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TOM TAT

Thé gidi dang budc vao cudc cach mang 4.0, Tri tué nhan tao (Artificial Intelligence), Dir liéu 16n (Big
Data), Hoc may (Machine Learning), Hoc sdu (Deep Learning) dd dugc nghién ciru, ap dung va phuc vu
cho rat nhiéu linh vuc. Véi cac cong ty, doanh nghi€p noi chung, dic biét 1 cac cong ty vé cong nghé
thong tin viéc tuyen dung nhén sy 1a viéc lam mang tinh chat chién lugc va dugc thyc hién rat thuong
xuyén, lién tyc; Nhdm tuyén dung duoc nhirng Gmg vién dap tmg dugc cac yéu cdu cong viéc. Tuy nhién,
Vv6i hang tram hd so ndp vao cho mdi vi tri tuyen dung, viéc sang loc dé chon ra duoc nhitng hd so tng
vién co tiém ning khong phai 1a mot cong viéc dé dang. Trong bai bao nay nhom tac gia sé trinh bay cac
noi dung vé cdy quyét dinh (Decision Tree) va viéc (g dung cdy quyét dinh trong mot bai toan thyc té
d6 1a hd trg viéc ra quyét dinh tuyén dung nhén sy dwa trén co s& dit lidu lich st tuyén dung trude day.
Nhom téc gia cling tién hanh 1ap trinh module ID3_hire _employees bang ngdn ngir Python sir dung thuat
toan ID3 dé minh hoa mot cach truc quan viéc xay dung cdy quyét dinh vai mot tap dir lidu cu thé.

Tir khéa: Cay quyét dinh; ID3; Hoc may

1. bat van dé

Gia sir mot cong ty vé cong nghé thong tin (CNTT) dang can tuyén nhan vién cho vi tri lp trinh vién,
vi tri nay duoc tuyén dung lién tuc nham dam bao nguon nhan lyc cho viéc hoan thanh cac dy an. Vi
mdi mot hd so ung vién tuyen dung bao gém 06 thudc tinh, trong d6 co 05 thudc tinh quan trong anh
huong t6i quyét dinh tuyen dung tng vién d6 va 1 thudc tinh cho biét két qua wng vién d6 c6 duoc tuyén
dung hay khong? Chi tiét cac thugc tinh ctia mot tmg vién nhu trong bang 1.
Bang 1. Danh sach cac thuéc tinh cia mot hé so

STT | Tén thudc tinh | Gia tri cta thudc tinh Y nghia

Pai hoc, Cao dang,
trung tdm tin hoc

1 Level Cho biét trinh do dao tao cua ung vién

Cho biet Gtng vién d6 hién tai dang di lam hay
khong?

La mot so cho biet sO lugng cong ty ma Gng
vién d6 da tung lam.

Cho biét truong ma tng vién do dugc dao tao co

2 | Job Co, khong

3 | N_Company 0,1,2...

4 | Top Train Co, khong nam trong sd cac truong hang dau vé CNTT hay
khong?
5 | Project Cé, khong Cho biét ung vién da tung tham gia vao mot du

an thyc té lién quan khong?

Cho biét két qua ung vién d6 c6 dugc tuyén
6 | Result Co, khong dung (c6) hay khong duogc tuyén dung (khong)
vao cong ty?

Bang 2 bén duéi bao gdbm 15 b0 dir liéu cho biét két qua tuyén dung ctia cong ty cho cac lan trude day,
day chinh la dir liu lich su tuyén dung (Training data) cua cong ty cho vi tri nay. Cau hoi dat ra 1a véi
nhu cau tuyén dung hién nay ciia cong ty s& c6 rat nhidu hd so tmg vién dugc ndp vao dé dang ky, do do
dé hd trg cho viée phén 16p mét ing vién dua vao cac thudc tinh da dé cap o trén trén co s& dir li€u lich
sir tuyén dung trude ddy dé hd tro viée ra quyét dinh xem tng vién do s& duge phan vao 16p duoc tuyén
dung hay khong duoc tuyén dung.
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Bang 2. Tap dit liéu lich sir tuyén dung nhan sw (Training data)

— hd Céc thudc tinh chinh cua hd so tng vién Result
so Level Job N_Company | Top Train | Project

1 0175 | Dai hoc Co 2 Khong Khéng Co
2 0217 | Dai hoc Khong 1 Cé Cé Cé
3 0222 | Cao ding Khong 4 Khong Khong | Khong
4 0310 | Pai hoc Co 1 Co Khong Co
5 0343 | Pai hoc Co 5 Cé Khéng Cé
6 0356 | Pai hoc Khong 1 Co Co Co
7 0432 | Cao ding Co 0 Khong Khoéng | Khong
8 0477 | Pai hoc Khong 6 Khéng Co Co
9 0489 | Trung tdm tin hoc Co 2 Khéng Co Co
10 | 0490 | Cao ding Khong 3 Khong Khong | Khong
11 0551 | DPai hoc Khoéng 0 Co Khoéng Co
12 | 0563 | Trung tAm tin hoc Co 3 Khong Co Co
13 | 0742 | DPai hoc Khong 0 Khong Khéng | Khéng
14 | 0777 | Trung tAm tin hoc Co 4 Khoéng Khéng | Khoéng
15 | 0812 | Cao ding Khong 5 Khong Co Co

Gia sir ¢6 3 hd so ing vién méi ndp vao cong ty dé dang ky tuyén dung (Bang 3), chung ta da biét cac
thudc tinh Level, Job, N Company, Top Train, Project, va chua biét dugc gia tri cia thudc tinh Result.
Yéu cau dit ra 1a dya trén co s& dir li¢u Training data dy doan gia tri cho thudc tinh Result xem ho so nao

¢6 dugce tuyén dung hay khong dugc tuyén dung vao cong ty.

Bang 3. Di liéu ho so irng vién méi (Testing data)

STT ID hd Céc thugc tinh chinh cua hd so ing vién Result
0 Level Job N_Company | Top Train | Project
1 1001 | Pai hoc Co 3 Khoéng Khoéng | Co/khdng?
2 | 1002 | Cao ding Co 2 Co Co C6/khong?
3 1003 | Trung tAm tin hoc Co 2 Co Khoéng | Co/khong?

Trong ndi dung ciia bai bao, nhom tac gia s& nghién ciru vé cay quyét dinh va img dung giai thuat cay
quyét dinh trong viéc phan 16p hd so tuyén dung, nham muc dich hd trg viéc ra quyét dinh; Nhom tac gia
s& tién hanh tinh toan va xay dung cay quyét dinh sir dung thuat toan Iterative Dichotomiser - ID3 véi tap
dit liéu mau dugc cho trong bang 2 tir d6 xac dinh tap luat twong g va gi tri Result cho trong bang 3.

2. Cay quyét dinh
2.1. Gioi thi¢u vé cdy quyét dinh

Cay quyét dinh 1a mét cdu tric phan cap cta cac nit va cic nhanh co cac tinh chét sau:

e Mbinut trong (internal node) biéu dién mot thudc tinh cin kiém tra gia tri (an attribute to be
tested) ddi véi cac cac tap thudc tinh.

e Nt 14 (leaf node) hay con goi 1a niit tra 151 biéu thi cho mét 16p cac trudng hop ma nhin cia no 1a
tén cua 16p, no biéu dién mot 16p (a classififcation)

o Nut nhanh (branch) tir mgt nit s& twong trng vi mot gia tri co6 thé cua thudc tinh gén v61 nat do.

e Nhin (lable) cta nit nay 1a tén ciia thudc tinh va c6 mot nhanh nbi nit nay dén cac cay con ting véi
mdi két qua co thé co phép thir. Nhin cua nhanh nay 14 cac gia tri cia thudc tinh do. Nut trén cing goi 1a
nut gdc.

Qua trinh xay dung mot ciy quyét dinh cu thé bit diu bang mot nat rong bao gdm toan b cac dbi
twong huén luyén va lam nhu sau:

Budcl: Néu tai nat hién thoi, tat ca cac ddi tugng huin luyén déu thudc vao mot 16p nao do thi nit nay
chinh 1a nit 14 c6 tén 1a nhén 16p chung cua cac ddi twong.

Budc 2: Truong hop nguoc lai, sit dung mot d¢ do, chon thudc tinh diéu kién phan chia tot nhat tap
méu huin luyén c6 tai nit.

Budc 3: Tao mdt nat con ciia nut hién thoi béng 6 cac gia tri khac nhau cua thudc tinh dugc chon.
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Gan cho mdi nhéanh tir ntit cha dén nat con mot gia tri cta thudc tinh roi phan chia cac ddi tuong huin
luyén vao cac nut con tuong ung

Budc 4: Nt con K dugce goi la thudn nhét, tré thanh 14, néu tat ca cac dbi twong mau tai d6 déu thudce
vao cung mot 16p

Budc 5: Lap lai bude 1 — 3 dbi véi mdi nat chua thun nhat.

outlook?

Hinh 1. Vi du vé cdy quyét dinh

C6 nhiéu thuat toan dé xay dyng cay quyét dinh nhu ID3, CART, J48, C4.5...Viéc lua chon thuat toan
nao dé viéc phan 16p dat hi¢u qua cao, két qua dang tin cdy phu thudc vao nhiéu yéu td, trong dé cau triic
dir liéu cia cac thudce tinh s€ c6 anh huong 16n dén két qua cua cac thudt toan.

Véi dit liéu lich sir tuyén dung nhu trong bang 2 ta ¢6 thé chuyén doi tat ca gia tri cua cac thudc tinh vé
cung mot dang dir li€u s6 nhu sau: Vi thude tinh Level: Gia trj “Pai hoc” ~ 2, “Cao dé’ing” ~ 1; “Trung
tam tin hoc” ~ 0; V&i cac thude tinh Job, N_Company, Top Train, Project, Result: Gia tri “C6” ~ 1,
“Khong” ~ 0; Bang 4 thé hién két qua chuyén do6i dir liéu ciia cac thudc tinh trong bang 2 vé cling mot
kiéu dir liéu dang s6.

Bang 4. Tép dit liéu dd chuyén doi vé dang so

77 | I hd Céc thudc tinh chinh ctia hd so g vién Result
o Level | Job | N Company | Top Train | Project
1 0175 2 1 2 0 0 1
0217 2 0 1 1 1 1
3 0222 1 0 4 0 0 0

Trong s6 cac thuat toan xdy dung ciy quyét dinh & trén ID3 1a thuat toan ra doi tir rat sém, twong dbi
phé bién va dic biét thuat toan nay c6 hiéu qua phan 16p cao ddi véi tap dit liéu co gia tri cta thudc tinh 1a
s6. Vi vay, nhom tac gia lya chon thuat toan ID3 dé tién hanh xay dung cay quyét dinh cho tap di li¢u
tuyén dung nhan sy & trén.

2.2. Thudt toan ID3

bé xay dung cay quyét dinh véi thuét toan ID3 trude tién cin xac dinh tht tu cua thudc tinh can duge
xem xét tai mdi budc. Trong trudng hop déi tugng co nhiéu thudc tinh va mdi thudc tinh c6 nhiéu gia tri
khéc nhau thi viée xac dinh duoc thtr ty tdi wu nhat cia cac thudc tinh thuong 1a rat kho. Vi vay, dé don
gian y tuong cua ID3 nhu sau:

e Thyc hién giai thuat tim kiém tham lam ddi voi khong gian cac cay quyét dinh c6 thé.

e Xy dyng cac niit tir trén xudng (Top-Down), bt dau tir nut gdc.

o O mdi nut, xac dinh thudc tinh kiém tra 1a thudc tinh c¢6 kha nang phan loai t6t nhat.

e Tao méi mdt cay con ctia nut hién tai cho mdi gia tri co thé cta thudc tinh kiém tra, va tap dir liéu
dau vao s& dugc tach thanh cic tap con twong ing voi cac ciy con vira tao.

e Mbi thudc tinh chi dwoc phép xuét hién t6i da 1 1an ddi véi bit ky dudng di nao trong cy.

e Qua trinh phat trién cdy s& tiép tuc cho t6i khi:

o Cay quyét dinh phan loai hoan toan céc dir lidu dau vao.

o T4t ca cac thudc tinh tap dit liéu dugc sur dung.

Nhu vy, dé thuat toan ID3 thyuc hién dwogc, can phai xac dinh dugc tht ty chon cac thugc tinh va chon
duogc thudc tinh quan trong nhét cho viéc phan 16p tng voi nut d6. Tham s duoc su dung dé xac dinh
thudc tinh phan loai tdt nhat cho mdi budc 1a Information Gain.

2.3. Xdc dinh Information Gain

Information Gain dugc xac dinh thong qua Entropy ciia mot tap.
Entropy do mirc d§ ho tap ciia mdt tap, Entropy cta tdp S doi vai viée phan 16p co n 16p duoge xac dinh
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nhu sau:

Entropy(S) = — Zn +log, (p;)
i=1

Trong d6 p; 1 ty 1¢ cac dbi tugng trong tap S thudce vao 10p i, va 0*logz0 = 0

e Entropy = 0 néu tét cac cac ddi tuong déu thudc vao cung mot 16p.

e  Entropy = 1 néu cac dbi tugng thudc vao cac 16p ¢6 s6 lugng nhu nhau.

e  Entropy £ (0,1) néu cac ddi tugng thudc vao cac 16p khac nhau cé s6 lwong khac nhau.
Information Gain do muc d6 giam Entropy néu chi tip S theo cac gia tri cua thudc tinh do.

Information Gain cua thudc tinh A ddi véi tap S dugc tinh nhu sau:

Gain (S, A) = Entropy(5) — Z %Eﬂh’up}-‘(Sp]
vevalussla)
Trong d6 Values(A) 1a tap gia tri c6 thé cua thugc tinh A, va S, = {x | x thudc S, va x, = v}
Trong ID3, tai mdi niit, thudc tinh dugc chon 1 thude tinh ¢ Informaiton Gain dat gia tri 16n nhét.

3. Két qua xdy dung ciy quyét dinh sir dung thuat toan ID3

Nhom tac gia stir dung bo cong cu Enthought Canopy; Cac goi (package): Jupyter, pydotplus; Thu vién
hd trg dd hoa: GraphViz; Thu vién giai thuat: sklearn; Tép dit lidu lich sir tuyén dung dugc luu trit trong
tép Hosotd _data.csv.

Modul ID3_hire_employees dwgc xdy dung bang ngdn ngir Python, Qua trinh xay dung ciy quyét dinh
dbi voi bai toan tuyén dung str dung thuat toan ID3 dugc thuc hién nhu sau:

e Trudc tién tién hanh doc dit liéu lich sir truyén dung trong tép Hosotd data.csv va chuyén di dir liéu
cua céc thudc tinh vé dang s6 dé cho thuat toan ID3 thuc hién duoc. Két qua chay dugc mo ta nhu trong
hinh 2 dudi day.

e Bude 2 cin xac dinh dau 1a thudc tinh chinh tham gia vao viéc xay dung cay quyét dinh (Level, Job,
N_Company, Top Train, Project), va dau la thudc tinh phan 16p (Result). (Hinh 3)

In [1]: | import numpy as np
import pandas as pd
from sklearn import tree
from IPython.display import Image
from sklearn.externals.six impert StringIo
import pydotplus

#Doc dir Liéu dau vao tir file excel

input tuyendung = "E:/All NCKH/Baibao Hoinghi/ERSD2018/Code/Hosotd data.csv™
datafile = pd.read_csv(input_tuyendung, header = @)

datafile.head()

#Thuc hién chuyén doi dir Liéu cdc thujc tinh vé dgng sG
d = {'Dal hoc': 2, 'Cao dang':1,'Trung tam tin hoc': 0}
datafile[ 'Level'] = datafile[ Level'].map{d)

d={'Co’: 1, 'Khong': 8}

datafile["Job'] = datafile["Job"].map(d)

datafile[ 'Top_Train'] = datafile['Top_Train'].map(d)
datafile[ 'Project’] = datafile['Project’'].map(d)
datafile[ 'Result’] = datafile[ 'Result’].map(d)
datafile.head()

cut[1]:
Level | Job| N_Company | Top_Train | Project| Result
0|2 1 2 0 0 0
12 o |1 1 1 1

Hinh 2. Doc file mau va chuyén doi dir liéu cua cac thudc tinh vé dang so

In [2]: #Xdc dinh cdc thugc tinh tham gia vao xay dung cay quyét dinh
field = list(datafile.columns[:5])

axis y = datafile["Result”] #Xdac dinh thudc tinh phdn Lop
axis_X = datafile[field]

field
out[2]: ['Level', 'Job", 'M_Company', 'Top_Train', 'Project’]

Hinh 3. Xac dinh thuc tinh tham gia va thuc tinh phdn 16p ciia cdy quyét dinh
o Sir dung thu vién sklearn dé tién hanh xay dung cay quyét dinh theo thuat toan ID3, va thu vién dd
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hoa GraphViz dé hién thi két qua.

In [3]:

.#Xéy dung cay quyét dinh

datafile = tree.DecisionTreeClassifier()
datafile = datafile.fit{axis X,axis y)

#Hién thi cay quy&t dinh dgng dd hoa
dot datal = stringIo()
tree.export graphviz(datafile, out file=dot datail,
feature names=field)
Tree graph = pydotplus.graph from dot data{dot datal.getvalue())
Image(Tree_graph.create png())

Hinh 4. Xdy dung cdy quyét dinh véi tap dir liéu mau sir dung gidi thudt ID3

Project == 0.5
gini = 0.444
samples = 15

value = [5, 10]

Tmy kalse

Level <= 1.5
gini = 0.494
samples = 9
value =[5, 4]

/N

ini Top_Train <= 0.5
gini = 0.0 _Train <=
samples = 4 gini = 0.32

samples = 5
value = [4, 0] valuel =[1,4]

AN

Job <= 0.5 aini = 0.0

ini = O:" ) samples = 3
samples = 2 value = [0, 3]
value = [1, 1] :

VRN

gini = 0.0 gini = 0.0
samples = 1 gamples =1
value = [1, 0] value = [0, 1]

gini = 0.0
gsamples = 6
value = [0, 6]

Hinh 5. Cdy quyét dinh vmg véi tdp dit liéu mau

Vi cay quyét dinh dugc xay dung nhu trén, tdp luat sinh ra dé dy doan quyét dinh c6/khong dugce
tuyén dung nhu sau:

1)
2)
3)
4)

If(Project=True) then Result=True

If(Project=False) AND (Level<2) then Result=False

If(Project=False) AND (Level=2) AND ( Top Train=True) then Result=True

If(Project=False) AND (Level=2)  AND (Top Train=False) AND ( Job=True) Then
Result=True

Dua vao tap ludt ¢ trén, co thé du doan dugc két qua cho tap Testing data nhu dudi day:

Badng 4. Gia tri cua thudc tinh Result cho tap Testing data

STT | IDhdso | Level Job N_Company | Top Train | Project Result
1 1001 Dai hoc Co 3 Khong Khéng Co
2 1002 | Cao ding Co 0 Co Co Co
3 1003 Trung tAm tin hoc Co 2 Co Khéng Khéng
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4. Két luan

Hoc may dang dugc nghién ciru va tung dung trong rit nhiéu linh vyc, trong d6 cdy quyét dinh
(Decision tree) cung voi K-means, SVN (Support Vector Machines),... 1a nhitng giai thuat rat quan trong
ctia hoc may. Khong chi véi hoc may, Ciy quyét dinh con 1a mot trong nhitng mé hinh dy doan dwoc sir
dung phd bién trong khai pha dit liéu (Data mining). Trong ndi dung cua bai bao nay nhom tac gia da tién
hanh nghién ctru vé giai thuat cay quyét dinh, dong thoi sir dung cdy quyét dinh cho mot bai toan cy thé
d6 1a tuyén dung nhan sy va tién hanh lap trinh module 1d3_hire_employees xdy dung cay quyét dinh voi
thuat toan ID3 bang ngon ngit Python cho tap dit liéu miu véi 15 ban _ghi. Két qua xdy dung cay quyét
dinh dwoc trinh bay mot cach tryc quan nhu trong hinh 5; C6 thé thiy ring cay quyét dinh 1a mot phuwong
phap dé phan 16p cac ddi tugng kha hidu qua va d& hiéu. Tuy nhién dé dam bao hiéu qua va do tin ciy cta
céc quyét dinh thi tip dit liéu miu (Training data) phai dii 16n va déng tin cdy khi dé céac tap luat dwoc
sinh ra méi 1a cac tap luat tot. Nhu tap dir liéu mau & trén chi voi 15 ban ghi thi hiéu qua ung dung cay
quyét dinh dé dy doan cac trudng hop khac 1a khéng cao.
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ABSTRACT

Research and application of decision tree in the recruitment problem

Dang Van Nam', Nguyen Thi Phuong Bac', Nguyen Thi Hai Yen!
! Hanoi University of Mining and Geology

The content of this article will discuss the application of decision trees to support decision making on
recruitment based on historical recruitment history data. In addition, the team will illustrate the decision

tree construction for the recruiment problem with a specific data set using the ID3 algorithm.

Keywords: Decision tree, ID3, Machine Learning.
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