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CAC THUAT TOAN HQC MAY AP DUNG CHO PHAN LOP, DU POAN

Nguyén Quang Hoan', Vii Ngoc Tan2, Nguyén B4 Giadu®, Pham Dinh Ha*

1 Truong Pai hoc Su pham Ky thudt Hung Yén
2 Truong Dai hoc Ludt Ha Noi

3 Trwong THPT Nguyén Binh Khiém - Vinh Bdo - Hai Phong

4 Truong THPT Kim Thanh - Kim Thanh - Hai Duwong

Ngay toa soan nhan dugc bai bao: 12/01/2018
Ngay phan bién danh gia va stra chira: 26/02/2018
Ngay bai bao dugc xét duyét dang: 28/02/2018

Tém tit:

Bai bao nghién curu cdc thudt toan C4.5, Bayes ap dung cho cac bai toan phdn 16p va du bao. Cac
chi tiéu theo ma trdn nham lan du’o’c sur dung dé danh gid, so sanh hiéu qua cia cdc thudt todn. Mot s6 ban
ludn cdc truong hop khdc nhau vé do lon dir liu, ty lé dir liéu hoc va dir liéu thu dwoc trinh bay nham phan
tich cdc tinh huong trong vmg dung. Cdc tinh todn truc tiép so sanh véi tinh todn trong phan mém Weka
duoe sir dung dé chay thir, két xudt, hién thi cdc két qua phan 16p, dw bdo nham minh chimg kha ndng dp

dung thuc té.

Tir khoa: Ludt hoc; Do loi thong tin, Entropy, thudt toan hoc, ty sudt do loi.

1. Gié6i thiéu

Cay quyét dinh 1a mot phuong phéap tao ra
céu triic, trong d6 mdi nut dai dién cho mot “phép
thir” dbi véi mot thude tinh; mdi nhanh trong cay
thé hién mot két qua thu duoc trén co s& cac luat [4,
6]. Puong dan tir gbc dén 14 dai dién cho quy trinh
trong phan loai. Cdy quyét dinh dwa trén phuong
phdp “chia (ndi theo hinh twong la cay) daé wri”.
“Tri” & day ham y rtt ra cac quy téc, cac luat hoc.
Luat phd bién 1a luat if...then (hay ludt nhdn qua)
dugc ap dung.

C6 hai cach chia toan bd co s dir liéu hoc
thanh cdy, do 1a: chia theo cac dic trung dau vao va
chia theo céc dac tinh hoac gia tri du ra. Chia theo
cac dic trung dau vao c6 nhidu k¥ thuat chon gdc
khac nhau tuy theo ludt hoc nhu: theo véc to xac
suét xudt hién céc gia tri cua ddc trung, dién hinh
1a thudt toan Quinlan; chia dung tiéu chuan Entropy
¢6 bdn phién ban dién hinh: thuat toan do 16n xon,
thuat toan ID3, thuat toan C4.5, thuat toan C5.0 [1,
2,3, 6,7, 8]. Chia theo dau vao dung mang no ron
nhan tao cé cac thuat toan hoc nhu Perceptron, lan
truyén nguoc, Hebb... Chia theo dau vao, st dung
xéc sut co diéu kién co thuat toan Naive Bayes [1],
v6i cac gia thiét cac dic trung dau vao doc lap voi
nhau; hogc dung mang Bayes [4], khi co du dir liéu
vé x4c suit co didu kién. Chia theo ddu ra co thuat
toan hoc quy nap (Inductive Learning Algorithm)
[3]. Thuat toan C4.5 phu hop v6i cac co sé di liéu
vira va nho nén ung dung kha phd bién va dugc
chon dung trong bai bao nay. Cung véi cac thuat
toan cay quyét dinh, ma trAn nham 13n v&i cac chi
tiéu danh gia hiéu qua phan 16p dir liéu [8] duoc ap
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dung. Bai bao nay con néu quy trinh giai bai toan
phan 16p dya theo cay quyét dinh, cach lua chon
thudt toan va cach xtr 1y dit liéu cho cac dbi twong
cu thé.

2. Thuét toan ciy quyét dinh
2.1. Thuat toan C4.5

C4.5 duogc Breiman, Friedman, Olsen va
Stone phat trién tir thuat toan ID3 trong linh vy tri
tué nhan tao va trong thong ké. ID3 st dung d6 loi
thong tin (Information Gain) lam tiéu chi chon nut.
Do loi thong tin cua mdt thude tinh duge tinh bé'mg
dd do hdn loan trudc khi phan hoach trir cho do do
hon loan sau khi phan hoach. Goi S 1a tap dir liéu
huén luyén; C ¢ tap con (hay ddc tinh) cac mﬁu thtr
i cuaS i={1, ...,k} k: s6 tap con; |C.IS]: 1a s6 luong
cac mau (hay luc luong) cua tap C Va S mot cach
tuong Umg; p, la xac suat Xudt hlen s6 mau thudc
16p C, so véi téng s6 mau. Do do hdn loan thong tin
truée khi chia tap con (phan hoach) duoc tinh theo:

fo ()= -Yplogy, @D

Do do hon loan sau khi phén hoach S thanh
k phan dugc tinh:

= 1S
Info (S) = Zl 5] (S) (2.2)
Do loi thong tin (Information Gain):
Gain(S) = Info(S) - Info (S) (2.3)

Khi dit liéu c6 mét thudc tinh chira nhiéu gia
tri hon cac thudc tinh khac, d6 1gi thong tin tang trén
cac thudc tinh d6. Dé giam bét sy chénh 1éch nay,
Quinlan [6] sir dung ti s6 d6 lgi Gain Ratio. Ti s6 d0
loi dugc tinh béng d06 1oi thong tin chia cho Entropy
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phan phdi dit liéu trén cac nhanh: SplitInfo(S).
1S, IS

SplitInfo(S) = 3 ; (2.4)
M= =R g lee g
Vatiso do loi:
; ; — Gain(S)
GainRatio _Jaitio) 2.5
® SplitInfo (S) (2-3)

Trong C4.5 dung chi sb Information Gain
hodc Gain ratio dé xéac dinh thudc tinh tot nhat lam
tiéu chi chon gdc, trong d6 Gain Ratio 14 lya chon
mac dinh.

2.2. M6 hinh dw bao Bayes
Mo hinh dy bao Bayes dya trén dinh 1y xac
suat Bayes nhu sau [1]:

plH|E] = PLEIH|P[H] (2.6)
PlE]
trong do, tap dic trung dau vao E = [E,E, ...E]

c6 n thugce tinh str dung lam bang chimg (Evzdences)
va H 1a gia thuyét hay “nhan” dau ra can du bio.
Vi gia thiét cac dic trung dau vao doc lap
nhau, cach du bao trong mé hinh Bayes don gian
duoc tinh [2]:
P|E,\|H|.P|E)H]---P
PlE]

(£, H]P[H]

PlH|E]=
2.7)

Cac budc thue hién thudt toan Bayes

Buoc 1: Tu tép dir licu huén luyén S, tinh xac
sudt cua cac 16p;

Budc 2: Phan 16p x=(x,,...
cua cac lop da xac dinh.

Buoc 3: Tinh (2.7) véi cac gia tri cua H. St
dung quy luat “sb 16n™: véi gia tri nao cua H theo
(2.7) 16n nhat, gan két qua twong tmg cho gia tri do
clia xac suat diéu kién trén tap di liéu S.

), tinh xdc suat

3. Xir ly dir liéu va phan 16p

Bt bai toan: Trong nhitng nim gan day, dé
nhap trudng pho thong trung hoc (THPT) nao do,
hoc sinh khi biét diém thi tot nghiép Pho théng Co
5O ¢o thé du doan co thé vao truong nao. Chiing toi
xay dung cac budc tao co sé di licu huén luyén,
sau do6 phan 16p va du béo. Tién trinh dugc mo ta
trong bai bao dua trén vi du ¢ truong trung hoc phd
thong (THPT) Nguyén Binh Khiém, Hai Phong lam
minh hoa va trién khai, ap dung tuong tu duoc cho
cac truong khac nhu THPT Kim Thanh, Hai Duong
va ca dai hoc Luat. Qua trinh d6 dugc mo ta va thuc
hién nhu sau.
3.1. Thu thip, phén tich dir li¢u

Duéi day 1a mot sé can ctr dé xdy dung co s&
dir liéu hoc sinh theo bai toan.

- Cin cir thong tu s6 11/2014/TT-BGDDT
ngay 18/04/2014 cua B trudng B gido duc va
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dao tao (BGDDT) ban hanh quy ché thi trung
hoc phé thong (THPT); Thong tu s6 18/2014/TT-
BGDDT ngay 26/05/2014 cta B truéng BGDDT,
b6 sung kém theo thong tu s6 11/2014/TT-BGDDT
ngay 18/04/2014 cua B¢ truong BGDDT; Thong
tu sb 06/2012/TT-BGDDT ngay 15/02/2012 cuta
B6 truong BGDDT ban hanh quy ché té chirc va
hoat dong ctia truong THPT; Cin cir thong tu sd
12/2014/TT-BGDDPT ngay 18/04/2014 cua BO
truong BGDDT stra d6i, bd sung Piéu 23, diéu 24
quy ché t6 chirc va hoat dong cua truong THPT
kém theo thong tu s& 06/2012/TT-BGDDT ngay
15/02/2012 cua B truong BGDDT.

- Can ctr van ban sb 3090/UBND-VX ngay
18/12/2016 cua UBND thanh phd Hai Phong vé
phuong an tuyén sinh vao 10 THPT nim hoc 2017-
2018: hinh thirc thi tuyén gdom 3 bai thi mén: Toén,
Ngir van, Bai thi td hop (gdm cac mén: Vat Iy, Hoa
hoc, Lich st, Pia ly, GDCD, Sinh hoc, Ngoai ngit
(tiéng Anh)). Céc bai thi déu hé s6 diém 20.

3.2. Xir ly, phén tich dir liéu

Dua vao cac thong s quy uée (Bang 3.1),
diém thi vao truong THPT Nguyén Binh Khiém
nam hoc 2017- 2018, trich rat tr 375 hoc sinh (dit
lidu gbc) va loai bd cac truong hop sb liéu trung
nhau, quy dbi sang bién ngén ngtr...tao t€p dir liéu
hoc (Bang 3.2) v6i 15 mau (khong trung lap) Chon
5 dac trung dau vao: “Piém vin”, Diém toan”;
“Piém tong hop”; “Piém uu tlen”, “Téng diém”
theo cac quy ché da néu. Mdi dic tinh dau vao co
thé nhan nhiéu gia tri khac nhau v&i thang diém 20.
V& nguyén tic, co thé chon 20 gia tri khac nhau,
nhung v6i bbi canh bai toan, ching toi chuyén dir
lidu gbe v& bon gid tri: “kha”, “gi6i”, “trung binh”,
”kém”; Pac tinh téng diém chon hai gia tri “Pat”,
“Khong dat” du thé hién. Két qua du ra nhan 2 gid
tri “D&”, “Khong d6” tng véi gia tri nhi phan “Y”,
“N” (Bang 3.1). Sau khi ma hda, ta c6 5 dac trung
vao, nhan (diu ra) co hai gi tri nhu Bang 3.2.

9

Bang 3.1. Quy wée biéu dién dit liéu

Gia tri Y nghia Gia tri diém
VGK | vin gioi-kha 14>=VGK<= 20
VTB |van trung binh 7>=VTB< 14

VY |vinyéu VY <7
TGK |toan gioi-kha 14 >=TGK <=20
TTB |toan trung binh 7>=TTB< 14

TY |toan yéu TY <7

THGK | T6 hop gioi kha 14 >=THGK<= 20
THTB | T6 hgp trung binh | 7 >=THTB < 14
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THY |Td hop yéu THY <7
UTG | Ul tién gioi >=3<5
UTK | Ul tién kha >=1.5<3
UTTB | Uu tién trung binh <1.5>0

T |Téng diém Pat T >=30

F |Téng diém F<30

Khong dat
Y HS db
N HS khéng do

3.3. Phan l6p véi C4.5 va danh gia

Dua trén dir liéu hoc da duogc xac dinh (Bang
3.2) su dung céac cong thuc 2.1-2.5, chung t6i thu
dugc két qua nhu Bang 3.3 va d6 1a cac chi tiéu
chon cay. Tién hanh tinh toan theo cic budc cua
thuét toan bang tay va dong thoi thir nghiém bang
phan mém Weka, chung t6i thu duoc két qua twong
duong. Céc luat hoc dugc rut ra (Bang 3.4). Ching
toi thir nghiém cho hai bd dir li¢u: dir 1liéu hoc (15
mau nhu Bang 3.2) va dit lidu gbc (375 hoc sinh).

Bang 3.2. Bang dir liéu hoc

TT | Diém | Piém | Piém | Diém | Tong | Quyét
Vin | Toan | tong hgp | wu tién | diém | dinh
1 | VGK | TGK | THGK UTG T Y
2 | VGK | TGK | THGK UTK T Y
3 | VGK | TGK | THGK | UTTB T Y
4 | VIB | TGK | THGK UTG T Y
5 | VIB | TGK | THGK UTK T Y
6 | VIB | TGK | THGK | UTTB T Y
7 | VY | TGK | THGK UTK T N
8 | VY TY THTB UTK F N
9 | VGK | TTB | THGK UTG T Y
10 | VIB | TTB | THGK UTK T Y
11 | VIB| TY THGK UTK T N
12| VIB | TY THTB UTK F N
13| VGK | TY THY UTTB F N
14| VY | TTB | THGK UTK T N
15| VY | TTB | THTB UTK F N
Béng 3.3. Bang thugc tinh, chi tiéu
STT THUOC GAIN | SPITINFO | GAINRATIO
TINH
1 | D.VAN 0.39 1.56 0.25
2 [D.TOAN | 045 1.53 0.29
3 | DIEMTH | 0.37 1.09 0.34
4 | DIEMUT | 0.22 1.34 0.16
5 | T.DIEM 0.62 0.84 0.74
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Bang 3.4. Tap ludt cho S
1 [|if (tdiem=F)
then (ketqua = N)
2 | if (t.diem =T) and (diemvan = VY)
then (ketqua = N)
3 | if(t.diem=T) and (diemvan = GK)
then (ketqua =Y)
4 | if (t.diem = T) and (diemvan = VIB)
then (ketqua =7)

& Weka Clsifer Tree Viuaizer 184607 - vees b Bang dubend) L 2

Tree View

Hinh 3.1. Cay phan lop cho 375 hoc sinh

Tiéu chuan danh gia phan 16p quan trong

nhét (trong 13 tiéu chudn) 1a d¢ chinh xéac [1]:
TP+ TN

Accuracy =gprNT Ny OV
trong d6, TP: True positive (thuc duong), TN: True
positive (thuc am); FP: False positive (Sai duong);
FN: False negative (sai am). Ty 1€ hoc chon 80%, ty
1€ thir 20% cua 375 1a 75 nguoi phan 16p ding: 72
nguoi, chiem 96%, ty 1€ phan 16p sai 3 nguoi, chiem
4%. Cay quyét dinh duogc cho trén Hinh 3.1.

4. Dy bAo tuyén sinh thuit toan Bayes

Bai toan: Gia su hoc sinh tén “Hung” c6
két qua: “Piém Van"=VTB; “Piém Toan”=TKG:
“Piém Tong hop” =THTB; “Piém Uu tién”"=UTG;

“Tong diém”=T. Dy bao “Hung” dd, trugt?

Theo (2.7) va cac budc ¢ muc 2.2, dy bao
dugc tinh v6i hai “Quyét Binh” (QD): P(OP=Y]x),
P(OP=NIx) v&i x={diém todn, diém van, diém tong
hop, diém wu tién, tong diém)

« P[OD=Y|x] = {P[Piém van=VTB|QD=Y].

P[DPiém todn=TKG|QD=Y].

P[Piém t6 hop=THTB|QD=Y].

P[Piém uu tién=UTG|QD=Y].

P[Téng diém=T|0P=Y]}/ P(x)=

=(4/8).(6/8).(0/8).(0/8).(8/8).(8/15)=0

(Do hai cong thirc trén c6 mau sé déu la
P(x); dé so sanh, chi can tinh tir s6)
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« P[OP=N|x]={P[Piém vin=VTB|QP=N].

P[Piém toan=TKG|OP=N].

P[Piém t6 hop=THTB|QP=N].

P[Piém wu tién=UTG|QP=N].

P[Téng diém=T|QP=N]}/P(x)=

=(4/7).(1/7).(3/7).(3/7).(3/7).(7/15)=
0,003>P[OD=Y|x]=0.->0P=N (trueot).

Clesolier ovipl
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Pdnh gid thudt todn: V& dinh tinh, thudt toan
gia thiét cac dac trung dau vao doc lap nhau, diéu
d6 dan t6i do chinh xac kém khach quan. Vé dinh
luong, hoan toan c6 thé dua ra bang chi tiéu gidng
nhu Hinh 3.2 theo phén mém Weka, hoac tinh toan
v6i d9 chinh xac twong tu. Dé co két qua kha quan
hon c6 thé sir dung mang Bayes [4] néu du s6 liéu
vé xéc suat gitra cac dic trung.

Time caken to build model: 0.02 seconds

=== Evaluaticn oo test split ===

Time taken to test model on test aplic: 0 seconds
== JUEEATY =ew

Cerrectly Classified Instances 2

Incorrectly Clessified Inatances 3 4 L]
Kappa statistic 0. 6479

Mean absslome error

Booe mean sgquared errar
Belacive abaclute erzor
Rest relative sguared erpor
Tetal Humber of Inatances

wmn Confusion HATrix wes

0.052%
0.1977
39342 %
72.7138 %

y

%

wen Dotailed Rocuracy By Class mms

TF Race FF Rate Precision FRecall F=Measure MCC EOC Area FRC Area Clasa

1.000 0.500 0. 958 1.0040 0.57% 0.682 0.750 0.958 VES

0.500 0.000 1.0040 0.500 0. 667 0,682 0.7%0 0.540 HO
Weighted Avg. 0.360 B.480 0.962 0.580 0,954 0.892 5.7%8 0.92%

| i
Hinh 3.2. Bang két qua phén [6p cho tép dit liéu goc (375 hoc sinh)
Bang 4.1. Bdng tinh xdc sudt mau
Piém Vin Piém Toan Piém T6 Hop Piém U Tién Piém Tong | Két qua
Y | N Y | N Y [N Y | N Y[(N|Y [N

VGK | 4| 1| TGK | 6| 1 | THGK | 8| 3 UTG 03] T |83 8 7
VTB 4 |2 TTB 2|2 THTB 013 UTK 514 F 0] 4

VY 0|4 TY 014 THY 01| UTTB | 2|1
P(VGK)|4/8|1/7|P(TGK) | 6/8 | 1/7 |P(THGK) | 8/8 [3/7| P(UTG) |0/8|3/7|P(T)|8/8|3/7|8/15|7/15
P(VTB) (4/8 (2/7|P(TTB) [2/8|2/7 | P(THTB) | 0/8|3/7| P(UTK) |5/8(4/7|P(F)[0/8|4/7
P(VY) |0/8(4/7| P(TY) [0/8|4/7| P(THY) |0/8|1/7|P(UTTB)|2/8|1/7

5. Két luan va huéng phat trién tiép

Pong gop cua bai bao la xay dung, xur ly dr
liéu, quy trinh thyc hién phan 16p, du bao s hoc
sinh tuyén sinh cua truong THPT Nguyén Binh
Khiém, Hai Phong; THPT Kim Thanh, Hai Duong;
cai bién ap dung cho dai hoc Luat, Ha Noi (chi khac
vé cac dac trung, gia tri dau vao; thuat toan co ban
gidng nhau). Bai toan co thé cai bién va 4o dung cho
céc truong phd thong Va tru:cmg dai hoc khac.

Hudng phat trién tiép theo 14 xay dung phan
mém phan 16p va tra ctru diém, dép ng cong tc
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quy hoach va tin hoc hoa cho cac truong phd thong
va dai hoc. Vé mit khoa hoc va cong nghé, phuorng
phap du bao diung mang Bayes c6 thé cho két qua
chinh xac hon dung thuat toan Bayes. Ngoai ra,
chung t6i c¢6 ¥ dinh st dung hé lai mang no ron,
logic mo va thudt toan di truyén hy vong cho két
qua dy bao chinh xac hon nira va s€ c6 bao cao sau.

Nghién ctru nay duogc tai tro boi Trung tam
Nghién ctru Ung dung Khoa hoc va Cong nghé,
Truong Pai hoc Su pham Ky thuat Hung Yén, dé
tai ma s6: UTEHY.T028.P1718.02.
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MACHINE LEARNING ALGORITHMS FOR CLASSIFICATION, PREDICTION

Abstract:

This paper analyzed C4.5, Bayes algorithms for classification and the prediction problems. The

classification criteria based on the confusion matrix are used to evaluate the classifier and predicted results.
Weka software program was used to test the proposed classifier and predicted data.
Keywords: Learning Rule, Information Gain, Entropy, Learning Algorithms, Gain Ratio.
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