TERERE $13% F218 19904 58 29

A2 EERE o) L3 MBS 4] 28
—Risk Analysis System in Fuzzy Set Theory—

5 g

ABSTRACT

An assessment of risk in industrial and urban environments is essential in the prevention of accident and
in the analysis of situations which are hazardous to public health and safety. The risk imposed by a
particular hazard increases with the likelihood of occurence of the event, the exposure and the possible
consequence of that event. In a traditional approach, the calculation of a quantitative value of risk is
usually based on an assignment of numerical values of each of the risk factors. Then the product of the
values of likelihood, exposure and consequences called risk score is drived. However vagueness and impre-
cision in mathematical quantification of risk are equated with fuzziness rather than randomness.

In this paper, a fuzzy set theoretic approach to risk analysis is proposed as an alternative to the techni-
ques currently used in the area of systems salety. Then the concept of risk evaluation using linguistic
representation of the likelihood, exposure and consequences is introduced. A risk assessment model using
approximate reasoning technique based on fuzzy logic is presented to drive fuzzy values of risk and numer-

ical example for risk analysis is also presented to illustrate the results.
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L System Engineering for Risk Assessment

[ 1

Formulation Analysis Interpretation
Identification and specification Forecasting risk impacts of Determination of utility of risk
of risk elements. potential action alternative. impact and planning action.

Methods Methods
* Nominal gruop technique * Cross impact method
* Brainingwriting * Interpretative structural
* Ideawriting modeling
* Charette method * Optimal system control
¢ Dephi method » System estimation J

Fig. 1. Graphic illustration of system engineering approach and method for risk assessment
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) A2 2l £E(Check list) ‘
) FMEA(Failure Mode & Effect Analysis){5]
) FMECA(Failure Mode, Effect Criticality Analysis)[6]
) AL8]4 8% vio]o}1# (Reliability block diagram)
) OTA(Objective Tree Analysis)[6]
) A+% 3kA| &) # (Interactive matrices technique) [7]
) FTA(Fault Tree Analysis)[8]
) THERP(Techique for Human Error Rate Predictive)[9].
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Tabie 1. Assigned values for harzard event likelihood

Numeric Descriptive
10 Might well be expected
6 Quite possible
Unusual but possible

1 Only remotely possilbe
0.5 Conceivable but hightly unlikely
0.2 Practically impossible
0.1 Virtually impossible

Table 2. Assigned values for exposure factors

Numeric Descriptive
10 Conitnuous
6 Daily during working hours
3 Weekly or occasionally
2 Monthly
1 A few times per year
0.5 Very rare

Table 3. Assigned values for possible consequences

Numeric Descriptive Monetary
100 Catastrophe, many fatalities >$107
40 Disaster, multiple fatalities $105—107
15 Very serious, a fatality $10°—108

7 Serious, serious injury $10*—10°
3 Important, disability $10%—10*
1 Noticeable, first and may be needed $102—10°

Table 4. Risk score vaiues

Numeric Descriptive
>320 Very high risk : consider discontinuing operation
160—320 High risk . immediate correction required
70—160 Substantial risk . correction required
20— 70 Possible risk . attention needed
<20 Some slight risk © perhaps acceptable.

3. mX| S3EMMO 2F RRETFL S

fElKEE(S)e FHE HEA A3 EEEMe BEARL N & EREAFN BES fHEste AL uieke
2 stz ok & ol EROREO BAFTES, BAEE 4 e BRE HENOE I o Fe o4
BBk (risk score)o] EH =}, HPFIRES Flfdl 2ldled deisbx mERE & A= o} Fikiol
Fab=e 1 kel mAEe] =l B\ fEE 2 ol okt MK EE #EFER (risk score summary)7t KEE
FEA A Higxlc)h o] MEER oA REFEEC BRI EF =2 BEE AstH Bt R
e Foduzieh

EEkRe] BEE 13 BEMNY K25 HES HEsr siadc ARFES W St 2 249 8
Bl 2l plEhel FEHS 8h4L ZastodoF aheb[9,10]. &S W& AEAOZ HHMY FHET A
Aol ohie [9], MMl F#Ayolsl ol Foll I HB(objectienvironment)s FEH(subject;individual
assessor) Aho| 9] HEBABIAIQ HE 24 EEs|ojof b, i $7] Feagans[11]7} § R alek zte]l —F #5
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FIPel o bR Fheol BAEY 59
o Xk, mhEgTolzt AR TEMSIE KFME7 TR
&, 53l FERERY dioletel A AH A& & Ze{dch
wrel4) AfSe] Aol 3 o) X E/EES AR miEikiae] =
BE# (compatibility function)® H3EH[12]42 4 Qlov], o] Faol 3
[ S
BoHel A3 SEERA K WEe A SERHT HEAD Flo)cth

Table 5. Descriptors in risk analysis and fuzzy linguistic variable

fEbie-L A gecte BEAA vd, &

A3k SERBS BE, &
T BRO FEFEES &l s
KT mERFITA Ll et o) = SFEMA S MEsticl. Table 5% Grapham Kinneyi8]2l &

febikiol sl = =1 e
SR Bad A=A FEM FEE Rz

o <2 HHE

Verbal descriptors

fuzzy linguistic variables

1. Likelihood
might well be expected
quite possible
unusual but possible
only remotely possible
conceivable, but highly unlikely
practically impossible

2. Exposure

continuous(many times daily)
frequently{once a day)
occasionally(one per week or month)
monthly{one per month/year)

rarely

very rare

3. Consequences
catastrophe{extensive damage, over $107, many fatalities)
disaster($10°—107, f{atalities)
very serious($10°—10%, a fatality)
serious($10*—10°, serious injury)
important($103—10*, disability)
noticeable($102—10%, first aid)

[very likely]
(likely]
[more-or-less likely)
{unlikely]

[very unlikely]
[very very unlikely]

[very highl

[high]

[moderate]
[(more-or-less low]
low]

[very low]

[extremely high]

[very high]

[high]

{medium]
[more-or-less medium]

{low]

Table 6. Compatibility functions of individual terms

Indivividual term Compatibility function

high 0 0 0.1 0.3 0.7 0.9 1

medium 0 0.2 0.7 1.0 0.7 0.2 0

low 1 0.9 0.7 0.3 0.1 0 0

more or less high 0 0 0.3 0.55 0. 85 0.95 1

very low 0 0 0 0.1 0.5 0.8 1

likely 0 0.1 0.5 0.7 0.9 1 1

unlikely 1 1 0.9 0.8 0.5 0 0
123 Table 62 Table 59 F 7kl s{xjodojwd -%’_-— o532 Ed3 «dlojn, Fig.2, Fig.3& Table 5
Y 6F o] 8Ee KRY AE 9 BH B o3 9 @ SEWE3t(linguistic value)d JERd Ao 24

Table 5 ¥ 6o gl EFESMIS Tl g %E‘P %
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Compatibility

Noticeable [low] Serious [medium] Catastrophe [extremely high]
1.0 e e T

PP

0.5 }------- -
n< 4 6 8 - $
10 10 10 10
Fig. 2. Linguistic values for consequences
Compatibility
Monthly [more-or-less-low] Frequently [high]
1.0 S e R E i R o i
Very rare . ;
bmem e e meed L T (AR SR MU a. -»—-;
[very low} | :
0.5 ""“"‘;"" B A "'%' """é
b E 3
R D G AU S
1073 1072 107! 1.0 number of day per
one event

Fig. 3. Linguistic values for exposure

4. EEUERAON 2f8t fEkakdEe PR

fal ool g BN R A=(7,8], BEY BEKK (hazard) 25 e 7A= = mES EXIE
(seriousness of the risk)& A7tz EEBKRT 5 F4o] B4 ATHEM (likelihood of occurrence;l), FEHEE
(exposure;E) ¥ 7H538 R (consequences;C)oll Hsld Rzl & BEFHKS Fol A FEsIAcH Ll
I ol Al TR EBRAKHEE(risk score)S vl2l fERR® EREKHE MIEFE(risk score summary)?} HBs}e
Bfshe mRKRS b =+ BEdr 8 RET #HRE #rsldch

W2 L B A Bl A v AstA ERET 33 HohR) EEEXRHB (verbal discriptor)-& EEY +
Axnk, FHla BBl e ol AEE shvbel S £AE wbF L of LAES Flrisk score)d EHKEES]
BIEE el A AR FEXitd g SEEAROR oh4 @Escl =2l ERRe Exittkd A [
—3t EE RHA dANAD ek @\ T Fasxz] 4ok =2l R BES Ak ElE B
gk RBS shube] 5T T2 A3 7= Aol ohvlel s FHEE M (fuzzy linguistic variable) & o] &3}
o, & FAF2 ol A BB (fuzzy linguistic value)-d TR (approximate reasoning)oll o] AT 24
#xe] o HkEcl oS BEs mlk4ES FEsle HEE ®Brdch

wEel mRoTe chest 2 REY MRE REE ok

IF likelihood=(1) and exposure={(e)
and consequences={c), THEN risk=(s)
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g7 A 1, e, cv 72 BATTEEN, BHEE, 153 #HRd A SEEECIH st ‘very high’, ‘some
light risk” 59 fElk#ES Jebdl= FEEHeIch 1ol Bin &S Bokt ol$ 2o =4 HHEE
%E HAS ALY 5 gk el A HFEAN 4 Zadeh(3,13,14,1519) A #EiHB:(fuzzy reasoning) &
FIAst iK% (risk score) S FLIAYLE HEzRc)

Zadeh([15]ol #j8led, LM FNERY 26880 £@oR Y& TE#I #HS Fiste B
c}.

K PENA = M2 B ({uzzy conditional statement) st &R RN (compositional rule)-& FIBI FLHER
#(approximate reasoning)[30,32]-% wle} 2% sl= EERFWHES Rndch &3 e #H= EEETS

‘IF A THEN B =t A—B’
EZXslm o) AL APy Al Bl 3 ABAR(fuzzy relation) RE viebdlicl. 3714 A7t B#E (universe of

discoures) U2l 3= MO LS (fuzzy subset)ol Brt BHEE Vel HAHLFESold Ast B A=A
(cartesion product)& 3 2Btk R2 Hesivh

AXB=JR=UXV (HA(WA£5(v))/(u,v) (1)

a3 At U HARSES, Ul vae] 312155%7} R°|rd, Acll el# HERsl= Ve HAMoEES
B+ o}g3k 22 Rt A9 Ak(composition) & 2 ol —3 4 F(max-min product)el] o}al HRES )

B=A : R—{g(v)=sup( #4(u) X #r(u,v))/(v) (2)

flie =4, §§§a$ﬁf“=‘high' el BEFAE ARAKEMS MR Rel Foxd HHY SmHEA

(compositional rule)& F{Hsl g A%ES o+ glch Table 7ol 4ot 7o) Al 7hal ERETF (risk factor) ¥

kS HIEHE( compat:b1l1ty function )& Z&3e}, 7|4 E, L, C ¥ S+t #474 BHEE
(exposure), 34 TTHEEME (likelihood), #&F(consequence) ¥ EMEAKH#E(risk score)oll o3t RFEHBol= =3
Ei, Es, =+, Eny Ly, Loy o Ly Cy, Coy o+, Cpp 2 S1, Sz, -y S 24 B9 kS el & HAH
S A (fuzzy subset)olel. oiwl #55Eat mBAREA alal A o233k 2 AR el EABES SE)
=},

IF exposure='E,’, lakelihood=‘L’, consequences=°‘C.’
THEN risk="S,’

olell #ated chgz L MBS ERY + Uk

PgE="E. =(ea, €2y "'y €an)
PuL="Ly =0, La 5 lon)
PeiC="C. =(ca, Cezv **s Cen)
PsiS='Sq"=(sq1, syz» **» San)

@, 4714 Pg, Py, Pc, Ps= 242 E, L, C, Sell A& Aol j=1, 2, -, noll 3t 0<e,,
lBi, Ceis Sdi<1°] Kga‘:}i‘l—\;},_
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Table 6. Compatibility functions for risk analysis

Individual terms Compatibility funtion
E, @11 Eypreeeresrerseesresenaastestinarssaosasss e e
Bz | gy eggeeeeeeesersesssrnsecsenrininsnennensasas gy rerreee e ez
E .
E, | eu e @aj e €un
Em €m1 €m2

Ll 111 112
LZ 121 l22

L L, Lz Ly wvreeseessremmmimnesnnicseiiisioninns Jp woreeeeeseesseas st lon
La Lo Lz soeeeesmmesnsesmmsimmsit e Lppj eeneremee e .
C, C11 Crgreresrmesstrssesaeesaesienienrernreseenns Cpj reree et ¢,
C, oy Cagrerereserssmeemennsenienitensennnennes Caj #oereerenssms st Can
C C. oy Cogeessmtsssmssnstinmeret it Coj *rremresms e Cen
Cm Cml Gz *oteteseressermrsesntonaianccnsonons ij .......................................... Crmn
S, S11 Spzcereeeeeereessereessiiiiiiie s Spj sereeteneeen et Stn
S, 81 Sggeerreteeeeeetiene e Sgj rereeeeesee e S2,
S Sy Sq1 Sgzereerteeeeeereseresses s Sgj TTenre e Sdn
S, Syl Sz teereeeereveescene s Sy T Sum

ke SEES AARM] ot oA ML Z WEA S o,
IF(E=Ps)N(C=Pc)n(L=P,) THEN S=Pj (3)

b Sl o] ¢ BHRMEG-S P=PenPnPolch wlel4] (3)ofl 42 B RS cl-&al o] et

+ dlo
R=RenNRcNOR, (4)

3 R A7 R Y R, shsu fReh RETEES EAEsS] H ) R
T debiE Ao ohgst 2o EHTOE Bolw + ok

IF E=P; THEN S=Pg—Ry=PgXPs,
IF L=P, THEN S=P¢—R, =P, XPq, (5)
IF C=P. THEN S=P¢—=+P.=P:XPg,

K (1) ¥ Table 4-19] 94k® Rg, Re ¥ R,&

T

Re=|x, xx,(€.N\sg)/(xg, xs)
RLZJ-xLxxS(lb/\sd)/(xL, Xs) (6)

Rczﬁ(cxxs(cc/\sd)/(xc, Xg)

sh 7ol 7 4bareh.
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ol Abzt zh-2e- @Rl ol fEREHRIRAl 3 FEHALE, 7P%‘ BE 9 B4wattsl fikEstel MGt Eap
Heglene, mRET B Mkl Hew % 2 SR fuzzy composmonal rule)ol] 2|8k UK
(approximate reasoning)-g& o] 838kl A 2& Bkl & f"ﬁzﬂkﬁ" 2% 4 9k o714 f"&z?"l
B#kol E=Pg . L=P, % C=P¢ 2 #H¥ckx 7tQsbsd, R(2)8] Gausfie] ol gisl s mhokdEe

S=l=&‘c (P, R

(Pg *Re)NP{ - RL)MPL - RE) (7)
2 Eysd, gebd K(7)E chesh 2ol HEDC

Sx)= A 1V [P (x)Ar(xsx)d (4.8)

= EKL o xieX

A B7= EHRSHE A3 SRS Birded o4 ERRTEIN AHRKERS MESS BHslse
o o] RA-E ol &3t BEEATF Bkl =2+ M2 mHHRAY ERKES RrESIEe 28U mkikne
H 2| 2 (fuzzy value of risk)=t BAEAS] = RIEHEE AFEWal7] Hal4v K(8) R HFhE 247 =
@7 ol ek, AL (linguistic approximation)o]2l £l ¢+ o] BR-L TR (approximate
reasoning )l 2|l & EHIKESY S-S mikitd] A AHBES S T T ANFSEE T4
71e Aolch. & B%dl A+ Kaufmann[16]2] hamming distance®] &S A, Fil#H 28 kK
#2] HAMGHEEFH2] hamming distances B/Mbste SHY T HAFFELL FiEo)

A%} B7l #£4 X2 {54 olzl 3t Asl Bz hamming distance®

d(AB)=% | Aalx)) = #px | (9)

2 Aoslet, 2222 X(4.8)d 2ls HHE HAANEES S°=(541", sa2° 543 s Sgn)0l2F B A0l F
s E S AL g HAMHEE S* v ek zeh
Sa* = Min_ d(Sd°, Sa4)

deilz, .

= Mm 2 | sq;"—sg; |
de€ 1,2,

(10)

Fig. 4+ J{H#ESREL (approximate reasoning) & Edted 4 EHETF2 e fEBE K ¥ (risk score) M3}
3L, EEEHR (linguistic approximation )ol] 1"5;27]{1% c}4] :—;—3‘5 iﬁog A g = BRS ‘,},E]_Lq 2o} e},
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START T
IINPUT E,L,C, S

[INPUT Pr. Py, Pe, Ps|

Approximate
[COMPUTE Ry, Ri, Rd reasoning

R=Reg0R:NRy

INPUT P%,P; ,.PCJ

S¢=(P - Pe)A(P{ - R NIPE - Po)| ——

Linguistic
approximation

Fig. 4. Flowchart for approximate reasoning and linguistic approximation

5. BRSO HE BIE

Table 7v % ‘EHETF(risk factor), K% (risk score) ¥ HAMHFEAEL] HEFRB (compatibility

function) & Webd Zlo|=, Table 82 Z HAMWHESE2] 31X E5EZ 3 Grahamzt Kinney([8]2] EEHE
[verbal discriptor]ell =3} ${EE HEA 7 Zolc},
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Table 7. Compatibility function for risk factors

Risk Fuzzy Compatibility function
factor subset

L, 0 0 0.25 0.5 0.8 1 1

Lo 0 0.1 0.5 0.7 0.9 1 1

Ls 0 0.3 0.7 0.85 0.95 1 1

5 L. 1 1 0.9 0.8 0.5 0 0
Ls 1 1 0.8 0.65 0.25 0 0

| Le 1 1 0.65 0.4 0.05 0 0

| E, 0 0 0 0.1 0.5 0.8 1

§ E: 0 0 0.1 0.3 0.7 0.9 1

| Es 0 0.2 0.7 1 0.7 0.2 0

E E. 1 0.95 0.85 0.55 0.3 0 0
Es 1 0.9 0.7 0.3 0.1 0 0

Es 1 0.8 0.5 0.1 0 0 0

(o8 0 0 0 0 0.25 0. 65 1

o 0 0 0 0.1 0.5 0.8 1

Cs 0 0 0.1 0.3 0.7 0.9 1

c o 0 0.2 0.7 1 0.7 0.2 0
Cs 0 0.45 0.85 1 0.85 0.45 0

Ce 1 0.9 0.7 0.3 0.1 0 0

S, 0 0 0 0 0.5 0.8 1

Sz 0 0 0.1 0.3 0.7 0.9 1

S Ss 0 0 0.3 0.55 0.85 0. 95 1
S4 0 0.2 0.7 1 0.7 0.2 0

Ss 1 0.9 0.7 0.3 0.1 0 0

Table 8. Fuzzy linguistic values in risk analysis

Cs

[low]

Risk Fuzzy Fuzzy linguistic Graham and Kinney's
factor subset value numeric values
L, [very likely] 10
L. [likely] 6
L [more-or-less likely] 3
L L, [unlikely] 1
Ls [very unlikely] 0.5
Ls [very very unlikely] 0.1
E: [very high] 10
E, [high] 6
Es [moderate] 3
E Es [more-or-less low] 2
Es [low] 1
Es [very low] 0.5
C. [extremely high] 100
C. [very high] 40
Cs [high] 15
c Cy [medium] 7
Cs [more or less medium]
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S; [very highl] >320

Sz [high] 160320

Ss [more-or-less high] 70—160

S, [medium] 20—70
S Ss (low] <20

E=E;, C=C, ¥ L=L,3 EBHREE stz ool slgdsic & #ME= 6, 7 ¥ 6 0|22 M
25224 ‘high risk’ 7} glch =lebd o] MHE HAGHEHXL

IF exposure= ‘very high’

consequnces= ‘more-or-less high’
likelihood = ‘likely ",
THEN risk="‘high’

£ @AY 4 gowd, Table 7, 8404 thesh 2L AEE 39T 494 Ush

Pz ! E=E,=(0, 0, 0.1, 0.3, 0.7, 0.9, 1)
Pc:C=C,=(0, 0.2, 0.7, 1, 0.7, 0.2, 0)
0.1, 0.5, 0.7, 0.9, 1, 1)
Ps 1 8=8,=(0, 0, 0.1, 0.3, 0.7, 0.9, 1)

Pp=L=L,=(0,

A(6)e el 4

REZ

f

R

'
O O O O O O O

©C O O O O O

L0

ro

o] ek,

A7) 4 fEWRETS) KMol E=E; C=Cs L=L,2 84ts|9lchx e Graham Kinney(s]ol

o O O o o o

0o 0 0 0 0 O
0 0 o0 0 0 O
0 0.1 0.1 0.1 0.1 0.1
0 0.1 0.3 0.3 0.3 0.3
0 0.1 0.3 0.7 0.7 0.7
0 0.1 0.3 0.7 0.9 0.9
0 0.1 0.3 0.7 0.9 1.0
60 0 0 0 0 09
0 0.1 0.2 0.2 0.2 0.2
0 0.1 0.3 0.7 0.7 0.7
0 0.1 0.3 0.7 0.9 1.0
0 0.1 0.3 0.7 0.7 0.7
0 0.1 0.2 0.2 0.2 0.2
0 0 0 0 0 0J
0 0 0 0 0 07
0 0.1 0.1 0.1 0.1 0.1
0 0.1 0.3 0.5 0.5 0.5
0 0.1 0.3 0.7 0.7 0.7
0 0.1 0.3 0.7 0.9 0.9
0 0.1 0.3 0.7 0.9 1.0
0 0.1 0.3 0.7 0.9 1.0

]

BB 5424 AR ‘likely’ QulE 753 28889 ko] vlmd i e 9k

&

&}

pil

f&
A
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L2 #kxl Mz eaEe oS3 2roh

Pg :E=E;=(0, 0.2, 0.7, 1, 0.7, 0.2, 0)
P i C=Cs=(0, 0.45, 0.85, 1, 0.85, 0.45, 0)
P’ :L=L,=(0, 0.1, 0.5, 0.7, 0.9, 1, 1)

#(7) @ K(8) 23t

Se°=(Es* Rg)N{Cs * Re) (L2 RL)
=(0, 0, 0.1, 0.3, 0.7, 0.7, 0.7)
n, o, 0.1, 0.3, 0.7, 0.9, 1)
n{0, 0, 0.1, 0.3, 0.7, 0.9, 1)
=(0, 0, 0.1, 0.3, 0.7, 0.7, 0.7)

o] sk X (10)ell o}dled fEB&AHE(risk score)oll |3t HAXNFHES S, Sz -+, S;7F hamming distance &
T

1.0, 0.5, 1.15, 2.7, 4.5
oo

S¢* =92

7k =lo] fabk#e] ‘high’Z vebtom, o] A2 Graham3} Kinny[2]9] &Rl i8] ol % BEEMUAL ¥ol
geh. Table 9% 4 EHET ol 4 & BEFE K] 2 Ul F HFES ojnd kigo] 42 AL fx
KL T FERoloh o714 4] BT Foll 5 BFE ko] ulnad r} sleiels aF FFa ko] To
o 28898 ERkEl 4 obe AS &+ don, deld BBREAT 5o oat 2P BEs} o2
o] 2o} Fhri,

M

Table 9. Risk scores with one high level factors

F
w EzNusnLs E3NC2NLs EsnCsn”
condition

tibili

Compatibility (0, 0, 0.1, 0.3, 0.5, 0.5, 0.5) |(0, 0, 0.1, 0.3, 0.5, 0.5, 0.5) {(0, 0, 0.1, 0.3, 0.7, 0.7, 0.7)
function

Hamming Sl Sz Ss S4 Ss 51 SZ Ss S4 Ss S,l Sz S3 54 Ss
distance 1.3, 1.1, 1.75, 2.5, 3.9 L3 11, .75, 2.5, 3.9 1.0, 0.5, 1.15, 2.7, 4.5

S.* S, Sz S
6. & R

e A7 REGFAAE ke THEEitd] 23 82N FERBRNY T2 mRey RES Y
e TR #EL ol &3t glot. Tl oleiqt WAL FRWE T REFMIRST FEM AB &
WS R 7E o HEEs

web4 & Bl = HAKEGR] BRE SHES ol Lot ERFEBRAA AR EBM M 2
& st EES Rk oW mRRES ERKES REsts BRRTE S8 E deska HE
of alAlut & WEANAE BEMGENE, BHRE(REEE), /18 &SRS £RAF2 Bl @G &
BaPlAE oleld EREATE Talsl€ BESEHRS FH(Ee E8)d sty mrRAES kEsn dov
224l mEd & BT B BERES #EtL o7 ol &l Fol A& ks wFEE AL
FHEG3IE =l olelqt Read-S BREI S5td £ BRAL & BFEY A%l gt “LHFIRS2
EBH AES AXEERY RES BEE T AUUERES ol &sld A9 280 REAES B &
BERRE S FEshsd
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2 R ohgdt 2L fiRel FEY F Al

A, B ERsHsH A ERET B8E o %%‘ Afel L @A olHFoR st fElk#l
iEe] WggslA R, & XSl o] AR ¥ A EME ol &3t EBRETS Bt obFel Holx
falakeES] Hiko| wTfEstel.

A4, & BT sl 9 sbx Fadd HAEEY HEXRECL AASA, £h, &R, Asd4AE
S| EE 2 AND, OR, NOT 52 ¥2HEES F3ld RBHETF B¢ Sk ALt 7}%6}4

A, G SW AR Ae EBRT h2 & BT Bfe] 23 12 BRTFEY S Y& 4 1 &
Bkl i yA| magsla olot, & EH FRel st ofd mRikE fi&UKfEOI FiRkol
2 & BT oa ¥hsl= Mmel ek

EEBB AL KES BBsks AT BRI FaFEA AL ol RelAx gu o u%F BHRFR

BEHCl shoiets dfbe] BAmREN ¥ KE2] BEES EAT 175 ot ERKES RES2 do

A Wl #RL steho g & ERFE PR LRSS HALcd EERBO KER 4 wRt

oele} Zldisich et & ERERS i ¥ fRokid 23 s AREERE 2o BENHeE RBske

Hikol BEgol LESH, & Al v ERUER a4 B EBRANES SELLE ol FEE B
E4171¢ B A4 hamming distance® B/jMbsts HES FIAIHE 2 oldd] IAR: Rl MERHA Hike] B
sklch
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