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Received: 22/3/2023 In this study, a decision tree was built and the career selection results of
L grade-12 students in Thai Nguyen province were predicted by algorithm
Revised: 271412023 ¢4 5. Research results have shown that this decision tree has high
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However, it is found that the study can only be applied to Thai Nguyen
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ORDS results. Data was collected through a questionnaire of 900 grade-12
High school students students at Ngo Quyen, Tran Quoc Tuan, and Dong Hy high schools in
Decision Tree Thai Nguyen province. The author used primary factors to assess,

including social needs, learning outcomes, family economic conditions,
place of residence and gender. Research results showed that the social
WEKA needs and learning ability were factors that have a great impact on
J48 students’ intention to choose a career. At the same time, the classification
based on algorithm C4.5 was confirmed to bring higher classification
accuracy than the technique based on the Bayes algorithm. This research
can contribute to support the university admissions process as well as to
help guide the careers of high school students, mainly in grade 12.

Algorithm C4.5

SU DUNG THUAT TOAN C4.5 XAY DUNG CAY QUYET PINH
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TRUNG HQC PHO THONG TINH THAI NGUYEN

Buii Ngoc Tuin
Truong Pai hoc Céng nghé Théng tin va Truyén théng - PH Thdi Nguyén
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Ngay nhdn bai:  22/3/2023 Trong nghién ciru nay, cdy quyet dinh dugc xay dung va ket qua lva chon
o nghé cia hoc sinh khéi 16p 12 tai tinh Thai Nguyén duoc du doan bang
Ngay hoan thign:  27/4/2023 1, a4 0an C4.5. Két qua nghién ciru di chi ra cdy quyét dinh nay c6 do
Ngay ding:  28/4/2023 chinh xac cao va dugc xay dung dua trén qua trinh thu thap va tién xir Iy dix

ligu. Tuy nhién, nhan thay nghién ciru chi c6 thé dp dung cho tinh Thai

TU KHOA Nguyén va can duoc t6i uu hoa dé dura ra két qua dy bao chinh xac hon. Di

liéu dugc thu thap thong qua bang hoi 900 hoc sinh 16p 12 tai cac truong
Hoc sinh THPT trung hoc pho thong Ngo Quyén, Tran Qudc Tuan, Dong Hy tinh Thai
Cay quyét dinh Nguyén. Téc gid sir dung 5 nhoém nhén t6 chinh dé danh gi4, bao gom nhu

cau xa hoi, két qua hoc tap, dleu kién kinh té gia dinh, noi & va gidi tinh.
Két qua nghién ciru cho thiy rang, nhu cau cta xa hoi va kha ning hoc tap
Weka 4 cac yéu t6 o tac dong Ion dén ¥ dinh lua chon nghé cua hoc sinh. Ddng
J48 thoi, viéc phan 16p dya trén thuat toan C4.5 dwoc khang dinh 14 mang lai do
chinh xac phan 16p cao hon so véi ky thuat dua trén thuét toan Bayes.
Nghién ciru nay c6 thé dong gop hd trg cho qua trinh tuyén sinh dai hoc
ciing nhu gitip huéng nghiép cho hoc sinh phd thong chu yéu 1a khéi 12,
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1. Mé dau

Viéc chon cho minh nghé nghiép ding véi kha ning va s¢ trudng cia hoc sinh trung hoc pho
thong 14 quan trong, né c¢6 anh hudng dén twong lai va cong viéc cua ho sau nay. Vi vy, cung
cap cho hoc sinh mot cong cu hd tro lya chon nghé nghiép 1a can thiét. Trong nghién ciru nay, tac
gia st dung cay J48 trén thudt toan C4.5 dé xay dung ciy quyét dinh trong viéc hd tro lya chon
nghé cho hoc sinh trung hoc phd thong tai tinh Thai Nguyén. Thong tin vé nang lyuc, s6 thich va
tiém ning cua hoc sinh dwoc thu thap théng qua khao sat thuc té, tac gia da ap dung thuat toan
C4.5 dé xay dung cay quyét dinh dua trén thong tin thu thap dugc. Cy quyét dinh nay c6 thé
gitip hoc sinh ¢6 cac thong tin can thiét dé chon nghé hoc phul hop Véi ning luc va sé trudng cua
ho. Nghién ctru nay tién hanh da danh gia két qua cia cay quyét dinh bang cach déi chiéu két qua
du doan ciia phuong phap véi két qua thuc té, va két qua cho thay cay J48 sir dung trén C4.5 co
két qua cao trong viéc dy bao chon nghé cua hoc sinh THPT tinh Thai Nguyén.

D3 c6 cac nghién ciru v& su lya chon nghé ciia hoc sinh nhu Buii Thé Hong [1] da nghién ciru

“vé thuat toan xay dung cay quyét dinh va giam tap luat”, chi ra viéc sir dung thuat toan C4.5 dé
rt gon cac tap luat quyét dinh. Nghién clru cua Nguyén Th1 Ngoc Anh va cong su [2] trinh bay
g dung phuong phap hoc méy - cay quyét dinh trong dénh gia dién bién rimg ngép man xa Pét
Mii. Cac tac gia da su dung phuong phap hoc may - cay quyét dinh dé phan loai, h01 quy bang
cach xdy dung nhiéu cay quyet dinh dé so sanh ching v6i nhau tir d6 rat ra két qua tdi uu.

D.W. Chapman [3] da ket luén trong nghién ctru “md hinh lya chon trudng dai hoc cua sinh
vién”, dua ra 5 yéu to bao gom: NJ luc giao tlep voi sinh vién, chi phi, nguoi quan trong, kha
ning va muc d6 dam mé cua hoc sinh dé rit ra yéu té quan trong lién quan dén quyét dinh chon
truong cua sinh vién. Cabera va La Nasa [4] di sdu nghién ciru 2 yeu t6 la Co hoi hoc tap trong
tuong lai va Co hoi viéc 1am trong twong lai, va coi day 1a cac yéu t quan trong trong quyét dinh
chon truong dai hoc cua sinh vién.

Nghién ctru ciia Tran Van Quy va cong su [5] dé trinh bay “cac yéu t6 anh huéng dén quyét
dinh chon truong dai hoc cua hoc sinh THPT”. Trong nghién clru nay cdc tac gia sir dung 5 nhén
td chinh d¢ la (1) yéu t6 co hoi viéc 1am trong tuong lai, (2) thong tin co san vé truong dai hoc,
3) yeu t6 vé ban than ca nhan hoc sinh, (4) yéu t6 vé ca nhan c6 anh huong dén quyét dinh, (5)
yéu t6 dic diém cb dinh cua truong dai hoc.

Luu Ngoc Liém [6] phén tich cac yéu té anh huong dén quyet dinh Chon tredng cua sinh vién
Pai hoc Lac Hong. Téc gia cling str dung 5 nhan t bao gom yeu to vé mirc d6 da dang va hap
din nganh dao tao; yéu to vé dic diém cua trudng dai hoc; yéu t6 vé kha nang dap tng sy mong
doi sau khi ra truong; yéu t6 vé nhitng nd lyc giao tiép cua trudong dai hoc va yéu té vé danh tiéng
cua truong dai hoc.

Tac gia Nguyén Manh Ha va cong su [7] khao sat cac yéu td anh huong dén quyét dinh chon
truong Pai hoc M& TP.HCM. Cac tac gia dua ra nhom 7 nhan t6 d6 1a nd lyc cta nha trudng dua
thong tin dén hoc sinh; chat lugng day va hoc; dac diém cta ban than sinh vién; cong viéc trong
tuong lai; kha ndng dau vao truong; nguoi than trong gia dinh; nguoi than ngoai gia dinh.

Tac gia Edmonds, Jill [8] dd nghién ctru “nhitng diéu khac biét trong viéc lua chon nganh &
truong dai hoc”. Trong nghién clru nay tac gia s dung 4 nhén té d6 1a dac diém cua truong, so
thich, kha nang ctia hoc vién, co hdi viéc 1am trong tuong lai va gidi tinh.

Hién tai, chua c6 bat ky nghién ctru nao sir dung thuét toan C4.5 dé phan tich nhing nhén té
anh huong dén viéc lya chon nghé cua hoc sinh. Do d6, muc dich cia tac gia 1a tim ra nhing
nhén t6 chi yéu anh huong dén quyét dinh cuia hoc sinh l6p 12 trong viéc la chon nghé, tim ra
mot phuong phap aé nghién clru cac yéu té nay déi véi hoc sinh khdi 12 tai tinh Thai Nguyén, va
cung cap thong tin va khuyén nghi cho cac truong hoc, cha me hoc sinh, va gido vién dé hd tro
hoc sinh trong qua trinh Iya chon nghé phu hop Vvéi s thich va niang lyc ctia minh.
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2. Phuwong phap nghién ciu
2.1. Cdc tdp div lidu dwoc sir dung trong qud trinh nghién ciru

Dix lidu sir dung trong nghién ctru dugc tac gia thu thap bang bang hoi tir 900 hoc sinh khéi 12
tai 3 truong THPT trén dia ban tinh Thai Nguyén, bao gom THPT Ngb Quyén, THPT Bong Hy
va Truong THPT Tran Quéc Tudn. Tir do, tic gia da chon ngau nhién 150 phiéu dé phan tich va
rit ra cac yéu té anh huong dén viéc chon nghé cua hoc sinh THPT tinh Thai Nguyén nam 2022.

2.2. Phwong phap nghién curu

Dé tao ra ciy quyét dinh cho bai toan gitip hoc sinh khdi 12 chon nghé trén dia ban tinh Thai
Nguyén, tac gia da thu thap dit liéu vé cac nhan t6 anh huong dén quyét dinh chon nghé thong qua
khao sat hoc sinh. Céc yéu t6 nay bao gom hoc luc (HocL), nghé chon (Nghe), nhu cau cua xa hoi
(Nhucau), noi séng gia dinh (Noi), diéu kién cua gia dinh (DieukienKT), va gi6i tinh (GT).

Trudc khi chay mo hinh, tac gia da tién hanh tién xu 1y dir liéu dé chuan bi cho qua trinh chay
dir liu. Cac budc tién xur 1y dir liéu bao gom loai bo dir ligu tring 1ap, xir 1y cac gia tri khuyét, va
bién dbi dir liéu sang dang sé.

Sau d6, tac gia da sir dung cay J48 dé xay dung cdy quyét dinh dua vao cac thude tinh cua dit
liéu. Qua trinh chay két qua ctia mé hinh 1 chia dit liéu thanh céc tip dé huén luyén va kiém tra
dé danh gia mo hinh.

Dé danh gia hiéu qua cua ciy quyét dinh di xay dung, tac gia da sir dung cac thang do nhu d6
chinh xéac va d6 bao phu. Két qua duoc danh gia trén ca tap dit liéu huan luyén va tap kiém tra dé
dam bao kha nang sir dung ctia mo hinh.

Cubi cung, tac gia da thuc hién kiém thir trén cac dir liéu méi dé xem tinh kha dung ciia mo
hinh. Trong nghién ctru, c6 ba thanh phin co ban 1 cac bién quyét dinh, cac bién khong thé kiém
soat va bién két qua.

2.2.1. Khdi niém vé cdy quyét dinh

Cay quyét dinh duoc dinh nghia boi Ross Quinlan [9], mdt nha khoa hoc mdy tinh ngudi New
Zealand, vao nam 1986 chi ra nhu sau: “Cay quyet dinh 12 mdt mo6 hinh hoc may trong dé cac
quyét dinh duoc dua ra dya trén c@y dang phén cap. M01 nut trén cdy dal dién cho mot quyét
dinh, trong khi m01 1a ctia cay dai dién cho mot két qua cudi ciing. Cay quyét dinh dugc xay dung
dua trén cac quy tic hoc mdy dugc hoc tur tap di lidu huan luyén. Cac uu diém cua ciy quyét
dinh 1a xay dung tuong d6i nhanh, don gian va dé hiéu. Hon nita, cac ciy c6 thé d& dang duoc
chuyén dbi sang cdc cau 1énh SQL dé co thé dugc sir dung dé truy nhap co sé dir liéu mot cach
hiéu qua. Cubi cing, viéc phan 16p dua trén ciy quyét dinh dat dwoc su tuong tu va doi khi 1a
chinh xac hon so v6i cac phuong phap phan 16p khac”.

2.2.2. Thuat toan C4.5

Cung tac gia Ross Quinlan dua ra thudt toan C4.5 [9] nhu sau: “C4.5 la mot thuat toan hoc
may dé xay dung céy quyét dinh duogc phat trién boi Ross Quinlan vao nhitng nam 1993. C4.5 1a
phién ban cai tién cua thuat toan ID3 trude do, véi kha nang xir 1y cac thudc tinh c6 gia tri lién
tuc va thiéu gia tri (missing values) trong dir liéu huan luyén. Thuét toan nay str dung do do dong
gop thong tin (information gain) dé chon thudc tinh phan chia tot nhat cho mdi nit trén cay.
Ngoai ra, C4.5 con su dung ky thuat cit tia cAy (pruning) de giam thleu hién tuong qua khop va
tang kha nang tong quat héa cua mo hinh. Tu tuong phat trién cdy quyét dinh ctia C4.5 1a phuong
phap HUNT, véi chién lugc phat trién theo do sau (depth-first strategy)”.
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2.2.3. Téng quan vé phan mém Weka

Weka 1a mot phan mém ma ngudn mé do Tan H. Witten [10] phat trién dé dung cho hoc may
va khai thac dir licu. Weka dugc phat trién va viét bang ngon ngir Java. Weka c6 thé duoc sir
dung trén cac hé diéu hanh khac nhau bao g@)m Windows, MacOS va Linux.

Weka cung cip cho ngudi ding mét giao dién d6 hoa than thién dé x4y dung cac mé hinh hoc
may, kham pha dit liéu, tién xu 1y dir liéu va thuc hién cac tic vu khai thac dir liéu khic. Weka
cling hd tro nhiéu thuat toan hoc may pho bién nhu cay quyét dinh, Naive Bayes, SVM, Neural
Network, k-Means Clustering va nhiéu thuat toan khéc.

Weka ciing hd tro cac tinh nang tién xir 1y dit liéu nhu xtr 1y gid tri thiéu, loai bo nhidu, chuan
hoa dir liéu, rat trich dic trung va bién doi dir lidu. Ngoai ra, Weka con cho phép luu cac mé hinh
da duoc huan luyén dé su dung lai trong twong lai.

Weka duoc str dung rong rii trong cong dong hoc may va khai thac dir liéu do tinh linh hoat
va dé sir dung cua no. Cac (ing dung ciia Weka bao gdm phén loai vin ban, phat hién gian lan the
tin dung, phén tich tap trung khach hang, phén loai hinh anh va nhiéu @ng dung khac.

2.2.4. Dir liéu dwa vao mo hinh

_ Dt li¢u dua vao md hinh Trong nghién cuu, tp dit liu duoc su dung 1a file NGHE11.CSV
gom 150 ban ghi véi 6 thuge tinh la: Trinh d6 hoc (HOL), Xa hoi can (nhucau), nghe lya chon
(nghe), Noi gia dinh sinh song (Noi), Biéu ki¢n kinh té gia dinh (dieukiengd), va Gidi tinh (GT).

2.2.5. Phuong phdp Cross-validation

Phuong phép Cross-validation dugc Sir Ronald A. Fisher [11] dua ra nhu sau: Phuong phap
Cross-validation 1a mét k¥ thuat dugc s dung trong hoc may va khai pha dir liéu dé danh gia
hiéu suét caa mé hinh trén dir liéu huin luyén. K¥ thuat nay thuong duoc sir dung dé so sanh va
danh gia hiéu suat cua cac mo hinh khac nhau trén _cung mot tap dit lieu. Weka cung cap nhiéu
ty chon cho phuwong phép cross-validation, bao gom sé luong folds, cach chon tap con (ngau
nhién hoic theo thi ty), va cach chia thanh tap huan luyén va tap kiém tra. Bé thyc hién phuong
phap cross-validation trong Weka, ngudi dung co thé chon tab Classify trén giao dién chinh cua
Weka, sau d6 chon mot mo hinh va cdu hinh cac tham sb trong phan More optlons Ky thuat
cross-validation s€ chia dir liéu thanh céc tép con (folds) va sir dung mét tap con dé kiém tra va
cac tap con lai d& huan luyén mé hinh. Diéu nay dwoc 13p lai nhiéu 1an véi cac tdp con khac nhau
cho dén khi tat ca cac tap con da duoc sir dung dé kiém tra.

3. Két qua va ban luan
3.1. Két qud
Bang 1. Két qua xdc nhdn phén 16p dwot thé hién nhir sau

Cic gia tri khi phan 16p S6 lrgng Ty 1@
Chinh xac 135 90 %
Khong chinh xac 15 10%
Thong ké Kappa 0

Sai s6 tuyét ddi trung binh 0,12

Sai s6 chuin trung binh 0,25

Sai s6 tuyét dbi twong ddi 94,55 %
Sai s6 chuan twong dbi 99,94 %
Téng s6 dit liéu cua md hinh 150
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Két qua cuia viéc st dung ciy J48 trén Weka dé phéan 16p dit liéu duogc trinh bay nhu sau:

Dit lidu dau vao: file NGHE11.CSV véi 150 ban ghi va 6 thudc tinh: HOL, Nhucau, nghe,
Noi, GT, Dieukiengd, Sé ban ghi: 150, Sé bién: 6 HOL, Nhucau, nghe, Noi, GT, Dieukiengd.

Qua bang 1 ta nhan thay vé cac gia tri phan 16p sau khi chay mé hinh, phan loai chinh xac 1a
135/150 chiém 90%; phén loai khong chinh xac 1a 15/150 chiém 15%, sai s6 tuyét ddi trung binh
120,12, sai s6 chuén trung binh 13 0,25.

Két qua hién thi cay quyét dinh bang Weka nhu Hinh 1.

Nhucau
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Hinh 1. Két qua cdy quyét dinh sir dung thudt toan C4.5 bang cdy J48

Sau khi sir dung thuat toan C4.5 va cay J48 dugc két qua nhu hinh 1 ta xay dung dugc tap cac
luat dé tién hanh huin luyén va str dung két qua cta cac ludt nay vao két luan va khuyén céo hoc
sinh, phu huynh, gido vién va cac co so gido duc lam cin cir d tu van cho hoc sinh lwa chon
nghé dting véi nang lyc, so thich va cac diéu kién khac.

Tao tdp ludt tir mé hinh da chay:

Luat 1: If Nhucau= “Cao” and HoL="Gioi” and Noi= “TP” then nghe = “KTPM” and “TDH”.

Luat 2: If Nhucau= “Cao” and HoL="Gioi” and Noi= “TT” and GT="Nam” then nghe =
“CNTT”.

Luat 3: If Nhucau= “Cao” and HoL="Gioi” and Noi= “TT” and GT="Nu” then nghe =
“QTVP”.

Luat 4: If Nhucau= “Cao” and HoL="“Gioi” and Noi="NT” or Noi= “VC” then nghe =
“TKDH”.

Luat 5: If Nhucau= “Cao” and HoL="Gioi” and Dieukiengd= ‘“kha” then nghe = “KTPM” and
“CNTT”.

Luat 6: If Nhucau= “Cao” and HoL="Gioi” and Dieukiengd= “ngheo” then nghe = “KTPM”.

Luat 7: If Nhucau= “Cao” and HoL="Gioi” and Dieukiengd= “TB” and GT="Nam” then
nghe = “QTVP”.

Luat 8: If Nhucau= “Cao” and HoL="Gioi” and Dieukiengd= “TB” and GT="Nu” then nghe
=“TDH”.

Luat 9: If Nhucau= “Cao” and HoL="TB” and Noi= “TT” and GT="Nam” then nghe =
“TMDT”.
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Luat 10: If Nhucau= “Cao” and HoL="TB” and Noi= “TT” and GT="Nu” then nghe = “Kte”.

Luat 11: If Nhucau= “Cao” and HoL="TB” and Noi= “NT” and GT="Nu” then nghe =
“TMDT”.

Luat 12: If Nhucau= “Cao” and HoL="TB” and Noi= “NT” and GT="Nam” then nghe =
“QTVP”.

Luat 13: If Nhucau= “Cao” and HoL="TB” and Noi= “VC” then nghe = “Kte”.

Luat 14: If Nhucau= “Cao” and HoL="TB” and Noi= “TP” then nghe = “Y”.

Luat 15: If Nhucau= “TB” and HoLL.="Gioi” then nghe = “QHCC”.

Luat 16: If Nhucau= “TB” and HoL="kha” then nghe = “QD”.

Luat 18: If Nhucau= “TB” and HoL=“T B ” and GT="Nu” then nghe = “KT”.

Luat 19: If Nhucau= “TB” and HoL=*Y ” and Noi="TT” then nghe = “SP”.

Luat 20: If Nhucau= “TB” and HoL=“Y” and Noi="NT” and Noi="VC” and
Noi="TP”then nghe = “KT”.

Luat 21: If Nhucau= “Thap” then nghe = “XHNV”.

Bang 2. Thudt todn Lép duwoc chon trong WEKA - Ty |é két qua khi phan 16p

Thuét toan Lép dwge chon trong WEKA Ty 1¢ két qua khi phan 16p
Ban dau Két qua sau
BayesNet 66,66 90,00
Bayes Naive Bayes 75,00 86,00
NaiveBayesMultiomial Text 25,00 58,00
NaiveBayesUpdatable 75,00 86,00
DecisionStump 75,00 88,00
HoeffdingTree 75,00 86,34
J48 87,67 92,00
Tree LMT 79,16 90,00
RandomForest 92,67 91,31
RandomTree 62,5 90,00
REPTree 54,34 90,34

(Nguon: Sau khi sir dung WEKA trén cdy J48 va cdc thudt todn C4.5)

Trong bang 2, thuat toan Bayes duoc sir dung dé so sanh cac 16p dugc chon trong Weka gitta
ty 18 ban dau va két qua sau phan 16p vi du véi 16p BayesNet két qua ban dau chi co 66,66% sau
khi trich chon ting 1én 90%. D6i v6i thuat toan Tree sir dung J48 két qua ban dau 87,67% sau
trich chon ting 1én 92%. Véi thuat toan DecisionStump két qua ban dau 1a 75,00% sau trich chon
tang 1én 88%. Con thuat toan HoeffdingTree cling tang tir 75% 1én 86,34%. Hay thuat toan LMT
tang tir 79,16% 1én 90%. Tuy nhién ta nhan thiy J48 cho két qua cao nhit.

3.2. Ban lugn

Nghién ciru ndy tip trung vao viéc st dung phuong phap hoc may dé giai quyét bai toan chon
nghé cho hoc sinh 16p 12 tai tinh Thai Nguyén bang cach sir dung Weka trén cdy J48 va thuat
toan C4.5. Tuy nhién, dé phuong phap nay c6 tinh kha thi va tng dung thuc té, yéu cau thuc hién
cac bude tién xir 1y dir lieu mot cach chinh xac va day du. Pong thoi, can thuc hién cac thi
nghiém va danh gia dé dua ra két qua chinh xac va tin cdy hon vé d6 chinh xac cia cdy quyét
dinh. Két qua nghién ciru cho thy rang phuong phép nay 1a hig¢u qua trong viéc gitp cac em hoc
sinh khéi 12 chon nghé pht hop.
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4. Kétluan

Qua nghién ciru cho thiy xay dung ciy quyét dinh tir dir liéu khao sat cung cip d6 chinh xéac
cao trong viéc phan tich sy lya chon nghé nghiép cia hoc sinh khéi 12 tai tinh Thai Nguyén.
Ngoai ra, két qua phan loai dua trén phuong phap Bayes cho két qua do chinh x4c cao nhit 1én
tGi 90% cho thuat toan BayesNet sau khi trich chon dic trung. Hon nita, k§ thuat cay quyét dinh
cling cho két qua déng tin cay véi J48 dat d6 chinh xac 92%. Tuy nhién, tac gia luu ¥ rang két
qua c6 thé khong ap dung rong rii cho cac noi khac do sy khac biét vé diéu kién kinh té, xa hoi,
vin hoa va gido duc. Dé dat duoc két qua du bao chinh xac hon, can tiép tuc tdi vu hoa mé hinh
va nang cao chat luong dir liéu dau vao.

Lai cam on
Bai bao 1a san pham cia dé tai KH&CN cp Dai hoc, ma s6: DH2022-TN07-03, do Truong
Pai hoc Cong ngh¢ Thong tin va Truyén thong cap kinh phi thyc hién.
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