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VE SAI SO CUA MO HINH MO

NGUYEN CAT HO, TRAN THAI SON

Abstract. Some researchers used a set of fuzzy conditional implications of the form of IF-
THEN sentence with linguistic values to model a real process. Then it causes some errors
of a fuzzy model, called model error. In this paper we have examined the model error,
introduced a more stable method to determine it and investigated some its properties.

I-MO DAU

Trong cac nghién ctru vé lap luin xap xi{ hay diéu khi€n mo, tip céc suy dan
mo c6 dang ménh dé IF - THEN véi cac bién ngén ngir dwoc dung dé mé phéng
mét qué trinh thuwe. Tép céc suy din nay c6 thé xem nhuw mét mé hinh md va
c6 thé dung d€ mé td quan hé giira cic dai lwong vat Ij. Céc két qud nghién ciru
cia ly thuyét tdp mo& cho thiy 1y thuyét nay td ra khad hiéu qud trong céc linh
vire ¢6 cau tric todn hoc yéu hodc cic phwong phap gidi ¢ dién qua phirc tap.
Thi du trong cidc qué trinh ma quan hé dau vao - diu ra duoc mé td bdi cic tir
thudéc ngén ngir tuv nhién do cdc chuyén gia dva ra, phwong phdp lap ludn mo té
ra hiru hiéu.

Mit khéc, khi st dung cic phwong phédp cia Iy thuyét tip md, vidn dé dang
dwoc quan tam la xem xét sai s6 c6 thé cda mé hinh, trén co sé& d6 dénh giad khd
ning 4p dung mé hinh. Kiska trong [3, 4] da dua ra tiéu chuén sai s6 trung binh
binh phuong (sau day sé goi 1a sai s§ Kiska cho gon). Du4 trén tiéu chu&n nay,
céc tac gid cda [3, 4] da tién hanh phén loai 72 phép suy din (xem [5]) thanh 23
16p. Cao va Kandel trong [1] da phét trién tu twéng nay, dua ra tiéu chudn méi
(sau day sé goi la sai s6 Cao-Kandel) va khdo sit cdc phép tinh suy din néi trén
theo tiéu chuan méi. Sai s6 Cao-Kandel dwoc tinh todn dura trén s6 céac gid tri cda
bi€n ngén nglr va dd dai gid do (support) cia ham thudc (membership function).
Céch tinh ndy con mét s6 nhwoc di€ém, phdn 4nh chua t6t sai s6 thuc sy cia mé
hinh. Trong bai nay ching t6i dua ra mét cich tinh sai s mé hinh méi dva trén
ham thudc cda gia tri ngén ngir cho phép dénh gia chinh xac va 6n dinh hon sai
s6 mé hinh.
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Il - MOT SO KHAI NIEM CO BAN

Dé cho viéc trinh bay vé sau dugc hé théng, chiing t6i xin trinh bay lai mét
s6 khéi niém co bdn duwgc dung dén trong bai.

Cho tap U, dwogc goi la t4p vil tru (Universal). Anhxa us : U — [0,1] x4c 15p
tdp (con) m& A cda U, & d6 pa(z) duoce goi 1a hdm thude, xdc dinh dé thude cda
phén t& z € U vao tdp A. Gid tri cda p4(z) cang gin 1 ching té z cang “thyc
su” thudc A va ngugec lai, cang gan 0 cang chirng té z khé cé thé coi 1a thude A.
Thf du A 13 tdp m& “tré”, U 13 tap t&t cd cdc tudi tir 1 dén 200, khi d6 c6 thé cho
©ra(13) =1, pa(25) =0,7, ua(30) = 0,5, 4 (60) =0, ... Gid d& cia tdp m& (hay
ham thudc) 1a tap moi z € U, sao cho uy(z) > 0, ky hiéu 1a Support(A). Kich
thwéc cda gid d& dwoce tinh bing max{p(z,y) | z,y € U, pa(z) > 0, u4(y) > 0}, &
d6 p(z,y) 12 khodng céch gifra hai di€m z, y.

Bién ngén ngir 13 mét khéi niém, dwoc thé hién bing tip cda céc gid tri bién
ngén ngir. Céc gid tri cla bién ngén ngit thudng dwgce bidu dién bing tir ngir ty
nhién. Thi du bién ngén ngit “4udi” = { “grd”, “rung nién” , “ré”, “rdt tré”...}
véi cée gid tri bi€n ngdn nglr “gid”, “rung nién”, “ré”, “rdt tré”... Moi gié tri
cla bién ngén nglr 14 mét tdp md. Thi du, tdp md “gia” c6 thé dc trung bing
ham thudc:

‘ 0 véi z < 50
beia(z) = £/20-2,6 v6i50<z <70
1 véiz > 70

Ménh dé suy din mo 1 mét ménh dé c6 dang IF X = A THEN Y = B thé
hién méi quan hé nhéin-qud giita tién d8 X = Avahé qud Y =B, & 46 X € U,
Y €V, U, V, A, B la nhitng tip md, c6 thé 1A gi4 tri cda bién ngdn ngix. Thi du
ménh dé sau 14 ménh dé suy din mo:

IF Ca chua = Pd THEN Ca chua = Chin

T4p céc ménh dé suy din md lién két véi nhau bdi cc phép nédi logic ADN,
OR... tao nén mé hinh méo.

III - KHAI NIEM MO TRONG SAI SO MO HINH

Sai s6 mé hinh 13 mét dai lwong dung d€ do d6 sai léch c6 thé xdy ra khi st
dung m6t mé hinh ndo d6 bi€u dién qué trinh thuyc nh&m gidi quyét céc bai todn
thuc té. Sai 86 cuwc dai 13 gid tri 16n nhdt c6 thé cda sai s6 mé hinh. Trong bai
nay chi xem xét sai s8 cyc dai cla mé hinh mé, tir diy sé goi 14 sai s6 mé hinh.
D&i véi m6 hinh me, ¢ thé c6 nhidu cdch khéc nhau d€ x4c dinh sai s6 mé hinh.
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Viéc nghién ctru sai s6 mo hinh 14 rdt quan trong dé d4dnh gid khd ndng 4p dung
mo6 hinh vao bai todn thuc té. Van dé dit ra 1a phdi xac dinh sai s6 mé hinh nhw
thé nao cho dang din.

1. Sai s6 mé hinh mé& cida Cao va Kandel

Trong [1], Cao va Kandel da xét mé hinh m¢ sau:

IF I = null THEN N = very large, ALSO
IF = zero THEN N = large, ALSO
IF I = small THEN N = medium, ALSO (3.1)
IF I =medium  THEN N = smadll, ALSO
IF I = large THEN N = zero, ALSO

IF I = very large THEN N = zero,

& d6 cdc bién ngdn ngir “null”, “zero”, “small”,... “very large” 13 cic tip mo trén
tap tdt cd céc gia tri c6 thé cda cic bién ngdn ngir tng véi cwong d6 dong dién
vao I va t6c 46 quay N cda mét mé to dién. Gid st cudng do6 dong dién thay
déi trong khodng [0,00, 10,00] va t6c d6 quay mo to thay d8i trong khodng [400,
2000]. Co s& d€ x4c dinh sai s6 mé hinh 12 sy ddnh gid bién ngén ngir d€ c6 mét
ham d3c trung twong tmg. Vé nguyén tic, mbi mé ta gia tri cia bién ngdn ngir
c6 moét sai s8 riéng, thi du cwong dé6 dong dién “very very small” c6 nghia I cé
thé giao doéng trong khodng 0,01 A va 0,1 A, sai s8 c6 thé 13 0,09A, con cuwong do
dong dién “large” c6 nghia 13 I c6 thé giao dong trong khodng 7 A va 9 A, sai s
c6 thé 13 2 A. Tuy nhién, d€ don gidn, trong [1] d3 gid thiét 13 moi gi4 tri cia bién
ngén ngir déu cé sai s6 nhur nhau. Khi d6, sai s6 mé hinh xac dinh qua gid d& cia
ham ddc trung nhu sau: Vi bién N c6 5 gid tri ngdén ngir, trong 46 gid tri “zero”
va “very large “ c6 d6 réng gid do bang nira dd rong gid do cic gid tri con lai, sai
s6 m6 hinh c¢6 thé tinh bing:
400 = (2000 — 400) /(0,5 + 1+ 1+ 1+0,5)

Néi cach khéc, sai s6 mé hinh & ddy dwoc xdc dinh theo khodng céch cuc dai
gitra hai di€m cda gid d&, d6 léch t6i da mi ngudi ta c6 thé pham phai khi st
dung gia tri bién ngén ngir d€ dénh gid mét gia tri thue.

C6 thé thdy ring sai s6 mé hinh xéc dinh bing cich nhu viy phu thudc vao
s6 cac gia tri cia bién ngdn ngir cda phan két luin trong mé hinh va kich thuéc
cuia céac gia do. Nhu sé thiy vé sau, xudt phdt tir moét mé hinh mo& véi mét tdp
cic quy téc ta b the suy thém dugc cdc quy tdc khéc va do d6, tdng thém s cac
gi tri cda bién ngdn ngir. Nhur viy, khong cin thém thong tin bén ngoai, c6 thé
lam gidm sai s6 m6 hinh theo cach cda [1] dva ra, chirng té cich dinh nghia chua
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t6t cla céac tac gid. Thit vay, gid s ta c6 mé hinh mo& sau day:
IF I = zero THEN N = Very large
IF I=8Small THEN N = Large

Theo [6], khi dé ta c6é thé suy ra ménh dé sau ching han:
IF I = Posstble Small THEN N = Possible Large

Nhu vay, ré rang s8 céc gid tri cda bi€n ngdn nglr da tdng lén (thém hai)
trong khi khong cé thong tin thém nao tir bén ngoai.

Sau day, chiing t6i sé dwa ra mét cich dinh nghia sai s6 mé hinh khéc va so
sénh véi mé hinh do (1] duva ra.

2. Sai s8 mé hinh x4c dinh bdi viéc dinh gid sai bién ngén ngir

Pinh nghia sai s6 mé hinh cia chiing t6i dwa ra dya trén quan sit sau day.
Vi phéi ding céc gid tri cda bién ngén ngir ¢ mé phdng mét qué trinh thue,
sai 86 qué trinh ndm chinh & viéc st dung céc gié tri cda bién ngén ngir, do dé,
sai s§ nay c6 thé xéc dinh bédi hiéu s6 giira gid tri thuc biéu dién gid tri cda
bién ngén ngir (do da s6 cong nhin) va gid tri ta 14y d¢ biéu dién trong trudng
hop cu thé. Thi du, néu da s6 cong nhin ring téc d6 quay cia mé to N = 800
vong/phit duwge coi 1a nhd thi khi ta dénh gid t8c d6 quay N = 600 1a nhd, sai
s0 sé 13 800 - 600 = 200. Véi ham thudc cda gid tri bién ngdén nglr da cho,cé thé
dé dang tinh dwoc sai s6 cia mé hinh theo cdch néu trén. Theo dinh nghia cia
ham thudc, gid tri cda ham thudc tai mét di€m cho thdy mtc d6 twong ing cda
di€m &y véi gid tri bién ngén ngr ma ham thudc bi€u dién. Khi gid tri nay dat
dén 1, mirc d6 twong tng duwoc coi la hoan toan. Thi dy, trong bdng MF1 [1], ¢é
Nmedium (1200) = 1, ¢ nghia t6c dé quay cda mé to dat 1200 vong/phit duogc
da s68 coi 13 trung binh. Do d6, d& tinh sai s§ khi ta coi mé to quay véi téc d6 900
13 trung binh, chi cin 14y hiéu giira 900 va 1200 (b&ng 300). Trong trwdng hop
khi him thuéc dat dén 1 tai nhidu gid tri cda bién, cé thé 14y gi4 tri trung binh
cla céc gid tri d6 1am dai dién.

Xét cac truong hop sau:

Trudng hop 1: Trong mé hinh mé (3.1), chi ¢c6 mét gid tri B cia bién ngén
ngit md N dwoc st dung. Néu chi cé mét gid tri n duy nhdt d€ cho Np(n) =1,
ta sé goi n 13 dai dién cho tdp m& B va ky hiéu 13 #(B). Trong trudéng hop cb
nhidu gid tri nhw n, r(B) sé 1a trung binh cda ching. Khi d6 sai s8 do st dung
gid tri cia bién ngdn nglr m& B sé dugc tinh theo cong thirc:

Error(B) = max{|r(B) — n|| Np(n) > 0,5}

trong d6 Error(B) ky hiéu sai s6 c6é thé khi sir dung gid tri bién ngén ngir B.
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Thi du: Gid st mé hinh m& dwoc cho bdi luat suy dién sau:
IF I=Zero THEN N = Very Large (VL)
Gid sir ham thudc cia “Very Large” da cho theo bdng MF1 [1]. Khi dé,

Error(B) = max{2000 — n | Nyy,(rn) > 0,5} = 2000 — 1800 = 200.

Trudong hop 2: Trong mé hinh mé cé nhiéu gié tri cia bién ngén ngir N duoc
st dung. Trong trudng hop ndy, ta c6 thé xac dinh sai s6 khi dung gia tri bién
ngdén nglr B trong ngir cdnh s dung gid tri bi€n ngén ngr B’. Khdic véi sai s6
xac dinh theo cach trén, sai s6 & diy dwoc tinh bing hiéu gitra gid tri ma & dé
ham thudc B dat 1 va gia tri ma & dé ham thuéc B bang ham thuoéc B’. Ly do
12 ngoai khodng d6, gia tri cda ham thudc B sé Ién hon gia tri cda ham thuéc B’
tirc khd ndng mé t4 nham mét gid tri ndo d6 trong khodng nay 1a B’ s€ rat it xdy
ra, thong thuong ta sé mé td gia tri nay 12 B. Cé thé minh hoa dieu d6 qua vi
du sau day. Gid sir ta c6 mé hinh md:

IF I = zero THEN N = Very large (VL)
IF  I=Small THEN N = Slightly very large (SVL)

Gid st cdc ham thudc cia “arge” L, “Very large” VL va “Slightly very large”
SVL dugc cho trong bang sau:

Univers 04 05 --- 11 12 13 14 15 16 17 18 19 20

VL .00 00 --- .00 .00 .00 .00 .00 .00 .25 .50 .75 1.0
SVL .00 .00 --- .00 .00 .00 .00 .25 .50 .75 1.0 .75 .50
L .00 00 --- .00 .00 .25 .50 .75 1.0 .75 .50 .25 .00

Dé c6 thong tin vé phu thude cda N vao I, sai s6 cda hé thdng trong khodng
[Zero, Small] cia I phdi dwge xéc dinh bdi viée xdc dinh cdc gid tri bién ngdn
nglt VL va SVL. Vi viy, sai s6 md hinh cdn dwgc x4c dinh bdi viéc sir dung gid
tri bi€n ngén ngir VL trong bdi cdnh st dung gia tri SVL va nguoc lai. Nhw viy,
néu Error(B/B’) 13 ky hiéu sai s8 xdy ra béi dung B trong bdi cdnh B’, theo ly
ludn & trén cé thé xéc dinh nhu sau:

Error(VL/SVL) = 2000 - 1900 = 100

(B&i vi tai di€m 1900 Ny, (1900) = Ngvr (1900) = 0,75). Nhén xét ring, theo
céch tinh trwdng hop 1, sai s6 sé 13 200. Mt khéc, cling c6 thé xdy ra trudng hop,
khi N (2000) = 1, N (1800) = 0,5 vi Np (1700) = Ng (1700) = 0,25 < 0, 50.
Trong trudng hop niy, sé 13 hop 1y néu coi sai s6 Error(B/B’) = Error(B). Tém
lai, c6 thé tinh Error(B/B’) theo céng thirc sau:
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Error(B/B') = min{max{|r(B) — n| | Ng (n) =.NB:' (n)}, Error(B)}.

Bay gio ta c6 thé dua ra dinh nghia sai s6 mé hinh sinh ra do st dung nhirng
gid tri cla bién ngdén ngir trong mé hinh mé. Ky hiéu sai s6 mé hinh cia mé hinh
m& (3.1) 1a Error(3.1), ta cé:

Error(3.1) = max min {Error(B/B")},

& d6 B, B’ 1a céc gid tri cda bién ngén ngir trong (3.1).

IV - MOT SO TINH CHAT CUA SAI SO MO HINH TRONG
SO SANH VOTI SAI SO MO HINH CAO-KANDEL

1. Sai s6 c6 tinh 8n dinh hon sai s§ theo cich tinh cia Cao va Kandel

Ta thiy sai s6 mé hinh Error(3.1) dugc tinh dya trén ham thuéc cia gia tri
bién ngén ngir, 14 mét théng tin 6n dinh hon so véi gid do cda ham. That vay,
ta c6 thé thay d6i ham chit ft, nhat 14 & phan ma tai d6 ham nhan gid tri rit bé
(gan 0), sé khéng lam thay d6i ngir nghia cia gia tri bién ngén ngir ma ham bidu
dién, do dé vé mit thyc t& 12 chdp nhan dugc. Trong trudng hop nay, Error(3.1)
ciing hiu nhu khéng thay déi, con sai s6 Cao-Kandel c6 thé thay d8i nhiéu. Nhin
chung, sai s8 Cao-Kandel sé thay déi nhiéu hon so véi Error(3.1). Ta c6 thé dua
ra thi du minh hoa sau:

Xét tredng hop mo6 hinh mo chi ¢é mot gid tri bién ngdn ngir, cé6 ham thuodc
twong ng dang tam gidc (12 dang phd bién cda ham thudc)

a, b, a, b2 c b, a3

Theo céch tinh cia Cao-Kandel, sai s6 cia mé hinh trong trudmg hop 1 (dudmng
ménh) sé bdng a3z — a;, trong trirdng hop sau (dudong ddm) sé 1a bz — b;. Con
theo cich tinh cda ching t6i, sai s6 twong &ng sé 1a ¢ — ay va ¢ — by. Dé dang
thay rang (a3 — a1) — (b3 — b1) sé lén hon hai lan (¢ — az) — (¢ — b2).
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2. Sai s0 Error(3.1) sé& nhd hon sai s6 theo cich tinh cia Cao va Kandel

Theo céch tinh cia Cao-Kandel sai s6 cda mé hinh tinh dva trén khodng
céch hai di€ém xa nhat trong gid d& cda ham d3c trung, trong khi & diy, khi tinh
Error(3.1) chi cin xem khodng cich tir mét di€m trong gid d& (véi gid tri ham
thudc 16n hon 0,5) dén di€m cé gia tri thuéc bing 1. Céach tinh sai s8 nay, theo
ching t6i 13 hoan toan hop ly, va do d6 sé cho phép xéc dinh chinh xac hon sai
s6 moé hinh. Thi du trén ciing minh hoa r6 rang diéu dé.

Ngoai ra, sai s6 Cao-Kandel con td ra khong tot trong van dé lién quan dén
dénh gia sai s6 cia phép suy din mo ma chiing t6i sé néu ra trong mét bai sau.

V - KET LUAN

Trong bai ndy, ching t6i da dwa ra mot cdch ddnh gié sai s6 (cuc dai) cia md
hinh m¢&. Céch danh gid ndy, dva trén nhirng quan sét vé khd ndng nhan 1an khi
st dung céc gia tri bién ngén ngir trong mé hinh diéu khién cdc qué trinh thuec,
theo chiing t6i 1a t6t hon cac cidch danh gid cda céc tac gid khic da néu trong bai.
Trong mét bai bdo téi, ching t6i sé phan tich kj cdc y€u t8 dnh hudng dén d6
chinh x4c cia md hinh mé, gitp cho viéc st dung mé hinh nay hay mo hinh khéc
trong cdc bai toan cu thé cé thém céc co s& virng chic.
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