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1. Ly thuyét t6i wu héa lwa chon — Khai niém va ing dung thuc té

Téi wu hoa trong Operations Research (OR) Ia viéc tim kiém phuong 4n tot nhat (t6i uu)
trong s6 cac Iya chon kha di, dya trén mot mé hinh toan hoc cua bai toan thyc te Theo
TechTarget, OR 13 “mdt phuong phap phan tich dé giai quyét van dé va ra quyét dinh, trong do
van d& duoc chia thanh céc thanh phan co ban va giai bang phan tich toan hoc theo cac budc xac
dinh” (What is Operations Research and Why is it Important?). Noi cach khac, ta xay dung mo
hinh gdm ham muc tiéu (dai dién cho tiéu chi can t6i vu, vi du: t6i da loi nhudn hodc tdi thiéu
chi phi) va mot tap cac rang bude (dai dién cho giéi han ngudn luc hodc diéu kién phai thoa
man). Nhiém vu cua toi vu hoa 13 tim gia tri ciia cic bién quyét dinh (decision variables) sao
cho ham muc tiéu dat cuc dai hodc cuc tiéu, déng thoi théa man tat ca rang budc.

Ung dung thue té ciia OR rét rong rai, trai khap nhiéu linh virc. OR khai ngudn tir viée ti uu
hoa tac vu quan sy trong Thé Chién II, sau d6 mé rong sang quén tri va kinh doanh. Ngay nay,
phuong phéap OR dugc ap dung trong quy hoach dé thi, 1ap lich trinh, quan ly chudi cung
{rng, van tai, tai chinh, y t&, sin xuit va nhiéu linh vyc khac. Chang han, OR gitp giai cac bai
toan vé phan bd ngudn lwe, dinh tuyén vén tai, quan 1y ton kho, xép lich nhén sw, lya chon
dia diém co s0, hoach dinh du an,... (Operations research - Wikipedia). Muc tiéu chung 14 hd tro
t6 chuc ra quyét dinh dinh lwong tot hon, tim duoc phuong an hiéu qua nhét trong bdi canh cac
ngudn lyc co han va didu kién rang budc phirc tap.

Vi dy minh hoa: Mot cong ty san xuat mudn t6i da hoa loi nhuan tir hai san pham A va B. Gia
su lgi nhudn thu dugc khi ban moi don vi A 1a 40 USD va moi don vi B 1a 30 USD. Cong ty c6
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gi6i han vé nguyén vat liéu va nhan cong, chang han nguyén liéu chi du san xuat 80 don vi va
thot gian lao dong chi du cho 50 don vi san pham Bai toan c6 thé mé hinh hoa nhu sau: chon
lwong san xuét X (don vi A) vay (don vi B) dé toi da hdaz = 40x + 30y (ham muc tiéu: tong
lgi nhuén), dudi cac rang buoc x + y < 80 (han ché nguyén li€u), 2x + y < 100 (han ché nhan
cong, gia sir A ton 2 gid, B ton 1 gid lao dong mdi don vi) va x, v > o0 (khong san xuét 4m).
Pay 1a m6t mo hinh t6i wu hoa tuyén tinh don gian. Giai bang phuong phap OR s& cho biét
phuong an (x, y) ti uu (vi du: san xuét bao nhiéu A, bao nhiéu B) dé dat loi nhuan cao nhat
trong pham vi cac ngudn lyc cho phép.

2. Xay dwng mé hinh LP va MIP — Phwong phap gidi quyét bai toan t6i wu

Mo hinh toin hoc cho bai toan tdi wu: Dé xay dung mé hinh, ta thyuc hién cac bude: (1) Xac
dinh bién quyét dinh — cac dai luong can tim dé quyét dinh phuong an; (2) Xac dinh ham muc
tidu — tiéu chi can t6i wu hoa, biéu dién dudi dang ham cua cac bién quyét dinh; (3) Xac dinh CaC
rang budc — tap hop cac phuong trinh hodc bat dang thirc mé ta gidi han vé tai nguyén, quy tac
véan hanh hodc quan h¢ logic gitra cac bién. Néu ham muc tiéu va moi rang bugc déu 1a biéu
thirc tuyén tinh cta cac bién, ta drgc mot mé hinh quy hoach tuyén tinh (Linear
Programming — LP). LP la mét truong hop dac biét cua t6i wu hoa, trong d6 “cac yéu cau dugc
biéu dién bang quan hé tuyén tinh” (Linear problem - wiki.openmod-initiative.org). Mo hinh LP
thudng dugc viét dudi dang chuan: t6i da (hodc t6i thiéu) ham tuyén tinh c~T x véi x 1a vector
bién, thbamén 2 x < b (cac rang budc tuyén tinh) va thuong kém = > 0. Néu mé hinh c6 thém
bién nguyén — bién bit budc nhan gia tri nguyén (vi du 0/1 hodc s6 nguyén khong am), ta ¢ méd
hinh quy hoach nguyén hén hop (Mixed Integer Programming — MIP). MIP cho phép biéu
dién cac quyét dinh roi rac, chang han bién nhi phan 0-1 dai dién cho Iwa chon “c6 hodc khong”
(mua mt may mai, xay mot kho hang, v.v.) (Mixed-Integer Programming (MIP) — A Primer on
the Basics - Gurobi Optimization). Nho dé, MIP ¢ kha nang mé hinh héa nhiéu bai toan t6 hop
phtre tap (vi du bai toan phéan cong, lich trinh, phu tap hop, v.v.) ma LP thuan tiy khong biéu
dién dugec.

Phuong phap giai bai toan LP: Cac mo hinh LP c¢6 thé dugc giai hiéu qua bang cac thudt toan
da thirc hoic gia da thirc. Thuat toan ndi tiéng nhat 1a simplex do George Dantzig dé xuat nim
1947. Thuat toan simplex duyét qua céc dinh cua mién nghiém 16i da dién va tim duoc nghiém
t6i wu ctia LP. Trong thuc té, simplex rat hiéu qua va giai dugc cac bai toan quy mo 16n. Ngoai
ra, con cd cac phuong phéap diém trong (interior-point) — vi du thuat toan dudng trung tim —
v6i do phire tap da thire, thudng dugc dung trong cac solver hién dai cho LP. Két qua 1a cac bai
toan LP v&i hang triéu bién va rang budc van co thé duoc giai trong thoi gian hop 1y bang cac
phan mém t6i vu chuyén dung.

Phwong phap giai bai tean MIP: Bai toan c6 bién nguyén thudc loai NP- kho, nghia la kho giai
hon nhiéu so voi LP. ‘Tuy nhién, c6 nhiing phuong phap téng quat dé tim nghiém t6i wu toan
cuc cho MIP. Phé bién nhét 1a phwong phap nhanh — c4an (Branch and Bound) két hop véi ky
thudt mat phang cét (cutting planes), thudng goi chung 1a nhanh — cit (Branch and Cut). Y
tudng chinh: giai bai toan LP relax (coi moi bién lién tuc, bo qua rang budc nguyén) dé dugc mot
can trén/céan dudi cho gia tri t6i wu. Néu nghiém LP thoa mén tinh nguyén, d6 chinh 1a nghiém
t61 wu ciia MIP. Néu khong, chon mot bién c6 gia tri phan so va phan nhanh thanh hai truong
hop (nhanh) bang cach thém rang budc chan gia tri phan s6 d6 (vi du thém = < 5vax > 6 néu
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LP cho x = 5.7 (Mixed-Integer Programming (MIP) — A Primer on the Basics - Gurobi
Optimization)). Mdi nhanh tao thanh mot bai toan con véi khong gian nghiém bi thu hep. Ap
dung d¢ quy qua trinh nay s& tao ra mot céy tim kiém cac truong hop. Thuét toan loai bo (cit tia)
som nhiing nhanh khong thé cho nghiém t6t hon nghiém tdt nhat hién tai (dya trén can - do do co
tén “nhanh va can”). Bang cach nay, ta s€ tim dugc nghiém t6t nhat thoa man tinh nguyén. Cac
trinh t6i wu hién dai déu giai MIP bing thuit toan nhanh — cin két hop véi ky thuit LP (giai
cac bai toan LP ¢ tung node cua cay) (Mixed-Integer Programming (MIP) — A Primer on the
Basics - Gurobi). Ngoai ra, ching con tw dong tao thém cac mat phdng cat (cut) — nhing bat
dang thirc thit chat mién nghiém, cat bo phan nghiém phan sO nhung khong loai bo nghiém
nguyén — dé tang hiéu qua. Céc cai tién nhu cit Gomory, cit mit phang, cit tao boi CGL,. . giup
giam kich thudc cdy nhanh dang ké. Nho nhimg phuong phap nay, nhiéu bai toan MIP thuc té
v01 hang tram nghin bién nhi phan van co thé giai dugc dén t6i vu bang phan mém trong thoi
gian chap nhan duoc, mac du bai toan tong quat thudc loai NP-khd.

Vi du minh hoa: D¢ thiy sy khac biét LP/MIP, xét bai toan chon du an dau tu: Gia st ¢6 5 du
an (bién 0-1: chon hay khong), mdi du an c6 loi nhuan va chi phi, voi tong ngan sach gidi han.
Néu coi bién c6 thé chia nhé (dau tu mot phan dy an), bai toan thanh LP va nghiém ti uu c¢6 thé
cho cac gia trj phan sé (dau tu mot phan mdi du an). Nhung vi du an phai hodc 1am hoic khong,
ta thém rang budc bién nhi phan, bién bai toan thanh MIP (bai toan dang knapSack). Nghiém LP
relax c6 thé vi pham tinh nguyén (vi du “lam 0.7 du an A”), nhung thuat toan nhanh — cén s& tim
ra nghiém nguyén t6t nhat (mot t6 hop dur an t6i wru trong ngéan sach). Bai toan knapSack vo1 5
du 4n rat nhd, c6 thé 1iét ké moi kha nang. Nhung vdi 500 hoac 5000 du an, ta can nhanh — can
va cac k¥ thuat toi vu hién dai dé giai hiéu qua.

3. So sanh Excel Solver (mién phi) va CBC trén Python

do Frontline Systems phat trlen Phién ban mién phi di kém Excel str dung cac thuat toan nhu
Slmplex LP, GRG Nonhnear Va Evolutlonary dé g1a1 nhung mo h1nh nhé dén trung bmh CBC
boi dl): an COIN-OR. CBC thu:ong dugc sir dung thong qua cac giao dién lap trmh (V1 du Python
théng qua PuLP, OR-Tools, ...) hodc add-in nhu OpenSolver trén Excel. Sau day 1a so sanh chi
tiét:

« Gi6i han sb bién va rang budc: Excel Solver ban chuén (mién phi) bi gi6i han vé kich
thude mé hinh. Cu thé, t6i da 200 bién quyét dinh (6 c6 thé thay d6i) (vba - Reaching
maximum number of solver variables? - Stack Overflow) va 16i da 100 rang budc (khong
ké cac rang budc bién don gian nhu bién > 0 hodc bién nguyén) (Standard Excel Solver -
Dealing with Problem Size Limits - Continued | solver). Néu vuot qua, Solver s& bao 16i
“too many variable cells” hodc khong chay. Nguoc lai, CBC khong ap dung gi6i han cb
dinh vé s6 bién va rang budc — ban ¢6 thé xay mé hinh 16n tiry ¥, mién 1a dit bd nhé may
tinh (Solver Max - OpenSolver). Trén thyc té, OpenSolver (add-in Excel ding CBC) cho
phép giai cac mé hinh v&i hang nghin bién va rang bude ma khong gip rao can kich
thude nhan tao (Solver Max - OpenSolver). Nhu vdy, vé kha ning mé rong quy mo md
hinh, CBC linh hoat va vuot trdi hon hin so v&i Excel Solver ban mién phi.
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Tinh linh hoat va kha nang mé rong: Excel Solver tich hop trong Excel nén thuan ti¢n
cho nhiing ai quen 1am viéc v&i bang tinh, nhung lai han ché vé tinh linh hoat. Nguoi
ding bi rang budc trong mdi truong Excel, md hinh phai dugc biéu dién bang cac 6 tinh
va cong thirc Excel, va kich thudc mé hinh 16n s& 1am bang tinh tré nén cong kénh, kho
quan ly. Trong khi do, CBC chay thong qua ma Python (hodc cac giao dién khac) nén rat
linh hoat: ta c6 thé tw dong hoa qua trinh giai nhiéu 1an, tich hop vao tng dung, két hop
voi cac thu vién Python khac dé tién xtr Iy hodc hau xur 1y dir liéu. CBC xur ly | t6t cac mod
hinh 16n vi n6 dugc viét bing C++ hiéu ning cao. Thém nita, CBC 12 ma ngudn mé, c6
thé chay trén cac méy chu doc 1ap khong can giao dién, nén c6 thé mo rong quy mé tinh
toan (vi du chay trén server, song song nhiéu tién trinh) d& dang hon so véi viéc dung
Excel trén may c4 nhan. Tém lai, véi CBC/Python ta c6 méi trweong phat trién linh
hoat, phu hop giai cac bai toan toi wru 1ap di lap lai hodc tich hop vao hé thong, con Excel
Solver chu yéu phu hop giai twong tac cac bai toan nhé trong Excel.

Hiéu suit tinh toan va dd chinh xac: D4i voi cac md hinh nho (vai trim bién), Excel
Solver va CBC déu c6 thé tim nghiém tbi wu kha nhanh. Tuy nhién, trén céc bai toan tdi
uu phire tap hoic kich thuéc 16m, CBC thuong cho hiéu suit cao hon. Ly do 12 CBC Ia
mot solver chuyén dung hién dai, st dung cac k¥ thuat cutting-edge (presolve, cit, nhanh
— can hiéu qua). Nghién ciru cho thdy CBC (OpenSolver) thuong cho két qua tuong
duong hodc nhanh hon Solver ctiia Excel trong nhiéu trudng hop; vi du, cac bai toan kiéu
knapSack kich thudc 16n ma Excel Solver mat hang gid, thi OpenSolver (ding CBC) ¢6
thé giai gz‘ln nhuw tire thi () nho céc ky thuat tién xu ly Va tang cuong bai toan ma CBC ap
Excel” nén cho hiu nang cai thlen trén céc bai toan kho 0. Vi do chinh xac, ca hai cong
cu déu dung sb hoc ddu phay dong keép va c6 do chinh xac cao trong tinh toan. Tuy nhién,
can luu v thiét 1ap dung sai t6i wu (optimality tolerance): Excel Solver méc dinh cho
phép dimg khi tim duge nghiém trong vong 5% lan ¢an t6i vu that (Tolerance = 0.05)
(Standard Excel Solver - Tolerance Option for Integer Problems | solver) nham giam thoi
gian chay, do d6 nghiém tra vé c6 thé chwa phai t6i wu tuyét ddi (chi gan t6i vu). Vidy,
v6i Tolerance 5%, Solver c6 thé dimg véi phuong an c6 gia tri ham muc ti€u kém t6i wu
that 5%. Nguoi dung phai chinh Tolerance = 0% néu muén tim dang optimum. Trong khi
do, CBC mac dinh ¢0 gang tim nghi¢m t0i wu toan phan (optimal) v6i khoang cach sai
s6 rat nho (thuong <0. 0001). Diéu nay c6 nghia CBC thudng tim dugc nghiém chinh xé&c
hon (dung optimum) néu cho phép chay du lau, trong khi Solver Excel néu nguoi dung
khong tinh chinh c6 the dimg sém ¢ nghiém gan tdi uu. Ngoai ra, CBC nhin chung 6n
dinh véi cac mo hinh sd liéu phirc tap (ma trén hé s6 thura, hé so rat lon hodc rat nho),
tham chi d6i khi vuot troi mot sé solver thwong mai trong truong hop s6 hoc khé (Che
and Clp performance - Optimization (Mathematical) - Julia Programming Language).
Tom lai, Ve do tin cdy va chinh xac, CBC cho phép dat t61 nghiém t01 uu dung voi kiém
soat tot vé sai sd, con Excel Solver tién dung nhung can cén than ciu hinh dé dam bao do
chinh xac cao.

Lgi ich khi sir dung CBC thay vi Excel Solver: Str dung CBC (thong qua Python/PulP
hoidc cac cong cu nhu OpenSolver) mang lai nhiéu loi ich: (1) Giai dwgc cic bai toan
lom vuot gioi han cua Excel Solver (vi du hang nghin bién, , rang budc); (2) Téc dd va
kha nang giai bai toan kho tot hon nho thuét toan tién tién — nhu dan ching, nhing bai
toan mat hang gio trong Excel ¢6 thé gidi nhanh bang CBC (); (3) Khéng ton chi phi
ban quyén: CBC 1a mién phi va ma ngudn md, trong khi dé vuot gidi han 200 bién cua
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Excel Solver, nguoi dung thuong phai mua ban Premium Solver hodc Analytic Solver
cua Fronthne (co6 phi); (4) Tw dong héa va tich hop dé dang: Vi CBC/Python, ta c6
thé Vlet scrlpt chay nhleu lan t1ch h0’p Vao quy trmh doanh nghlep (V1 du doc dir heu tu:
moi truong Excel thuan tuy, (5) Cong dong va hd tro: CBC duoc cong dong COIN-OR
phat trién, tai liéu m&, nhiéu du 4n va dién dan hd tro, trong khi Excel Solver 1a cong cu
dong. Tom lai, CBC dem lai strc manh tinh toan va quy mo cong nghiép cho cac bai
toan t6i wu, thich hop cho tmg dung thuyc té 16n, trong khi Excel Solver pht hop cho budc
dau 1am quen hodc nhimng bai toan nho, don 1é.

4. Céc thw vién t6i wu héa trong Python (mién phi va thwong mai)

Python hién c6 hé sinh thai phong phu hd tro xay dung va giai mo hinh téi wu hoa, tir thu vién
ma nguén md mien phi dén phan mém thuong mai hang dau. Dudi day la mot so thu vién tiéu

biéu:

PULP: PuLP 13 mét thu vién modeling mién phi thuan Python, cho phép ngudi ding xay
dung m6 hinh LP/MIP bﬁng cach khai bao bién, ham muc tiéu, rang budc mot cach truc
quan. PuLP s& tir dong sinh mo hinh dang .LP hodc .MPS va goi solver thich hop dé giai
(Third- Party Tools for Gurobi - Gurobi Optimization) Mac dinh PuLP tich h0'p sén voi

.....

PuLP ciing hd tro giao tiép voi cac solver thwong mai (nhu Gurobi, CPLEX) néu ngucn
ding c6 license. Uu diém ctia PuLP 1a ¢ phap don gian, phi hop cho nguoi méi hoc OR
ding Python hodc giai nhanh cac bai toan quy mo vira. Nhuoc diém: hiéu suit ¢6 thé kém
hon chut so voi cac modeling khac khi mé hinh rat 16n (do thuan Python), va n6 cha yéu
hd trg LP/MIP (khéng chuyén cho phi tuyén).

Google OR-Tools: _OR-Tools la bo cong cu t61 wru hoa ma nguon mo do Google phat
trién (hoan toan mién phi ké ca cho muyc dich thwong mai). OR-Tools cung cap nhiéu
solver manh: CP-SAT (dé giai MILP va cac bai toan rang budc rdi rac bang rang budc
thda man — rang bude hon hop SAT, hién dugc danh gia rat cao vé hiéu nang), solver
tuyén tinh (str dung CLP/CBC), solver quy hoach rang budc (CP) cb dién, va dic biét nbi
tiéng voi thudt toan dinh tuyén (Vehicle Routing). OR-Tools viét bang C++ va co API
cho Python, Java, .NET (cplex - What is the purpose of libraries like Pyomo and Google
OR tools? - Operations Research Stack Exchange). Mot diém thuén loi 1a OR-Tools hoan
toan mién phi va khéong cin thw vién thwong mai nén — “dugc viét bang C++ tir dau,
khong goi thu vién thwong mai nén, do d6 nguoi dung khong can tén chi phi mua
CPLEX hay Gurobi” (cplex - What is the purpose of libraries like Pyomo and Google OR
tools? - Operations Research Stack Exchange). OR-Tools rat thich hop cho céc bai toan
t61 wu t6 hop phirc tap nhu 1ap lich, dinh tuyén, t6i wu van hanh... ma Google d3 dung
trong ndi bd. Vai LP/MIP thong thuong, OR-Tools hién dung CP-SAT lam méc dinh
(mot solver két hop k¥ thuét rang budc va MILP rat manh), c6 thé giai hiéu qua nhiéu bai
toan ma CBC gap kho. Thu vién nay dang dugc cap nhat lién tuc boi Google va cé cong
ddng nguoi dung 16n.

Pyomo: Pyomo la mot ngén ngir mé hinh héa dai sé trong Python, twong tw nhu AMPL
nhung mién phi. Pyomo cho phép biéu dién cac m6 hinh t6i wu hoa mot cach ti nhién
bﬁng cach dinh nghia cac tap hop, tham s6, bién, rang budc, ham muc ti€u st dung ca
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phéap Python. Uu diém 161 1a Pyomo c6 thé mo hinh hoa nhiéu 16p bai toan: LP/MIP,
quy hoach phi tuyen (NLP), quy hoach dong, t6i wu da muyc tiéu, v.v. Pyomo déng vai tro
interface toi nhiéu solver — ca open-source 1dn commercial. N6 hd trg cac solver nhu
CBC, GLPK (mién phi) va ciing c6 thé goi Gurobi, CPLEX, IPOPT... néu c6 cai dat.
Theo m6 ta, Pyomo cho phép nguoi dung “dinh nghia m6 hinh t61 wu ¢ muc triru twong
cao (bién, rang budc, myc tidu) va cung cap giao dién dén nhiéu solver khac nhau, giup
cing mot mo hinh c6 thé thir nghiém vé6i nhiéu solver” (cplex - What is the purpose of
libraries like Pyomo and Google OR tools? - Operations Research Stack Exchange).
Pyomo hiru ich trong cac du &n 16n, dac bi¢t trong hoc thuat va nghién ctru, noi can linh
hoat thay ddi solver va biéu dién mé hinh phuec tap. Nhuoc diém: do triru tuong cao va
téng quat, Pyomo c6 thé cham hon & bude dung mé hinh cho nhimng bai toan rat 16n so
v&i cac cong cu chuyén biét.

Gurobi: Gurobi Optimizer 1a mt trong nhitng solver t6i vu thwong mai hang dau thé
giéi cho LP, MILP, va nhiéu bién thé (quadratic, QCP...). Gurobi ndi tiéng vé toc do giai
MILP cuc nhanh nho céc thuét toan nhanh — cin song song va tdi uu cao. Gurobi cung
cap Python API rat thuan tién, cho phép xay dung mé hinh bang code Python (twong tu
PULP nhung hi¢u qua hon) va goi solver Gurobi ndi bd. Theo danh gia, “Gurobi 1a solver
thwong mai ding cip thé gioi” trong linh vuc t6i wu toan hoc (What software is used in
the field these days? : r/optimization - Reddit). Nhugc diém 13 Gurobi yéu cdu mua
license kha dit cho sir dung thuong mai (dit mién phi cho muc dich hoc thuat/phi loi
nhuan). Trong moi truong doanh nghiép can giai cac bai toan t6i wu 16n phirc tap trong
thoi gian ngén, Gurobi thuong dugce lya chon vi hi¢u suét vuot trdi so voi cac solver ma
mo. Gurobi ciing hd tro nhiéu ngén ngit khac (C++, Java, NET) ngoai Python.

CPLEX: IBM ILOG CPLEX Optimizer la solver t6i wu thuong mai lau doi va uy tin,
hi¢u nang turong duong Gurobi trén nhiéu loai bai toan. CPLEX ¢6 kha nang giai rat
nhanh cac bai toan LP, dic biét “vé bai toan tuyen tinh, hiém cong cu nao sanh dugc voi
CPLEX - solver nay cuc ky nhanh va chinh xac” (Use of commercial solvers in the
engineering and simulations ...). CPLEX ciing ho trg MILP, QP, QCP va c6 giao dién
Python (thdng qua goi docplex ctia IBM hodc API Python gbc). Tuong tu Gurobi,
CPLEX yéu cau license thwong mai (mién phi han ché cho sinh vién/hoc gia). Nhiéu to
chtre 16m st dung CPLEX trong cac ung dung hoach dinh tdi wu. So véi Gurobi, wu thé
cia CPLEX 1a tich hop t6t véi cac san pham IBM va c6 lich str ing dung l4u ndm; con
Gurobi thudong nhinh hon vé toc do trén mot sé benchmark méi. Ca hai déu thudc nhoém
solver thuong mai manh nhét hién nay.

Cac thu vién/solver khac:

o GLPK (GNU Linear Programming Kit): Solver mi ngudén m& do GNU phét trién,
hd trg LP va MILP ¢& nhé dén trung binh. GLPK d& sir dung (c6 gbi Python
swiglpk hoac thong qua PuLP/Pyomo). Hi¢u nang ciia GLPK kém hon CBC mét
chut trén bai toan 16n, nhung du tot cho mé hinh nhé va hoan toan mién phi (GPL
license).

o SCIP: Solver tdi wu roi rac manh do Zuse Institute Berlin phat trién, duoc danh
gia 1a solver MILP ma ngudn mé manh nhét (thuong chi thua kém
Gurobi/CPLEX ~20-30% tdc d6). SCIP mién phi cho muc dich hoc thuat nhung
¢6 han ché gidy phép néu dung thuong mai. Python c6 thé goi SCIP qua
PySCIPOpt.
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o CVXOPT/CVXPY: Thu vién Python cho t6i wu 18i phi tuyén va quy hoach dang
cone. CVXOPT cung cép solver ndi cho QP, NLP nho; CVXPY la goi modeling
bac cao cho tdi vu 16, tu dong goi solver phu hop (nhu ECOS, SCS, OSQP...).
Day phu hop cho bai toan tdi wu 16i (khéng han LP/MIP).

o Cdc solver thuwong mai khdc: FICO Xpress (d6i thu cia CPLEX/Gurobi, hiéu
nang cao, c6 Python API), MOSEK (manh vé tdi uu hinh nén, QP), LocalSolver
(cho bai toan t6 hop quy mé rat 16n bang heuristic), v.v. Nhitng cong cu ndy
thuong dung trong cac doanh nghi¢p dac thu hodac nghién ctru nang cao.

Nhu vay, nguoi ding Python c¢6 rat nhidu lya chon: néu muén mlen phima nguon mé, co thé
dung PuLP/OR-Tools/Pyomo két hop v6i CBC, GLPK, SCIP; néu can hiéu ning t6i da va co
ngan sach, c6 thé mua Gurobi hoic CPLEX. Viéc lya chon tiy thudc vao yéu cau bai toan (quy
mo, tinh chét) va diéu kién (mién phi hay thuong mai, tich hop voi hé thong san cé, v.v.).

5. Phan tich chuyén siu vé CBC — cong cu t6i wu mién phi trén PuLP
Cach hoat dong cia CBC

CBC (Coin-or Branch and Cut) 1a mét bd giai quy hoach hén hop tuyén tinh (MILP) ma ngudn
mé thudce dy an COIN-OR. CBC dugc viét bang C++ va c6 thé sir dung nhu mot thu vién nhing
hodc mot chuong trinh doc 1ap giao tiép qua file (GitHub - coin-or/Cbc: COIN-OR Branch-and-
Cut solver). Kién trac cia CBC tuan thi md hinh giai Branch-and-Cut hién dai: N6 sit dung bd
giai LP COIN-OR CLP (Coin Linear Programming) dé giai cac bai todn con tuyén tinh tai cac
node cua cdy nhanh — cén, va dung thw vién cat CGL (Cut Generation Library) ctia COIN-
OR dé sinh ra cdc mat phang cat tu dong (NEOS Server: Cbe) (vi du cat Gomory, cat knapsack,
v.v.). Cu thé, khi giai mot bai toan MILP, CBC trudc tién chay presolve (don gian héa mo hinh
bang cach loai bo bién, rang budc du thira, ¢b dinh b1en néu co thé,...). Sau d6 giai LP relax; néu
nghiém khong nguyén, CBC s& chon mot bién phan s dé phan nhanh tao hai node con vdi rang
budc chit hon. Qua trinh nhanh — can dién ra theo chién luge nhit dinh (CBC co thé tuy chinh
chién Iwge nhanh, thir tu chon bién,. ..). Tai mdi node, trude khi giai LP, CBC kich hoat cac
Cutting planes: dua trén trang thai hién tai, n6 str dung CGL dé cat thém cac bat dang thie hop
1¢, nham loai bo ving nghiém phan sb va thit chit khong gian nghiém (NEOS Server: Chbc).
Nhimg ky thuat nhu vay gitp giam kich thudc cay tim kiém dang ké. CBC tiép tuc cho dén khi
tim duoc nghiém nguyén t6i wru (hodc hét thoi gian, hodc nguoi dung dit ngudng dimg).

Vi 1a phan mém ma ngudn ma, CBC khong ngumg dugce cai tlen boi cong dong. Code CBC do
John Forrest (IBM) khdi xudng va nhiéu ngudi dong gop, ndm dudi su bao trg cia COIN-OR
Foundation (GitHub - coin-or/Cbc: COIN-OR Branch-and-Cut solver) (GitHub - coin-or/Chbc:
COIN-OR Branch-and-Cut solver). CBC tich hop dé dang v6i nhiéu ngén ngir mé hinh héa va
moi trwong: vi du co plugin cho AIMMS, AMPL, GAMS, MATLAB, R,... (GitHub - coin-
or/Cbc: COIN-OR Branch-and-Cut solver); dac biét trong Python, CBC 1a solver mac dinh cua
PuLP, Pyomo, OR-Tools (truéc day), Google OR-Tools (tily chon) va giao tiép duoc qua cac
goi nhu python mi nip, CyLP (GitHub - coin-or/Chbc: COIN OR Branch-and-Cut solver) CBC

.....

uu truc tuyen) (GitHub - coin-or/Cbhc: COIN-OR Branch-and-Cut solver) (NEOS Server: Chc).
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Diéu nay cho thdy tinh mé va linh heat cia CBC — nguoi dung c6 thé tiép can CBC tir nhiéu
nén tang khac nhau.

Tom lai, CBC hoat dong twong tu cac solver MILP thuong mai: dua trén thuét toan nhanh — cét
str dung LP relax va cét phang, c6 day du cac tinh nang nhu cai dat thoi gian t6i da, dung sai t6i
uu, v.v. Mac du la mé nguén mé, CBC dugc thiét ké du “théng minh” va tong quat dé giai hiéu
qua nhiéu bai toan t4i uvu hon hop.

Hi¢u suat va do tin cay cua CBC trén cac bai toan lém

CBC dugc danh gia 1a mot trong nhiing solver MILP ma m¢ manh nhét hién nay. Theo AMPL,
“CBC la mot solver ngudn md manh mé (robust) cho bai toan nguyén hdn hop, thudc du an
COIN-OR, va xuit sic trong viéc giai cic mé hinh phirc tap...” (Linear Solvers - AMPL
Optimization). Thuc té, CBC thuong dugc ding 1am chuan so sanh cho cac solver mién phi.
Hiéu suit ciia CBC trén céc bai toan quy mo vira (vai nghin bién 0-1) rat tét — nhiéu truong hop
cho két qua ngang ngura solver thuong mai. Tham chi, c6 nhiing bai toan s0 hoc khé (hé s6 ma
tran gay suy bién hodc bat 6n sb cao) ma CBC xur ly 6 6n dinh hon mét sb solver thuong mai, nhu
ghi nhan: “CBC cho hi€u nang rat tbt, tham chi vuot mot vai solver thuong mai trén nhirng bai
toan s6 hoc phuc tap” (Cbc and Clp performance - Optimization (Mathematical) - Julia
Programming Language). Tuy nhién, nhin chung, selver thwong mai (Gurobi, CPLEX) van
nhanh hon CBC trén cac bai toan MILP rét 16n (vi du >100k bién nhi phan), nho thuat toan duoc
tinh chinh chuyén sau va kha ning tinh toan song song t6i uu. Du vay, khoang cach dang thu hep
khi CBC va céc solver mé khac (SCIP) lién tuc cai tién.

Vé dd tin cay, CBC duoc tin cdy st dung trong nhiéu ing dung thyc tién 13n hoc thuat. Do CBC
la ma méd, nguodi dung co thé kiém tra log, tinh chinh tham s6 cit, chién lugc nhanh néu can két
qua tot hon cho bai toan cu thé. CBC ciing hd tro tinh niing co ban nhu tinh nghiém ban dau
(MIP start), dimg theo gap tdi wu, giéi han thoi gian, xuat nhdp mé hinh & cac dinh dang tiéu
chuan (LP, MPS). Hon nita, vi CBC tich hop trong cac cong cu nhu OpenSolver va di giai nhidu
bai toan thuc té, nén chat luong va tinh ding dén cta n6 da duoc kiém chung rong rai.

Mot minh chimg cho strc manh cua CBC: trong bai bao gidi thiéu OpenSolver (2010), tac gia
nhan xét “hiéu ning ctia OpenSolver (ding CBC) twong dwong hoic tét hon Solver cua Excel.
CBC 1a b giai hién dai hon, nho do6 cai thién hiu nang dang ké trén mot sb bai toan kho. Vi du,
nhing bai toan kiéu knapSack 16n mat hang gio v6i Excel Solver thi dugc giai gan nhue tirc thi
bang OpenSolver (CBC) do cac ky thuét tién xur 1y va ting cuong bai toan ma CBC ap dung” ()
(). Piéu nay cho thiy CBC dii kha niing giai cac mé hinh 16n ma trude ddy ngoai tim voi cia
cac cong cu thong thuong.

T4t nhién, v6i cac bai toan cuc 16n (hang triéu bién, hang trim nghin rang budc), solver thwong
mai vin vuot trdi nho tdi uu hoa sau vé thuat toan va phan cimg (tin dung da ludng hiéu qua
hon). Nhung CBC van c6 thé gidi cac bai toan khé 1on & muc chép nhan duoc, va dac biét hiru
ich khi ngan sach khong cho phép mua solver dit tién. Ngoai ra, CBC c¢6 thé két hop vé6i ha tang
song song (vi du chay nhiéu phién ban véi cac seed khac nhau, hodc cai dat trén cum may chir)
dé mo rong kha nang tinh toan.
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Tém lai, CBC ¢6 hiéu suit rat 4n twgng trong nhom solver mién phi, du dang tin cay cho
nhiéu ing dung thyc tién. N6 co thé khong phai ludn 1a nhanh nhét trong moi truong hop, nhung
thuong tim dugc nghiém t6i vu dam bao ding. V6i viée cong dong lién tuc cai tién, CBC ngay
cang tiém can hi€u nang cua cac solver thuong mai. Vi vay, CBC la lya chon hang dau khi can
mot giai phap toi wu hoa mién phi, tin ciy va di manh cho cac bai toan OR 16n.

6. Gi6i thiéu vé ERX Solver — M hinh héa t6i wu qua Excel va CBC

ERX Solver la mot giai phap két hop Excel va CBC nham gitp nguoi dung xay dung va giai bai
toan t6i wu mot cach dé dang ma khéng can lap trinh chuyén sau. Y tudng chinh ctia ERX
Solver 1 tan dung giao dién bang tinh Excel quen thudc dé ngudi ding mé hinh hoa bai toan
(dinh nghTa bién hém myc tiéu rélng bugc) m6t céch tru:c quan, sau do sﬁ: dung CBC lam “b6 XU
khong ranh vé 1ap trinh Python: thay vi Vlet ma khai bdo mé hinh (nhu PuLP hodc Pyomo),
ngudi dung chi can dién cac tham sb va cong thic vao mot file Excel mau.

Phwong phap dit bién s6/ham sé trong Excel don gian: ERX Solver cung cip mot khuon mau
(template) Excel — thuong la mot sheet (vi du dat tén “Setting”) — trong d6 nguoi dung liét ké cac
thong tin ciia mo hinh. Cu thé, file Excel s& c6 cac cot dé dién:

o Phuwong phap t6i wu (Method): chon “maximize” hodc “minimize” tiy thudc bai toan
t6i da héa loi ich hay tdi thiéu hoa chi phi (c6 thé viét tit “Max”/“Min”). Néu 1a bai toan
tim nghi¢m thoa gia tri muc tiéu ¢d dinh, o thé co tuy chon “value of” keém gia tri muc
tiéu mong mudn.

« Ham muc tiéu (Objective function): nguoi dung nhap biéu thirc tuyén tinh ctia cac bién,
vi dy "40*x_A + 30*x_B" cho ham lgi nhuan can t6i da. Biéu thirc nay duoc nhap duéi
dang chudi (string) sir dung tén blen chtr khong can tham chiéu 6 Excel. Diéu nay nghia
1a ngudi dung viét cong thirc gidng hét nhu trén gidy (véi ky hiéu bién) ngay trong 6
Excel, thay vi phai trai cong thirc ra nhiéu 6.

« Danh sich bién quyét dinh (Variables): mdi bién 13 mot hang, bao gém tén bién (vi du
x_A), loai bién (lién tuc, nguyén, nhi phan — danh dau bﬁng Yes/No trong cac cot
“Integer”, “Binary”), va tiy chon “Non-negative” néu bién phai > 0. Nguoi dung khong
can tao thu cong nhiéu 6 cho tung bién; chi can 1iét ké tén va thuoc tinh, ERX Solver s&
ti khi tao cac bién tuong (mg trong mé hinh.

o Danh siach rang budc (Constraints): mdi rang budc dugc nhap nhu mot phuong trinh
hodc bt déng thirc dang text, vi du: x_A + x_B <= 80 (gioi han nguyén li¢u), 2*x_A +
x_B <= 100 (gi01 han nhan cong), v.v. Tuong tu ham muc ti€u, cac rang budc dugc viét
bang tén bién, ddu so sanh <=, >=, =va cac hang s sd hoc. Ngudi dung co thé viét tat
ca rang budc trén cac dong riéng bi¢t dudi cot “Constraint”.

V6i cach thirc trén, viéc thiét 1ap mo hinh t6i wu trong Excel tré nén rét triee quan — ngudi ding
lam dung nhiing gi ho vin 1am trén bang (liét ké bién va cong thic), khong phai hoc ct phép 1ap
trinh. Piéu ndy ha thip rao can tmg dung OR cho cac nha quan Iy hay nhan vién khong chuyén
CNTT: ho c6 thé dung k¥ ning Excel sin c6 dé mo hinh héa van dé t6i wu. Ching han, mot
ngudi quan 1y kho co thé tao file Excel, dién bién hang ton kho, rang budc strc chtra kho, ham



muc tiéu chi phi, r6i nhan nat giai — thay vi phai viét code. ERX Solver lo viéc “dich” nhitng gi
trong Excel thanh md hinh toan hoc cho CBC.

Khai thac CBC théng qua Excel trong vin hanh thye tién: Sau khi ngudi dung chuan bi xong
file m6 ta mo hinh trong Excel, ERX Solver s€ sir dung mot doan ma Python (hodac mét dich vu
web) dé doc file Excel d6, chay solver CBC, rdi tra két qua vé Excel. Ttc 13, ERX Solver
dung giira 1am cau ndi: Excel dong vai trd giao dién nhap/xuét, con CBC lo viéc tinh toan tdi uu
phia sau. Cach lam nay mang lai trai nghiém “nhan nit 1a c6 két qua” ngay trong Excel, rat phu
hop cho cac bai toan quyét dinh trong doanh nghiép — noi dit liéu thuong di c¢6 sin ¢ dang
bang tinh.

Vi du mot tmg dung thuc té: Mot cong ty van tai mudn toi wu lich trinh xe giao hang mdi ngay.
Nhén vién c6 thé liét ké cac don hang (diém di, diém dén, trong luong, thoi han) trong Excel, dat
bién quyét dinh giao don hang i bang xe k (blen nhi phén), rang budc dam bao moi don hang
duogc ding mot xe nhan, tong tai cac don trén mdi xe khong qué trong tai xe, v.v. — tat ca nhap
trong sheet “Setting”. Sau do chay ERX Solver: chuong trinh Python s€ doc danh sach don hang
va rang budc, tu dong xay dung mo hinh phan cong tuyén van tai, goi CBC dé téi vu (vi du tdi
thiéu tong quing dudng hodc chi phi), réi ghi két qua (don hang A ->xe 1, don hang B -> xe 3,

...) tr& lai mot sheet Excel két qua. Nguoi dung cudi chi can xem két qua trong Excel, ¢6 thé truc
guan hoa hay diéu chinh dit liéu va chay lai néu can. Ho khong phai tuwong tac truc tiép voi code
Python hay solver phuec tap.

ERX Solver tan dung strc manh ciia CBC nén c6 thé giai quyét cac bai toan van hanh quy mo
vira va 16n ma trude ddy c6 thé phai 1am thu cong hodc dung Excel Solver nho 1¢. Nho kha ning
tich hop trong Excel, ERX Solver phu hop dua vao quy trinh hang ngay ctua doanh nghi€p: nhan
vién chi viéc cap nhat file Excel (vi du moi sang nhap don hang mdi, t6n kho moi), bam chay tbi
uu, va nhan ké hoach ti wu xuat ra Excel sau vai phut. Diéu nay giip ra quyét dinh nhanh (nho
t61 wu tw dong) va dua trén dir liéu cap nhat, thay vi dwa thuan tay vao kinh nghiém.

Tom lai, ERX Solver 12 mét cong cu “giao thoa” giita dé dung va manh mé: dé dung vi giao
dién Excel quen thudc, manh mé vi st dung CBC — mdt solver tdi wu hién dai — 1am dong co tinh
toan. Cong cu ndy mé ra kha niing tmg dung OR rong rii hon trong thuc tién quan 1y va van
hanh, khi ma khoang cach gitra mé hinh toan hoc va nguoi dung cubi duoc thu hep.

7. Thiét 1ap input/output véi Excel va Python — Quy trinh sir dung ERX
Solver

Pé van hanh ERX Solver (hoic hé thdng twong tur két hop Excel & CBC), ta thyc hién theo quy
trinh sau:

Buwéc 1: Chuin bi file Excel diu vao (input). Nguoi dung tao mot file Excel (theo mau ma
ERX Solver quy dinh) chira cac thong tin m6 hinh. Thong thuong file nay s€ co:

o Mot sheet (vi du dat tén “Setting”) dé nhép cu tric mé hinh nhu di mo ta & trén: gbm
dong chi dinh phuong phap t6i ru (Max/Min), biéu thirc ham muc tiéu, danh sach bién va
rang budc. Can dam béao dién dung dinh dang ma chuong trinh yéu cau (vi du viét <= cho



“nho hon hodc bang”, dung dau * cho phép nhan, khong dung ky hiéu Excel nhu SUM hay
dia chi 6 trong biéu thire).

« Néu bai toan c6 dir lidu dau vao 16n (vi du ma trén chi phi, nhu ciu theo nhiéu thoi ky...),
file Excel c6 thé co thém cac sheet chira diF liéu va tham chiéu chung trong biéu thirc
rang budc/ham muc tiéu thong qua céc tén da dinh nghia. Tuy nhién, phién ban don gian
ciia ERX Solver thudng yéu cau tu “trinh bay phang” mé hinh trong sheet Setting: tirc 1a
ligt ké ting rang budc mot, mdi rang budc 1a mot dong.

 Kiém tra lai file input: ddm bao khong sot bién hay rang budc, dung chinh ta tén bién (tén
ding nhat quan gitra ham muyc tiéu va rang budc), cac cot Binary/Integer danh dau dung
(Yes/No). Néu co 6 tréng khong dung, nén dé tréng hoan toan dé chuong trinh bo qua.

Buéc 2: Sir dung Python + CBC dé giai bai toan. ERX Solver cung cip mot script Python
(hoac mot ung dung giao dién) dé thuc hién budc nay. Khi chay:

1. Doc file Excel: Chuong trinh Python s€ m¢ file Excel input va doc sheet “Setting” vao
bd nhé (st dung thu vién pandas hodc openpyxl). Mdi hang cua sheet dugc xtr Iy: dong
phuong phép doc ra Method (Max1mlze/M1n1mlze) dong ham muc tiéu doc biéu thirc
Objective function, cac dong cé bién sé& tao ddi twong bién twong tmg (dung
LpVariable cia PuLP), cic dong c6 rang budc s& dugc parse (phan tich chudi) thanh
biéu thirc rang budc. Qua trinh nay nhw dich mé hinh tir Excel sang mé hinh tozn trong
code. Vi du, néu sheet ¢ hang “x_A + x_B <= 807, Python s¢€ tach vé trai “x_A + x_B”
va vé phai “80”, tao biéu thirc tuyén tinh variables["x_A"] + variables["x B"] <=
80 (voi variables[. . .] 1a cic d6i tuong PuLP d tao).

2. Thiét 14p m6 hinh PuLLP: Dya trén dir liéu doc duogc, chuong trinh khoi tao mot
LpProblem (vin dé t6i uu) véi huéng Max hodc Min tiiy Method. Sau d6 thém ham muc
tidu (dung += ciia PuLP dé gan biéu thirc muc tiéu cho mé hinh). Tiép dén, 1an luot thém
timg rang budc (dung += dé thém véi mot tén nhén). Néu Method la “value of” (tim
nghiém dat gid tri muc ti€u cho trudc), chuong trinh s€ chuyén ham muc tiéu thanh rang
buoc br:ing cach thém rang budc Objective_expr == Value thay vi t6i wu hoa no.

3. Goi solver CBC: Chuong trinh tao mot déi tuong solver CBC (vi du
PULP_CBC_CMD(msg=False) trong PuLP) roi goi problem.solve(solver) dé gidi mo
hinh. Lac nay CBC (cai trén hé thdng) s& chay, giai bai toan va tra két qua (trang thai tbi
wu, gia tri bién...).

4. Thu thap két qua: Sau khi solver chay xong, chuong trinh kiém tra trang thai (optimal,
infeasible, v.v.). Néu tim dwoc nghiém, no s& truy xudt gia tri cia ting bién qua
var.value() va gia tri ham muc tiéu qua value(problem.objective). Chuong trinh
c6 thé tinh thém gié tri thyuc té cta vé trai va phai timg rang budc (dé nguoi ding biét
rang budc nio cing, rang budc nio con du dia) bang cach thay thé bién vao biéu thirc
hodc dung ham value() ctia PuLP trén biéu thirc rang budc.

Budc 3: Xufit két qua ra file Excel. Sau khi co 101 giai, ERX Solver ghi két qua nguoc lai file
Excel (c6 thé 1a file méi hodc thém sheet vao file input). Thong thuong:

« Tao mot sheet “Variable Cells” 1iét ké tén cac bién va gia tri t6i wu cua ching. Cac bién
c6 thé duogc sap x€p lai cho cé tha tu (vi du x1, x2, x10 thi sort theo so tu nhién) dé de
theo ddi (optimization.py). Moi bién mot dong, kém gia tri toi uu.




» Tao mdt sheet “Constraints” li¢t ké céc rang budc véi gia tri vé trai tai nghiém va gia
tri vé phai. Rang budc c6 thé duoc danh nhén ty dong nhu C1, C2,... theo thir tu doc vao
(optimization.py). Nhin vao ddy nguoi dung biét rang budc nao dat bién (vi du vé trai =
vé phai, nghia 1a st dung hét nguén lyc — rang budc chdt), rang budc nao nho hon bién
(con du). Piéu nay gitip hiéu két qua hon, gibng nhu bao céo cua Excel Solver. Néu c6
truong hop “value of”, chuong trinh ciing ghi sai 1éch giira gia tri dat dugc va myc tiéu
yéu cau (thuong sai léch 0 néu dat dung) (optimization.py).

o Tao sheet “Summary” ghi tom tat trang thai 101 giai (Optimal/Infeasible/...) va gia tri
muc tiéu toi wu (Optlmlzatlon py). Thong tin nay cho nguoi dung biét bai toan c6 giai
dugc hay khong va két qua t6t nhit 1a bao nhiéu.

Sau khi ghi xong, chuong trinh luu file Excel (vi du dit tén result.xlIsx) va két thiic. Nguoi
dung m¢ file két qua dé xem phuong an toi uu.

Quy trinh trén c6 thé duoc goi gon dudi dang mot nit bAm trong Excel (néu ding add-in) hoic
mot trang web tai file. Chang han, ERX Solver c6 thé c6 mot giao dién web: ngudi dung upload
file Excel input, server chay budc 2,3 r0i tra lai file Excel két qua cho nguoi dung tai vé. Tét ca
logic déu co thé ty dong hoa.

Uu diém ciia co' ché input/output bing Excel: Nguoi ding cudi chi can thao tac véi Excel =
mot cong cu quen thudc — ma van tan dyng duoc sitc manh ctia thuat toan t6i wu tién tién (CBC).
Dit lidu input va output déu ¢ dang bang, dé dang kiém tra, hiéu chinh va tich hop vao bao c4o.
Chéng han, sau khi c6 két qua toi wu, ngudi dung cé thé dung cac ham Excel, biéu d6 Excel dé
phan tich thém (do két qua di & sin trong file). Qu4 trinh thir nghiém céc kich ban ciing tién loi:
chi can thay vai tham s trong sheet input (vi du ting ngudn e, thay doi hé sé loi nhuan) rdi
chay lai solver dé xem anh hudng.

Luwu y: Khi thiét 1ap input Excel, can tuan thu d@ing mau quy dinh, néu khong chuong trinh c6
thé bao 16 (vi du viét sai tén cot “Binary” thanh “Bin” 1am code khong nhan dién dugc). Ngoai
ra, két qua solver phu thudc vao d¢ chinh xéc s6 hoc; ddi khi v&i mo hinh c6 hé sb rt 16n/nho,
nén chuin hoa don vi hodc diéu chinh dé tranh sai 1éch do 1am tron.

Tong ket vige dung file Excel lam input Va output tao ra mdt vong lap ngudi dung — chuong
trinh t6i vu rat hiéu qua: nguoi dung cung cap dir liéu va mo hinh trong moi truong quen thude,
chwong trinh Python + CBC xir 1y “thdm lang” phia sau, roi tra két qua lai dung vao moi truong
quen thudc do. Cach lam nay dang tr6 nén pho bién trong trién khai OR thuc te vi n6 két hop
duoc trai nghiém nguoi dung tot voi sire manh tinh toan cua cac thu vién tdi wu hoa.
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