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Tém tit: Hé thong quan 1y sinh vién (Student Management System - SMS) dong vai trd quan
trong trong viéc quan ly va theo doi théng tin sinh vién cuia cac co s¢ gido duc dai hoc. N6 khong
chi tac dong truc tiép dén trai nghiém hoc tip cla sinh vién ma con anh huéng dén hiéu suit hoat
dong cua nha truong. Vén tru hoc (Operations Research - OR) la mot nganh khoa hoc nghién ciru
céc van dé thue t& nham xéc dinh céch sir dung t61 wru cac ngudn lue hién c6 dé dat dugc cac muc
tiéu da dinh trude thong qua cic phép tinh toan va cong cu ky thuat so Bai bao nay trinh bay (mg
dung ctia OR dé t6i uu hoa quy trinh kiém chimg chirc nang cua h¢ thong SMS. Cu thé, chung t61
str dung Lap trinh tuyen tinh (Linear Programming - LP) dé kiém tra céc chirc nang: (i) Dang ky
khoa hoc va (i) Lap thoi khoa biéu. Hon thé nira, ching t61 cling so sanh va phén tich két qua
thue nghiém khi sir dung OR véi cac phuong phap klem thir truyen thong dé lam thay rd hon kha
nang Umg dung ctia OR trong kiém chirng cac hé thong phan mem.

Tir khoa: van tru hoc, hé thong quan 1y sinh vién, kiém thir, lap trinh tuyén tinh.

APPLICATION OF OPERATIONS RESEARCH IN TESTING STUDENT MANAGEMENT SYSTEM

Abstract: Student Management System (SMS) plays an essential role in manipulating and
tracking student information of higher education institutions. It not only directly impacts the
learning experience of students but also affects the performance of the university. Operations
Research (OR) is a scientific approach which studies practical problems to determine the optimal
use of existing resources to achieve predetermined goals by using calculations and digital tools.
This article demonstrates on the application of OR to optimize the testing process of the SMS.
Specifically, we make use of Linear Programming (LP) to test the functions: (i) Course
registration and (ii) Scheduling. Additionally, we analyze the experimental results and make
comparison with traditional testing methods to further explore the applicable capacity of OR in
testing software systems.

Keywords: Operations research, SMS, testing, linear programming.

1. Mé diu suét hoat ddng cua nha trudng. Néu hé thong
khong duoc klem thir k¥ ludng, c6 thé xiy ra
nhiéu vén dé nghiém trong nhu sinh vién bi
trung lich hoc, qua tai hoédc thiéu hut 16p hoc
do phan bo tal nguyén khong hop ly, giang
vién bi xep day nhiéu 16p cting mot thoi diém,
s6 lugng sinh vién dang ky vuot qua sirc chira
phong hoc, v.v. Nhitng 16i nay khong chi anh
huong dén trai nghiém cua sinh vién ma con
gay gian doan hoat dong giang day, lam mat
thoi gian va nguon luc cua nha trirong khi phai

Hé¢ thong quan ly sinh vién (Student
Management System - SMS) dong vai tro quan
trong trong cac truong dai hoc va co s¢ giao
duc, giip quan ly thong tin sinh vién, qua trinh
hoc tép, lich hoc va cac hoat dong lién quan.
Trong s6 cac chirc nang ct 14, ding ky mon
hoc va ldp thoi khoa biéu 1a hai chirc ning c6
tinh phirc tap cao, lién quan truc tiép dén trai
nghiém hoc tdp cua sinh vién cling nhu hidu
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khic phuc. Vi viy, kiém thir hé thong 1a mot
budc bat buge dé dam bao tinh chinh xéc, hidu
qué va o6n dinh.

Vin tru hoc (Operations Research -
OR) cung cap cac phuong phap t6i wu hoa
manh mé dé kiém thir hé thdng mot cach c6 hé
thong va hidu qua. Thay vi kiém thir dya trén
cac kich ban thtr nghiém thu cong hodc mé
phong ngau nhién, van tri hoc ¢6 thé gitp:

= Xiy dung ciac mo hinh t6i wu hoa
dé kiém thir toan dién cac kich ban dang ky
mon hoc va lap thai khoa biéu;

= Phat hién xung dot thoi gian trong
lich hoe mdt cach ty dong;

* Danh gia cic rang budc phire tap
nhur s6 lwgng 16p t6i da ma sinh vién c6 thé
dang ky, sb lwgng sinh vién trong mdi 16p, va
lich day cua giang vién;

= Giam thiéu s lwgng test case cin
thiét nhung van dam béo bao phu day di céc
truong hop 181 tiém ning.

Da c6 mot s0 nghién ctru kiém thir chire
nang cua hé¢ thong SMS. Cac phuong phap kiém
thir dugc sur dung phan nhiéu la cac phuong
phap tIuyen thong dugc thuc hién mdt cach thu
cong hodc ban ty dong. Boi vy, cac phuong
phép nay duge yéu cau thue thi boi cac chuyén
gia, tiéu ton nhicu thoi gian va edng sire, doi hoi
mtrc do hleu biét chuyén sau vé ma nguon nhung
hiéu qua kiém thir chira cao.

‘Trong nghién ctru nay, chiing to1 tap trung
vao tién trinh 4p dung mét so ky thuat trong van
trit hoc dé t01 uu hod qué trinh kiém thir hé thong
SMS. Cu thé, ching t61 sir dung lap trinh tuyen
tinh (Linear Programming - LP) dé phan tich va
kiém thir céc chirc nang sau:

(1). Kiém thir chirc ning dang ky
mon hoc:

= T6i wu hoa quéa trinh phén bd sinh
vién vao cac mon hoc sao cho khéng vi pham
cac rang budc vé sb lugng mon tdi da, giGi han
s6 sinh vién trong 16p va thoi gian giang day;

= Kiém tra tinh hop 1¢ clia qua trinh
dang ky mon hoc, ddm bao sinh vién khong bi
phan vao cac 16p bi trung thoi gian hodc vuot
qua gi61 han tin chi.

(2). Kiém thir chirc ning lap thoi
khoa biéu:
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= Kiém tra va phat hién cic xung dot
vé thoi gian gitra cac 16p hoc, gidng vién va
phong hoc;

* Tim kiém cac gidi phap 1ap thoi khoa
biéu phut hgp va kiém tra xem hé thong cé dap
trng dugce hay khong.

Cac ph‘éln tiép theo cua bai bao dugce
chu tric nhu sau, Phén 2 ching to1 s€ gidi
thiéu tong quan vé Hé thong SMS va van tru
hoc cung véi cac dac trung co ban cua no.
Phin 3 la mot 50 nghién cuu lién quan.
Chung t61 tlen hanh tng dung phuong phap
lap trinh tuyén tinh trong vin tru hoc dé
kiém chimg céc chirc néng Ping ky mon hoc
va lap thoi khoa biéu trong phan 4. Cudi
cung la két luén vé nhirng van de la thye hién
dugc cing nhu cac cong viée can trién khai
trong thoi gian tlep theo.

2. Kién thirc co sé

Trong phan nay, ching t61 s€ gi61 thiéu
mot cach tong quat klen truc cua Hé thong
SMS va mét s6 van dé co ban trong ly thuyet
vén tra hoc bao gom: (i) ddc trung ciia phwong
phdp vén tri hoc va (i1) phuong phap lap trinh
tuyen tinh (LP).

2.1. Tong quan vé H¢ thong quan Iy
sinh vién

H¢ théng quan ly sinh vién (Student
Management System - SMS) [1] trong trudong
dai hoc la mdt gidi phap cong nghé thong tin
giup tr dong hoa cac quy trinh lién quan dén
sinh vién, giang vién va quan ly hoc thuét. Day
la mdt hé thong phtrc hO‘p bao gom nhiéu phan
hé con trong d6. Mgt s6 phan hé¢ con cua hé
thong SMS dugce x4c dinh nhu sau:

(1). Quén ly thong tin sinh vién: Bao
gdm céac chirc nang nhu lwu trir, cp nhét va
quén Iy hd so ca nhan cua sinh vién; Theo dai
tinh trang hoc tap; Quan ly hd so nhap hoc;

(2). Quan ly tuyén sinh va nhép hoc:
Tlep nhan ho so dang ky xét tuyen tr sinh vién
mdi qua hinh thire tryc tuyen Quan ly két qua
xét tuyen thong bao danh sach tring tuyen
Tao mi sb sinh vién va cip tai khoan truy cap
hé théng; Hu:ong dan nhép hoc trye tuyén, ho
trg dang ky mén hoc ban dau.

(3). Quan ly chuwong trinh dao tao:
xay dung va quan 1y chuong trinh dao tao



theo tirng nganh hoc, h¢ dao tao (dai hoc, cao
hoc, lién thong, vin bang 2, v.v.); Cap nhét
khung chuong trinh dao tao, s6 tin chi, mén
hoc bat budc, tu chon; Quan 1y chu ky mé
mon hoc, phan cong giang vién, lich hoc,
lich thi.

(4). Quién ly diing ky hoc phin: Cho
phép sinh vién dang ky mén hoc tryc tuyen
theo ké hoach dao tao; Tu dong kiém tra
diéu kién tién quyet 101 han s6 lugng sinh
vién ding ky; Ho trg huy, thay d6i 16p hoc,
dang ky hoc cai thién; Cung cap danh sach
16p hoc, lich hoe, danh sach sinh vién theo
tirng mon.

(5). Quén ly diém va két qua hoc

tdp: Nhap, luu trlr, va cong bd diém thi,
diém chuyén can, diém qua trinh; HG trg tinh
diém trung binh hoc ky, diém trung binh tich
lily (GPA); Quén ly xép loai hoc luc, hoc
bong, canh bao hoc vy; Cho phép sih vién
kiém tra d1em truc tuyen va ndp don phuc
khao néu can.

(6). Quéan ly tot nghiép va cz"ip bang:
Theo dai tién trinh hoan thanh chuong trinh
hoc cua sinh vién; Xét dléu kién t6t nghiép,
thong bao danh sach du didu ki¢n nhan béng;
Quan ly théng tin cap phat bang, chimg chi,
bang diém; Cung cap dich vu xdc minh bang
cap cho doanh nghiép, t6 chirc.

(7). Quéan ly tai chinh va hoc phl
Theo dd1 hoc phi, 1€ phi thi lai, phi dich vu; Ho
tro thanh toan truc tuyen tich hop vé1 cong
thanh todn ngan hang: Quan ly chinh sach
mién giam hoc phi, hoc béng, ho tro tai chinh;
Cung cip hoa don dién tir, sao ké tai chinh cho
sinh vién.

(8). Xay dung lich gidng day cho giio
vién (Lap thoi khoa biéu): Bai toan kiém thir
lap thoi khoa biéu trong hé théng quan Iy sinh
vién nham phat hién cac xung dot ve thoi gian,
giang vién, phong hoc va téi uu hoa qua trinh
kiém thir.

(9). Quan Iy giing vién va cb vin
hgc tip: Theo dbi danh sach giang vién, trg
giang, phan cong giang day; Quan ly lich
lam viéc, lich tu vén sinh vién; HO trg ¢d van
hoc tap theo dai tién d6 hoc tap, hd trg sinh
vién yéu kém.

(10). Bao cao va phin tich dir li¢u:
Xuit bao cao théng ké s6 lugng sinh vién theo
khoa, nganh, gi6i tinh, viing mién; Theo ddi ty
1¢ t6t nghiép, ty 1¢ bé hoc, hidu suét giang day;
Cung cap cong cu phan tich gitip nha truong
diéu chinh chinh sach dao tao.

Trén day 1a mot sé chire nang chinh ciia
Hé théng SMS, tuy nhién, trong khuén khé
nghién ctru ctia bai bao nay, ching téi chi tap
trung vao nghién ctru chire ning DBang ky lop
hoc phan va bai toan Lap thoi khoa biéu.

2.2. Mt s6 vin dé co ban vé vén tri
hoc (Operations Research)

Vian tru hoc (Operations Research -
OR) [2] la mét linh vyc nghién ciu lién
nganh két hop toan hoc, khoa hoc may tinh,
thong ké va kinh té hoc dé phan tich va t6i uu
hoa cac hé thong phirc tap. OR hd trg viée ra
quyét dinh da trén dir liéu, gitp t6i uu hoa
hiéu sudt, giam chi phi va ting hiéu qua hoat
dong. Qua trinh nghién ctru va rng dung vén
tra hoc dé giai cac bai toan thuong duge trién
khai qua cac budc sau:

(1). Xdc dinh van dé: Dinh nghia ro rang
bai toan can ti wu hoa.

(2). Xay dung mé hinh todn hoc: Biéu
dién h¢ théng dusi dang phuong trinh, bét
dang thirc.

(3). Giai mé hinh: Str dung cac phuong
phap tinh toan hodc thut toan téi uu.

(4). Phéan tich két qua: Kiém tra do
chinh xac va kha nang trng dung ctia m6 hinh.

(5). Trién khai va gidm sat: A dung mé
hinh vao thuc té va diéu chinh khi can thiét.

Van tru hoc 1a linh vyc nghién ctru lién
nganh, gidi bai toan bang vén tri hoc thudng
két hop bang nhiéu phuong phép bao gobm Lap
trinh toan hoc (Mathematical Programming),
Ly thuyét hang do1 (Queueing Theory), Lap
lich t6i wu (Scheduling Theory), M6 phong
(Simulation), Ly thuyét ra quyét dinh
(Decision Theory). V61 ddc trung cua minh,
vén tri hoc ¢6 thé g dung trong céac linh vuc
Gido duc: Lap thoi khoa biéu, phin bd gido
vién va 1op hoc; Logistics: Quan ly kho bai,
t6i tru hoa chudi cung tmg; Y té: Phan bd bac
si, tbi wu hoa ludng bénh nhan trong bénh
vién; Tai chinh: Quén 1y danh muc dau tu, du
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bao rui ro tai chinh; Quoc phong: Chién Iuge
tac chién, t6i vu hoa nguodn luc quan su.

Co the noi, van tru hoc la cong cu manh
mé gitp t6i wru hoa hé thong phirc tap trong
nhiéu linh vic khac nhau. Véi su phat trién
cla tri tu¢ nhan tao, hoc may va dir li¢u 16n,
OR ngay cang tr¢ nén quan trong trong thoi
dai s hoa hién nay.

Trong nghién ctru ndy, ching t61 quan
tam dén bai toan kiém thir mét sb chirc ning
cua Hé thong SMS trong linh vuce gido duc. Cu
thé la bai toan kiém thir chirc nang dang ky 16p
hoc phan cua sinh vién va chirc nang lap thoi
khoa biéu théng qua viéc sir dung ldp trinh
tuyén tinh trong vén tra hoc.

LAp trinh tuyén tinh trong Vén tri hoc

Lap trinh tuyén tinh (LP) la mdt nhanh
quan trong trong Van tru hoc, chuyén giai
quyet cac ba1 toan tdi uu v61 ham muc tiéu va
rang budc déu la cac biéu thirc tuyen tinh. LP
ngay cang dugc ung dung rdng rai trong san
xudt, tai chinh, giao thong va giao duc. Muc
tiéu cua LP la tim gia tri t0i uu (toi da hodc tdi
thiéu) ctia mot ham s0, thuong duge sur dung
dé quan Iy tai nguyén hitu han mét cach hiéu
qua. Mot bai toan 1ap trinh tuyén tinh duge
biéu dién dudi dang tong quat béi hai phan
chinh: (1) Ham muc tiéu va (2) Cac rang bugc.
Bang 1 1a vi du minh hoa v¢€ cach bi€u dién
mot bai toan bang 1ap trinh tuyen tinh.

Bing 1: Minh hoa cdc yéu tb trong bai todn sir dung Igp trinh tuyén tinh

Max hodc Min Z = eyx; + caxa + ... + cpy

Ham muc tiéu

Trong d6, Z 1a gié tri can tdi wu hoa, ¢;1a hé s6, x; bién quyét dinh.

a;jr) + a2 + ...

a9)1T) + a9y + ...

Rang bufc bai toin
am1T] + AmaTs + ...

,In = 0

L S

+ A1nTh :‘ bl

+ @, < b‘.!

+ aHHI'.rH i b”l

Trong do, a; 1a hé so, b; 1a hang so.

3. Mot 50 nghién ciru lién quan

Da c6 mot sd nghién ctru thue hién kiém
thir hé théng SMS. Myers va cac cOng su [3] tién
hanh kiém thir thii céng giao dién nguoi ding
v0i céc chire nang thém, sira, x6a thong tin sinh
vién va phan quyen tai khoan nguoil dung.
Beizer, B. [4] klem tra cac rang budc phi chirc
nang cua hé thong nhu tién diéu kién diang ky
mén hoc, s6 tin chi khong virgt qua gidi han, v.v.

Jorgensen P. C. [5] str dung ky thuat
kiém thir hop trang dé kiém tra céc 161 logic
ctia hé théng nhu tinh diém trung binh cho
sinh vién, cac quy tic phan quyén truy cép dir
li¢u dugce thue hién ding. Meszaros, G. [6] st
dung kiém thir don vi dé kiém tra tinh dung
dan ciia cac mb dun ciia hé thong phan mém.

Cac phtr()’ng phap dugc st dung trong
cac nghién ctru nay la kiém thir don vi, kiém
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thir hop den, kiém thir hop triing, v.v. thuong
duoc tién hanh mot cach tha cong hodc ban tu
dong, doi hoi str thyc hién cua cac chuyén gia
boi viy dan dén tiéu tén nhidu thoi gian,
khéng kiém tra dugc sy phan bd tai nguyén,
khong dam bao dugc phuong an t01 uu. Ung
dung LP trong V'glIlq tra hoc ¢o thé khic phuc
dugc nhilng yéu diém nay.

Nghién ctru ctia Juan G. Villegas va cac
cOng sy [7] trinh bay ba Uung dung cua (ing
dung vén tru hoc (OR) trong giao duc dai hoc
tai Truong K¥ thuat, Pai hoc Antioquia. Ho
tap trung vao lap ké hoach nang lyuc sinh vién,
phén bo khoa hoc theo ndng lyc gidng vién va
danh gia hiéu suit gidng day. Két qua cho thiy
cac cong cu OR giup t6i wu hoa qué trinh ra
quyét dinh trong quan ly gido duc.

Trong [8], vén tru hoc (OR) dé duoc ap
dung rong rai trong gido duc, tir phan b6 ngudn



Iwe & cap chinh phi, quyét dinh mé hodc dong
ctra truong hoc, dén quan ly ngan sach va lap
thoi khoa biéu trong céc co sd gido duc. Bai
khao sat nay téng hop cac van dé trong linh vuc
gidgo duc va cach OR duoc sir dung dé téi wu
hoa hoat dong va tim ra gidi phap.

Nghién ciru [9] cung cép tong quan bach
khoa vé van tru hoc (OR) v6i hai phan chinh:
phuong phap va rng dung. Ph‘fm phuong phap
trinh bay céc k¥ thuat tién tlen va nhirng phat
trién quan trong, trong khi phan urng dung liét
ké cac linh vye ma OR da dugce ap dung No1
dung duoc sip xép theo bang chir cai va co thé
duoc str dung nhur tai li¢u tham khao cho nhiéu
dbi tuong.

Nhu vay, cac nghién cilru nay tp trung
vao viéc xay dung cac chirc nang cua hé théng
phz‘“m mém. Trong khi, chung t61 tip trung vao
mot cong viéc cu thé hon 1a kié1n chiing cac
chirc nang trong qud trinh phat trién hé théng
ph‘fm mém.

4, Ung dung van tru hoc (OR) trong
kiém thir Hé thong Quan ly sinh vién (SMS)

Nghién ctru vén tri hoe (OR) lgl 1110‘[ linh
vuc §C1’ dung cac md hinh toan hoc dé ho tro ra
quyét dinh trong cac hé thong phire tap. Trong

bbi canh kiém chimg céc chirc ning co ban clia
h¢ thong SMS dé t6i wu héa quy trinh kiém thir,
mo phong cac kich ban thyc t€, va ddm bdo hé
thé)ng hoat dong chinh xac ching t61 chi tép
trung vao phan tich va kiém thir céc chirc nang:
(i) dang ky hoc, (ii) lap thoi khod biéu khéa
hoc. V61 moi chire nang can kiém thir chung t61
trinh bay chi tlet theo bude (ng dung van tru
hoc dé giai quyet cu thé 1a: (1) Phat biéu vin
dé, (2) Phat biéu cdc rdang budc, (3) Xady dung
mé hinh todan hoc, (3) Thudt toan kiém thir va
(5)Phdn tich két qua.

Chuy rﬁng, bai todn ma chung t6i dang
giai quyét tap trung vao giai doan kiém thr,
boi vay, chung to1 gia dinh réng qua trinh phéan
tich thiét k&, cai dat va thir nghiém ciing nhw
vén hanh hé théng da dugc thyc thi.

4.1. Kiém thir chire nang Diang ky lop
hoc ph:’:in cho sinh vién

Mo ta chirc ning: Dang ky hoc la mot
trong nhitng phin quan trong nhit cia Hé
théng SMS cho phép sinh vién chon va dang
ky cac mon hoc trong timg hoc ky.

Cac rang budc cia chire ning: Cac
rang budc d6i véi chire nang Pang ky mon hoc
dugc mo ta nhu trong bang 2.

Béng 2. Cac rang bugc ciia chire ning Ping ky 16p hoc phin

Rang bujc

Mo ta

Biéu dién hinh thirc

So lwgng khoéa
hoc t6i da mdi

Sinh vién chi dugc
diang ky toi da X

Z credits[c].X;, < max _credits,Vs € S
CcEC

vién trong mot

16p

sinh vién hoc phan/hoc ky Trong do, Xs.~I néu sinh vién s dang ky mon ¢, ngugc
lai X,.=0; credits[c] 14 4 tin chi ctia hoc phan c.
.y A = .
Gi6i han so sinh | 5. 16p hoc chi c6 z Xsc < capacity[c],Yc € C

to1 da Y sinh vién

SES
Trong dé, capacity[c] 12 s6 lugng sinh vién t6i da
ctia 16p hoc phan c.

Tranh xung dot
lich hoc

Khoéng duoc ding
k¥ hai hoc phan co
cung thot gian

Xse, +X5,Cj =1, V(ci,cj) € conflict, Vs € S

Hoc phin tién
quyét

Phgii hoc xong hoc
phan A trude khi
dang kv hoc phin B

Xse € Xsp, VseS,ce C,p e prerequisites|c|

Gid6i han tin chi
toi da

Sinh vién khong
duoc dang ky qua
Z tin chi/hoc kv

< maz_credits, VYse §

Z creditsic| - X,

eeC

TAP CHI KHOA HOC SO 71 Thang 5/2025 | 81



Ngoai cac rang budc trén, co thé con ¢6
mot sb yéu cau nhu Sinh vién phéi ding ky s6
hoc phan theo quy dinh, chi dugc dang ky
trong khoang thoi gian cy thé, mot hoc phan
khéng thé cé qua nhiéu 1dp, v.v.

Mo hinh toan hgc:

Tu cac rang budc trén, chung ta xay
dung mo hinh t61 wu hod cu thé nhu sau:

(1). Bién quyét dinh:
X,.€{0,1}, VseS,ceC

Xe=1 néu sinh vién s dang ky mon c,
nguoc lai X, ~0.

(2). Ham muc tiéu: Muyc tiéu 1a t6i da
hoa s6 luwgng dang ky moén hoc hop 1€.

max Z z Xys

se8 c=C
Thuit toan kiém thir: Thuat toan kiém
thir chirc nang Ping ky 16p hoc phén dya trén
lp trinh tuyén tinh nham t61 wu hoa viéc ki€m
tra cac rang budc va phat hién 18i trong Hé ﬂléng
SMS dugc mo ta nhu trong Thuat toan 1.

Thudt todn 1: Kiém thir chirc ning Ding ky lop hoc phan

Input: S, C;

creditlecl; capacitylel, conflict (ci;cj), prereguisites|e],

max credits=20, max courses=8
Output: Success or Failure;

Pre: #Biéu dién céc rang budc

# Khdi tao bai toan téi wu hda

model = LpProblem("Course Registration Testing", LpMaximize)

# Bién quyét dinh: X[s,c] = 1 néu sinh vién s dang ky mén hoc ¢, nguoc lai = 0

X = LpVariable.dicts ("X", [(s,

courses], cat=LpBinary)

c) for s in students for ¢ in

# Ham muc tiéu: T6i da hba sé luong dang ky hop 16
model += 1pSum(X[s, c¢] for s in students for ¢ in courses),

"Maximize Valid Registrations™

# Rang budc: Méi sinh vién khéng dang ky qua 8 mén hoc

for s in students:

model += 1lpSum(X[s, c] for c in courses) <= MAX COURSES,

f"Max Courses {s}"

# Rang buéc: Téng tin chi méi sinh vién khéng qua 20

for s in students:
model += lpSum(credits|[c]

* X[s, c] for c in courses) <=
MAX CREDITS, f"Max Credits {s}"

# Rang buéc: Khéng vuot qua sb long sinh vién téi da mdi mén hoc

for ¢ in courscs:

model += lpSum(X[s, c] for s in students) <= capacitylc],

f"Course Capacity {c}"

# Rang budc: Mén hoc tién quyét phai duwgce hoc trirée

for s in students:

for course, prereq in prerequisites.items():
model += X[s, course] <= X[s, prereq],

" Preredquisite {8} {course}”
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Algorithm:

model . solve () #Gidi bai toan béng thuét toén Branch and Bound bang thu vién cé sén

for s in S: # Hién thj két qua

for ¢ in C:
if X[s,c].value ()
registered for course {c}”)

else print (“Student {s} failed to register for course {c}”

==]1 print(“Student {s} successfully

) ;

Phén tich két qua kiém thir:

v Néu tat ca rang budc déu duoc thoa
man, hé thong hoat dong ding.

v Néu c6 sinh vién nao khong thé dang
ky mén hoc mong muén — kiém tra nguyen
nhéan (he_t chd, xung dot lich, chwa hoc mon
tién quyeét...).

v Néu hé théng cho phép dang ky vi
pham rang bugc — phét hién 16i va can sira chira.

So sanh véi cic phwong phap kiém
thir truyén thong:

Phuong phép kiém thir sir dung LP ciing
c6 nhimg wu va nhurge diém nhét dinh so vai
cac phuong phap kiém thir truyén thong.
Bang 3 so sanh mdt cach chi tiét phuong phap
kiém thir nay véi cac phwong phap kiém thir
trude day.

Bing 3: So sanh kiém thir sir dung OR véi cdc phwong phdp kiém thir truyén thong

Phwong phap kiém thir

Uu diém

Nhuroe diém

Kiém thir thii cong

Kiém thir don vi (Unit
Test)

Kiém thir md phong
(Simulation Testing)

Lap trinh tuyén tinh (LP)

D& thyc hién, khéng can
cong cu dac biét

Tu dong kiérr} tra timg phan
nho cua hé thong

Kiém tra hé théng trén dir
liéu moé phong

Ty dong kiém thir toan by he
thdng, dam béo toi wu

Khong thé klem tra toan bo
trudng hop, tn thoi gian

Khong kiém tra dugc bai
toan phéan bo tai nguyén

Khéng dam bao tim dugc
phuong an t6i ru

Can hiéu biét vé mod hinh
toan hoc

4.2, Kiém thir chirc ning Lip thoi
khoa biéu ciia Hé thong SMS

MG ti chire ning: Bai toan kiém thir lap
thoi khoa biéu trong hé théng quan Iy sinh
vién nham phat hién cic xung dot ve thot gian,
giang vién, phong hoc va t6i wu héa qua trinh
kiém thur.

Muc tiéu kiém thir: dam bao khéng
cod xung dot thoi gian gitta cac moén hoc,

phong hoc va giang vién bing cach sir dung
Ly thuyet 1ap lich trong Van tru hoc, cu thé
la lap trinh tuyén tinh nguyén (Integer
Linear Programming - ILP).

Cac rang budc ciia chirc ning: Cac
rang budc dbi véi chirc ning Lap thoi khoa
biéu ctia hé théng SMS dugc mé ta nhu
trong Bang 4.

Bing 4. Cic rang bujc doi véi bai todn Lip thoi khod biéu

Rang buje Mo ta Biéu dién hinh thirc
5 Z Xeer = 1,V
sé ligig Moi mén hoc chi c6 mot 4=
16p hoe  <hung thoi gian va phonghoe  Trong do, x.€{0,1}: Bién nhj phan, bang 1 néu

duy nhat

mon hoc ¢ dugc xép vao khung gid ttrong phong

r, nguoc lai bang 0.
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Rang bujc Mo ta Biéu dién hinh thirc

Z vie <1, Wit
ceC,

yi:€{0,1}: Bién nhi phan, bang 1 néu giang vién i
day mot 16p tai thoi diém t, nguoc lai bang 0.

Mot giang vién khong thé day

Gikng vicn hai 16p cung mdt Iuc

Mot sinh vién khong thé hoc

Sinh vién P e
hai mon cung mot lac

2 M <1 Vse S.VteT
ceC

Plisiighoe Mot phong khong thé chira hai Z Tesr <1, Vi,r

16p hoc cing thoi diém

Mo hinh hoa hé thong:

Cac ham muc tiéu: Muc tiéu cia bai toan kiém thir 1a t0i uu héa lich trinh dé phat hién
nhanh nhat cac 161 xung dot. Do do, ta c6 thé st dung cac ham muc tiéu sau:

Bing 5. Cic ham muc tiéu véi bai todn Lip théi khéa biéu

Ham muc tiéu Biéu dién bz‘“mg phwong phap hinh thirc

max E Tetr X Cr'(mffi{'f(cv t.‘P)

ct.r

Phit hién xung dot nhanh nhit , . o o e
Trong do, Ceonflict(C,L,1) la h¢ s0 xung dot tiém ning (vi du:
moén hoe co thé tring gio, tring gidng vién, tring phong).

min E .
2

Trong d6, U, 1a s6 lugng phong hoc duge sir dung, nhiam
dam bao str dung hi¢u qua khong gian giang day.

min Z Eeonfiict(c, t, )

Giam thiéu s6 lwgng 16i lich trinh Y

T6i wu héa tai nguyén (phong
hoc, gidng vién)

Trong d0, Econtiict(c,t,r) 12 s6 131 phat hién dugc.

Thuét toan kiém thir: Tir céc rang budc va cac ham muc tiéu bén trén, thuat toan kiém
thir chirc nang lap thoi khoa biéu duoc mo ta nhu trong Thuét toan 2.

Thudt todn 2. Kiém thir chivc ning Lip thoi khéa biéu

Input: students, courses, time slots #Danh sach sinh vién, danh sach mén
hoc va danh sach thoi gian

Output: Thong bao két qua xép lich;

Pre: #Biéu dién céc rang budc

# Tao mé hinh téi vu héa
model = pulp.LpProblem("Course Scheduling”, pulp.LpMinimize)

# Bién quyét dinh: x[c, t, s] = 1 néu sinh vién s tham gia Iép hoc ¢ vao thoéi gian t

x = pulp.LpVariable.dicts("x", [(c, t, s) for ¢ in courses for
t in time slots for s in students], cat=pulp.LpBinary)
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# Rang budc: Mot sinh vién khéng thé tham gia hai I6p hoc cung thoi diém

for s in students:
Eer 't dn time slets:
model += pulp.lpSum(x
f"Student {s} Time {t}"

t, 8] for e in courses) <= 1,

# Gid str thém mét rang budc toi thiéu: méi mén hoc phai cé it nhat mét sinh vién

far ¢ 1N colEscs:
model += pulp.lpSum(x[c,
in students) >= 1,

t,
T"Course {et Min Student"

s] for t in time slots for s

# Gid sty mét ham muc tiéu don gidn (c6 thé thay déi tuy thude vao yéu céu)

model += pulp.lpSum(x[c, t, s]

time slots for s in students)

Algorithm:

for e in esurses for Lt in

model . solve()#Gidi bdi todn bang thw vién cé san

# Hién thi két qua
for ¢ in courses:
for t in time slots:
for s in students:
if pulp.value(x[c, t,

s]) == 1:

print (£"Student {s} participates class {c} at time {t}")

Phén tich két qua:

= Ncu bai toan c6 nghiém, thuat toan sé in ra danh sach mén hoc véi thoi gian va phong

hoc hop I€.

= Néu khong c6 nghiém, tic 1 ¢6 xung dot khong thé giai quyét, can thém hodc diéu

chinh dir iéu dau vao.

So sanh véi phwong phap Kiém thir truyén thf)ng:

Bing 6: So sanh OR va cic phwong phdp truyén thong trong kiém thir chirc ning

Lap théi khod biéu
S Lép trinh tuyén tinh (LP) g Ak
Tieu chi trong OR Kiém thir truyén thong

Twdéng héa  Phat hién xung dot 1ap thoi khod biéu  Phai kiém tra thu cong timg trudng hop

tur dong
Hiéu suit Giai quyét bai toan nhanh véi toi vuhéa D@ bi cham khi s6 lugng mén hoc 1én
Chinh xac Tim nghiém t6i wu, khong bo s6t16i D& mic sai sot khi kiém tra tha cong
Ung dung Dung dugce cho h¢ théng 1ap thoi khoa  Khé mé rong khi sé mén hoc nhidu
thue té biéu lon

5. Két luiin va huéng phat trién

Hé¢ ﬂléng quan ly sinh vién (Student
Management System - SMS) dong vai tro
quan trong trong cac trurong dai hoc va co so
gido duc, giip quén ly thong tin sinh vién,
qua trinh hoc tap, hch hoc, va cac hoat dong
lién quan. Trong s6 cac chire nang bt 101,

ding ky mén hoc va lap thoi khoa biéu 1a hai
chire nang ¢0 tinh phire tap cao, lién quan tryc
tiép dén trai nghlem hoc tap cua sinh vién
cling nhu hiéu suit hoat dong cua nha truong.
Vi vay, kiém thir hé thong 1a mot budce bt
budc dé dam bao tinh chinh xac, hi¢u qua va
on dinh.
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Vin tru hgc (Operations Research -
OR) cung cép cac phuong phap t6i wu hoa
manh mé& dé kiém thir hé théng mét cach c6 hé
théng va hidu qua. Thay vi kiém thir dya trén
cac kich ban thtr nghiém thu cong hodc mé
phong ngau nhién, van trit hoc c6 thé gitip xay
dung ciac mo hinh t0i wru héa, phat hién xung
dot thoi gian cling nhu danh gia cac rang budc
phtic tap. Viéc 4p dung véan trii hoc vao kiém
thir hé théng quan 1y sinh vién khéng chi giap
phat hién 161 mot cach tu dong va toan dién
hon ma con gitp tdi wu hoa viée sir dung tai
nguyén va giam thiéu cac sai sot trong qué
trinh vén hanh.

Nghién ctru nay ing dung van tru hoc,
cu thé 1a 14p trinh tuyén tinh dé kiém ching
chirc nang Pang ky 16p hoc va lap thoi khoa
biéu cua hé théng SMS. V6i mdi bai toan
can kiém thtr ching t6i d3 tién hanh mé ta
bai toan, phat biéu muc tiéu cin kiém thir,
xdc dinh céac rang budc, mo6 hinh hoa bai toan
bang phuong phap hinh thire va xay dung
thuat toan kiém chtng. Hon thé nita, chung
to1 cling c¢6 nhirng so sanh phan tich phuong
phap da st dung véi cac phuong phéap kiém
thir khac.

Vigc g dung vén tru hoc vao kiém
chimg cac chirc nang cua hé théng SMS
khéng chi gitp phat hién 16i mot cach tu dong
va toan dién hon ma con gitp t6i rru hoa viée
sur dung tai nguyén va giam thiéu cac sai sot
trong qua trinh van hanh. Trong tuong lai,
chung t61 s& tiép tuc nghién ctru va giai quyét
bai toan kiém thir véi cac chirc nang khac cua
hé thong SMS cling nhu nhiéu hé thong phan
mém khéc nira.
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