TOI U'U HOA CHI PHi
CHON THAU THEO
BAC SO LWO'NG VA CHI PHi VAN TAI
(SCALE PRICE * TRANSPORTATION COST)

e Kién thuc duoc téng hop tir internet vdi su’ hé tro’ cua Al — ChatGPT
(mode: deep research)

e Python code & Excel format — duoc thiét k& bdi Ths. Nguyén Minh Ngoc
(MSc Suppy Chain & Logistics Management)

e ERX Vietnam phat hanh

1. Nguyén ly t6i wu héa toan hoc

Trong quan ly chudi cung (’ng, bai toan td8i wu héa chi phi chon nha cung cap la mét dang
cu thé cula bai toan t6i uu hoa toan hoc. Muc tiéu chung la tim phuong an dat hang tir cac
nha cung cap sao cho théa man nhu cau véi chi phi thap nhat, dong thdi tuan thi cac
gidi han (vi du: nang luc cung rng, ngén sach, v.v.). Day thuc chat la mét bai toan quy
hoach tuyén tinh (Linear Programming - LP) hodc md rong clia quy hoach tuyén tinh khi
c6 thém yéu to roi rac (quy hoach nguyén).

Hinh 1: Minh hoa hinh hoc mét bai toan quy hoach tuyén
tinh don gidn vdi 2 bién va nhiéu rang budc bat dang thirc.
Ving gigi phap hop 1é (mau vang) la mét da gidc l6i; ham
muc tiéu duoc biéu dién béi dudng thang mau dé va dat
gi4 tri t6i v tai bién cua ving (diém tiép xuc giita dudng
dé va da giac).

(Linear programming - Wikipedia)



https://en.wikipedia.org/wiki/Linear_programming#:%7E:text=ImageA%20pictorial%20representation%20of%20a,The%20linear%20programming%20problem

Bai toan lwa chon nha cung cap c6 thé mé hinh héa bang LP nhu sau: Gia sl ¢6 tap hop
cac nha cung cap va tap hgp cac don vi yéu cau (nhu nha may, kho hoac clra hang). Mbi
nha cung cép cé chi phi cung &ng (cé thé khac nhau cho méi don vi yéu cau) va gidi han vé
nang luc cung i’ng. Méi don vi yéu cau c6 mdt nhu cau nhat dinh can dugc thda man. Ham
muc tiéu thuong la tdng chi phi mua hang va van chuyén - can dugc téi thiéu hoa. Cac
bi€n quyét dinh c6 thé |3 s6 lwvgng hang mua tir nha cung cép i dé phuc vu don vi yéu céu j.

Vi du kinh dién & bai toan van tai — mot truong hgp dac biét ctia LP (Bai toan van tai—

Wikipedia tiéng Viét). Trong bai toan van tai, ta cé m diém phat (nha cung cép) vdi ngudn
cung a_i tai moi diém phat Ai va n diém thu (don vj yéu cau) vdi nhu cau b_j tai mdi diém thu
Bj. Chi phivan chuyén mét don vi hang tir Ai dén Bj la c_{ij}. M6 hinh LP cla bai toan van tai
nham tim luong hang x_{ij} van chuyén trén mdi tuyén Ai-Bj sao cho tdng chi phi van
chuyén 3 c_{ij} * x_{ij} la nhoé nhat, thda man rang budc cung cau (moi Ai xuat téng cong a_i
don vi, mdi Bj nhan du b_j don vi). Bai toan nay c6 thé biéu dién bang db thi hai phia, trong
do cung tir cac A phan phoi dén céc B.

Hinh 2: M6 hinh mang (u'Gi cua bai todn van tai véi 3
Al diém phat (A1, A2, A3) va 4 diém thu (B1, B2, B3, B4).
Méi cung dud'ng tir mét diém phat dén mét item thu
B2 c6 mét chi phi nhat dinh; muc tiéu la van chuyén sao
cho téng chi phi tdi thiéu.

A2

DE giai quyét cac bai toan nhu trén, ta thiét lap ham
33 34 muc tiéu (total cost) va cac rang budc tuyén tinh
(nhu cau, ngudn cung, gidi han khac). Doi vdi bai
toan chon nha cung cap cé gia bac thang (volume
discounts), md hinh co ban can md rong thanh quy

A3

hoach tuyén tinh nguyén hon hgp (MILP), vi ham chi phi khéng con tuyén tinh don thuan
ma c6 céc diém gap khuc (mic gidm gia thay déi theo san luong mua). Chang han, mot nha
cung cap co6 thé ap dung chinh sach gidm gia theo [dy tién: mua 100 san pham dau tién gia
20 USD/san pham, mua thém vuot 100 sé giam con 18 USD/san pham, v.v. Mé hinh toan
hoc khi dé phai s&t dung thém bién nhi phan dé lwa chon muc gia phu hgp cho méinha
cung cap.

Tom lai, nguyén ly chung cua tdi vu hda chi phi chon thau gom:

e Xac dinh bién quyét dinh: Thong thudng la luong hang mua ti méi nha cung cap
cho mdi mat hang hoac dia diém.

o Thiét lap ham muc tiéu: Tong chi phi mua va van chuyén can t6i thiéu hoa.


https://vi.wikipedia.org/wiki/B%C3%A0i_to%C3%A1n_v%E1%BA%ADn_t%E1%BA%A3i#:%7E:text=Trong%20to%C3%A1n%20h%E1%BB%8Dc%2C%20B%C3%A0i%20to%C3%A1n,1
https://vi.wikipedia.org/wiki/B%C3%A0i_to%C3%A1n_v%E1%BA%ADn_t%E1%BA%A3i#:%7E:text=Trong%20to%C3%A1n%20h%E1%BB%8Dc%2C%20B%C3%A0i%20to%C3%A1n,1

e Xayduwng cac rang budc: Dap ¢rng day dd nhu cau clia méi don vi; khéng vuot qua
nang lyc cung ing clia mdi nha cung cap; va néu co chiét khau bac thang, phai tuan
thu quy luat clia cac bac gia.

e Lwa chon mé hinh phu hop: Néu tat ca quan hé la tuyén tinh, dung LP thong
thudng; néu cé yéu t6 rdi rac (nhuw chon murc gia ¢ dinh sau khi mua lugng nhat
dinh), dung MILP v&i bi€n nhi phén.

Nhiéu nghién ctru khoa hoc da dé cap bai toan nay. Chang han, Ghodsypour va O’Brien
(2001) tich hgp cac yéu té chi phi logistics, nhiéu nha cung cap va gidi han cdong suat
trong bai todn chon nha cung cap va 4p dung méd hinh quy hoach nguyén hén hop dé tim Loi
giai toi uvu (Model of multiple suppliers). Trudc dé, Ghodsypour va O’Brien (1998) da xay
dung hé ha tro quyét dinh két hgp phan tich thit bac (AHP) va lap mé hinh quy hoach tuyén
tinh nham chon nha cung cap t8i wu theo nhiéu tiéu chi (dinh tinh va dinh lugng). Nhirng
nghién ctru nay dat nén mong cho viéc mo hinh hda luwa chon nha cung cdp nhu mét bai
toan t8i wu chi phi téng hap, xét dong thoi gia mua, chi phi van chuyén, cling nhu cac yéu td
hiéu suat cung ing.

2. Huwéng dan co ban vé Python

Python & mot ngdn ngir lap trinh thdong dung va manh mé, rat phu hgp cho céc bai toan
phan tich di¥ liéu va t6i uu héa. P8i vdi muc tiéu téi uu héa chi phi trong chubi cung Ung,
Python cung cap nhiéu thw vién hitu ich nhu Pandas (xtr ly dir liéu, dac biét la doc/ghi file
Excel, CSV), PuLP (dung mé hinh t6i vu héa tuyén tinh/nguyén) va nhiéu thu vién khac nhw
NumPy, SciPy, etc. Duéi day la nhirng huéng dan co ban dé bat dau:

o Cai dat méi trwdng Python: Ban c6 thé cai Python clung céc thu' vién qua phan phaoi
Anaconda, hodc sir dung méi trudng truc tuyén nhu Google Colab (mot dich vu cho
phép chay Python trén trinh duyét, khéng can cai dat) hay Jupyter Notebook. Ma6i
truong Jupyter Notebook/Colab rat thuan tién dé viét va chay tirng doan mé (code)
va xem k&t qua ture thi.

e Cac thuwvién can thiét: Dau tién, cai dat Pandas va PuLP. Néu dung Anaconda, cac
thu vién nay c6 thé da sdn c6. Néu dung Colab, c6 thé can chay !pip install pulp
trong notebook dé cai PuLP. Pandas thudng duoc cai san trong Colab.

o Nguyén tac lap trinh co ban trong Python: Hiéu céc kiéu dit liéu chinh (s6, chudi,
boolean), cau truc dit liéu nhu list (danh sach), dict (tir dién), tuple, v.v. Ndm céach
viét vong lap (for, while), cau lénh diéu kién (if-elif-else), va dinh nghia ham (def).
Nhirng kién thirc nay gitp ban xtr ly linh hoat dir liéu dau vao trudc khi dua vao mo
hinh toi uu.


https://www.researchgate.net/figure/Model-of-multiple-suppliers_fig1_4917628#:%7E:text=suppliers,value%20of%20purchasing%20is%20optimized

« Doc/ghifile Excel véi Pandas: Thu vién Pandas cung cdp ham pd.read_excel() dé
doc di¥ liéu tu file Excel vao DataFrame (bang dir liéu trong Python)
(pandas.read_excel — pandas 2.2.3 documentation - PyData |). Tuong tu, c6 thé ghi

k&t qua ra Excel bang df.to_excel(). Ban nén lam quen véi viéc truy cap cac phan tur

DataFrame, loc dif liéu, va thao tac vdi bang (nhu group, merge néu can).

e Thao tac vGi PuLP: PuLP cho phép tao va giai cac bai toan t6i wu mot cach truc
guan. Cac budc co ban khi dung PuLP:

1.

Khé&i tao mo hinh: S dung LpProblem("Name", LpMinimize) cho bai toan
minimization (t6i thi€u héa) hodc LpMaximize cho maximization.

Tao bién quyét dinh: Str dung LpVariable dé tao bién, co thé la lién tuc hoac
nguyén/binary tuy bai toan (tham sé lowBound, upBound, cat dé gidi han
mién gia tri va kiéu bién).

Pinh nghia ham muc tiéu: Dung toan tlr cong/trir gilta cac bién dé xay dung
biéu thirc chi phi téng, roi thém vao mé hinh qua model += (bi€u_thurc).

Thém céac rang budc: Tuong tu, dung model += (biéu_thtrc_rang_budc) cho
moi rang budc. Biéu thirc dang tuyén tinh so sénh (<=, >=, ==) gilta t6 hgp
bién va hang sé.

Giai bai toan: Goi model.solve() dé chay b giai (méac dinh PuLP dung CBC -
mot solver ma ngudon maé kém theo).

Kiém tra két qua: Dung value(var) hodc varvalue() dé |8y gia tri cuia bién sau
khi gidi, value(model.objective) dé ldy gia tri ham muc tiéu t6i uu. PuLP clng
cung cap trang thai loi gidi (LpStatus[model.status]).

Khi code Python cho tdi uwu héa, nén chia nho van dé va thi nghiém tirng phan: trudc tién
doc dung dir liéu, kiém tra dir liéu dau vao; sau do thiét lap mo hinh va in thir mot vai rang
buéc hodc gia tri ham muc tiéu dé dam bao logic; cudi cuing mdi goi solve va phan tich két
qua. V&i cac mé hinh phirc tap, viéc debug c6 thé ton thdi gian, nén viét code rd rang, dat

tén bién dé hiu, va in log trong qua trinh xay dung mé hinh dé theo dbi.

3. Phan tich md hinh toan tdi wu héa chi phi chon thau

Trudc khi di vao chi tiét cai dat bang Python, phan nay sé phan tich c4u tric mé hinh t8i wu
héa cho bai toan chon nha cung cép véi chi phiva gia bac thang. Ta xét mot tinh hudng dién
hinh: c6 N nha cung cép tiém nang va M mat hang (hoac diém nhu cau) cdn mua. Muc tiéu
14 théa man nhu cau mdi mat hang vdi chi phi téng cong thap nhat, trong d6 chi phi bao


https://pandas.pydata.org/docs/reference/api/pandas.read_excel.html#:%7E:text=,a%20local%20filesystem%20or%20URL

gdm gia mua hang tir nha cung cép va chi phi van chuyén hang vé kho hoac dia diém céan
thiét.

Cac thanh phan ctia mé hinh:

e Bién quyét dinh: Ky hiéu x_{i,j} la s6 lwvgng mat hangj mua tir nha cung cap i. Pay cé
thé la bién lién tuc (néu chap nhan mua phén chia khéng nguyén, vi du hang héa co
thé mua &) hoac bién nguyén (néu don vi tinh bat budc nguyén). Trong trudng hop
téng quat, ta co thé can bién quyét dinh chi ti€t hon néu ép dung gid bac thang, nhu
sé dé cap dudi day.

¢ Ham muctiéu:

o N&u mbidon vi hang,j mua tir nha cung cap i cé don gia (bao gom ca van
chuyén) & c_{ij} ¢8 dinh, thi ham muc tiéu la Minimize ¥_{i=1..N}3_{j=1..M}
c_{ij} * x {i,j} - tdng chi phi mua tat c4 cdc mat hang tir cac nha cung cép.

o Trong truong hgp gia bac thang két hop chi phi véan tai, don gia c_{ij} khong
con c6 dinh ma phu thudc vao lvgng mua x_{i,j}. Vi du: 100 don vi dau tién twr
nha cung cap i gia 20k/dv, 100 don vi ti€p theo gia 18k/dyv,... hoac chi phivan
chuyén c6 thé giam néu van chuyén khéi lugng Lon (do hiéu qua van tai). Khi
do, ham muc tiéu sé la téng chi phi tinh trén tirng phdn doan san lu'gng tuong
(ng véi cac béac gia. Ta phai linearize (tuyén tinh héa) ham chi phi phan doan
nay bang céch gidi thiéu cac bién phu cho mbi bac gia.

e Cacrangbudc:

1. Rang budc nhu cau: Méi mat hang hodc diém nhu cauj phai dugc cung cap du sé
lwong yéu cau D_j. Do dé: ¥ {i=1..N}x_{i,j} >= D_j (thda man t&i thi€u nhu cau; néu muén
dung bang nhu cau thi la =). M6 hinh hién tai gia dinh phai dap (ng it nhat nhu cau t6i thiéu,
c6 thé cho phép vugt nhu cau (trong trudng hgp mua du du trit) hoac khong.

2. Rang budc ngudn cung: Méi nha cung cap i c6 gidi han cung (’ng t6i da S_i (do nang
e san xuat hodc han mirc ma ta muén mua). Do dé: ¥ _{j=1..M}x_{i,j} <= S_i véi moi nha
cung cép i. Rang budc nay dam bao khéng dat hang vugt kha nang clia mdi nha cung cép.

3. Rang budc logic cho bac thang gia: Day la phan phic tap hon. D€ mé hinh hoa gia
béac thang, ta thuong:

= Chia bién x_{i,j} trén mdi cung &’ng i,j thanh céc bién thanh phan tuong
ng véi cac khoang san lugng. Vi du, gia sir nha cung cap i co céac
muc: 0-100 don vi gia A, 100-200 don vi gia B, >200 don vi gia C. Ta tao
céac bién: x_{i,j,1}, x_{i,j,2}, x_{i,j,3} twong &’ng lugng hang cla mat hang



jmua &muc 1, 2, 3tr nha cung cap i. Khi dé: x_{i,j} = x_{i,j,1} + x_{i,j,2}
+x_{i,j,3}.

=  Thém rang budc gidi han cho tirng bi€n mdc: 0 <=x_{i,j,1} <=
UT*y_{i,ji,1}, 0 <= x_{i,j,2} <= (U2 - L2)*y {i,j,2},... trong dé y {i,j,k} a
bi€n nhi phan cho biét c6 sir dung murc k hay khéng, U va L la gidi han
trén/dudi ctia khoang. Vi du: néu mic 1 1a 0-100, thi U1=100. Néu muic
2 14 100-200, thi bién murc 2 chi c6 thé duong néu da dung hét murc 1
(thudng md hinh cing épy_{i,j,1} >=y {i,j,2} >=... dé th ty). Tuy
nhién, dé don gian cé thé gidi han “at most one tier per supplier per
item” (m&i nha cung cap cho méi mat hang chi chon mét muc gia duy
nhat) — tly cach xay dung chinh sach mua.

= Cac bién nhiphany_{i,j,k} con k&ém rang buéc: téngy_{i,j,k} <= 1 (mbi
i,j chi chon t6i da moét bac gia néu ap dung mo hinh chon mét béc),
ho&c néu cho phép cdng don cac béc thi phai rang budc th( ty day da
cac bac trude khi dung bac sau.

Viéc mé hinh héa gia bac thang thuc su bién bai toan thanh quy hoach tuyén tinh nguyén
(MILP) vi c6 bi€n nhj phan. Chién lugc pho bién la st dung phuong phap Big-M dé lién két
bién lién tuc x va bién nhi phany. Vi du, néu khoang [L_k, U_k] la bac k ciia nha cung cép i,
thi: x_{i,j,k}>=L_k *y_{i,j,k} va x_{i,j,k} <= U_k * y_{i,j,k}. Diéu nay dam bao néu y_{i,j,k} = 0 thi
muc k khéng dugc st dung (x=0), con néu y=1 thi x cé thé dat t6i da gidi han ctia muc dé va
t8i thiéu bang gidi han dudi (tic la néu da chon mic nay thi phai mua it nhat bang luong téi
thi€u ctia murc). Péng thoi rang budc ¥k {i,j,k} <=1 (mbi cdp i,j chon t6i da mét muc gia)
dé tranh mua cung lic & hai bac gia khac nhau cho cing mot nha cung cép —tuy chinh
sach. (Trong ma vi du & phan sau, ta sé thay cac rang budc nay dugc trién khai chi tiét).

e Rang budc bd sung khéac: Tuy bai toan thuc té, co thé cé thém rang budc nhu: han
mu'c ngan sach t8ng, wu tién hodc bat budéc mua motty & tir nha cung cap dia
phuang, hodc rang bubc vé sé lugng nha cung cap dugc chon téi da,... Nhirng rang
budc nay cling c6 thé dugc dua vao mé hinh dudi dang tuyén tinh hodc logic (dung
bi€n nhi phan).

Nhin chung, md hinh téi vu héa chi phi chon thau két hgp gia bac thang va chi phivan tai la
sy két hgp ctia méd hinh van tai (phan bd ngudn cung cho nhu cau vdi chi phi toi thiéu) (Bai
toan van tai - Wikipedia tiéng Viét) va mé hinh chiét khau theo san lwgng. Day la mot bai
toan phuic tap hon dang tuyén tinh chuén, nhung cé thé gidi dugc bang ky thuat MILP. Khi
mo hinh dugc xay dung dung, ta cé thé sir dung céc bo giai (solvers) dé tim phuong an t6i
uu mot cach ty dong, thay vi phai thir nghiém thi cong nhiéu kich ban dat hang.



https://vi.wikipedia.org/wiki/B%C3%A0i_to%C3%A1n_v%E1%BA%ADn_t%E1%BA%A3i#:%7E:text=Image%3A%20,v%E1%BA%ADn%20chuy%E1%BB%83n%20l%C3%A0%20nh%E1%BB%8F%20nh%E1%BA%A5t
https://vi.wikipedia.org/wiki/B%C3%A0i_to%C3%A1n_v%E1%BA%ADn_t%E1%BA%A3i#:%7E:text=Image%3A%20,v%E1%BA%ADn%20chuy%E1%BB%83n%20l%C3%A0%20nh%E1%BB%8F%20nh%E1%BA%A5t

4. Thiét ké va sir dung file Excel nhap dir liéu dong

Pé thuan tién cho viéc thir nghiém va ma rong bai toan, chung ta sé st dung mét file Excel
cho phép nhap dir liéu dau vao mdt cach dong (c6 thé dé dang thay déi s6 lieu ma khong
can chinh stra ma Python). Viéc tach riéng dit liéu vao file Excel gilip cac nha quan ly -
nhirng ngudi quen dung bang tinh — c6 thé cap nhat thdng tin nha cung cép, chi phi, nhu

S

cau... va chay lai mé hinh dé nhan két qua mdi.

Té chirc dir liéu trong file Excel:

M6t cach cau tric phd bién 14 st dung mot sheet riéng cho mbi nha cung cap dé luu bang
gia va chi phi van chuyén theo cac muc san lugng, cung véi mot sé sheet tong hgp cho
nguon cung va nhu cau. Trong vi du cua tai liéu nay, file Excel dugc thiét ké nhu sau:

e Sheet“Supply” (Ngudn cung): chita théng tin v& nang luc cung (*‘ng t8i da ctia moi
nha cung cap. Vidu:

Nha CC A B C D Windows

SO lugng toi da | 4000 | 1800 | 3000 | 3600 | 3000

(Dong dau liét ké tén cac nha cung cép, dong thit hai la kha nang cung (ng
tuong ung. o] day c6 5 nha cung cap ky hiéu A, B, C, D va “Windows”.)

e Sheet“Demand” (Nhu cau): chira nhu cdu can mua doéi v@i titng ma hang hoac
diém nhu cau. Vi du:

Mathang | B1 | B2 B3 B4 BS B6

Nhu cau | 350 | 2800 | 2000 | 1200 | 3000 | 2000

(O day c6 6 mat hang/diém nhu cau ky hiéu B1-B6 vdi cac s6 lugng nhu cau
tuong irng.)

« Sheet cho tirng nha cung cap (vi du: “A”, “B”, “C”, “D”, “Windows”): Mdi sheet
nay chita bang gia bac thang va chi phi van chuyén clia nha cung cdp doé cho céac
mat hang. Cau trdc bang gom hai phan: bén trai la cac mirc san lugng va don gia,
bén phai la chi phivan chuyén.



Vi du, trich doan sheet “A” (Nha cung cép A):

Bang gia theo san lwong (nha cung cap A):

Tur(dv) [ Pén(dv) | B1 [ B2 [B3 | B4 | B5 | B6

0 100 15120 (17 |24 |20 | 24
100 200 13118 |16 |22 |18 | 22
200 500 12 116 |14 |19 |16 | 19
500 600 10 |13 (12 |16 |12 | 16

600 10000 9 |11 ]10 15|10 |15

Bang chi phi van chuyén (nha cung cép A):

Tur(dv) [ Pén(dv) | B1 [ B2 [B3 | B4 | B5 | B6

0 100 4 |8 |10|5 |8 |10
100 200 103 |6 |8 |10 (5
200 500 9 |7 |8 |3 |7 |4
500 600 3 |3 |5 [6 |5 |4

600 10000 8 |[10|7 |8 |6 |3

Giai thich cau trac trén: Nha cung cép A c6 cac muic san lugng 0-100, 100-200, 200-500,
500-600, 600-10000 don vi. Ung v&i mdi mic, don gia cho cac mat hang B1...B6 thay doi
(nhin bang gia: mua cang nhiéu thi gia don vi giam dan, vi du mat hang B1 gia 15 khi mua
<=100 don vi, gidm con 13 khi mua 100-200 don vi, v.v.). Pong thdi, chi phivan chuyén trén
moi don vi hang cling phu thudc vao lugng van chuyén (bang chi phi van chuy&n bén phai).
Chang han, van chuyén 0-100 don vi mat hang B1 c6 chi phi 4 (nghin déng)/dv, nhung néu
van chuyé&n 100-200 don vj thi chi phitang lén 10/dv (do c6 thé phai dung phuong tién khac,
vi du khoéng day tai). Day chi la s6 liéu gia lap; thuc té chi phi van chuyén thudng tang it
hoac giam khi khai lugng nhiéu, nhung vi du nay cho thay chi phi khong nhat thiét don diéu
ma c6 thé phu thudc nhiéu y&u t8 (chang han thué xe tai nguyén chiéc ré hon khi du tai).



Ly do td chirc file theo cach nay: Cach bé tri trén cho phép:

Dé dang thém/bdét nha cung cap chi bang viéc thém hodc b6t mot sheet, ddng thoi
cap nhat sheet Supply (ngudn cung). Ma Python c6 thé dugc viét dé ty dong doc tat
cé cac sheet nha cung cép hién co.

Mbi nha cung cap c6 thé c6 co cau gid riéng, s6 muc bac thang tuy y. Vi du trong file,
nha cung cép B, C, D cling c6 bang céu trlic c6 thé khac vé khoang san luong va gia.

Viéc tach riéng bang gia va bang chi phi van tai (mac du dat canh nhau trén cung
sheet) gitip r6 rang hai phan cau thanh chi phi. Néu trong trudng hgp chi co gia san
pham (khéng tach chi phivan chuyén) thi c6 thé bd qua phan chi phivan chuyén
(hodc dé bang 0).

Tinh mé& réng: Ngudi dung co thé stra file Excel - vi du digu chinh nhu cau, thém mat
hang B7 (bang cach thém cét trong sheet Demand va thém cot tuong (ng trong mdi
sheet nha cung cap vdi gia va phi), sau do chay lai chuwong trinh Python ma khong
can stra code (mién la code dugc viét dé duyét qua cac cdt mdt cach dong). Tuong
tu, thém nha cung cdp mdi (thém sheet mdi va thém cot trong Supply) cling sé dugc
ma ty dong cap nhat.

Khi thiét ké file Excel dong, luuy:

D3t tén sheet va tiéu dé nhat quan dé ma chuong trinh d& suy luan. O day, sheet

“Supply” hang dau tién liét ké tén nha cung cap chinh xac khdp véi tén sheet clia
tirng nha cung céap (A, B, C, D, Windows), va sheet “Demand” liét ké ma mat hang
khd&p véi cac cot trong bang gia/chi phi chia cac sheet nha cung céap.

Tranh dé céac 6 tréng hodc d liéu thira ngoai bang, vi khi doc bang code c6 thé bi
nhiéu. Trong vi du, c6t “Unnamed: 8” 14 cot tréng ngan cach hai bang trong sheet,
khi doc vao Python cé thé can loai bé.

Ludn c6 mét khoang gia cudi cung lén dd bao phtd moi kha nang (nhu 600-10000
trong vi du) d& néu nhu cau rat l&n van c6 bac gia dé ap dung, tranh trudng hgp vuot
ngoai dinh nghia gay sai mé hinh.

Kiém tra ky di¥ liéu trong Excel trudce khi chay t8i vu: tdng cung c6 déap ing téng cau
khong? (Néu tong cung thiéu cé thé khong thda méan nhu cau, mo hinh c6 thé khéng
kha thi hodc cho két qua khong dd hang). Néu tong cung thira rat nhiéu so véi cau,
c6 thé b8 sung mdt “nha cung cép gid” hodc “nhu cau gia” dé can bang, nhung trong
m6 hinh MILP solver van c6 thé gidi ngay ca khi cung > cau bang cach dé mot s6
cung khéng dung dén.



5. Chi tiét code Python (lién hé truyc ti€p ERX Vietnam)

6. M& rong bai toan trong thuc té

Pé hiéu ré han mé hinh, hay xem xét mot vai kich ban thue té va cach diéu chinh:

Kich ban 1: Chi phi vdn chuyén khéng phu thudc khdi lwong — Gia sur trong nhiéu
trudng hop, chi phivan chuyén tinh theo don vi san pham khéng ddi (vi du glri hang
van chuyén tinh theo kg tuyén c8 dinh). Ta c6 thé don gidn héa mé hinh bang cach
nhap moi chi phi van chuyén giéng nhau cho cac muic, hodc tham chi gdp chi phi
van chuyén vao don gia va bé han phan biény néu gia san pham ciing khéng cé bac
thang. M6 hinh sé trd thanh mot bai toan van tai tiéu chuén: két qua thudng sé mua
t6i da tir nha cung cap nao c6 chi phi (gia + van chuyén) ré nhat cho tirng méat hang
cho dén khi hét cong suat, sau dé chuyén sang nha cung cép ré th( hai, v.v. (theo
quy tac xép hang chi phi).

Kich ban 2: Nhu cau vuot tdng cung — N&u téng nhu cau vuot tdng cung clia tat ca
thi (infeasible). Luc nay ngudi quan ly can xem xét: hoac bd sung nha cung cap mdi,
hoac diéu chinh nhu cau (mdc dé chap nhan thiéu hang). Cé thé mé hinh hda thiéu
hang bang cach thém bién shortfall (thiéu hut) cho mbi nhu cau va cho phép mua
khéng du, nhung phai thém chi phi phat cho shortfall d& mé hinh van t8i wu héa (chi
phi phat rat l&n dé tranh thi€u trir khi bat kha khang).

Kich ban 3: Thay ddi sé lwgng nha cung cap, mat hang - Gia str thém mét nha
cung cap E méi véi bang gia tuong tu A, B,... Ban chi can tao thém sheet E trong file
Excel, dién dir liéu cung &rng vao sheet Supply, sau doé chay lai chuong trinh. Code
dugc viét tdng quat sé tu ddng thém nha cung cap E vao bién suppliers va xay dung
céc bién, rang budc tuong ing. Twong tu, néu thém mat hang méi B7, ta thém vao
sheet Demand va c6t d{f liéu cho méi sheet nha cung cap.

Kich ban 4: Nha cung cap dwa ra chiét khau manh sau mét ngudng — Vi du mét
nha cung cap D cung cdp mét hang B5, gia 10k/dv cho dén 1000 dv, nhung néu mua
trén 1000 dv thi toan bé don gia giam con 8k/dv (ap dung hoi t6). Trudng hgp nay
khong phai volume discount thong thuong (ma la bac thang héi té - retroactive
discount). M6 hinh trén chua truc ti€p xur ly hoi t6 (vi hién tai mdi mic chi dp dung
cho phan vugt). D mé hinh hda, c6 thé can tao bién nhi phan dé chon phuong én
gia: hoac mua <1000 vdi gia 10k, hoac mua >=1000 vdi gia 8k cho toan bd. Bay la
dang chon lya rdi rac khéac, cé thé thiét lap bang 2 bién nhi phan dai dién cho hai
kich ban va rang budc logic dé néu chon kich ban giam gia thi x >=1000, va chi phi



tinh theo 8k * x; con néu khéng chon thix <=1000 va chi phi 10k * x. Diéu nay hoi
khac mé hinh géc nhung c6 thé tich hgp bang cadch md rédng tap biény.

Kich ban 5: Pa muc tiéu hodc rang budc bd sung - Trong thuc té, quyét dinh chon
nha cung cép con cé thé dua trén nhiéu yéu td: thoi gian giao hang, chat lugng, rai
ro,... Mé hinh trén chi t8i wu chi phi. Dé dua céc yéu t8 khac vao, ta co thé:

o Thém céac rang budc vé s6 nha cung cap tdi da dugc chon (vi du han ché chi
chon 2 trong 5 nha cung cap dé don gian héa quan ly). Rang budc nay can
bién nhi phan dai dién cho viéc "nha cung cap s c6 dugc str dung hay khong",
roi Y y_supplier <= 2. Lién kéty_supplier v3i x: n€u bat ky x[s,b,i] >0 thi
y_supplier=1.

o Thém muc tiéu phu nhu ti wu thoi gian giao hang c6 thé bang cach dat
trong so chi phi phat cho don hang giao cham, hoac chay mé hinh nhiéu lan:
l&n 1 tdi wu chi phi, lan 2 ¢d dinh chi phi ~ t6i wu va t6i wu hoa ti€p thoi gian.

o S dung phuong phap da muc tiéu (multi-objective) hodc phan tich kich
ban: Chay mé hinh nhiéu lan véi cac trong sé khac nhau gitra chi phi va cac
yéu t6 khac dé thay danh déi (trade-off). Vidu, néu mudn giam rui ro phu
thuéc moét nha cung cép, ¢6 thé thém vao ham muc tiéu mot chi phi gia cho
viéc str dung nha cung cép vugt moét ngudng nao do.

Sau khi c6 két qua mé hinh (phuong an téi uu), nha quan ly nén phan tich két qua:

Nha cung cap nao dugc chon va cung cap bao nhiéu? Cé bat ngd khéng (vi du mét
nha cung cép gia ré nhung khdng dugc chon vi phivan chuyén cao hoéc vi gidi han
cbng suét).

Chi phi tdng bao nhiéu va bao gom nhirng khoan nao? Viéc tach chi tiét két qua nhu
doan code xuét output & trén giup hi€u rd chi phi dong gop tir tirng két hop nha cung
cap - mat hang.

Bai hoc rat ra: C6 thé phat hién ra rang néu tang gidi han cung &’ng cia mot nha

cung cap thém X don vi sé giup giam chi phi dang ké (vi hién tai nha dé dung hét

cOng suat va ta phai mua phan con lai chd dat hon). Diéu nay L4 tin hiéu cho viéc
dam phan ndng han mic hodc tim thém nha cung cép tuong tu.

Hoac phat hién mot mat hang nao dé toan bé mua tir mot ngudn dat, c6 thé can
nhac tim nha cung c&p mdi cho méat hang dé trong dai han.

M6 hinh t8i uu cung cép co sé dinh lwong dé ra quyét dinh, nhung ngudi quan ly cling can
k&t hop vdi thuc té (quan hé nha cung cép, rdi ro, chat lwong) dé dua ra k& hoach cudi cung.



Tuy nhién, viéc c6 mot cong cu ty dong tinh toan chi phi téi uu gitp tiét kiém rat nhiéu thoi
gian so vdi thir nghiém thu cong trén Excel.
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