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ABSTRACT

In this paper, we present a solution for the scheduling problem of pratical
courses in Can Tho University using Maximum Flow Network approach.
The scheduling problem for practical courses is concerned to assign
Students to groups/practical rooms under some constraints such as room
capacity, teachers’ schedule, etc. The problem attempts to optimize the
performance criteria and distribute the students fairly to rooms depending
on the ratio of room capacity and the number of students enrolled. We
model the scheduling problem as a maximum flow problem where each
student is modeled as a source node and each room as a sink node.
Capacity constraints are represented as maximum capacity of edges
connecting source nodes and sink nodes. We have also added constraints
on minimum number of students assigned to a room as minimum capacity
of edges. The approach is implemented on Google computing platform
using Google Apps Script. A case study is experimented by enrollment data
of practical courses in Can Tho University. Results show that our solution
is tractable.

TOM TAT

Trong bai viét ndy, chiing t6i trinh bay mét gidi phdp cho bai todn xe}a lich
cdc hoc phan thic hanh tai cdc truong dai hoc sir dung mo hinh luong cuc
dai trong mang. Bai toan xép lich thire hanh la mét dang ciia bai todn xép
thoi khod biéu tong qudt trong dé lién quan dén viéc phdn cdc sinh vién
vao cac nhém/phong thire hanh sao cho thod man cac rang budc vé lich
ranh cia sinh vién, giang vién, sirc chira ciia phong va quan trong nhat la
khai thac t6i da hiéu sudt sir dung cia cdc phong thuc hanh. Véi cac rang
budc nhw trén, bai todn xép lich thiee hanh c6 thé dwoc mé hinh hod vé bai
todn tim luong cuc dai trong mang véi dg phire tap gidi thudt da thirc. Moi
sinh vién la mot dinh phdt, méi phong thuwe hanh la mét dinh thu. Sirc chira
ciia phong cé thé dwgc rang budc bang kha ndng théng qua ciia cung
twong iimg. Ta ciing c6 thé thém vao rang budc sé lwong sinh vién toi thiéu
cho mgt phong bang cdc cach ddt cdn duéi cho cac cung. Vin dé toi wu ti
1é giita sirc chira ciia phong va s6 sinh vién dwege gdn vao phong duwoc gidi
quyét bang tiép cdn bai todn luong cwe dai véi chi phi thap nhdt (minimum
cost maximum flow). Gidi phdp dwoc trién khai bang cong nghé dién todn
ddam may cua Google sir dung ngon ngir Google Apps Script. Két qua thuc
nghiém trén dir lieu Pang ky thuc hanh cho hoc phdn Thyc hanh Tin hoc
can ban ciia by mén Sw pham Todn, Khoa Sw pham cho thdy rang gidi
phép ma ching téi d@é xudt la phit hop.
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1 GIOI THIEU

Bai toan xép thoi khoa biéu 1a mot trudng hop
cu thé cta bai toan lap ké hoach duoc ung dung
rong rai trong nhiéu linh vyec. bay 1a bai toan dugc
xEp vao 16p NP-kho (khong ton tai glal thuat tlm

nhat 1a khi gia ting s6 lugng mon hoc, gido vién va
phong. Hién nay co hai giai phap chinh duoc su
dung dé giai bai toan nay: s dung tiép can tim
klem cuc b (local search) [2, 9, 10] va giai phap
xép lich ban tyr dong. Tuy nhién do ban chit cua
giai thuat cac tiép can tim klem cuc bd khong the

.....

bay trong [13] mot tiép can dé giai quyet bai toan
xép lich biéu bang phuong phap quy hoach nguyén
(ILP) [1] st dung bo phuong phép thoa man rang
budc (SAT) [6, 8, 11, 12]. Mac du phuong phéap
quy hoach nguyén su dung thoa mén rang budc co
nhiéu thanh céng trong viéc gidi mot so bai toan,
nhung céc giai thuat ILP van sir dung heuristics dé
tim kiém 101 giai nén két qua co thé sé khong t6i
vu. Gidi phéap ban tu dong thuong phai két hop voi
mot vai phuorng phap hién thi dé giup nguoi st
dung ty minh x€p lich biéu tét. Tuy nhién nhuoc
diém chinh ctia phuong phéap nay 1a nguoi st dung
phai thuc hién rat nhiéu thao tac dé c6 dugc mot
lich biéu hoan chinh (chuong trinh méy tinh chi hd
trg kiém tra tring lich).

Tir khi Truong Pai hoc Can Tho quyét dinh
thay ddi toan dién va triét dé sang dao tao theo hé
thong tin chi, viéc xép thoi khoa biéu cac hoc phan
da dugc phan cép vé cac Khoa. Gigo vu khoa chiu
trach nhiém xép thoi khoa biéu cho cac hoc phan
ma khoa minh phu trach. Xét vé ban chét viéc 1am
nay di giam kich thudc dau vao cta bai toan xép
lich biéu. Vé6i su tro giup cua hé théng xép lich
biéu dang duoc sir dung, viéc xép thoi khoa biéu
cho cic hoc phan 1y thuyét dugc giai quyét kha
thuan loi, dé dang. Tuy nhién, dbi v6i cac hoc phan
thuc hanh, hodc cac hoc phan vira co ly thuyet vira
¢6 thuc hanh déu khong duge xép lich thuc hanh
trude. Ly do co ban 1a lich thuc hanh s€ phu thude
rat nhiéu s6 lugng sinh vién dang ky mén hoc. Néu
xép lich trude c6 thé dan dén viéc sir dung khong
hiéu qua cac phong thuc hanh (do s sinh vién
dang ky qua it ching han). Do do, hién nay viéc
xép lich thuc hanh thuong chi dugc thuc hién sau
khi sinh vién di ding ky cac hoc phan va c6 thoi
khoa biéu cuia cac hoc phan 1y thuyét. Bdi véi cac
Khoa c¢6 sb hoc phan co thyc hanh nhidu nhu:
Khoa Su pham, Khoa Khoa hoc Ty nhién va Khoa
Cong nghé¢ Thong tin va Truyén thong (thyc hanh
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tin hoc), Khoa Cong nghé (thuc hanh k¥ thuat
dién), viéc xép lich thuc hanh cho vai trdam sinh
vién tro thanh van dé. Céc giai phap hién nay dugc
cac Khoa thuc hién c6 thé phén thanh 2 nhom.
Nhém thir nhét, thyc hién thii cong: gido vién phan
nhom va dan théng béo, sinh vién dang ky truc tiép
trén gidy va tlly vao tinh hinh dang ky ma giao vién
phu trach giang day s& xép lich. Nhom thir hai cho
sinh vién dang ky théng qua mot hé théng nao do6
(vi du mét website tu tao). Sau khi da c6 nhu cau
dang ky, viéc xép lich dugc thuc hién thu cong.
Tom lai, cho du cho sinh vién ding ky bang cach
nao di nira thi viéc xép lich sau cling van phai thuc
hién tha céng dan dén mat nhiéu thoi gian cong sic
tham chi c6 thé ton tai sai sot trong khi xép lich.

Trong bai bao nay, ching t6i d& xuat mot giai
phap xép lich thyc hanh cho cc hoc phan c6 thuc
hanh tai Truong Pai hoc Can Tho. Giai phap dé
xuat s& thyc hién viée phan ty dong sinh vién vao
cac nhom thuc hanh phu hop (khong bi trung lich)
va st dung céc phong thuc hanh mdt cach hi¢u qua
(khai thac t6i da hiéu suat sir dung ciia phong). Céac
dong gop chinh cua bai bao gom: (i) dé xuét quy
trinh dang ky va xep lich biéu, (i) md hinh hoa bai
toan xép lich biéu Ve bai toan tim luong cuc dai
trén mang, (iii) dé xuat ham myc tiéu dé toi uu hiéu
qua st dung cac phong thyc hanh cung voéi giai
thudt cai tién cho bai toan ludng cuc dai voi chi phi
thip nhat trong bai toan xép lich biéu. Ngoai ra,
cac lya chon cua sinh vién cling s¢ dugc xem xét
uu tién theo thir tu. Vi du nhu: Iva chon 1 s€ duogc
xem xét trude lra chon 2.

Phan tiép theo cua bai viét dugc trinh bay nhu
sau: phan 2 trinh bay ngan gon vé Bai toan xép lich
biéu; phan 3 trinh bay mang va ludng cuc dai trong
mang; phin 4 trinh bay tng dung cta ludng cuc dai
trong mang cho bai toan xép lich biéu. Két qua
thyc nghiém duoc trinh bay trong phan 5, tiép theo
1a két luan va hudng phat trién.

2 GIAI PHAP CHO BAI TOAN XEP
LICH BIEU

Bai toan xép lich biéu chung t6i dé& cap dén
trong bai viét nay phat sinh tir nhu cu thyc té &
Khoa CNTT&TT, B6 mén Toan Khoa Su pham va
Khoa Cong nghé, truong Pai hoc Can Tho. Céac
hoc phﬁn thyc hanh (hoac hoc phﬁn vira co ly
thuyét vira co thuc hanh) khong dugc xép thoi biéu
truéc ma giang vién (hoac giang gido vién) phu
trach hoc phan phai ty xép lich. Quy trinh xép lich
thuc hanh cho mdi hoc phan nhu sau: (i) voi sb
luong sinh vién ding ky tham gia hoc phan da biét,
giang vién uéc luong sé lugng nhém sao cho phu
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hop s6 lugng sinh vién va stc chira ciia cac phong
thuc hanh (phong may tinh, phong thi nghiém); (ii)
chon budi thyc hanh cho cac nhém va phan cong
giang vién huéng dan thuc hanh (iii) thong bao cho
sinh vién dang ky nhoém va (iv) giang vién phan
sinh vién vao cac nhom. Giai doan (i) duoc thuc
hién kha d& dang duya vao s lugng sinh vién va sirc
chira cac phong thyc hanh. Viéc chon budi thure
hanh va phan coéng giang vién dugc thuc hién dua
trén lich rdnh cia gido vién va cua phong thuc
hanh. Giai doan cho sinh vién ddng ky nhém la
cong viée kha phirc tap. Giai doan cudi cing la giai
doan kho nhit: phan sinh vién vao cac nhom sao
cho s6 lwong sinh vién ctia mdi nhém khéng qua
16n (vugt qua kha nang cua phong thyc hanh twong
ung voi nhom) va ciing khong qua nho (khai thac
ti da hiéu suat st dung phong thyc hanh). Véi quy
trinh xép lich nhu thé, chung ta da chia nho bai
toan xép thoi khoa biéu tong quét (rat kho) thanh
cac bai toan nho (dé hon).

3 MANG VA LUONG CUC PAI
TRONG MANG

Mang (network) 13 mot dd thi c6 huéng G =
<V, E> vo6i tap dinh V va tdp cung E. Trén tap
cung E ta dinh nghia ham khd ndang thong qua
(capacity function) c6 gia tri khong &m c: E 2> R".
Pé don gian, ta co thé gia st G khong chira da
cung. Néu c6 mét cung di tr dinh u dén dinh v,
cung nay sé 1 cung duy nhit va duoc ky hiéu 1a (u,
v). Trén mang ta phan biét 2 dinh: dinh phat
(source) s va dinh thu (sink) t.

Luong (flow) 1a mot ham £ E > R* théa min
cac rang bugc sau:

— Ludng trén cung khong thé vuot qua kha
nang thong qua cua cung;:

Au, v)<c(u V) (1)

— Bao toan ludng: tong ludng di vao mot dinh
bang téng luong di ra khoi dinh d6: VU ¢ {S t} ,

Y flku= 2 fuv)
(ku)eE (uv)eE 2)

Ngoai ra, ta con co:

— Téng ludng di ra dinh phat bang tong ludng
di vao dinh thu

D flsu)= Y f(ni1)
(s,u)eE (v,t)eE (3)
Gia tri luong (Value of flow), ki hiéu | f'|
dugc dinh nghia bang téng ludng di ra khoi dinh

phat hoic tong ludng di vao dinh thu:
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T WO B W)
(s,u)eE (v,t)eE (4)
Bai toan tim ludng cuc dai (trén mang) 1 bai
toan cuc dai hoa | f'| voi cac rang budc trén. Giai
thuat dau tién duoc sir dung dé tim ludng cuc dai la
giai thuat dwong tang luong (augmenting path
algorithm) cua Ford & Fullkerson [5, 8]. K& dén,
Dinic [3] va Edmonds & Karp [4] d3 ddc 1ap cai
tién giai thuat duong ting ludng dé co dugc giai
thuat c6 do phtre tap thoi gian da thirc. K& tir d6, da
¢6 rat nhidu giai thuat hidu qua hon duogc phat trién
c¢6 thé ké dén nhu phuong phap day/gdn nhan lai
(push/relabel) ciia Golberg & Tarjan [7].

4 UNG DUNG LUONG CUC PAI CHO
BAI TOAN XEP LICH BIEU

Nhu d3 phan tich & trén, bai toan xép lich thuc
hanh duoc quy vé cac bai toan con don gian hon.
Bai toan phan nhém cho sinh vién 1a bai toan khé
nhit va dang duoc quan tim. Trong phan nay
chung t6i s& mo hinh hoa bai toan phan nhom vé
bai toan tim luéng cuc dai trén mang.

Goi:
— S={uy, u, ..., u,} la tap cac sinh vién
— G={vi, v, ..., v} la tdp cac nhém
— s: dinh phat
— t: dinh thu

h(v), v € G: s s6 tdi da ciia nhom (img véi
strc chira cua phong)

— I(v), v € G: si s0 toi thieu cia nhom (ung
véi stc chira ciia phong)

d(u,v), u € S, v € G: ham dang ky nhom cua
sinh vién. d(u,v) = 1 néu sinh vién u dang ky nhom
v, nguoc lai d(u,v) = 0.

Db thi G = <V,E> clia mang s& la:

- V=SuGu {s,t}
E={Gu)|ueStui{uv)luesS,veg,
duy)=1} U {(v, 0 |ve G}

YueS:c(s,u)=1
Y(u,v) € E,u €S,veG: c(u,v) =1
Vv e G, c(v, £) = h(v)

M&i sinh vién dugc md hinh thanh mét dinh-
sinh vién, moi nhom cling twong Gng véi mot dinh-
nhom. Ta thém vao mét dinh phat s va mét dinh
thu ¢.

Néu sinh vién u; dang ky nhom v; s€ c6 mdt
cung noi tu dinh-sinh vién u; den dinh-nhom v;, kha



Tap chi Khoa hoc Truong Pai hoc Can Tho

ning thong qua cta cung nay la 1 (mdi sinh vién
chi dugc phan vao 1 nhém). Thém cac cung ndi tir
dinh phét s dén cac dinh-sinh vién, kha ning thong
qua cia cung ndy ciing 1a 1 (mdi sinh vién chi dugc
ding ky toi da 1 nhom). Sau cing, thém cic cung
ndi cac dinh-nhém v € G dén ¢ véi kha nang théng
qua la A(v). Mang két quéa dugc minh hoa trong
Hinh 1.
4.1 Rang budc si s tdi thiéu

Dé tranh truong hop mot nhom cd qua it sinh
vién ta c6 thé bd sung thém rang budc si sd tbi
thiéu ciia mot nhom: tong sb sinh vién cia nhom v
khong dwoc nho hon /(v). V&i mé hinh ludng cuc
dai trén mang, rang budc nay c6 thé d& dang tich
hop vao mé hinh: véi mdi cung, ngoai kha ning
thong qua 16n nhét ta bd sung thém kha ning théng
qua nho nhét. Cach don gian nhat dé giai bai toan
ludng cyc dai trén mang vé6i rang budc kha nang
thong qua nho nhét cta cac cung 13 bién dbi v& bai
toan ludng cuc dai chudn. Ta xdy dung do thi

G’ =<V, E’> tir dd thi G = <V, E>:
Thém vao hai dinh mé&i s” va .

— Thém cung ndi s’ dén tit ca cac dinh
trong V.

— Thém cung ndi cac dinh trong V dén 7.

— Thém cung nbi ¢ dén s.

— Kha nang thong qua méi cia cac cung dugce
dinh nghia nhu sau:

e V&imbidinhv e V, dat:

86 chuyén dé: Cong nghé Thong tin (2013): 100-108

Zd(u v)

° C(S V)_ uel’

> d(v,w)

° C,(V, t’) = wel

e Véi méi cung (u, v) € E, dat
c¢’(u,v) = c(u,v) - du,v)

o Ditc'(t,s)=w

. Mot cach tryc quan, dd thi G dugc xay dgng
bang cach thay moi cung (u, v) trong do thi G bang
3 cung:

— (u, v) voi kha nang thong qua c(u, v) —
d(u, v);

(s’, v) voi kha nang thong qua d(u, v) va
—  (u, ') v6i kha nang thong qua d(u, v)

Trong G’, tong kha nang thong qua cua cac
cung xuat phat tir s* bang tong kha nang thong qua

> d(u,v)

clia ca cac cung di vao £ va bang (“)<E Ta

> d(u, v)

goi ludng c6 gia tri dung bang “V)<E la
Iuéng béo hoa (saturating flow) vi né bio hoa tat
ca cac cung roi khoi s” hodc di vao 7. Néu G’ ¢6
luéng bao hoa, nd sé€ co luéng cuc dai.

Ngudi ta cling di chimg minh ring: Mang G sé
6 luong kha thi (feasible flow) khi va chi khi G’ ¢6
Iuéng béo hoa.

Hinh 1: Mang phin nhém sinh vién
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Giai thuat tim ludng cuc dai trong trudng
hop kha nang thong qua cia cung bi chan dudi
theo cac budc nhu sau:

1. Xay dung dd thi G’ va tim ludng cuc dai
/7 tirs’ d&n ¢ trén G*. Néu tit ca cac cung
ra khoi s> déu bao hoa (ludng di qua cung
nay bang kha ning thong qua 16n nhét cua
no6), ta im dugc luong kha thi (admissible
flow) 1, trén G:

Ja@,v)=f" (u,v) +d(u, v)
v6i moi cung (u,v) € E

2. Trén G, ta'dinh nghia lai kha nang thong
qua lon nhat cua cac cung nhu sau:

c.(uv)=cuv)-f.(uv)
3. Tim ludng cuc dai f; tir s dén ¢ trén G v6i
kha néng thong qua 16n nhat c,.

Luéng cuc dai thoa man rang budc kha
nang thong qua 16n nhat va nhé nhat la:

*  flu,v)=/fo(u,v)*+f(u,v)

4.2 Téi wu hoa hiéu qua sir dung phong

Nhu d3 trinh bay & trén, mdi nhém duoc gan
cho mot phong thuc hanh. Si sé t6i da ciia mot
nhom thuong 1a suc chia cua phong thu’c hanh
tuong tng. Do do ngoai rang budc ve si s6 thap
nhat, ta ciing mudn sb lugng sinh vién dugc xEp
vao nhom phai twong tng vdi si sé ti da cia nhom
(mg vdi stc chira cua phong thyc hanh). Khong
xép qué it sinh vién vao mdt nhom co si sb tbi da
qua 16n. Bang cach nay, s& khong co phong qué tai
trong khi cic phong khac thi qua trong. Nhu thé
viéc str dung phong s€ dat hiéu qua hon. Rang budc
nay c6 thé dwoc mo hinh héa mot cach don gian
nhu sau:

2

veG

Sw,t) (5)

D6 1a ti s6 gitra si sb t6i da va s6 sinh vién thue
sur dugc xép vao nhém v phai nhé nhit c6 thé. Nhu
thé bai toan trd thanh tim luéng cuc dai trén mang
thoa man rang budc (5). Pay c6 thé xem nhu mot
bién thé cua bai toan luong cuc dai véi gid thanh
cwc tiéu (minimum-cost maximum-flow). Giai
thuat gbc cho bai toan luong cuc dai véi gid thanh
cuee tiéu duge mo ta nhu sau:

1. Tim luong cwc dai f trong mang G
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2. Tim chu trinh giam gia thanh va cdp nhdt
lai luéng f.

3. Ldp lai budc 2 cho dén khi khéng thé tim
duwoc chu trinh giam gia thanh nao niia.

Do tinh chit dic biét cia bai toan phan nhém
sinh vién: ¢6 ciu truc d6 thi don gian va ham muc
tiéu can t6i uu khac v6i ham muc tiéu cia bai toan
luong cuc dai véi gid thanh cuc tiéu, chung toi dé
xudt giai thuat giai quyét bai toan nhu sau:

1. Tim ludng cuc dai f trong mang G
2. Véimdi dinh-sinh vién u € S
Xet cac cap v, w € G ¢6 cung nbi tir u dén
v va cung ndi tir u dén w
Néuf(u,v): Ivaf(u,w)=0
Néu viéc d6i ludng lam giam ham muc
tiéu
Cap nhat lai ludng f.
Néu /' (u, w)=1va f(u,v)=0
Néu viéc d6i ludng lam giam ham muc
tiéu
Cap nhat lai ludng f.

3. Lap lai budc 2 cho dén khi khong thé tim
duoc chu trinh giam gia thanh nao nira.

Mot vi du vé tim chu trinh giam gia thanh dugc
minh hoa trong Hinh 2. Chu trinh tim thiy lau >
w > t > v > u. Duong lién nét 1a tang ludng va
duong khong lién nét 1a duong giam ludng.

5 KET QUA THUC NGHIEM

T cac phéan tich dugc trinh bay ¢ trén, giai
phap tong thé cho quy trinh xép lich dugc mé ta
ngin gon nhu sau:

Chuén bi nhém/phong

Cho sinh vién dang ky

Thu thap di liéu dang ky va tién xir Iy
Xay dung mang

Tim ludng cuc dai trén mang

Gan sinh vién vao nhom dua trén két qua
ctia ludng cuc dai.

AN S e

Ching t6i da trién khai quy trinh dang ky va
xép lich thyc hanh trén trén nén tang cong nghé
dién toan dam may cua Google v6i ngén ngir lap
trinh ngir Google Apps Script. TAt ca cac thir can
chudn bi 1a tao mot bang tinh (spreadsheet) ding
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lam noi luu trit dir liéu dang ky, cac thong sb cla va cac lua chon cta sinh vién. Tuy vao lich ranh
hé théng (sé nhom, suc chira), cac tham sb cua céac cua minh sinh vién s€ lya chon cac nhéom c6 lich
giai thuat va ciing 13 noi luu két qua xép lich. Viéc phut hop. Dé bai toan dé& c6 161 giai, c6 thé khuyén
t6 chirc cho sinh vién ding ky duoc thuc hién kha khich sinh vién lwa chon nhiéu nhém khac nhau.
don gian v6i Google Form (budc 2). Tao mot biéu Trong thoi han dang ky, sinh vién c¢6 thé diéu chinh
mau ding ky véi Google Form va géi dia chi cta cac lya chon. Sau khi sinh vién dang ky xong, dir
biéu mau cho sinh vién. Mot vi du vé biéu mau liu dang ky duoc tu dong luu trong bang tinh

dang ky duoc trinh bay trong Hinh 3. Trong biéu (budec 3).
mAu nay, phin quan trong nhét 1a mé sb sinh vién

c(uv)=1

flu,v)=

Hinh 2: Tim chu trinh giam

gia thanh trén mang phan
nhom sinh vién _
f(ul W) -

clu,w=1

Mot phan cta dit liéu ding ky thuc hanh mén con lai 1a 480 duoc xép vao 12 nh(}m. Truong hop

Tin hoc cin ban & Khoa Su pham, Dai hoc Cin khong tdi wu ti 16 giita sirc chira toi da va sb sinl}
Tho duge minh hoa trong Bang 1. Dit li¢u s& dugc vién duoc gan vao nhém, s& co truong hop 1 s6
xt 1y trude khi chuyén qua budc xay dyng mang nhém c6 rat nhiéu sinh vién, trong khi cac nhom
va tim ludng cuc dai trong mang. Trong phan tién khéc c6 rat it sinh vién (so v6i stic chira toi da cua
xir Iy nay, ta loai bd cac sinh vién khong c6 danh nhom). Ham myc tiéu (5) c6 gia tri 18.16. Trong
sach. Néu sinh vién ding ky nhiéu lan ta ghi nhén truong hop co6 toi vu ti 1€ sirc chira, ta thu dugc gia
lan dang ky sau cung va bo qua cac lan ding ky tri 16.25. Két qua x¢&p lich duge luu tré lai bang
trude do. Ngoai trir cac bude 1 va 2 ta phai thuc tinh (xem Bang 3) va co6 thé su dung dé in két qua
hién thu cong, cac bude con lai duoc lap trinh dé theo timg nhom nhu Bang 4.

¢6 thé thyc hién tyu dong. Budce 2 ciing co thé duoc
thue hién tu dong néu hé thong dugc cung cap
thong tin ve lich ranh cta sinh vién.

Sau khi dir liéu dd duoc lam “sach”, ta thiét Lyra chon 1*
lap cac tham s6 cho hé théng va giai thuat dé bét Séng thir 2
dau xdy dung mang va tim luong cuc dai. Déu tién,
c6 thé cho stic chira i thleu cla tat ca cac nhom Lwa chon 2*
ba}ng 0 va thuc hién viée xép lich. Tuy vao ket qua Sing thir 3
x€p nhom, ta cd thé diéu chinh sttc chira toi thi€u
clia cac nhom. Ngoai ra ta ciing c6 thé bat/tit chirc

Lwa chon nhém

nang toi vu ti 1é cua ste chira toi da va sb sinh vién Lya th" 3"

gan vao cac nhom. Néu chirc nang nay dugc bat, hé Chiéu thir 4

théng s& tim luéng cuc dai d6ng thoi t8i wu ham

muc tiéu (5). T
Séng thir 6

Bang 2 trinh bay két qua thu dugc khi kiém
thir hé théng xép lich cho hoc phan thuc hanh tin
hoc céan ban véi s6 sinh vién dang ky 694 trong d6 Submit
240 trudong hop ky trung hodc khéng cé tén trong

danh sach. Sau khi tién xit Iy (tw dong) s6 sinh vien ~ Hinh 3: Mot phan cua Bi¢u mau dang ky nhém
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Bang 1: Dir liéu diing ky thue hanh hoc phin tin hoc cin béin

Timestamp

02/01/2013 14:57:05
02/01/2013 15:19:57
02/01/2013 15:22:12
02/01/2013 15:23:21
02/01/2013 15:27:56
02/01/2013 15:29:08
02/01/2013 15:33:01
02/01/2013 15:34:09
02/01/2013 15:35:05
02/01/2013 15:52:12
02/01/2013 16:52:16
02/01/2013 16:55:49
02/01/2013 17:05:35
02/01/2013 17:07:38
02/01/2013 17:09:33
02/01/2013 17:13:07
02/01/2013 17:24:25
02/01/2013 17:29:45
02/01/2013 17:33:29
02/01/2013 17:34:29

MSSV

B1200392
B1200352
B1200962
B1200467
B1200453
B1200370
B1207990
B1208023
B1200471
1117555
B1208188
B1200949
B1200973
6116284
6116251
B1200386
B1200421
B1200386
b1200394
B1200421

Ho va tén
Nguy&n Durong Thanh Pha
Trwong Gia Dai
Trwong Thi Kidu Trang
Nguy&n Phi Van
Lam Minh Tai
Nguy&n Tuing Lam
Duong Quang Khang
Pham Thj Cdm Tién
Nguy&n Nguyén Ba
Hd Trong Nhan
V6 Van Va
Chau Thj Kim Thi
Van Thi Nhe Yén
Nguyé&n Hiru Thinh
Ly Tuyét Kha
Pham Thj Hdng Nhan
LE MONG TUYEN
Pham Thj H8ng Nhan
QUACH THU PHUONG
LE MONG TUYEN

Lya chon 1
Chiéu ther 2
Séng thr 6
Chiéu ther 2
Séng ther 3
Séang thr 3
Chidu thir 2
Séng thir 3
Séng thir 3
Séang ther 3
Chiéu ther 4
Séng thir 5
Séang thir 5
Chidu ther 2
Sang thr 6
Séng thir 6
Chiéu ther 2
Chiéu ther 2
Chiéu ther 2
Chiéu ther 2
Chiéu ther 2

Lya chon 2
Séng thi 3
Chidu thir 6
Séng thir 6
Chidu thir 3
Chidu thir 6
Sang thr 3
Chidu thir 5
Chidu thir 6
Sang th 3
Chidu thir 3
Chiéu thir 5
Séng thir 4
Séng thir 6
Séng thir 6
Séng thir 6
Séng thir 3
Séng thir 3
Sang th 3
Séng thir 3
Séng thir 3

Lya chon 3
Chidu thr 5
Chiéu thir 7
Séng thir 2
Séng ther 7
Chidu thir 7
Chiéu thr 5
Séng ther 7
Chidu thir 7
Sang thir 7
Chidu thir 7
Séng thir 2
Chidu thr 5
Séng thir 6
Séng thir 6
Séng thir 6
Chidu thr 5
Sang thir 2
Chidu thir 5
Séng ther 7
Sang thr 7

Lya chon 4
Séang thr 5
Séng thir 7
Chidu th(r 6
Chidu thir 6
Séng thir 7
Sang thir 4
Chidu th(r 6
Séng thir 7
Chiéu th(r 6
Chidu thir 6
Séng thir 7
Chiéu thir 4
Chidu thir 2
Séng thir 6
Séng thir 6
Séng thir 5
Séng thir 5
Sang thr 5
Séng thir 5
Séng thir 5

|

Bang 2: Két qua xép lich trong truwomg hop khéng toi wu va ti wu ti 1§ sirc chira tdi da va s6 sinh vién
trong nhém

STT Nhém Stre chira  Stre chira Khéng tbi uu T6i wu theo ham muc tiéu (5)
toi da toi thieu SV/Nhém Ti 1€ SV/Nhom Ti 1€
1 Séng thir 2 75 40 40 1.88 40 1.88
2 Chiéu thir 2 75 0 74 1.01 45 1.67
3 Séng thir 3 40 39 39 1.03 39 1.03
4 Chiéu thu 3 72 0 35 2.06 44 1.64
5 Séng thir 4 40 0 25 1.60 33 1.21
6 Chiéu thir 4 40 0 28 1.43 33 1.21
7 Séng thir 5 75 70 70 1.07 70 1.07
8 Chiéu thir 5 75 0 55 1.36 45 1.67
9 Séng thir 6 40 0 40 1.00 32 1.25
10 Chiéu thir 6 40 0 40 1.00 33 1.21
11 Sa’mg thir 7 40 0 18 2.22 33 1.21
12 Chiéu thir 7 40 0 16 2.50 33 1.21
Tong 18.16 16.25
Bang 3: Két qua viéc phan sinh vién vao cac nhém
Timestamp MSSV Ho va thn Email "“xﬂ* Lyachon1 Lyachon2 Lyachon3  Lyachond
020172013 15:22:12 B1200962 Truong Th Kidu Trang 01690055217 Chiduth2 Chiduth?2 Sangth’6 Sangth2 Chiduthi 6
0200172013 15:23:21 B1200467 Nguydn Phi Vin 01259565990 Sengthr7 Sangth3 Chiduth3 Sangtho7 Criduth 6
02/01/2013 15:27:56 B1200453 Lam Minh Tal 0985886645 Sangth 7 Sangth3 Chiduthd 6 Crhiduth 7 Séngtha 7
02/01/2013 15:20.08 B1200370 Nguydn Ting Lam 0939707015 Sangthr4 Chiduthr2 Sangthr3 Criduthd 5 Sangtha 4
0200172013 15:33.01 B1207990 Duwong Quang Khang 0919493494 Chiduth? 6 Sangth3 ChiduthdS Sangthd7 Chiduthe 6
0200172013 15:34:09 81208023 Pham Th Cim Tidn 0917525322 Sangth7 Sangth3 Chiduth6 Chduths 7 Sangtha 7
020172013 15:35:05 B1200471 Nguydn Nouydn B4 01655365883 Sengthr 7 Sangthr3 Sangth3 Sangthd 7 Cridutho 6
0200172013 15:5212 1117555 Hd Trong Nndn rhan117555@studer BOQUA Chiduthr4 Chiduth3 Chiduthd 7 Chiduth 6
020172013 16:52:16 B1208188 VO Van VO 01286521844 BOQUA Sangth’5 ChduthrS Sangthr2 Sangtho
020172013 16:55:49 B1200949 Chdu TH Kim Thi 01882122021 BOQUA Singth5 Sangth4 Crildutho S Cridutho 4
02/01/2013 17:05:35 81200973 Van Th Now Yén 0039606220 Chiduth2 Chiduth2 Sangth’6 Sangth 6  Chiduth 2
0200172013 17:07:38 6116284 Nguyda HIu Thinh 01684823419 BOQUA Singth’6 Sangth’6 Sangths6 Sangtha 6
0200172013 17:00:33 6116251 Ly Tuybt Kha 01652238176 BOQUA Singth’6 Sangth’6 Sangths6 Sangtho 6
020172013 17:13:07 81200386 Pham Th Hing Nndn nhanB1200386@cty BOQUA Chiduth2 Sangthd3 Cniduthe 5 Sangtha 5
0200172013 17:24:25 B1200421 LE MONG TUYEN 01258383005 BOQUA Chduth2 Sangth’3 Sangthi2 Sangtho 5
0200172013 17:20:45 B1200386 Pham Th Hing Nndn rhanB1 Chduthe S Chiduthr2 Sangth3 Chiduthe 5 Sangtha §
0200172013 17:33:29 11200394 QUACH THU PHUONG 01699344396 Sangth7 Chiduth’2 Sangthd3 Sangthd 7 Sangth 5
02/01/2013 17:34:29 81200421 LE MONG TUYEN 01258383005 Sangthy 7 Chlduthr2 Sangth3 Sangth 7  Sangtho S
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Xét vé mat thoi gian thyc hién gidi thuit tim
ludng cuc dai, v6i sd sinh vién khoang 600-1000,
thoi gian thuc hién khoang 20-30 giday. Ly do chinh
1a do cac giai thuat duoc cai dat bang Google
scripts, nén thoi gian thyc hién khong thé so sanh
v6i phién ban cai dat trén Desktop bang cac ngon
nglt manh nhu C/C++. Tuy nhién, thoi gian thuc
hién nhu trén van c6 thé chép nhan duoc. Hon nira,
viéc sir dung nén tang ctia Google dé trién khai giai
phap lai giup ta tiét kiém dwoc thoi gian va cong
strc dé xay dung phan thu thap s6 liéu ding ky.

6 KET LUAN

Chung toi vira dé xudt mot giai phap xep lich
biéu cho cac mén hoc st dung tiép can Ludng cuc
dai trong mang. Ching t6i d& m6 hinh hoa bai toan
xép lich biéu vé bai toan tim ludng cuc dai trén
mang. Rang budc mdi sinh vién chi duge gan vao
mot nhém duge mod hinh bang kha ning thong qua
clia cung xudt phat tir dinh-sinh vién bang 1. Trong
khi do, rang budc vé strc chira cua nhom dugc mod
hinh hod vé kha nang théng qua cua cung (ca cén
trén va can dudi). Chung toi cling da dé xuit mot
ham muc tiéu ph hop véi viée tdi uu ti 1¢ giita sirc

Béng 4: In danh sach sinh vién theo nhom

86 chuyén dé: Cong nghé Thong tin (2013): 100-108

chira t6i da va sb sinh vién vao nhoém ciing véi mot
giai thuat tim luéng cuc dai voi ham muc tiéu nho
nhét. TAt ca cac dé xuit di dugc cai dat trén nén
tang dién toan dam may cta Google. Chung t6i da
thuc nghiém giai phap dé xuét trén dir liéu dang ky
thuc hanh cta céc sinh vién & cac Khoa cua
Truong Dai hoc Can Tho: Khoa Su pham (Tin hoc
cin ban), Khoa Cong nghé Thong tin va Truyén
thong (Xu 1y anh), Khoa Coéng ngh¢ (Ky thuat
dién). Két qua cho thiy rang giai phap rat hiéu qua
vi tinh don gian va chi phi thap cta no.

Dua vao cac phén tich trong phan thyc nghiém,
co the thay rang co6 thé phat trién giai phap dugc dé
xudt bang cach giai quyét mot sé van dé sau: (i) Tu
dong hoa qua trinh thu thap dir liéu dang ky tir thoi
khoa biéu cac moén hoc 1y thuyet cua sinh vién, (ii)
Tong quéat hoa ham muc tiéu tdi wu sao cho co thé
mé hinh dugc nhiéu diéu kién t6i wu khac nhau vi
du nhu: phan nhém sao cho sb nhém st dung la
it nhat, (iii) va quan tdm dén vin d& bao mat khi
dang ky vi du nhu st dung tai khoan va mat khau
dé dang nhap méi c6 thé ding ky dugc. Ching toi
du dinh giai quyét cac van dé trén trong mot tuong
lai gan.

A B Cc D
Nhém: Sang thir 2, Phong: , Budi: Sang thir 2
STT MSSV Ho va tén Sé dién thoai/email
1 1117535 vO thi my xuyén 1643262750
2 7108781 V& Thi Kim Ngoc 939564088
3 b1200299 Huynh Lam Nha 1654361913
4 B1200337 |Nguyén Hoang Uyén uyenB1200337@student.ctu.edu.vn
5 B1200373 |NGUYEN TAI LINH 1222885531
6 b1200444 huynh viém my myb1200444@student.ctu.edu.vn
7 B1200486 | Tran Béc Manh manhB1200486@ctu.edu.vn
8 b1200506 Ly My Trinh trinhb1200506@student.ctu.edu.vn
9 b1200538 Lé Thj Son sonb1200538@student.ctu.edu.vn
10 b1200539 Bui Thji Thanh Tam tamb1200539@student.ctu.edu.vn
11 b1200543 Nguyén Thi Phuong Thiy thuyb1200543@student.ctu.edu.vn
12 B1200563 |Lé Minh Béng bangB1200563@student.ctu.edu.vn
13 B1200600 [Mai Phuéc Loc 963880394
14 b1200667 trAn chuc linh linhb1200667@student.ctu.edu.vn
15 b1200708 Phan Ngoc Ha 963880061
16 B1200712 |[NGUYEN THI HUYEN 1629685510
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