dung vao mot cong trinh cao 25 tAng, v4i tién d6 thi cong phén than 1a 24 tuén,
xét dén cdc vat liéu chinh nhu xi mang, thép, gach, cat va da. Két qua cho thidy phuong phép Exact dat chi
phi ton kho thdp nhit nhing méit nhiéu thdi gian tinh todn, khong kha thi v6i cac dv 4n quy md 16n. Giai
thuat GA nhanh chéng nhung it t6i vu. Phiong phap Hybrid két hop gitta GA va MILP dat digc sy can bang
tot gitta toc d6 va chat lwgong giai phap, phit hop véi thuc té quan ly xay dung khi thoi gian bi han ché.
Nghién cttu khéng dinh gia tri ctia phwong phap Hybrid trong quan 1y ton kho va mé ra huéng nghién citu

méi cho céc cong cu ra quyét dinh thoi gian thue trong quan 1y dy an.

ABSTRACT

Inventory management

High-rise

Mixed-Integer Linear Programming
(MILP)

Genetic algorithm

Hybrid algorithm

Effective inventory management on construction sites significantly influences both project costs and
timelines. However, optimizing material ordering strategies remains challenging due to the conflict between
cost and computational complexity. This study addresses inventory optimization in a high-rise building
project in Hanoi, Vietnam, using three approaches: the exact method (Exact) with mixed integer linear
programming (MILP), genetic algorithm (GA), and a hybrid method (Hybrid) combining GA and MILP. These
methods are applied to a 25-story building with a 24-week superstructure construction schedule, considering
key materials like cement, steel, bricks, sand, and stone. The results indicate that the Exact method minimizes
inventory costs but requires a lengthy computation time, making it impractical for larger projects. While the
GA algorithm is faster, it produces less optimal results. The Hybrid method, combining GA and MILP, strikes
an effective balance between speed and solution quality, making it highly suitable for construction
management where time constraints exist. This study highlights the practical value of the Hybrid method in
inventory management and paves the way for future research into real-time decision-making tools for project

management.

1. M¢& dau

nhim dap ¢ng nhu cau, ma con phai d6i mat véi cac ap lwe 16n vé chi

phi, khong gian litu trit va an toan trong khu vuc tip két vat liéu, tién

Trong céc dy an xay dung, dédc biét & nhitng khu vue d6 thi phat
trién nhanh nhv tai Viét Nam, viéc quan 1y va t6i wu héa ton kho vat
liéu 12 mét thach thiic quan trong trong viéc can bing chi phi, tién do
va chit Ivgng cong trinh. Xu huéng phét trién manh mé ctia ha ting do6
thi tai Viét Nam dang yéu ciu cdc cong trinh cao ting, du 4n giao thong
va khu cong nghiép c6 quy mo 16n va do phiic tap cao. Trong bdi canh
d6, nhu cu st dung céc vt liéu xay dung truyén thdng nhu xi ming,
thép, gach, cat, da ngay cang 16n va c6 sy bién dong manh mé theo tién

@6 thi cong. Ton kho vat liéu khong chi 1a vin dé don gian veé tich trit
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d6 thi cong, cling nhu diéu kién giao théng van chuyén. Nhitng yéu t8
nay bao gém chi phi mua sim vat liéu, chi phi dit hang, chi phi lvu
kho, chi phi hao hut do diéu kién thdi ti€t va moi tredng. Pong thoi,
khéng gian lvu trit vat liéu thudng bi han ché va phai dam bao an toan
khi tip két, trong khi tién d6 thi cong yéu ciu cung cip lugng vat liéu
16 vao céc tudn cao diém, va viéc thi€u hut vat liéu c6é thé gay cham
tién do. Piéu kién giao thong cling anh hwdng 16n, vGi cac yéu t6 nhu
tic duwong, cAm gid, hay khoang cach van chuyén dai 1am ting thoi gian
dap ng khong 6n dinh [1].
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Tai c4c nudc dang phat trién, trong d6 c6 Viét Nam, chi phi vat
liéu trong cac dy 4n x4y dyng cao tdng c6 thé chiém t6i 50-60% tong
chi phi dy an [2]. Vi vay, bat ky cai tién nao trong cong tac quan ly ton
kho va d#t hang vat liéu déu c6 thé mang lai hiéu qua kinh té€ dang ké.
Tuy nhién, thuc té€ cho thdy cic doanh nghiép xay dung trong nuée chu
yéu 4p dung cdc phvong phép quan ly tht cong, dwa vao dy doan kinh
nghiém ctia ky su hién triedng. Pieu ndy din dén tinh trang dit thita
hodc thiéu vat liéu, gy phat sinh nhiéu chi phi va rui ro khong ludng
tride duge. Trén binh dién quéc té, nghién citu vé téi wu héa quan ly
ton kho da phét trién ti¥ 1au, v6i nhiéu mé hinh nén tang nhu EOQ,
MILP, va tén kho ngiu nhién [3]. Tuy nhién, phan 16n céc nghién ctu
chi tAp trung vao cdc nganh san xut hodc cung ¢ng chung, it quan tim
dén nhitng dic thi ctia nganh xay dyng, nhu khong gian kho han ché,
tién d6 thi cong thay d6i theo giai doan va anh huéng 16n cia thoi gian
giao hang. Trong nhitng ndm gan day, su phét trién ctia cc thut toan
metaheuristic, nhu thuét toan di truyén (GA) va thuét todn bay dan
(PS0), ciing nhv cdc md hinh lai ghép két hop gitta solver chinh x4c va
heuristic, 3@ m& ra nhitng huéng giai quyét méi cho céc bai toan cé
quy mé va do phic tap cao trong nganh xay dung [4].

Tt thite tién trén, nghién ctu nay tap trung vao viéc dé xuat va
trién khai mét mé hinh t8i wu héa quan ly tén kho da vat liéu, da giai
doan, c6 thé 4p dung cho cac dy &n x4y dung cao tang tai Viét Nam.
Céc muc tiéu cu thé ctia nghién cifu bao gom: xay dung mo hinh todn
hoc dang Mixed Integer Linear Programming (MILP) nhim phan 4nh
day du cac rang budc va chi phi quan ly vat liéu, phét trién va so sanh
céc phrong phap giai quyét van dé, gom: (1) phuong phép chinh xéc
(Exact) st dung solver ma ngudn m@, (2) thuat todn metaheuristic (GA),
va (3) md hinh lai ghép (Hybrid) két hop céc wu diém ctia ca hai
phuong phap. Nghién cu cling sé tng dung va danh gié hiéu qua cta
mo hinh trén di liéu thuc t€ dwoc don gian héa, phan anh nhu ciu vat
liéu va diéu kién kho bai tai mot cong trinh cao tAing ¢ mot do thi tai
Viét Nam.

Phén con lai cia bai bdo duge ciu tric nhu sau: phan 2 cung cip
téng quan vé cadc md hinh t8i wu héa ton kho, ddc biét nhan manh dén
nganh x4y dung; phan 3 mo ta mé hinh toén hoc va quy trinh xay dung
thuét toan (tif solver exact dén metaheuristic va lai ghép); phan 4 trinh
bay két qua thyc nghiém, phéan tich so sdnh cac phiwong phép, va thao
luan vé y nghia cta nghién citu d6i véi nganh xdy dyng tai Viét Nam;
cubi cting, phan két luan dwa ra cac tdng két va dé xuat huéng nghién

cttu tiép theo.
2. Téng quan vé cac md hinh t6i wu quan ly cung ng cong tridng

Quan ly ton kho vat liu déng vai trd cue ky quan trong trong
nganh xay dung, vi né anh huéng true ti€p dén chi phi, tién do va hiéu
qua téng thé ctia c4c dy 4n. Khéc v6i cac nganh san xudt truyén thong,
trong x4y dung, cdng tac quan 1y ton kho phai d6i mit véi nhiéu yéu td
phtic tap va khé kiém soét. Cac yé&u t6 nay bao gom sy bién dong manh
mé ctia nhu cau vat liéu, dic biét 1a trong nhitng giai doan thi cdng cao

diém, diéu kién van chuyén khéng &n dinh nhu tic nghén giao thong,

cam giv, hodc khoang céch van chuyén dai. Ngoai ra, khong gian kho
bdi trén cong tredng ciing thuong rit han ché, diéu nay cang lam tang
d0 kho trong viéc luu trit va bao quan vét liéu mot cach hiéu qua [5].
Hon nta, thoi gian dat hang va giao nhan vét liéu cling thuong khong
6n dinh, anh huwéng dén kha nang cung cap kip thdi. Chinh vi nhitng
dic diém dic thi nay, nganh xay ding da thic day nghién ctu va @ng
dung céc mé hinh t8i tu héa quan 1y ton kho chuyén biét, nhdm khong
chi giam thiéu chi phi ma con nang cao hiéu qua cong viéc, dam bao
tién do thi cong va dap ing yéu ciu chat lvgng cong trinh. Nhitng
nghién cfu nay gidp giai quyét cac thach thie quan 1y vat liéu trong
x4y dung va cai thién hiéu qua téng thé cta céc dy 4n [6].

Céc md hinh t8i vu quan 1y tén kho truyén thdng, nhu Economic
Order Quantity (EOQ) [7]1, Economic Production Quantity (EPQ) [6] va
mé hinh ton kho da ky (multi-period inventory model) [8], da dugc
phét trién tif rat 1au va cha yéu tap trung vao viée t8i wu héa téng chi
phi ton kho, bao gom chi phi @4t hang, chi phi Ivtu tri va chi phi thiéu
hut vat tuv. M6 hinh EOQ, vi duy, dugc 4p dung rong rdi trong cong
nghiép san xuit nh& vao kha nidng tdi wu chi phi hiéu qua. Tuy nhién,
khi &p dung vao nganh xay dung, moé hinh nay thuong gap khé khan
do d#ic tht vé khéng gian kho han ché va nhu ciu vat liéu thay d6i
nhanh chéng theo tién dd thi cong [9]. Nhan thitc dugce diéu nay, mot
s6 nghién citu gan day da tim cach cai tién moé hinh EOQ, tich hop céc
yéu t8 bat dinh nhu thoi gian cung ¢ng nghu nhién, sy bién dong gia
ca va diéu kién giao hang thuc té trong cac cong trinh xay dung [10,
11]. Cu thé, cAc m6 hinh EOQ cai tién da dugce dé xuit, trong d6 xem
xét lead-time (thoi gian dap tng) ngiu nhién (stochastic) va han ché
khong gian kho bai, gitp t6i wu héa viéc quan 1y cac vat liéu quan trong
nhu thép va xi ming, va da duge 4p dung hiéu qua trong nhiéu dy an
xdy dung [12, 13].

Trong nganh xay dung, do d#c thit ludn phai cin bing gitta nhiéu
muc tiéu nhu chi phi, thoi gian, chit lwgng va tinh bén vitng, cdc md
hinh t8i wu héa ton kho da muc tiéu ngay cang duge quan tAm nghién
ctiu [14]. Mao, J., et al. [15] da phat trién mé hinh t6i wu tdn kho tich
hop gitta chi phi va tdc ddng méi truong (carbon footprint) trong céc
du 4n xay dung ha ting, stt dung k§ thuat t6i wu héa nguyén két hop
v&i md hinh MILP (Mixed Integer Linear Programming). Mot nghién
cttu khac ctia Yojana, R. M., et al. [16] st dung phuong phap Goal
Programming dé can bing ddng thdi chi phi, thoi gian dit hang va rii
ro thiéu hut vat liéu trong cac du 4n xiy dung tai d6 thi. Huéng nghién
cttu ndy ciing md réng sang cic mé hinh téi wu tdn kho két hop giita
quan ly chudi cung ng va tdi wu héa tdn kho. Cu thé, Koutsokosta, A.
and Katsavounis, S. [17] phat trién mé hinh quan 1y tdn kho két hop
vAn tai, st dung MILP dé giam thiéu téng chi phi tdn kho va van chuyén
trong cac du 4n xay dung 16n. Cac nghién cttu nay chi ra ring viéc st
dung cac k§ thuat 1ap trinh t6i wu da muc tiéu khoéng chi gitp cai thién
kha ning ra quyét dinh ma con ning cao hiéu qua quan 1y tdn kho trong
cac dv an xay dung c6 quy mé 16n va do phic tap cao [18].

Céac ky thuat t6i wu heuristic vd metaheuristic nhu Genetic
Algorithm (GA) - thuat toan di truyén, Particle Swarm Optimization

(PSO) - thut toan biy dan, hay Simulated Annealing (SA) — tbi luyén
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mo phong, ngay cang duoc st dung phd bién dé khic phuc nhitng han
ché ctia cac m6 hinh ti wu chinh xac trong cac bai toan ¢6 kich thude
16n va phtic tap [19]. Pac biét, GA 1a mot trong nhitng thuét todn dugc
&p dung rong réi trong nganh xay dung nh¢ kha néng tim kiém 1o giai
nhanh chéng va hiéu qua cho cac bai toan ton kho ¢6 quy mé 1én va da
chiéu. Ching han, nghién cifu ctia Said, H. and El-Rayes, K. [13] da 4p
dung GA dé ti wu héa lich dit hang vat lidu xay dung cho cc dy an
16n, chitng minh ring GA c6 hiéu qua cao trong viéc giam téng chi phi
ton kho, ddng thoi xem xét cdc yéu té nhu thoi gian dit hang, chi phi
vén chuyén, va cic han ché v& kho bai. Mot nghién ctiu tuong tu clia
Son, P. V. H,, et al. [10] s dung thuat todn chudn chudn (dragonfly)
va thudt todn PSO dé téi wu quan 1y tén kho vat liéu chinh trong cac dy
an xiy dung céng trinh 16n, cho thiy phwong phap nay rit hiéu qua
trong viéc giai quyét cac bai toan ton kho chiu nhiéu bién dong va rang
bude. Cac nghién cttu ndy khing dinh hiéu qua cta céc thuét toan
heuristic va metaheuristic trong viéc t&i wu héa quan Iy tdn kho trong
nganh xay dung.

Trong nhitng nim gin day, xu hiéng st dung cic mé hinh lai ghép
(Hybrid) trong t6i wu héa tdn kho xdy dung da trd nén phé bién, nho kha
ning tin dung wu diém cta ca hai phwong phap chinh xdc va
heuristic/metaheuristic. Cdc mé hinh lai ghép nay thuwdng bit ddu bing
viéc st dung giai phap heuristic/metaheuristic dé tao ra nghiém ban dau,
sau d6 ap dung cac k§ thuat chinh xac nhu MILP dé cai thién nghiém,
hodc ngugc lai [20, 21]. Vi dy, nghién cttu ctia de Paula Vidal, G. H., et
al. [22] phat trién mé hinh lai ghép két hop GA, md (fuzzy), va mang
thin kinh nhan tao nhim t5i wu héa quan Iy cung ting va tén kho, cho
thiy ring mé hinh lai ghép mang lai hiéu qua cao hon 16 rét so véi viéc
chi 4p dung mot phwong phap don 1é. Mot nghién ctiu gin day cta
Bhowmik, O. and Parvez, S. [23] stt dung k§ thuat két hop giita mé phong
Monte Carlo va MILP dé t6i wu hoa thiét k& chudi cung ¢ng, gitip cin
béing hiéu qua giita chi phi tdn kho va kha ning dap tGng nhanh v&i cac
thay ddi thitc té. Nhitng nghién cttu nay chi ra ring mé hinh lai ghép
khéng chi t6i u héa hiéu qua chi phi ma con gitp giai quyét tot hon cac
vén d@ phtc tap trong viéc quan ly ton kho trong nganh xay ding.

Trong nhitng nim gin diy, cic nghién cttu vé& t6i wu ton kho
trong xiy dung di c6 xu huéng tich hgp nhiéu yéu té phtic tap hon,
nhv rti ro, sy bat dinh v& cung tng, tinh bén vitng méi tridng va cc
rang budc thire té dic thii cia dia phiong [24]. Tuy nhién, phin 16n
céc nghién cifu hién tai vin gip phai nhidu han ché khi m¢& rong cac
mo hinh phite tap ra cc dy 4n ¢6 quy mé 16n, cht yéu do vén d thoi
gian tinh toan va kha nang xt ly cta cac phuong phap chinh xac [25].
Dic biét, tai Viét Nam va nhidu quéc gia dang phat trién, viéc ap dung
cac mé hinh ti wu héa tién tién van con han ché, cht yéu do thiéu
nghién cttu thee nghiém va viéce trién khai chuwa du ro rang. Chinh vi
véy, nghién cdu nay tip trung vio viéc phat trién va danh gid cac
phuong phép ti wu héa quan ly tdn kho phit hop véi dic thit nganh
x4y ding, két hop cac mo hinh heuristic, chinh xac va lai ghép, nhim
mang lai cic giai phap thuc té, kha thi va hiéu qua cao hon cho cong

tac quan ly dv an xay dung tai Viét Nam.

3.  Phat trién toan hoc va xay dung thuét toan

3.1. Mo hinh MILP cho bdi todn qudn ly tén kho

Mixed-Integer Linear Programming (MILP) 1a mét phuvong phap
tdi wu todn hoc duge st dung dé tim ra nghiém tdi wu cho céc bai toan
¢6 ham muc tiéu va cdc rang budc dudi dang tuyén tinh, trong dé mét
hoic mot sb bién sb dugc yéu ciu 1a sb nguyén [26]. MILP 13 mot dang
m& rong cua Linear Programming (LP), dwgc phat trién chinh thiéc tit
nhitng ndm 1950 thong qua nghién ciu ctia Gomory (1958), nguwdi da
gi6i thiéu phwong phap cit Gomory dé giai quyét cac bai toan nay [27].
Ngay nay, MILP dugc 4p dung rong rai trong nhiéu linh vize nhu 14p ké
hoach san xuét, logistic va quan Iy chubi cung ¢ng, nh& kha ning mo
hinh héa linh hoat cic quyét dinh dang roi rac va lién tuc trong thuc
té. Phwrong phép nay cho phép giai quyét cac bai toan t6i wu phiic tap
trong cac tinh huéng thuc té, noi ma cic quyét dinh phai dugc dwa ra
v6i si két hop gitta cac yéu t lién tuc va rdi rac, gitp cai thién hiéu
qua va téi wu héa qua trinh ra quyét dinh.

Xét T giai doan (mbi giai doan tvong ¥ng mot tuan hodc mot mdce
thoi gian), va I loai vat liéu (xi mang, thép, gach, cat, da,...). Ky hiéu
chi tiét nhuv sau:

e Tap chisé:

-t €{1,2,..., T} - giai doan thoi gian (tuan).
-i€{1,2,..,1} - loai vat liéu.
e Tham sé:
- D,z Nhu cdu (st dung) vat liéu i tai giai doan t.
- C: bon giad mua vat liéu i.
- OC;:Chi phi c6 dinh m&i 14n dit hang vat liéu i.
- h; Chi phi luu kho (holding cost) cho vét liéu i.
- CAP: Gi6i han stic chtta kho (c6 thé ap dung chung hoc riéng CAP;
- Lead;: Thoi gian giao hang (lead time) cho vat liéu i.
e Bién quyét dinh:
- X;: Lwong vat liéu i dat mua tai giai doan t.
- ¥;¢ € {0,1): Bién nhi phan, bing 1 néu cé dit hang vat liéu i & giai
doan t.
- 5;¢ = 0: Lugng tdn kho vat liéu i cudi giai doan t.

e Ham muc tiéu:

T&i thiéu héa téng chi phi, gdm: (i) chi phi mua vat liéu, (ii) chi
phi ¢b dinh dit hang, (iii) chi phi Ivu kho:

s s TSI T oI
min [ ¥7_y Yoy CiXir + Xiet Dieq OCiYie + Yoy Dimq MiSi (€3]
Chi phi c¢g dinh Chi phi luu kho

Chi phi mua
e Rang budc tdn kho va sitc chita:
Can béng ton kho:
Sit = Sig—1 t Xi¢— Dy, Vi,t=1,..,T (2)
v6i gia dinh s;, 1 ton dau ky (thudng ¢ thé = 0).
Néu c6 Lead,, ta phai diéu chinh x;, anh hwong dén s;¢41e0q;, -
Khong am:
Sie = 0,Vi,t 3
Stic chita kho (chung):
i1 < CAP, Vt 4
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hodc (riéng titng vat liéu) s;, < CAP;
e  Rang budc dit hang (bién nhi phan):
PéE tinh chi phi dit hang c6 dinh, ta diing bién M:
X S My, Vit (5)
v6i M 16n (chdng han M > nhu cau t8i da). Néu x;, > 0 thi budc y;, =

1 d4n dén 0C; xuat hién trong ham muc tiéu.
3.2. Tinh phitc tap va binh ludn mé hinh

Mo hinh trén 14 mot Mixed Integer Linear Program (MILP) v&i
Xt Sie (bién lién tuc/nguyén khong 4m) va y;, (bién nhi phan). Khi T
va I 16n, bai todn thudc loai NP-hard, th¢i gian giai ting nhanh.

Kha ning m& rong: Thém rang budc van chuyén, gi®’ cAm, chi phi
carbon, hay mé hinh nhiéu kho. Thém tinh bit dinh d€ xay ding md

hinh ngau nhién (stochastic).
3.3. Co s& cho cdc phvong phdp gidi

Sau khi x4c 1ap mé hinh MILP, ta c6 thé:

- Giai chinh x4c bing cac solver MILP (CBC, GLPK, Gurobi,
CPLEX). Solver sé& cho nghiém t8i tu ho#c cén trén/can dwdi, tuy nhién
c6 thé ton rat nhiéu thoi gian khi bai toan 16m.

- Heuristic / Metaheuristic (vi du: GA, PSO, ...) dé tim nghiém
kha thi nhanh hon, nhung khong dam bao t6i wu tuyét doi.

- M6 hinh lai ghép (hybrid): Két hgp exact + heuristic dé vira c6
téc do, vira c6 chat lwong nghiém tét hon so vGi chi metaheuristic.

Phan ké ti€p (3.4, 3.5) sé trinh bay cAu triic ctia céc giai phép: (i)
Exact method, (ii) Giai thuét di truyén (GA), va (iii) Hybrid.

3.4. Phuong phdp Exact: Stt dung solver md ngudn mé

e Y twéng chung:

Ta mo hinh héa bai toan (theo muc 3.1) vao mét solver MILP
(CBC, GLPK, ...). Solver sé:

- Xay dung cay nhanh cén (branch-and-bound)

- Két hop cét (Gomory, MIP cutting planes)

- Ditng sau mét time_limit nhat dinh (vi du 1800s, 3600s) hoic
khi tim th4y nghiém t6i wu.

e Loi thé va han ché:

- Uu diém: Loi giai (hodc cin trén) téi wu trong khong gian MILP
(néu solver du thoi gian).

- Nhuoc diém: D& qua tai tinh toan khi T x I 16n, d4n dén thoi
gian chay rit 1au hoic ditng sém.

e Ap dung:

Thudng solver exact duge diing nhy 16 giai chuén dé: (i) So sanh
v6i heuristic, (ii)Lam co s& cin dudi, (iii) Tinh chinh nghiém heuristic

(trong md hinh lai).

3.5. Gidi phdp Metaheuristic: Genetic Algorithm (GA)

P8 tranh tinh trang solver exact tén nhidu thdi gian, ta can nhic
mot metaheuristic, vi du thuét todn di truyén. GA - thuét todn di truyén
— 14 mot thuét to4n tim kiém dua trén co ché tién héa va chon loc tif
nhién, lan diu tién dugce gidi thiéu béi Holland vao nidm 1975 [28]. GA
van hanh dya trén nguyén ly ti€n hoa sinh hoc, st dung céc toén t di
truyén nhu lai ghép (crossover), dot bién (mutation), va chon loc
(selection) d€ tao ra céc giai phap m&i. Thuat todn nay thuong dugce st
dung dé giai quyét c4c bai todn phic tap c6 khong gian nghiém 16n,
khong lién tuc, hodc thi€u cac tinh chat thuan 1gi cho cac phiwong phap
todn hoc truyén thdng. GA da dugc tng dung thanh cong trong cac linh
vite nht t6i vu hoéa lich trinh, quan 1y ton kho, quan 1y dv an, va thiét
ké ky thuét.

o CAu tric 1oi giai:

Ma héa x;, cho moi i,t thanh mot “c4 thé”

e Do phu hop:

cost(x) = i Cixie + Xie(0C; - 1xyp > 0) + X hys; ¢ (x) (6)

(Trong d6 s;, dugc suy ra tit cAn bing tdn kho, c6 thé phai chinh

stta 15i gidi néu s;, < 0 hodc vugt stic chita.)

e Toan tir:

(chromosome).

- Selection: tournament, roulette...
- Crossover: trdn 2 c4 thé (theo tudn hoic theo vat liéu).
- Mutation: thay d6i ngiu nhién mét phin vector x.

e Chinh stta: chinh lai lwgng dit hang néu tdn kho 4m hoic
vigt CAP.

o Lip: Tién héa qua nhidu thé hé, ditng khi dt vong 13p/khong
cai thién.

¢ Dic diém:

- Uu diém: GA thudng chay nhanh hon solver exact trén instance
16n, cho 131 giai kha thi chdp nhan dugc.

- Han ché: Khong d¢am bao t6i wu, cé thé bi ket local optimum,

can tinh chinh tham s6 (quan thé, mutation...).
3.6. Mo hinh lai ghép (Hybrid)

Két hop solver exact va GA dé khai thac wu diém ctia ca hai.

“Khéitao = GA — Tinh chinh = Solver”. Chay GA sinh mét 101 giai
t6t (hodic mot quin thé). Ly 15i giai tét nhit lam “MIP start” cho solver
exact. Solver tiép tuc rang budc MILP dé cai thién (néu kip thoi gian).

3.7. Tom lwgc xdy dung thudt todn

e Ma gia GA:
Algorithm GA:
1. Khéi tao quin thé P gdm N c4 thé (ma héa x{i, t})
2. Tinh fitness méi ca thé (chi phi + phat néu vi pham).
3. Ldp (gen = 1..MaxGen):
3.1 Chon loc (Selection) - tournament
3.2 Lai ghép (Crossover) - ghép cap
3.3 b6t bién (Mutation)
3.4 Repair (ddm bao khéng 4m, khong qua CAP)

JOMC |186



Tap chi Vat liéu & Xdy dung Tdp 15 S6 03 ndm 2025

3.5 Tinh fitness
3.6 Cap nhat quin thé
4. Tra vé ca thé tét nhét
e Ma gia Hybrid:
Algorithm Hybrid:
1. best_sol_ga = GA_Inventory(...)
2. Lap mip_start_dict = best_sol_ga
3. Goi solver MILP (time_limit = X) vGi MIP start
4. LAy 1oi giai hybrid (c6 thé = best_sol_ga, hoic tét hon)
5. Két thic.

3.8. Du dodn két qud

DéE giai m6 hinh MILP, c6 ba hiténg: exact (solver), metaheuristic
(GA), hybrid.

- Exact: chi phi t6t nhit nhung thoi gian giai c6 thé rét lau
(nhiéu khi diing sém).

- GA: thudng nhanh hon, d& 4p dung ké ca v&i dy 4n phtc tap,
chic chén tim ra nghiém, nhwng chit lwgng ¢ thé chua tbi vu.

—  Hybrid: két hop GA + solver, gitip rit ngin thoi gian solver
hodc cai thién nghiém GA.

Tiép theo, nghién cttu sé& thitc hién trén moét dy 4n dé so sanh chi

phi, thoi gian, ciing nhy hanh vi dit hang/tdn kho cu thé.
4. Ap dung thuc nghiém va thao luan

Cac phuong phap Exact, GA, Hybrid dugc ap dung tinh todn trén
mot du an thye té tai Ha Noi. Quy md du 4n 1a mot cong trinh cao 25
tAng, c6 tién do dy kién thi cong phan than tho 1a 24 tuin. Nhu ciu s
dung cac vat liéu chinh dwgc cung cdp bdi ban chi huy céng trinh.
Trong d6, mac du viéc xay dung cong trinh st dung bé téng thuong
phdm, nghién ctu ndy da chuyén thanh bé téng trén tai ché cho phi
hop v&i muc dich nghién cttu. Bang 1 miéu ta trich lvge nhu ciu vat

liéu cta cong trinh.

Bang 1. Nhu cAu céc vt liéu chinh theo cidc moc thoi gian.

Tudn Xi mang Thép Gach Cat ba dam

(9} ()] (1000 vién) (m?) (m?)

1 40 20 10 25 30
55 25 15 30 35
60 30 20 35 40

22 60 25 20 35 40

23 40 20 15 25 30

24 30 15 12 20 25

tinh todn (Bang 2).

Bang 2. Cac théng sd cung ng cla cong tridng.

Vit liéu Xi méng Thép Cat ba Gach

Gid mua
(VND/don vi)
Chi phi dit hang
(VND/don
hang)

Chi phi lvu
kho (VND/don

vi/tudn)

1.650.000 | 16.200 |320.000| 360.000 | 1.000

2.000.000 | 3.400.000 | 920.000 | 1.160.000 {680.000

24.000 120.000 | 2.400 3.600 1.200

Thoi gian giao
hang (tudn)
Tén kho ban
diu (don vi)
Tén kho an
toan (don vi)
Stic chita t6i
da (don vi)

200 100 500 300 1.000

50 20 100 60 200

1.000 500 2.000 1.500 5.000

DE xem xét kha ning tinh to4n cta cac phuong phép, hai yéu t6
sé& duge do lwdng, bao gom chit lwgng 16i giai (chi phi gian tiép — téng
chi phi vat liéu trit di chi phi tric tiép ctia vat liéu) va thoi gian x@ 1y
(CPU time). Tinh todn dugc thire hién bing phan mém viét bing Python
trén mot mdy tinh Macbook Pro M1, 16GB RAM, hé diéu hanh MacOS
Sequoia 15.3.1.

4.1. Cdc thiét Idp tinh todn

Phuong phap Exact (MILP Solver) duogc thiét 1ap véi thoi gian
toi da 1a 3600 gidy va muc tiéu 1a thu duge 107 giai tiém cén t6i vy,
kém theo can duwédi. Trong khi d6, giai thuat di truyén (GA) st dung
quan thé kich thuée 100 va chay trong 100 thé hé, v&i céc nd Iyc tinh
toan sé dirng lai khi két thiic s6 thé hé hodc khi khong c6 sy cai thién
101 giai trong 20 vong 1ap. Phwong phdp lai (Hybrid) gom hai giai doan:
Giai doan 1 st dung GA rit gon dé 14y nghiém t6t nh4t, sau dé trong
giai doan 2, nghiém tit GA sé dugc st dung lam khéi tao cho solver, va

solver sé& ti€p tuc chay dé giai phan con lai ctia bai toan.
4.2. So sdnh tong quan két qud

Bang 3. K&t qua tinh toan clia cdc phiong phép.

Ngoadi ra, ban chi huy céng truedng ciling cung cip cho nghién citu

céc thong tin khéc vé cong trudng va thi tredng cin thiét cho qua trinh

i Chi phi gi4n tiép .
Phuong phap ] Thoi gian tinh toan (s)
(ty VND)
Exact 13.902 1650
GA 14.521 605
Hybrid 14.109 915
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Bang 3 toém lugc chi phi dat dugce va thoi gian x@ 1y caa ba
phuong phéap. Exact cho chi phi gian tiép thip nhét (13.902 ty), nh&
ban chét phwong phap MILP c6 thé tim (hodic x4p xi) nghiém ti wu.
Tuy nhién, phuong phap nay cin thoi gian dai (~1650 gidy). Can luu
¥ ring, khi dy 4n phtic tap hon (s8 loai vat liéu nhigu hon, thoi gian
dai hon, hodc c4c chi phi bién ddi do thi triedng...) c6 thé MILP sé& mat

nhiéu thoi gian hon, ho#c thAm chi khéng thé giai ra nghiém. Phuwong
phap GA chay ra két qua nhanh nhat (~605 gidy) nhung chi phi cao
nhét (14.521 ty). Cudi ciing, phttong phap Hybrid cho ra két qua & mic
twong d6i, xét ca vé chi phi va thoi gian tinh toan (méc di lau hon GA
nhung nhanh hon Exact rd rét). Hinh 1 thé hién khéi lwong dit hang
theo tufin ctia nidm loai vét liéu chinh, ¢ng v&i ba phwong phap.

Murc dat hang theo tuan - GA

100

©
(e}

Murc dat hang

(o))
(=)

n
S

[\
o

—8— Ximaing
Thép
—8— Gach
- Ci
—-2— D

0 5
Muc dat hélng theo tuan - Exact

Xi mang

o]
()
RIS

o
S
S

k\\
'\
U

(

Muc dat hang
N
S

."‘I‘ f \Thep//\/\ ,/

| /} '* /Gach\\

[\®)
(e

10 Tuan 15 20 25

Mtrc dat hang
22 X

10 Tudn 15 20 25

Mitic dit hang theo tudn - GA

120 "

Ximang

/\

100

S

S

20

0 5 10 Tudn 15 20 25

Hinh 1. Biéu d0 dit hang theo tuln Gng v&i két qua cta cac phuong phép.

Dé hiéu rd hon Gng xt clia cic phuong phap t8i wu, cic tic gia
di sau vao phan tich hai vt liéu dai dién 1a xi méng va thép. Pay 1a hai
loai vat liéu phé bién va ¢6 chi phi cao trong xay dyng, nén hanh vi dit
hang thudng c6 anh hiéng 16n dén tdng chi phi.

e So sanh hanh vi ctia cac phwong phap d6i vGi vat liéu xi ming:

- Exact: Lwgng dit hang mbi 14n nho, rai & nhidu tudn. Toén kho
nhép nho it (khong ddn nhiéu), do Exact ¢6 c4ch tiép can tranh trit kho
lau. Tuy nhién, chi phi c¢6 dinh cong don ting. Di vy, két qua chi phi
tbng (mua + cb dinh + lvu kho) dat dwoc & mite thip nht.

- GA: Xu huéng gom dit hang lwgng 16n ¢ mot s6 tuan. Ton kho
cudi tuin khé cao ¢ mot sd giai doan (d6i khi 1én dén 70-80 tan). Mot
trong nhitng 1y do c6 thé do GA nhan thdy chi phi dit hang 1a dang ké,
nén gép don mua it 1an, chap nhén ting chi phi lru kho.

- Hybrid: Giai doan dau (tinh theo GA) ciing chia don twong doi
chénh 1éch. Tuy nhién, dén giai doan solver tinh chinh, xu huéng dat
hang dugc rai ra. Cudi cling, so v6i GA, s6 1an dit déu hon, ton kho it
hon mét chit, téng chi phi gian tiép giam d4ng ké.

e So sanh hanh vi clia cidc phuwong phép d6i v&i vat liéu thép:

- Exact: Twong tu nhu xi méng, mé hinh Exact ciing cé xu huéng

dit hang déu va ting nhanh & ngay nhitng tuin dau. Khdi Ivgng nhitng
1an dit hang 16n nhét (tuén 5, 9, 13) khoang x4p xi 40 tin. Diéu nay c6
thé solver quan tdm dén chi phi ton kho cao ctia vat liéu nay, trong khi
d6 gia dat hang twong d6i (néu so véi gia vat liéu) lai khong cao.

- GA: M6 hinh yéu ciu dit hang 16n & cac tudn 4, 7, 9 12, 20,
trong d6 tun cao nhit dat hang t6i 50 tan.

- Hybrid: Do ban diu tinh theo GA, mé hinh yéu cau nhap nhd
don, solver chip nhan mot phin, réi gom b6t & nhitng tudn c6 nhu ciu
16n. To6n kho trung gian (vin thap hon GA) vi Hybrid chwa gom nhiéu
nhu GA.

4.3. Thdo ludn vé khd ndng tinh todn va tinh 1ng dung

Phuiong phap chinh x4c (Exact) ¢6 wtu diém la ddm bao hodc tién
gan nghiém t6i wu nhat. Tuy nhién, nhigc diém cta phuong phap nay
12 thoi gian x17 1y kha dai (khoang 1650 gidy) va c6 thé viegt qua 3600
gidy ho#c khong thé giai quyét duwge néu bai toan c¢6 quy mé 16n hon.
Giai thuat di truyén (GA) c6 vu diém la cho két qua x4p xi trong thoi
gian ngdn (~605 gidy) va dé trién khai. Tuy nhién, nhugc diém la két
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qua chuva dat mc t8i wu nhv phiong phép chinh xéc, v&i do 1éch (A)
khoang 4.5% so v&i Exact. Phiong phdp Hybrid tin dung GA dé tim
nghiém ban dau, sau d6 st dung solver dé tinh chinh két qua, gitip giam
chi phi ddng ké so v6i GA. Mic du thdi gian xi 1y ctia Hybrid (~915
giay) van chwa nhanh béing GA, nhung chi phi giam 16 rét (A=1.5% so
vGi Exact). Trong bdi canh thyc té, nhiéu nha quan 1y khong yéu ciu
101 giai tuyét d6i téi wu, vi chénh léch chi phi khoang 1.0%-2.0% c6
thé chdp nhan dugc, va thay vao d6 ho can quyét dinh nhanh chéng.
Khi d6, GA hodc Hybrid sé 1a cdc md hinh phit hop. Tuy nhién, néu c6
thém thoi gian tinh toan va bai toan khéng qua phtic tap, phwong phap
chinh xac c6 thé digc st dung dé tim 101 giai t6i u nhét.

5. Kétluin

Nghién cttu ndy da tap trung phat trién va (tng dung cdc mo hinh
t6i wu héa quan 1y ton kho vét liéu trong cac dy an xiy dyng, mot vin
dé dac biét quan trong ddi v6i thi tredng xy dung Viét Nam hién nay.
Béng cach 4p dung va so sanh ba phuong phép chinh, bao gom phuong
phdp chinh x4c (Exact s& dung MILP), thuit toan di truyén (GA) va
phuong phép lai (Hybrid), nghién cttu da phéan tich hiéu qua hoat dong,
chi phi va kha nang ¢ng dung thyc té clia ti'ng phiwong phép. Két qua
cho thay, mic du phwong phap Exact mang lai 16i giai t8i wu hodc gan
t6i wu vGi chi phi gian tiép thdp nhit (13.902 ty VND), nhung yéu cau
thoi gian xt7 1y kha dai (1650 gidy). Diéu nay 1a mot han ché 16n khi 4p
dung vao cac du an quy mo 16n va phic tap, dac biét 1a cac cong trinh
tai Viét Nam. Trong khi d6, GA cho két qua nhanh chéng (605 gidy),
nhung chi phi gi4n tiép lai cao hon (14.521 ty VND). Phuong phap
Hybrid két hgp wu diém cta ca GA va MILP, dat chi phi gi4n tiép hop
1y (14.109 ty VND) va thoi gian xt Iy twong ddi nhanh (915 giay).

Viéc phan tich hanh vi dit hang ddi v6i hai vat liéu quan trong
1a xi méng va thép da lam rd hon wu nhige diém va logic van hanh cta
tifng phvong phap. Phuwong phap Exact t6i vu héa viéc dit hang déu
d#n @€ giam chi phi Ivu kho, trong khi GA tap trung vao viéc giam chi
phi dit hang béing cich gom c4c don hang 1&n, d4n dén chi phi Ivu kho
cao hon. Phiong phép Hybrid diéu chinh va can bing giita hai chién
Iwgc nay, gitp t6i wu hda chi phi va thoi gian tinh todn. T géc d6 thue
tién, v6i su chdp nhan mot sai 1éch nho vé chi phi gian tiép (khoang 1-
2 %), GA va dic biét 1a phvong phap Hybrid cho thay tiém ning 16n
trong cac tinh hudng thyc t€, noi thoi gian ra quyét dinh 1a yéu t6 quan
trong. Két qua nghién ctu cfing mé ra trién vong ng dung réng rai
hon tai Viét Nam, noi cac dy 4n thwdng gap phai bién dong vé nhu ciu
vat liéu, gi4 ca thi tridng va diéu kién cung ng. P& nang cao tinh thyc
tién va d6 tin cy, cic huéng nghién citu tiép theo cé thé tap trung vao
cdc mo hinh quan 1y ton kho trong diéu kién bat dinh, cdc md hinh tdi
tu héa da kho ho#c da muc tiéu, cling nhi mé rong nghién cttu doéi véi
cac loai vat liéu hodc du &n c6 d6 phiic tap cao hon. Nhitng buéc phat
trién nay hifa hen sé cung cap nhitng céng cu hitu ich hon nita cho cac
nha quan ly xay dung tai Viét Nam trong viéc ra quyét dinh chién luge

vé ton kho va t6i vu hoa chi phi thi cong.
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