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ABSTRACT

Biological immune system protects self from intritsion such as virus, pathogenic bacteria. In this paper, we make a
mode]l of the T-cell of biological immune system to adopt this funclion into computer immune system, The modeled
T-cell possesses the ability to be able to distinguishes self files from random files in computer. The T-cell consists
of MHC perception and antigen pecrception, and distinguishes self from non-self through matching file which we must
test, The preliminary experiments illustrate how the modeled T-cell might be applied to the problem of computer
virus.

Key Words : 213 WHA 2, 27]-d]3}7] A¥dna® AFE A9A 28, #FH dho]ea, Wy <uzE,
1.8 2 MHC(Major Histocompatibility Complex, F22 &4

) AAFE olgsiel AR UGN W) 24787
4% 298 Add. AYE 22e olg3lel A7 ]

A% G Al AE L olEel BgBE] duEde] 2o
= :]7"—2—6]-[]-1 é—_]'_{]; 1:71_2 7]Q} -‘D=E‘L‘32|1]- ”E‘ﬂ ]AE%]OE}\-] Zﬁz-ﬂ._«] EH E_AI‘IC]?)S‘;‘F‘Z Z:j'o] A]._g.b]— 73‘!‘9:' 2}7]_1:]]2}'7] ?J.}—‘]IE
XS 4G RS AN Y BHST Aue a0 FOHHE ATAER
doltl1, 2]. = FA4 =}7]-H| 27| (Self-Nonself) 2122

oA 2st EAY R dRdE EAZ A e
N GAges A wAdLgd ATes v 2. X7l-di Kzl Ad =24
olgfgt AH HAAAF] Ry|-0]R7] AL MBE FAF
B vleldls So SEHOE AT & gl AAe voly 21 YH HAALH
& FHAE L AR P 80 75 B A7 843 LR A EAE 7”‘]6}5—’ ol AAs= M H
3 Tc’ﬂ SITH3-71. GalARle TAIE 7B asE BAEB-cellel THZ

A AGA20S 279k v]2h7]e] e HE44 Al#] (T-cel)elth
= Stephanie Forrest€t Lawrence Allend) 41 <l&of] 9 BAZE A HLIAY Bol2 g5 F29l T
OP A7]-"z7] A 2ol Qi3] E =EolAe 3 o dfEkeElA ﬂc}xﬂ E gulgozH €48 AAsE e &
Aef 3 AF-HRr] FE OEDHAN R g b Txﬂa_: = Fﬂr\?} 2 72 FEEY. BAXE 24

A A aﬂH TS FAste 92E e 2E TAX

(Helper T-cel)¥ gl o8 € A7) Az B3
He =Xk c2000d 18 5 of Zole AWE gt MESA TAE(Cytotoxic T-cell),
22 YA 20014 3 22 =283 GAo] o] Wel Axdo] BAH © o] E Al AL
2 odTE SBRUAKUT 20008 H2X MUI[WIIZ gz guno He o THZ(Suppressor T-cel)E 7
HEAr (B E A/Spin-0ff)2] ATHIXd2z F=HE

=dT 53] AX=AH THEE 2 4—4 HZ7F A7) Az

o ovyH| Aol ZA=RCH dels MHC @9 g AXsts HE3 o7 240 &

127



Hx o xsAl~HSHE =2X 2001, Vol. 11, No. 2

g Qs P9 QgRpos FAHN AXTt A7
AER opda], 127 e s} BPE AZAA ohd
A TEE & gk

22 MHC ¢1alBol st4
fﬂlEE’“ TAZE g9 Ao &2 o}
HEE Zolr AASE 98¢ 3 3= Z:"%’ff'l AEE
7] 5 o R THES: xﬂ£7} A7) A E 2 &<l
o AR Lﬂcﬂ | g9 AT ZAlst 7‘Lbfjr ZEd
% TR aAdelxlel MHCS $9S ojfshe] AZ
v’i‘r"’ﬂ‘:} MHCE A7 AZeA ulse didas T
MHC ol4Ed 4 MHCYS AdA s A71LdE +
dr). g9 o RoA s & A¥v el
]-Z— ol A3 a4l ¢lAFol ] FAUAE HAFS
2A9e doldth ojFA TAEE 27FA9 ZAAPE
nag HTE 2e F vk 71 AP
7} @A o) 271R) wkgel 28] Fd"th MHC
sitive Selectlon—- Z3] MHCE 723l= Ax
TAZE TAHT FAJARAqAE MHCE
J22 FAskd MHCE $902 1454 =
MHCE o145}%] E5}7] Negative Selection® ©]-&3}
o} MHCE Fgoz A4st= TAZE AAse PHE
@ olgl e 27kK9] wHor HAE THES
MHC?14 -9k g1gl 4= =7 /Hl&ﬂ- 7“5% AEE T
Bal= 241311401 Z=s 1 7.]]@11:,], g 1e = TH]Eﬂ'
MHC Q14%el 34l Q1282 ol gsla Az 74d 47&
#elete RAEE JEbdct

-'-l_r

=l

lo Sk
km;é_kz

2 g

B 2 Ji ot oo m]m _ ol
o

b o o I X

I
_ev“i

b
~J

r‘_3’.
N

[

|0 @ oo,
o il e

ERGES
THXE

(J o] 1

218
=T

Z

[]
0 %

oz

'l 1, Az ZEdRE BelstE 2L
Fig. 1. Picture that certifies inspected cell

23 MA HelAAY mHAY
B E=EAAE A7I% WAAE TE] QAT A
P Bl TR 545 e v
9o A4 FsaA se Bug Adasn
% 9833 glod 9we Ao
AT 4 gieh
zdyy THAIE F A
MHC 9435 wAlE %'1—-‘5 %
olEle TAIES MHC Q4% 2]

= w1
38 olgay FA4dm, 28 AAvs ug AEas 0
s FADT 29 2 TATS d4RE THE ¢E

128

Epdic,
A A7) 9
2E" |
lge —K [
NO YES \
\
e QAR FA4 B4 MHCT7
O 2 THES olAlX. FhA4

Fig. 2. Construction of T-cell receptor
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Fig. 3. A search of self-nonself using T-cell
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Table 1. Probability Py that is recognized as self using
MHC receptor, when S, S,, M is randomly selected

S S, M Py
1600 1440 5 0.5901
1600 1440 10 0.3476
1600 1440 20 0.1200
1600 1520 10 0.5978
1600 1520 20 0.3562
1600 1520 30 0.2116
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Table 2. Usable maxirmum number S of self file string,

2 Awmyr S

when A, m, » is selected

m ¥ A Sk
266 1 20 236
256 2 20 65516
256 3 20 16777196

9 ANRE APt 2E2E st B 37| I
1 Mg A A% @
EHEDERC

CELS

AR HAA AR S 25 YA HAAAY TP

HA @ EAHG AREE A7) 98 HAVE TER $
Ak old miFe] HE 2EyL Hn E ohE Ay =
ES FA YT Qs £t o)HF GASE AA
TAE e AARE Fah 28 Adg A st mfA
o] H7 @od A= sz, wfAe] Hd HAN=Z
A&k 2719 wAr1E FEIA "ok

Ze] AL wEel ) AL HEe EXFE o4
st Fe A9 *EE&O] W3 2 FE(P)E Ailshd
(M 2ol Hed m'<l ¢ Aot 4 Zo] FAsg
4 ArH3]L

Prk 3 (3)

G7V 1 & 229 Aol & UL ATE e
ax E9 1h2 +Ha}oq 299 %
5 0y s Faeha o o g0 A

T AR -
g B8 (Pyy)e (DAY Zo] Juz
Papn=(Q—-P) (=5 4)
UF S3d BY ANRR Oy 2mgos 24
o oA AL fﬁﬁﬂ?i ™ 1]71 E'Jr"éi % E}% (Py)%
G)Me= vepd £ gln
Pa<(1—p)ate )

O)HA Fre T4 A2
Y wgk 7hest Ao '3]'
E3.mn % Q2 449L W SAY AY 2o
3d &5 P,
Table 3. A probability P, to be matched two random

string, when m, 7, / is randomly selected

m l ¥ B,
256 32 2 0.000471
256 16 2 0.000223
206 8 2 0.000106
206 32 8 ~0.0
256 16 8 -~0.0
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Table 4. A probability P, that is recognized as self,
when P, A, S, S, is randomly selected

P, A S Sy FPa
0.000471 10 1600 1440 0.47058
0.000471 20 1600 1440 0.22145
0.000471 20 1600 1520 0.47058
0.000471 30 1600 1520 0.32281
0.000228 10 1600 1440 0.69430
0.000228 20 1600 1440 0.48206
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Table 5. A simulation result of distinguishing

self-nonself

gl m Pu Pa P
8,/8
AT ol | A3 |elg | IR | o2 | 4%
5 0.98 09038 | 100 |05274| 0.9296 | 0.8382 | 0.9296
10 098 0.8166 | 1.00 |[0.8601 | 0.8569 | 0.7024 | 0.8569
20 098 06659 | 05397 | 0.7397 | 0.7337 | 0.4926 | 0.3950
30 0.88 05424 | 0.3431 | 0.6361 | 0.6206 | 0.3450 ) 0.2149
5 0.93 07735 | 0.5608 | 0.8282 | 0.8224 | 0.6406 | 0.4622
10 0.93 05978 | 1.00 | 06860 0.6745 | 0.4101 | 0.6745
20 0.95 03562 | 0.1800 | 04706 | 0.00 |0.1676| 0.00
30 0.95 02112 | 0.2996 | 0.3228 | 0.3145 | 00682 | 0.0973
5 0.80 05901 | 0.8969 | 0.6860 | 0.6799 | 0.4048 | 0.6105
10 0.90 03476 | 0.00 |0.7405| 04553 [ 0.1636| 0.00
20 0.90 01200 | 000 |02214| 0.2085 | 0.0266 | 0.00
30 0.50 00411 | 0.001 |0.J042| 0.00 |0.0043| 0.00
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