Ham entropy tong quat cho gai thuat cay quyét dinh
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TOm tit

Cay quyt dinh la mot trong nhing gidi thugt phan
Iop dwoc st dyng nhiu va thanh cong nft trong @ng
dong khai na dit liéu. Viéc phan nhanhia cay quyt
dinh theong dra trén ham entropy khong thand, s
ching hen nhe Shannon entropy, khéng c6 tirﬂ"ng
quét. Trong bai \t, chiing t6i trinh bay ning kt qu
nghién @u tir viec thaydo| entropy khong thampsbsi
nhitng ham entropydng quat cé thamdskiéu a, B. Sr
thay thé ham entropy cho phépiicthién diroc mé hinh
hoc cia cay quyt dinh. Két qui thec nghgm trén 10
tgp d7 liéu tr kho di liégu UCI ch ra rang giai thugat
cay quyt dinh C4.5 & dyng ham entropydng quét
cho Kt qud tét hon so Vi viéc sr dung cac ham
entropy khéng thamés bao @m Shannon entropy va
chi & Gini.

T khoa : Cay quyt dinh, Shannon entropy, £k
Gini, Entropy kéu a, Entropy kéu .

1. Gioi thiéu

Trong st nhiéu nim qua, 6éng dong khai o dit
liéu da c6 nliing thing ké \é cac plrong phap & dung
nhiéu nhit va thanh coéng trong lanhre kham pha tri
thic va khai o dir liéu [4]. Két qua trinh bay trong
hinh 1 cho thy ring gii thuat cay qugt dinh Van |a
giai thuat quan tong, héu qua va duoc ar dung nhiu
nhit. Khac \6i cac md hinh éc khac nlr mang no ron
hay may bc véc t hd trg [13], md hinh bc aia cay
quyét dinh don gian, nhanh, #ng cho Kt qua tot, diéu
dic biét quan tong 1a Kt qua sinh ra éa cay quyt
dinh 1a &ip hop céc ldt don gian & dién dich. Mé hinh
cay quyt dinh c6 du trac ding cay mag do, nit la
dugc gan nhanuong tng wi |6p cia dr liéu, nat trong
duoc tich hop voi diéu kién kiém tradé ré nhanh. Mt
luat quyét dinh c6 dng IF-THEN dugc tao ra tr viéc
thuc hién AND trén cacdiéu kién theoduong din tir
nat gbc dén nit 14.

Viéc phan nhanhia gii thuat cay qugt dinh dra
trén hamdo do hon loan haydo loi thdng tin. Nu xét
qua hai gii thuat tiéu béu cay qugt dinh, C4.5 [7] va
CART [2] déu sr dung nhing ham entropy khéng tham
s6 nhr Shannon entropy [9] hay ©B5 Gini khéng c6
tinh ©ng quat.

Khi xir ly dir lisu gien c6 8 chiéu lon, [6] da dé
nghi thay tté Shannon entropyia ghi thuat cay quyt
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Hinh 1. Giai thuat khai mo dit liéu phd dung
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dinh byi ham Tsallis entropy [10] va ham entropyki
a [8], két qua cho thiy viéc thay tié nay gitp cho & ly
t6t hon so Wi dung ham Shannon entropy. Wehenkel
[12] cung ép cac kém ching ly thuyét V& viéc sr dung
ham entropydng quéat kéu B [3] va ding ch ra dugc
su tuong duong khi dung ham Shannon entropy va ch
s6 Gini. Lenca [5] @éing dé nghi I6p ham df-centered
entropy @a cac ham Shannon entropy, entropggt
quét, dung cho pharp di lisu khéng can ing (Iop
rat bé so i l6p khac).

Trong bai vét, ching tdi trinh bay riing két qua
nghién du tir viéc thaydéi entropy khong thamébsboi
nhirng ham entropydng quéat cé thamdéskiéu a [8],



B [3]. S thaydéi nay cho phép chuyén gia phan tich 2. Ham entropy %ng quat cho gii thuat

dir liéu c6 @ hoi dieu chinh cac thamd&cua cac ham
entropy éng quatdé thu dwoc mé hinh cay qu dinh

t6t hon so \6i viéc ar dung cac ham entropy khong

tham $. Chang t6i ang cung ép két qua thyc nghém

cua ghi thuat cay quyt dinh sr dung cac ham entropy

khac nhau trén 1Gip di liéu tr kho dr liéu UCI [1].
Trong #it ca cac toong hop, ar thay tié ham entropy
tdng quat cho & qua tét hon so i viéc sr dung cac
ham entropy khong thambsbao @m ci Shannon
entropy va chs Gini.

PHin tiép theo @a bai vét duoc o chic nhr sau.
Trong muc 2, chiing tdi trinh bay hai ham entroppnd

cay quyét dinh

Giai thuat hoc cay qugt dinh, CART [2], C4.5 [7]
dugc xay drng dé quy, chiadé tri tir trén-xubng (top-
down recursive divide-and-conquer)atBtau, tt ca dir
liu hoc déu & nat ghe. Dir lidu dwoc phan hach mjt
cachdé quy, bing cach chn mot thusc tinh @a di liéu
va gia ti cit tét nhat dé phan hach dr liéu. Sr lva
chon dugc thyc hién dya trén hamio do hon loan hay
do loi théng tin. Gii thuat cay quyt dinh C4.5 @a
cong dong may hc sr dung ham Shannon entropy [9]
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Hinh 2. Ham entropy Kiu o

quéat c6 thamd&kiéu a, B. Muc 3 € trinh bay Kt qua
thyc nghém vadanh gia Kt qua thu dugc tir viéc s
dung cac ham entropy. Gucung la Kt luan va hrong
phat trén duoc trinh bays muc 4 tnrde khi két thac ki
cac tai leu tham kho.

dé phan hach di liéu, trong khi chsd Gini lai dugc sr
dung hoi giai thuat CART.

Chung t6idé ngh thay tt entropy khong thamds
boi nhitng ham entropyding quét cé thamdskiéu a, B
cho phép 4i tién hiéu qua phan hach aia md hinh cay
quyét dinh. Sr thayddi nay xuit phat fr viéc cac gii
thuat cay quyt dinh cH sir dung nhing ham entropy
khéng tham & nhu la mot heuristicsdé do do hdn loan
thong tin.D4i véi mot phan pli dir liéu, ham entropy



khdng tham & c6 ¢ do tang/giam khongddi sir dung
(hinh 2), nlang chdng tadi khéng bét dugc toc do
tang/giam nhanh hay cim cia ham entropy khi nao la
t6i wu cho ndt tap di liéu. Chinh vi ly do nay, chung
t6i dé ngh sir dung nhirng ham entropy cé thand &iéu
a, B cho phép ngoi sir dung c6 @ hoi diéu chinh céac
tham $ cua cac ham entropydl(eu khién toc do
tang/giam nhanh hay c¢im) dé thu dugc mé hinh cay
quyét dinh 6t hon so \6i viéc ar dung cac ham entropy
khéng tham &.

2.1. Ham entropy kiéu a

Ham entropy dng quéat kéu o dugc dé ngh boi
Rényi [8]. Pay la & mo rong aia ham Shannon
entropy Bing viéc thém vao it tham $ a. Vi phan
phdi xac sit roi rac (py, . . ., ) cia cac s kién, ham
entropy kéu a (o dwong, khac 1)ugc dinh nghia nhr
sau :

1 m
a :—lo A
—a 9(?:1 ) (1)

,Ham entropy Ku a, H*(py, . . ., B) cO céac tinh
chit co ban aia mbt ham entropy theo Shannon &
nghi nhr :

H%(Py,..., pw) bat bién khi bi hoan v cacdéi s py,...,
pm Cia no;
0 < H%(py,..., pn) < HY(L/m,..., 1/m), ham Hphai c6

gia ti 16n nhit 1a log(m) trong tng Wi phan plbi ngau
nhiéndéu cia cac g kién, ham H c6 gia ti 0 khi phan
phbi cua sr kién la chic chin;

H(Py,..., pn) 1& ham 16m nghiém g (strictly
concave).

Dé biét thém kém ching aia cac tinh cit trén,doc
gia co thé tham kkio thém trong tai &u [8].

Tai gid ti a = 1, ham ¥ khéng xaadinh, tuy nhién
né ©n ti géi han aia ham nir sau :

lim, ,H® = _Z p, logp, (2)
=

Tu cong thirc (2) cho tdy rang khi gia ti tham $ o
tién v& 1 thi ham entropy kil a tro thanh ham
Shannon entropy.

Gia st ching ta cé haiuskién (2 bp dir liéu voi
phan pli xac sit p, = p va p = 1-p), hinh 2 &t thi
thu dugc cia ham entropy kil a véi cac gia ti 1an
luot 1a 0.5, 1 (Shannon entropy), 2, 3.

Khi thay d6i cac gia tf caa tham 8 a, ching ta co
thé diéu khién dugc téc do ting/giam nhanh hay c¢im
cua ham entropy dundé do d6 hon loan cia thong tin
tai mdi nGt phan hach aia cay quyt dinh. Diéu nay

cho phép thdugc mé hinh bc cia cay qugt dinh phu
hop cho fring tip d& lieu hon la chi st dung ham
entropy khéng thamos

2.2. Ham entropy kiéu B

Khai niém ham entropy dng quat kiu B duoc
Dar6czy gbi thiéu lan dau tién trong [3]. Entropy Ku
B (B duong va khac 1) & mt phan pbi xac sit roi
rac (py, . . . , B dugc dinh nghia nhr sau :

B-1
HZ Py Pr) = i A Zp.ﬂ) 3)

Ham H(py, . . ., p) ciing c6 cac tinh ¢ co ban
cua not ham entropy nin:

H*(py,..., pw) bét bién v6i viéc hoan v cacddi sb
cia no;

0 < H¥(py,..., ) < H¥@/m,..., 1/m),diéu nay co
nghia la ham B dat cuc dai bing 1wng wi truong hop
phan pléi ¢éu va ham H dat cyc tiéu bing 0 khi phan
phdi chéc chin;

H’(py,..., pw) 1& ham 16m nghiém rig.

Chirng minh @a céac tinh cht nay duoc trinh bay
trong [3, 12].

Hinh 3 m6 4 db thi cia ham H trong trong hop 2
I6p (trongdd py = p va p = 1-p), \6i mot vai gia ti B
khac nhaubac biét, néu dat p = 2 trong cong tirc (3)
ta € thu dugc (4), day la ch 5 Gini dugc r dung
trong gai thuat CART :

m
_ 2
H?(py,.Py) = 20-D°P°) (4)
i=1
Ham H khéng xaatinh ti gia tri p = 1. Tuy nhién,
ham H vin ©n tai gii han khip - 1:

=-> p logp, (5)

i=1

lim, ,H

Cobng thrc (5) chinh la entropy Shannon [8foc
dung trong gii thuat C4.5.

Vi vdy, mot giai thuat cay qugt dinh sr dung
entropy 6ng quat kéu B chodiéu kién phan nhanhss
dam bao tinh Hng quat héadt nhit. Cac chuyén gia
phan tich & liéu c6 thé nang cao & qua bang cach
diéu chinh tham 8 B vi du nhr dat p = 2 (ch s6 Gini)
hoic chop — 1 Két qua thuduogc < tién i két qua cia
entropy Shannon), v.v.

Tuong tr nhr trén, king viéc thay ddi gia tri cua
tham $ P chung ta cé th diéu khién duoc toc do
tang/giam nhanh hay ¢im caa ham entropy dundgé do
do hon loan aia théng tin 4i méi nat phan hach aa



cay quyt dinh dé thu dwoc mé hinh bc cia cay quyt
dinh phu kyp cho tring tp dix liéu.

3. Két qua thuc nghiém
Pé co th danh gia tinh Ku qui cia cac lai

Trong céc thi ngldim, chdng téi nghiéni hiéu
qua cua gii thuat cay quyt dinh khiduoc tich hop Vi
cac kéu entropy khac nhau. Chung tdi quan tam t
viéc so sanh ki qua cua entropy dng quét kéu o, B
vGi cac entropy khaduoc sr dung trong thh wrc phan
loai dit liéu nhr Shannon entropy va & Gini.

entropy, ching t6ia tich yp entropy éng quat kéu
a, B vao gii thuat cay quyt dinh C4.5 [7].

Daroczy Entropy Functions
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Hinh 3. Ham entropy Kiu 8
Bang 1.M0 ta cac fp dix liéu
ID | Tép dir liéu S6 chiéu Sb phan tir S6 l6p Nghi thirc kiém tra
1 Pima 8 768 2 10-fold
2 | Bupa 6 345 2 10-fold
3 | Adult 110 48842 2 32561 Trn — 16281 Tst
4 Breast Cancer 30 569 2 10-fold
5 | German 20 1000 2 10-fold
6 | Abalone 8 4177 2 10-fold
7 Spambase 57 4601 2 10-fold
8 | Tic-tac-toe 9 958 2 10-fold
9 Satimage 36 6435 7 4435 Trn — 2000 Tst
10 | Segment 19 2310 7 10-fold




Biang 2.Két qua phan ép aia cay quyt dinh sr dung nHing ham entropy khac nhau

ID | Tap dili¢u ___bg chinh xac (%)
: i Shannon entropy Gini index a entropy B entropy

1 | Pima _74.55 72.73 74.42 o= 1.2) 74.94B3=1.1)
2 | Bupa 69.11 _69.41 68.24 61 = 0.7) 71473 =1.4)
3 | Adult 85.50 85.73 85.79(a = 1.5) 85.84(B =2.5)
4 | Breast Cancer 93.33 92.63 95.44(a = 0.5) 96.32(B =0.5)
5 | German 71.15 73.02 75.00(a = 1.5) 73.543 =1.5)
6 | Abalone 90.91 91.05 91.77(a = 1.5) 91.53B=1.5)
7 | Spambase 92.96 92.35 93.55(a = 0.5) 93.59(B =0.5)
8 | Tic-tac-toe 93.23 93.44 93.65(a =1.5) 93.65(B =1.5)
9 | Satimage 85.65 86.20 85.65 @ = 1.8) 86.90(B =1.9)
10 | Segment _96.62 95.58 96.49 61 = 0.5) 96.84(B3 =0.5)

Ching t6i & dung 10 @p di liéu cia kho UCI [1]
dé thyc hién cac thi ngim nay. Bing 1 mod 4 chi tiét
10 tp dir liéu. Trong ting nay, 6t thir 2 la tén da @p
dir liéu, ot 3 va &t 4 mod & sd chidu (thuc tinh) va 8
phén tir caa di liéu. S5 16p duoc ch dinh trong 6t 5.

Ching t6i & dung tinh chinh x&c (accuracy) lam
tiéu chidé so sanh Iu qua cua viéc sr dung cac ham
entropy khac nhau. Nghith kiém tradanh giaduoc
trinh bay trong ét cui cling @a hing 1. Trong cacip
dir liéu, c6 ndt 5 tip da duoc chia &n thanh 4p huin
luyén (trn) va &p kiém tra (tst).Ddi vai cac ip dir ligu
nay, ching tdi® dung &ip huin luyén dé xay ding cay

Déi véi cac Bp dit lieu khong co &n tap huén luyén
va tp kiém tra, ching t6is dung nghi thirc kiém dinh
chéo 10-fold (throng dugc ding trongihh wrc thing
ké va may hc). Dir liéu duoc chia lam 104p con. Lan
luot ra By ra 1 ip con dung lamap kiém tra, 9 4p con
con ki dung lam 4p huin luyén. Lap lai budc naydang
10 lan va tinh trung binh cadkqua thudugc.

Bang 2 trinh bay & qua phan 6p thudugc Vi cac
entropy khac nhau. & qua tot nhit duoc in dam. Két
qua tt ther hai dwoc gach drgi. Ching t6i cung 4p
thémdd thi trong hinh 4dé thuan loi cho viéc so sanh.
Két qua thyc nghém cho thy ring entropy éng quét

So sanh két qua phan lap
clia cAc ham entropy
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Hinh 4. So sanh & qua phan bp cia cac ham entropy

quyet dinh. Chlng toi #ng d& diéu chinh cac thamé
dau vao @a gii thuat C4.5 nfim dat duoc két qui cao
nhit c6 thé. Chl y Eing viéc diéu chinh tham & dugc
thuc hién véi tat ca cac entropy. Sau khi xayrdg cay
quyét dinh xong, chang t6i dung ndé phan lai tap
kiém tra.

(du la kéu o hayB) ludn cho Kt qua tt hon so Wi cac
entropy khdng thaméskhac, bao §n c Shannon
entropy va chsd Gini. Entropy kéu B ludn cho Kt qua

t6t nhit. o chinh xac do entropy &i o mang 4i c6

kém ton mht chit so vi entropy kéu B nhung Van con
t6t hon nhiéu so \6i entropy Shannon va £k Gini.



Hon nira, Wi entropy bng quat cac chuyén gia phan
tich dr liéu con co6 th c6 @ hoi dat dugc két qua tot
hon nira king céch tinh cimh cac thamda, B thay vi
phai chdp nhan mot két qua b dinh trong torong hop
st dung entropy khdng thamésnhr la entropy
Shannon hay dts5 Gini.

4. Két luan va hwéng phat trién

Trong bai vét nay, ching tdida trinh bay rt
phurong phép i tién viéc phan nhanhua gii thuat
cay qugt dinh & dién nhy vao viéc sr dung entropy
tong quat. Y &ong chinh 1a dung entropyng quét
kiéu o vap thay vi st dung entropy khong thamd sihe
entropy Shannon hay c& Gini. Phrong phapdé ngh
tao diéu kién cho cac chuyén gia phan tich iéu c6
co hoi didu chinh cac tham&a vap cho phépdiéu
khién duoc toc do ting/giam nhanh hay ¢im cia ham
entropy dungié do d6 hdn loan aia théng tin 4i mdi
nat phan hech aia cay quyt dinh dé thu dwoc mé
hinh hoc cia cay qugt dinh phi lep cho ting #tip di
liéu. Két qua thyc nghiém trén 10 4p di liéu cia UCI
cho tHiy rang viéc tich lyp entropy éng quét vao gi
thuat cay qugt dinh C4.5 mangai két qua t6t hon rat
nhiéu so i viéc sr dung entropy khong thambsnhur
entropy Shannon hay c& Gini.

Huéng phét trén sip i cia ching toi la & dung
entropy kéu a, B dé hoc cac ldt quyét dinh. Chang toi
ciing dr dinh thrc hién thém thi ngldim trén cacap dix
liéu khac va so sanhsivcac entropy khacira [10, 11]
nhim danh gia s 6n dinh aia phrong phapduoc dé
nghi.
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