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1 Truong Pai hoc Su pham Ky thudt Hung Yén
2 Trwong Cao ding Nghé Pién Bién

3 Trung tam Ngogi ngir - Tin hoc tinh Dién Bién
4 Truong Cao ding Kinh té - Ky thudt Dién Bién

Ngay toa soan nhan duoc bai bao: 17/09/2017
Ngay phan bién danh gia va sua chira: 10/11/2017
Ngay bai bao dugc chap nhan dang: 25/11/2017

Tém tit:

Bai bdo tién hanh phan tich, xir Iy div liéu, chon lira thudt todn ID3, C4.5, Bayes g dung phdn I6p
hoc vién cua Trung tam Ngoai ngir - Tin hoc, phdn logi can b Truong Cao dang Nghé Pién Bién va thur
nghiém trén phan mém Weka. B¢ tiéu chi danh gia chat lwong phan [0p cho can bo truwong, cho viéc phdn

chia dwoc thir nghiém, danh gia.

Tir khoa: Thudt toan ID3, thudt toan Bayes, D¢ loi thong tin.

1. Gi¢i thiéu

C6 nhiéu thuat toan phan 16p nhu: Cay
quyét dinh (Thuét toan Quinlan, ID3, D6 16n x0n,
C4.5,C5.0...; K-NN (K-Nearest Neighbor); Bayes;
Mang noron; Hé md... Mdi thuat toan ¢ wu diém,
han ché, do phuc tap, dbi twong timg dung khac nhau
[10]. Cay quyét dinh: Pon gian, nhanh, hiéu qua va
duogc tng dung thanh cong trong hau hét cac linh
vuc vé phan tich dit liéu, phan loai vin ban [2],
[9]... Thuat toan Bayes cho két qua tdt trong thuc
té, mic du chiu nhitng gia thiét vé tinh doc lap xac
sudt cuia cac thudc tinh va duoc tmg dung trong cac
bai toan dy doan, phan loai van ban, Spam...[5],
[8]. Trong bai bao nay, chung t6i str dung thuat toan
C4.5 va Bayes dé chia 16p cho hoc vién cua Trung
tam Ngoai ngir - Tin hoc va Truong Cao dang Nghé.

2. Cac thuit toan cho bai phan lép

Tur cac phan tich trén, véi quy mo dir ligu
khong 16n, d6 chinh x4c khong doi hoi cao dbi véi
mot truong nghé va trung tam; c6 thé dung thuat
toan ID3 ([1], [7]) C4.5 (J48) va Bayes ([5], [6])
dé cho phan loai chat lugng hoc sinh hogc chia 16p
cho hoc vién.

2.1. Thuat toan ID3
2.1.1. Thuat toan ID3

Padu vao: Tap dir liéu huan luyén gom cac
thudc tinh tinh hudng, hay dbi tugng nao do, va gia
tri dung dé phan loai.

Pdu ra: Cay quyét dinh c6 kha nang phan loai
ding dén céac vi du trong tap dir li¢u huén luyén, va
¢6 thé 1a phan loai dung cho ca cac vi du khong co

50 Khoa hoc & Cong nghé - S6 16/Thang 12 - 2017

trong tap hudn luyén hay chua gip trong tuong lai.

Bit dau véi niit goc:

Buwdc 1: Chon thudc tinh quyét dinh “tot
nhat” cho mit goc, gan né cho A.

Buwde 2: Véi moi gid tri cua A, tao nhanh

Budc 3: Lap lai Buoc 1 va 2 cho nhanh

Budc 4: Néu cic mau hudn luyén trong
nhanh dwoc phan logi d&ng nhat: DUNG, duwoc nut
la. Nguoc lai, lap tir I cho dén 4.

- Cong thirc 1am tiéu chi quyét dinh

+ Entropy ciia mot tdp S c6 2 phén lop

Entropy(S) = - P, log,P - P log,P 2.1
+ Entropy cuia tap S ¢6 ¢ phan 16p
Entropy(S) = g_ﬂlogzﬁ (2.2)

- Tiéu chi quyét dinh: d6 loi 16n nhat
Tép dit liéu S gdbm c6 n thudc tinh 4. (i = 1,
2,..., n) gia tri BY loi thong tin (Gain(S, A)) cua 4

1S, |

Gain(S,A) = Entropy(S)— 2, )WEntropy (S,)

v € Values(A

2.3)

2.1.2. Thir nghiém bai toan chia l6p Ngoai ngir

a. Phén tich bai todn

Trung tam Ngoai nglt - Tin hoc tinh Pién
Bién hang nam tuyén sinh (sé luong nhu Bang 1)
v6i 4 dic trung chinh anh hudng dén chia 16p cho
hoc vién dang ky hoc Ngoai ngir: Trinh d6 chuyén
mén (TDCM), Cap trudong (CTr), Chic danh nghé
nghiép gido vién (Hang) va Pang ky hoc tiéng Anh
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theo cap do (DK). Mdi dic trung c6 nhimng gia tri
khac nhau. Tur d6 ta xay dung bai toan, chia dit li¢u
dau vao thanh 4 dic trung:

Bang 1. Bang co so phan lop Ngoai ngit

TDCM CTr Hang QD
TC MN v Al
CD TH 111 A2
DH THCS 1 Bl
ThS THPT I
S0 lwong (SL): 4 | SL:4 | SL:4 | SL:3

+ TDCM: La trinh d0 dao tao cua cac can bo,
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vién chirc gom 4 loai: ThS (Thac si), DH (Pai hoc),
CD (Cao dang), TC (Trung cép).

+ CTr: Gom 4 loai: MN (Cép Mam non),
TH (Cp Tiéu hoc), THCS (Cap Trung hoc co sd),
THPT (Cép Trung hoc ph thong).

+ Hang: Gom 4 loai: I (Hang I), IT (Hang IT),
1T (Hang I1I), IV (Hang IV).

+ DK: Gom 3 loai Al, A2, Bl (Trinh d6
tiéng Anh theo khung tham chiéu Chau Au).

b. Thir nghiém bai todn

Sau khi phan tich dit liéu va tim hiéu thuat
toan, chung t6i tién hanh thir nghiém bai toan trén
phin mém Weka, mot phan mém kha ndi tiéng cho
khai pha d ligu.

_
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1 Hg vil tén TDCM CTr Hang DK QD
2 |Nguyén Thi Vin Anh DH MN I A2 Y
3 |Cao Vin Anh CD MN il Al N
4 |Lé Thi Ash TC MN v Al Y
5 |Nguyen ThiBich DH TH i A2 Y
6 | Luimg Thij Binh CD TH i) Al Y
7 |Lim ThiChién TC TH v Al Y
8 |Lam ThiChinh DH THCS 1 Bl Y
"9 ‘Nguyén Thj Chung DH THCS i A2 Y
10 Quéang Thj Ciic CD THCS i} Al Y
11 Ngd Minh Cudmg ThS THPT I Bl Y
12 Diéy Thj Dim DH THPT 11 Al N
13| Trén Hai Ding DH THPT 1 A2 Y
14 Nguyén Thj Do CD MN 11 Al N
15 Nguyén Thi Diém TC MN il A2 N
16 Trdn Thj Doan DH MN v Al N
17| Tong Thi Dung DH TH 1 A2 Y
18| Ha Thj KimDung CD TH I Al Y
15| Lo Thity Dueng ThS TH v Al N
20 Nauyén CongDuy CD THPT I Al N
21 Pham Thj Duyén TC THCS 11 A2 N
22 Pham Thj Giang DH THCS 1 Al N
23 Vir A Gidng CD THPT 1 Bl N
24/ DO Thi Ha TC TH il A2 N
75 Thi Théi Ha _DH THPT 1 A2 Y ud
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Hinh 1. Bang dit liéu hosodangkyNNTH.csv

Sau d6, ta tién hanh tién xur 1y dir liéu voi
phan mém Weka d¢ lya chon cac thudc tinh can thiét
va loai bo cac thudc tinh khong can thiét dé phuc vu

cho qua trinh phan loai.
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Sau khi thir nghiém bai toan trén phan mém
Weka str dung thuat toan ID3 chting ta dugc két qua
nhu sau (Hinh 2):

Journal of Science and Technology 51



ISSN 2354-0575

| Clr=MGN

J | Cle=T1E: N

| |1 cre = 18CS: mu2
| CTr = TEPT: ¥

Time taken to build model: 0.01 seconds

=== Stratified crozs-validation ===
)
I === Summary ===

——
i correc:ly Classified Instances 26

Result st (right-<ick for optians) Incorrectly Classified Instances 13
Happa statistic 0.6078

23:31:50 - brees, 13 Mean absolute error 0.1763

23:34:27 - bayes. NaiveBayes Root mean squared error 0.3555

Relative absoluce erzor 38.9851 %
ERoot relative squared error 74.8518 %
UnClassified Insctances 3
Total Humber of Instances b}

=== Detailed Accuracy By Class ===

TP Race

0.906 0.317 0.817 0.906

0.583 0.09¢ 0.824 0.683

Weighted Avg. 0.819 0.23 0.219 0.e1%

=== Confusion Matrix ===
& b <-- classified as

S B a=¥Y
1328 b=¥

77.4775 %
17.1171 %

5.4054 %

FP Rate FPrecision Recall F-Measure
0.859 0.885 ¥
0.747 0.852 "
0.81% 0.88

ROC Area Class

%

Hinh 2. Két qua di dodn theo Weka

Két qua: Sau khi st dung thudt toan 1D3
ta 1t ra két qua tir 111 ban ghi trong tap dir ligu
ToanTruong.CSV.

2.2. Giai thuit ciy quyét dinh C4.5 (J48)
2.2.1. Thuat toan C4.5 (J48)

C4.5 1a thudt toan cai tién tir ID3 nén cac
budc twong tu, chi khac vé tiéu chi, cong thirc chon
nat gbe. C4.5 sir dung co ché luu trix dir lidu thuong
trG trong bd nhd, chinh dac diém nay lam C4.5 chi
thich hop vé6i nhitng co s6 dit lidu nho, va co ché
sap xép lai dit liéu tai mdi node trong qua trinh phat
trién cdy quyét dinh. C4.5 con chira mot ky thuat
cho phép biéu dién lai cdy dué6i dang danh sach sip
thir tu cac luat if-then.

bé danh gia va chon thudc tinh khi phan
hoach dir li¢u, Quinlan dé nghi su dung d6 loi thong
tin (chon thudc tinh c6 d6 lgi thong tin 16n nhét) va
ti sb do lgi dua trén ham entropy cua Shannon. Do
loi thong tin cia mot thudc tinh dugc tinh bﬁng: do
do hén loan trude khi phan hoach trir cho sau khi
phén hoach. Gid st P, 1a xéc xuit ma phan tir trong
dir li¢u S thudc 16p C, (i = 1, k), do do hon loan
thong tin trude khi phan hoach dugc tinh theo cong
thire (2.4):

I(S)Z—éﬂlogz(l’i) (2.4)

Do do hon loan sau khi sir dung thudc tinh
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A phan hoach dit liéu S thanh v phan dugc tinh nhw
cong thue (2.5):
- 1S

L,(8)= ZZI S|

(S:)

Do loi thong tin khi chon thude tinh 4 phan
hoach dir liéu S thanh v phan duogc tinh theo cong
thirc (2.6) [2]:

2.5)

G(S)=1(S) - 1,(S) (2.6)
Tuy nhién, khi dir liéu co6 thuoc tinh c6 nhidu
gia tri hon cac thudc tinh khac, do 1oi thong tin tang
trén cac thudc tinh c6 nhiéu gia tri phan hoach. Bé
giam bét su 1éch nay, Quinlan ciing dé nghi sir dung
ti s d6 loi. Ti s6 d6 loi tinh dén s6 lugng va do 16n
cua cac nhanh khi chon mot thudc tinh phan hoach,
dugc tinh bang do loi thong tin chia cho thong tin
ctia phan phdi dit liéu trén cac nhanh. Gia st khi
su dung thudc tinh 4 phan hoach di li¢u S thanh
v phin, thong tin ciia phan phdi dit liéu dugc tinh:

ISi], | i
P(S)= 2 Ts1l° 2.7)
Ti s6 d6 loi dugce tinh nhu cong thic (2.8):
o G(S)
GamRallo(S) = P(S) (2.8)

Trong md hinh phan 16p C4.5, ¢6 thé ding
mot trong hai loai chi so Information Gain hay Gain
ratio (mac dinh) d€ xac dinh thudc tinh tot nhat.
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2.2.2. Xir Iy nhirng gia tri thiéu trong C4.5

Dit liéu thiéu 1a gia tri cua thudc tinh khong
xuit hién trong mot vai trudng hop c6 thé do 15i
trong qua trinh nhap ban ghi vao co so dir liéu hodc
gia tri cua thudc tinh d6 dugc danh gia 1a khong
can thiét trong nhitng truong hop d6. Trong qua
trinh xay dung cay tu tap di liéu dao tao S, B la
test dua trén thudc tinh 4 véi cac gid tri daura la
b,b,...b.Tap S, la tap con cac truong hop trong S
ma cd gia tri thuoc tinh 4 khong biét va S, biéu dién
cac trudng hop voi dau ra 1 b, trong test B. Khi d6
d6 do do loi thong tin cia test B giam vi chung ta
khong phan duoc 16p nao tir cac truong hop trong
S, va dugc tinh theo:

o(s5) 15551
Trong do:

S'1a tap dir liu huén luyén

B la tap dir ligu test

Tap con S, la tap con céac tnrong hop trong S
c6 gia tri thudc tmh A, khong biét

S bidu dién cac truong hop véi dau ra b,
trong B

Tir d6 P(S, B) ciing thay doi nhu sau:

|So] 1Sol\ & |Si] |S;]
5 log| 5 )~ X o Ty

(2.10)

Hai thay d6i nay lam giam gia tri cia Test

lién quan dén thudc tinh co ti 18 gia tri thiéu cao.

Néu TestB duoc chon, C4.5 khong tao nhanh riéng

trén cay quyet dinh cho S,. Thay vao do, thuat toan

¢6 co ché phan chia cac truorng hop trong S, vé cac

tap con S, 1a tap con ma co gia tri thudc tinh test X4c
dinh theo trong so:

G(S—S,.B) (2.9)

P(S,B)=—

2.3. Thuat toan Bayes [5], [6]
Gia str D 1a tap huan luyén gom cac miu
X=(x, x,,....x,). C,, 1a tdp cdc mau cta D thudc 16p

C (i={1,...m}).
Cac thudc tinh (x, x,, ..
1ap nhau duogc t;nh nhu sau:

p:(ci|x)=£11p(xk\ci)
= P(x1 | Ci) X P(x2 | Cz-) X .. X P(xn| Cz-)

LX) voi gia thiét doc

(2.12)

P(X|C) dugc tinh voi gia dinh x, doc lap co
diéu kién; k = 1..n:
- P(xk|C ) dugc tinh nhu sau:
+ Néu X 1a cac gia tri ro1 rac

| 1D|

P(C)
. Cip {xk}
P(xk | Ci) = W (2.13)

Khoa hoc & Cong nghé - S6 16/Théng 12 - 2017
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+ Néu X 1a cac gia tri lién tyc: P(x,|C) dugc
udc lugng qua ham mat do:

P(x|C) =g(x, e, 00,) (2.14)
1 (ah—nc)?

= m e 2 (2.15)

p=1isw (2.16)

& day u: Gia tri trung binh; o: D 1éch chuén.

o= —Lo¥r (x) 2.17)

Tém lai, dé phan 16p mau X, tinh: P(X|C)
P(C) cho tung C,, gan X vao 16p C, sao cho P(X]C)
P(C)1alén nhit.

maxc,ec(P(Cinzzlp(xk| ) (2.18)
2.4. Thir nghiém

Bai bao thir nghiém bai toan trén phan mém
Weka voi dir liéu giéng voi dir ligu st dung thuét
toan ID3. Sau khi thir nghiém bai toan trén phan
mém Weka sir dung thuat toan Bayes chiing ta duoc
két qua nhur sau:

=== Summary ===
Correctly Classified Instances Bl 72,973 %
Incorrectly Classified Instances 30 27.027 %

Hinh 3. Két qua xdc nhdn phdn 16p Bayes

Két qua dy doan thuét toan NavieBayes véi
dir liéu trong phan mém Weka, véi két qua du doan
ding 81 gia tri chiém 72,973%, két qua dyu doan sai
30 gia tri chiém 27,027%.

3. Cac d¢ do danh gia

Trong hoc méy va trong céac bai toan phan
16p theo thong ké), ma tran nham, con goi 1a ma tran
16i (Error Matrix) hodc ma tran so khop (Matching
Matrix) 12 bang vudng, hai chiéu cho phép thé hién
truc quan cac chi tiéu danh gia thuat toan cay quyét
dinh cho 16p bai toan phan 16p, du doan (Predict).
Trong ma tran, mdi dong mo ta cac truong hop
xay ra (Instances) theo thuc t& (Actual Class); mdi
cot thé hién cac truong hop xdy ra theo du doan
(Predicted Class) hodc ngugc lai khi bang d6i dong
thanh c6t (hay ma trén duogc chuyen vi). Truong hop
sO 16p la n, ma tran nham ldn sé la nxn. Trong do:

* 86 mau dwong Condition Positive (P);

* S6 mdu am (Condition Negatives (N);

* Thuc dwong TP (True Positive),

* Thyc am TN (True Negativeeqv. with
Correct Rejection)

* Duong sai FP (False Positiveeqv. with
False Alarm, Tvpe I Error: bao dong sai, sai s6 loai D);

* Am sai FN (False Negative eqv. with Miss,
Type Il Error: mit, sai sd loai II).
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Bang 2. Ma trdn nham ldn va cdc chi tiéu danh gid

pracictes conditon i
| ot popuion sedcnposte | predcion negaive m“%ﬁﬁm
_ , Troe Fostive Rate (TFR), Senstaty. | Fase Negatue Rae FNR).
; m”“" Trve Posive [T7) “;:r"ﬂl Zecal Poranil of Delecton Niss Rate
o) ) ) .
e Vs | - Toaam
= Riuiin i Troa Nagave (TN Probatity of Fae Aam Spectcty ($°C)
{Type 1 emor) S - .En; | E ITN
Poste Predicive \alue (PPY), - : '
Falsz Omission Rate (FOR)
recson TR
ITP-ETN postinve T

Cdc chi tiéu danh gia
1. Ty 1& thuc duong TPR (True Positive
Rate) hay d¢ nhay (Sensitivity) hay ty 1€ tring dich
(Hit Rate) hay do thu hoi (Recall)
_rTp___ TP
TPR="p =Tp+FN (€RY
2. Ty 1¢ thuc am TNR: (True Negative Rate)
hay d¢ dac hi¢u SPC: (Specificity)
_IN __ 1IN
INR="N"=TN+FP (3.2)
3. Gia tri dg doan duong PPV: (Positive
Predictive Value), hay gia (Precision)
__ TP
PPV =T7p+FP (3.3)
4. Gia tri doan am NPV: (Negative Predictive
Value)

__IN
NPV =7N1FN (3.4)
5. Ty 18 bo 15 hodc ty 1¢ sai am (FNR)
_FN__FN _ ., _

6. Roi ra hoac ty 1¢ duong gia (FPR: Fall-out
or False Positive Rate)

rp___ FP

FPR:T—WZI—TNR (3.6)

7. Ty 1€ kham pha sai (FDR: False Discovery
Rate)

FDR = ppts = 1- PPV (3.7)
8. Ty 18 bo s6t sai (FOR)

FOR = e = 1= NPV (3.8)
9. b6 chinh xac (ACC:accuracy)
acc=TEEIN (3.9)
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10. Piém sb F1: La trung binh hai cua do
chinh xac va d¢ nhay (Score is the Harmonic Mean):
F=o LPV.TPR _ 2TP

1 “PPV+TPR ~— 2TP+FP+FN (3.10)

11. Hé s6 twong quan Matthews (MCC:

Matthews Correlation Coefficient )

TP.TN—FP.FN

MCC = [P+ FP)(IP + FN)(IN + FP)(IN + FN)

(3.11)
12. Chi tieu BM (Bookmaker Informedness)

BM=TPR+TNR—1 (3.12)
13. Panh déu (MK: Markedness)
MK = PPV + NPV —1 (3.13)

So dd cdy cho bai toan phan chia 16p sau khi
str dung phan mém Weka-6.6 cho bai toan phan chia
16p ngoai nglr dya trén thuat toan C4.5 (J48).

W =THeTHES =THPT

I’ TTIY

Hinh 3. So d6 cdy chia 16p ngoai ngi

Journal of Science and Technology



4. So sanh két qua va két luan
4.1. So sanh thuit toan ID3 va Bayes

Dé so sanh va phan tich két qua thir nghiém
clia hai thuat toan ID3 va Bayes ta st dung phan
mém Weka cho két qua nhu Hinh 4.

# Weka Experiment Environment - 0D X
Setip Run Analyee

Source:

carts

Configure test Test output

Testingwith | Paired T-Tester (come... v || || Tester: weka, experinent. PairedCorrectediTester
Analysing: Percent_correct

Besultsets: 2

Column Confidence: 0.05 (two tailed)

Sorted by: -

Conparion il Date: 10/20/17, 2:20 BE
Sgoifcance (0,05

i
mp Ngoailiqulinhoc.DienBien (100) €7.75 | 53.42

LR

Showstd, devigtons [
Key:

Output Fornat (1) trees.Td3 1 -2693678641096322561

(2) bayes.NaiveBayes '' 5995231201785637655

(1) trees.Id | (2) bayes

W/ /M (o)

Hinh 4. Giao dién so sanh ID3 va Bayes

Tir Hinh 4 ta thdy, thuét toan ID3 cho két
qua du doan diang 1a 77,48% trong khi thuat toan
Bayes cho két qua 72,97%. Diém giéng nhau giira
ID3 va Bayes:

+ Hai phuong phap déu 1a mé hinh hoc c6

Tai liéu tham khao

ISSN 2354-0575

giam sat, dang cdy (cho trudc dau ra la nhin); can
c6 tap dit liu mau huén luyén.

Diém khac nhau giita ID3 va Bayes:

+ Thuat toan ID3 xay dung md hinh cayvai
cac nat 1a dugc gan nhan va rat ra cac tap luat if-
then tuong rng.

+ Thuét toan Bayes udc lugng xac sudt cia
cac 16p da duoc gan nhén thong qua dit liéu huin
luyén va cac dic trung dau vao dé gan nhan cho cac
mau méi.

4.2. Két luan

Dong gop chu yéu cua bai bao 14 thu thap xir
ly dir liéu, thir nghiém phan chia hoc vién dang ky
hoc Ngoai ngit, phan loai can by gido vién truong
nghé st dung thudt toan ID3, C4.5 va Bayes béang
tinh toan truc tiép va bang phan mém Weka cho
mot sb két qua kha quan; c6 thé ung dung cho cac
truong twong tw. Can cir két qua do, Trung tam s&
xir Iy thong tin chinh xac, nhanh bang phin mém vé
chia 16p hoc cho hoc vién dang ky hoc Ngoai ngit
dé cho co hiéu qua hon.

Huwéng nghién ciru tiép theo:

S& thir nghiém bai toan véi khéi lugng mau
16n hon dé danh gia do tin cay cua cac thuat toan
phéan 16p hoc vién.

Loi cdm on

Bai bao duoc hd tro tir truong Pai hoc Su
pham K¥ thuat Hung Yén theo ndi dung ctiia nhom
nghién ctru “Tinh toan mém” dwoc Quyét Pinh sb
1417/QD-DHSPKTHY ngay 06/07/2017.
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DECISION TREE ALGORITHMS AND CLASSIFIER EVALUATION
BY CONFUSION MATRIX

Abstract:
The paper analyzed ID3, C4.5, Bayesalgorithms and we were coding data to classify. The ID3, C4.5,

Bayesalgorithms are used to classify for English Leaners, for staff of Dienbien Vocational College. The
paper proposed the criteria for classifier evaluation by confusion matrix to evaluate the classifier results.
Keyworks: InformationGain, Machine Learning, ID3-Algorithm, BayesAlgorithm.
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