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It has recently been shown that Artificial Immune Network (aiNet) provides
inspiration for solving a wide range of machine learning problems. In this research we propose
the application of aiNet for document clustering. Traditional aiNet algorithm determines the
affinity of real value data set by using Euclidean distance. Cosine Similarity is used to determine
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Definition 2.1 Artificial immune systems are data manipulation, classification, representation
and reasoning methodologies which follow a biological plausible paradigm: that
of the human immune system

Definition 2.2 An artificial immune system is a computational system based upon metaphors of
the natural immune system

Definition 2.3 The artificial immune systems are intelligent methodologies inspired by the

naturalimmune system,toward real-world problems solving
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Definition 2.4 Artificial immune system (AIS) are adative systems, inspired by theoretical
immunology and observed immune functions, principles and models, which are

applied to problem solving.
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Solution

Immune Algorithms

AlS Affinity Measures

Representation

/ Application Domain

s

- 1 a ayg a
;i,l]‘VI 2.6 APV UUNYNUNNIAINTTHYDITTUUYUANNUINGY

YV v A

2.2.2 M (Representation)i?f"m‘l]‘sa:ﬂe‘mlm‘Sz‘ij‘imﬁqu UNYY

ay o =1 9yt L= A A © @ 1 ‘!y a
’luszuunuﬂnﬂumu"lﬂm FEQRU UQS FFAAN UANNAINLY uugﬂsnwumﬂlm

LY

Tuapanegl§isounilousuueudnuniuasasaduazdiats  lussuugiduiu

[

Yy = Y a v a e ¢ ay
muuuuﬂumawmsuﬁmnumiumsﬂszquuaznmﬂﬂszﬂawmgﬂtmumaaquﬂuﬂu

o a0y
waziad Tuanafiade

] +
a

11-ar11 % (Shape-Space) 10 ﬁm‘1%"1umsﬂ°1mmtﬁoaﬁmuizﬁmamvjﬂﬁu
sEnINAIuMusdesq vod luanaveduradnud o vesusudnuluszuy
pifufudion  wdnmsuaasiena’lnlumseasilasTuanavesiawadimndilums
fufuneuAuuazlSINuveslfAsnszuin Tuanavesfuaad fivimehiilunisusy
UMY 5EAVYDIANNNSTIIUMTIVTEN MR IN LT BYY vousd-aiyve oAy

sAudIsdRlszneuiinssiutaafag i 2.7

<%
Receptor on an immune cell
{Ab or TCR)

(Y

519 2.7 udeai)-malvvesszuuglfuiudioy

Audnyarfiotusguanifvesluagaveuyad lumseasifisiulaoia 1 S unh
wuessaladivll (generalized shape) susara llveneufnefoduelaeldns
fMnuaal L ﬁ'\‘lifu?'ﬂﬁ’j\‘lﬁ}.ﬂ‘llﬂ\‘l L-dimemsional shape-space, s" Lﬂuéaﬁs:uﬁﬂymzﬁﬂﬂ
Y9INNNATINITA IUNTTANIZLOUATDAN UL UALIY

§uveuadsinlines ( cell receptor) iy lutiuias v fis1uan N ya UFAse

UM AINIZ S LM 1B UR UL LB UR VDA TS anvazuaz 3l mlounululSuas v



v 17
Aninvoayanan nsTvaUINIIANTIUR

=t A o ' ] a - v o~ g '
wWisumileugnngueduuingue mstamzfauyseinmieusuidladonnaus udeie
3 a4 =1 mwm o1 ay 4 o
wuhnaueh lddh luluden1dua lawsada 14 iesnindinnuamisn lumstamed

LY

4 9 a a = req @ -1 = =
uaxmumumum%uuazuaumuamz"lmmmzﬂuiﬂuauuim ABDIVVSUNITUALNIZTHUD

a8

um'mmmmm“lumsﬁmmw‘h

3

a ada (aaa [y a 3 A 4’1’ s g A dd o
LLBHG]'IJBWVIUﬂ{]ﬂiu‘lﬂ'ﬂu@um%U'V]Qﬁllﬂﬂﬂg‘luwuﬂlﬁﬂ"]IﬂUi’EJ'lJW‘Ll'VWIﬂ'IﬂLlﬂ

T =] ' a L4 a {o a
Tagan g, (Fond1 uoWATAMI v Te0a (affinity threshold) USu1as Ve Hfmualasueniiin

(=) oA Qav oad .. . 4 a ' q’;’ =
ms¥leaaiuna1 snendsus e (recognition region) cmuaumwmmuuﬂxugﬂin

[=) (Y

v LY = =1 LY ' o < g/ a v A -
UANANNUIWEIANUDY nanﬂmﬂaauuﬂaqmﬂuamamuaum%ummmaﬂu HALUAA

e B

h. ee

£ 4

HouAYBAT NIRRT B UALIUN U N WU TULSUIAS V anudunuitos luiuf

Y
[]

vouy-ale N3un71 ATOA-SUOARIRA (cross-reactivity) B N1sNUBUALBANTINITONM
UgATorineudtnuang Tidesnniiusdumilounsendundstufuuoudnu aold

Fou'lvvosuowAnamsylaas €

317 2.8 uaaswil-mle S, wouAved, ueuAnu uaz werHTAMyTaan

JUn 2.8 eFvede Twwd-amiy s H1U5ues v TueuAved(®)uazuoumiau(x)
a = ° a a 1 a a a Ao
weuAvsRIzaIInIATBUARY 1A NegsouueufvednelulSinas v, fidimualay

A1 E

2.2.3 m3dauerwia (Affinity Measures)
a = a o3y t o ad °
§.1JLL°1J'1Jﬂ'IiLLWULL@UWUBﬂLLﬁ%LL@UﬂW'N‘i]SLl]‘u’CT’Juﬂ‘Iﬁuﬂ'Jﬁﬂ'liﬁl‘Hﬂﬁﬂ'lu'Jm
a o 1 o q‘: a
affinity  Neafamans 39 livesTuanaunudao (m) e usuAved unudls Ab
Q I~ aa o a
Hag ILOUALIU LL‘YIu?’]”JUAg fT'IiJ'IiﬂlLﬁﬂQLﬂUlL@ﬂﬂiU')ﬂﬁﬂﬁ\‘i m=<m,,m,,...,m,>
L L A A v a 3 ad & . 4
meS*cR ,Msmmm‘lugﬂuuuau Y HIT0QLUANTN (neural network) HT® Petri net %4
y
av o a aa o a
111!\1Tl«l'J%U‘Ll%zﬂﬁU'IEJmW'Ixcluuﬂﬂﬂi'lJ’Jﬂﬁﬂﬁ\‘l
a a aa o R [} . .
PYAVOINATY ﬂsznauﬁ'awummuammmm (attribute) 1%U real value, integers, bits

aa o v v‘z (Y @ o o
1tag symbols ¥AYDY LBAATIA ma1t¥usgfunanmsvellyrvesssuuglifuiuiiosn

110417



18

wazanudfglunsiimuagduuy msmadSuavesnisnszi silaves attribute f
(4
gy luiuuves wil-ay Saedl
an o a Jd4
-real-valued 1¥U-e11sy LOARTUINETNSI NAD real-valued vectors
aa o a 9 .
-Integer (w1-auily oA U1AARS5I UsenoUAY integer value
. 9 a LYY d'd - 3 Y
-Hamming 1w1)-o)s senoudivanssvesddnysiiinnueisiia
. a 1 aa o a ' ¥ [~]
-Symbolic 1U-a1tle Usenoudruiind1a veueansDadanse 1wy o 7 iludu
¥
@ W o oo a o “
AludIinaveIouAUeR 1iu Ab=<Ab Ab,..Ab> uazvBIUBUAIIMTY
Ag=<Ag,Ag,..Ag> MUlAyuNeIv0INITInd1UfAsr1vesuouAuoAnIosEnite
uouAvoAuazusuAIuaIedn ld TasnisiassezmansesonnisTaanuansolums
=2 ] arada o . £ v o ' aa o a
taN1$3 HoNWIRANIYSS (affinity measure) FUDUANUTURUTIENIUOARTTIRAATS
LY ° 1 Y 1 aa o a v o
msdannuamisalumstaniy nszdisznimsiuguonteanstidanieeiiauiuuin
[ :; 9/ ] ac 1 1 ay o
msiaszezmanlslumssnnaueniiasenindmilsznovvesszvugiiquiu
- o a o’;’ a
UMV real valued 11l-ati)arenunso 19 1dna1035 Mauuuyniia (Buclidean distance)
uag UULNUEAAY  (Manhattan distance)lunsdivoanisidynda ueWHad D szndng
a =3 A o [ { & ~ T a .
wouAlULazIEUADDA A un lAdsaumsh (2.2) FausTonnyaaasl-ae (Buclidean
shape-spaces) (a8 13119 uvvunudaduunulunmsfiurua e Wiaa 519z ondn uuuse

fur1)-aides (Manhattan shape-spaces) Faurandlddeaunsn 2.3)

L
D=\/Z<Abi -Ag;)’ (2.2)
i=1
L
D=>"|Ab; - Ag; | (2.3)
i=l
1o D 1Hun1ue WA TR Ab=<Ab,Ab,,...Ab> 1T uuBUAVOR uay

[~ o
Ag=<Ag,Ag,,...Ag,> Wuuoudny
aa o a o ' “ & 1
(lﬁ’ﬂ'liLL'V]‘L!ilﬂ\ulﬂﬂﬂ5‘1J'Jﬂﬁﬂ5\1‘1]0\1“0149’]&‘0ULLﬁZﬂQNﬂﬂﬂllﬂuﬂUﬂa FAUMASLLDA-
aan a o v o do o 4 [}
m‘uaéfﬁmwmuauﬂuaﬁ%zﬁu‘wu‘ﬁfmﬂ”nummsnGlumsﬁmmzmmeuﬂmuﬁgﬂsw

uanA1I U S un I oA TAuauA AL (affinity landscape) Laas l1@eas R 2.9
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Antigen-binding sites
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a0 4 4
DNBUNTIIVDN real-valued 1¥1)-aitle Aouguiiauwel-a)a (Hamming shape-spaces)
4 a o A o W T v w ot A o W

TunsdinueudnuuazuouAvefszgnunuAsd Wuvesddnusiniianue$ e aums

1 2.4 LaAIN15 IATLOTN1UDUUENTIS (Hamming distance) 1HifemAenATR senng

v
=y =

an o a o ~ a
wonansdadaase Nlanwe L lugduvvveeutauri-anly  duiuluuis ansek €
] 1 4
{0,1} TumenvesadanunulumnatiueziSond1 “binary Hamming shape-space” 130 “binary
[ a o [} ] ~ '
shape-space” O UTU ternary @A F20619 19U k=3 MIsunuINENALIFINN “ternary
: » 4« » ‘3 s 3 Y
Hamming shape-space” ¥17® “ternary shape-space” wagﬂuﬂq‘mﬂumsﬁﬂm uaz 1y
a J o W

d a o o d =
Integer shape-space NA® LBANTDINVEFURUTAUTIWALY IR IANT dlvesusuiiay-

< ' ' . . D
ando Faldedrandreving ‘ﬂﬂumwm traveling salesman 3o scheduling application

L
D= Z 8;, where (2.4)

i=1

1if Ay #2A,
0 otherwise

t 4

Arvdanisdimua wil-mlyuuy luuniaase unuTuanadroinanse lunsdidl

anuaselumstamzdnaasesenininaaSvosusufveduazinanswoudiou
Yo 1 Qs dy

ausnleisaee Aall

1) T2ULNI LUVUINTL (FUNIT 2.4)

2) r-contiguous bitrule

3) multiple r-contiguous bit rule

A o ’q 3 Y = a Y
TLUEN LENIa Mansafan laemslssynald (XOR) Auluuidaniansda r
[] ¥
contiguous ‘511.!’Juﬂlﬂx‘iﬁ’mﬁ’ﬂﬂﬂfﬁﬂiﬂﬁ’uizﬁ’J‘Nﬁﬂi\m\iﬁﬂ\i 1uﬂ§] Multiple r-contiguous U#
a o o ' L4 [ o

ansezAedasetuuazdszneuiuldedeauysel sezaulvdnyazadotuvesTuana

Atvualdauauns @.5)
D=Dy +Zi2’i (2.5)
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iie D, iluszuzmaneuils fanualagaums@4) , 1| waganuenauilszney

o L4 [ a a t o { 1Y
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ploft]1(0f0]1]|1 + |ofo|1]1]|o|0]1]1 0101|110 (01 {1
1[t{1{o[1]|1]{0|1 1{1[1|o]1]1]|0]1 T]oyrjoyt
XOR:11011110 XOR:11011110 XOR:11011110
Affinity: 6 Affinity: 4 Affinity: 6+2°+2°=26
f1. 91421 bit i XOR 9.r-contiguous bit rule fl.multiple r-contiguous bit rule

519 2.10 uanaeWATAsses Uy luuSuaut s y-aas

Y

o9 o a &
drdugamevourl-aulsio Fuusdniwd-anle (Symbolic shape-space) Fumnu
] ay o ~ Y o W o aa o @ ~ &
amiszneuvesssuvgifuiuiion ladredydnyalveswenasion uaasdegii 2.11 &
o a g .. o aa Jd o ’
siiaansaiiiu Symbolic ,integer A% real-valued UATMIULUOAATDIANATINUTZHIG

ueuAvefLAzLBUAIYITNUNUAIYL 1 Min TiasefuszuNURY 0

Description Date Flight Country From To Price(£)
Antibody(Abl):  Business 1996 217 Brazit  Campinas Greece 546.78
Antibody{Ab2):  Holiday 2006 312 UK. London Paris  102.35
Antigen{Ag): Holiday 2000 212 UK. London Greece 543.78
Match Ag-Abl: 0 0 1 0 0 1 1
Match Ag-Ab2: 1 1 0 1 1 0 0

d ¢
3% 2.11 uarasdandemsunudulssnotvesssuugiiduiuioudodydnyel

2.2.4 89003 NNVBIITULHANNAY (Immune Algorithms)

dauusnveanisesnuuuszuugiquiudionldeTuresfegluvvveennsiog
an3efe Mmunuassivlimeiuazuoudiou Tasmsdszlunannumnsolunistanie
uazmsﬁ%’m‘ﬂLLuuﬁm?qﬂix‘vmiﬁ'nﬁ'mﬁﬂiu"lvﬂszﬂn FHAVDIUDANT TIA LT IUL
mﬂuﬂﬂum‘lumiﬂiumummmwu @Suunsiud) veuradsalined fuFauaadoy
(LBUAIIU) UAY Mﬁaswﬂmaiauq daufigeuiiumsise zyndveuvieliaoandesfuion

WAAFYU  (applications) vretunoues UFunmsaiuguszuugliquiuioyldiiauaiy

L4

& a
sﬂuvwmnsvmumsw"lﬂnanm ma“lwmmuwwmsﬂﬂaﬂmﬁmmUﬂnﬂnﬂumun
mﬁJw 2.12 1519741 Clonal models HazdunsuIEnsEonay (Negative selection) 41

Populatlonbased wazgUuuuinied1s  (Network-based) wiveeniluinioviogiiqusu

]
o

Lmummum (A Continuous Immune Network Model) uazmmﬂuwﬂnﬂunmmu"lmmum

U 9

y
(Discrete Immune Network Models) tazauaalUfivznandandnnislauns1n q veq

o o

sanosfiuvesszsuugiiquiuiiouuaznszurunsdidyy
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AlS
Algorithms

[
I ]

Population- Network-
based based

Clonal Negative Continuous Discrete
models selection models models

ay @

9191 2.12 waaanisuisnuIanyvesdanesiuvessyuugiaui oy
2.2.4.1 Clonal Models

Y] d o
de Castro 1ia2 Von Zuben [12] 18 14vann1s Inausad@asuuaznszuiums

'
[ =

uorWIANMgs Ty vesnsdfumsneudussvesgiquimien 3t imungaulunis

(Y a aq

o a ] — F 2 d’ Yo [ Aa A dy 3
ANUUUNTT YU ﬂ']iLiEJu;IﬂEJLﬂﬁN, 117397 AN ININIADUNANGA aaﬂaswuumﬂ‘ﬂu
7= Yo @ w a . . . . . .
ARERIEETSNRY ﬂigﬁ 1MNITIIINIDAYG Tuuns , multimodal optimization, combinatorial
optimization uazi’]tym traveling salesman (TSP) Ta8i58n 1 Clonal Selection Algorithm Qg
o 4 o a Y a o o
AnuafedanesNuiidn CLONALG femsidenuaznisiiusiuaulunisnssduimadaiy
1 | 1 4 ’a '
davvesnnuasalunstamzdiutes q veurad Msalsvouradn linsyduien
oA o o 9/ ] [ 3 4 A o Yo o/
‘V\IHGI?J‘VI;L?‘H‘H ATAINUASNITUITITAYIAN €] VOHDa %QW@JHWIﬂUqﬂEULﬁQ‘UHﬂ']ﬁ

a9y Y [

Teonszuugiiduiu SaneSily CLONALG [12] fImshanuded

1. Generate a set of 1 candidate solutions (antibody repertoire) in a shape-space to be
defined by the problem under study;

2. Select Q1 highest affinity cells in relation to the antigen set to be recognized or to the
function being optimized;

3. Clone (generate identical copies of) these Q selected cells. The number of copies is
proportional to their affinities: the higher the affinity, the larger the clone size
(number of offspring);

4. Mutate with high rates (hypermutation) these Q selected cells proportionally to their
affinities: the higher the affinity, the smaller the mutation rate (see further
discussion);

5. Re-select Q2 highest affinity mutated clones to compose the new repertoire;

6. Replace some low affinity cells by new ones;

7. Repeat Steps 2 to 6 until a given stopping criterion is met.
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CLONALG wziiguauiiamilou danasfiuuuuiTauinis(Evolutionary algorithm)
d'sl o & &4 o a L
nAunlszmnsmunaloanunainualeneugnssy uazmsien  dedaneTiy
d| a & Y asf aw
CLONALG 1ilusiianiisvesdanesnuidammuinsg

o o/

ad o o o a 1 J o
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1 4
=

fieldszvugiiquiununnuainise lun1stainig (recognition capabity) YouOUARLSA
¥y
Y Qs o L a r=1 ] as o o
fuanuduRuslunisidenueudnunssuiunsiiSond ueAidadngisdu  (Affinity
Maturation)
o o L&) o a 9 aa o
wil-adsziduaumuvsusaaiigines 1aq azusudnuunudoenn e
t 4 ] 1’
ansavuABuNIEA  IMuan U Asumaaasmsidsavesduilseneuvesssuuinaie
¥y ¥y ¥y
Juaoun  Yusswmardaiuisam ldmidesusumsiunduludaneSnuuuudSauinis
o Ao w [ & a da o oA aa o a Aa [~
anvuzndfydunilsveslauan lanlesiandunfie uoansdidanseezidaszuazily
[ [] Y a Y 4 o a o q’: o s
FaaUAVDATINTTAAT WAV INITo luMITame Ao UAINY  Aetiuead lalia
= 1 - o a Y o' [l L4
anvauiselumstanizgandnelisasiiuadud dauwadlalinnuansalumste
o o - W o Y 1 a . o o 1 ]
meAnzlisasinisiamdugend sdsuiiunnuduiuslumstamsuaazsaanm
1 a [ o =] & o v LY
vounazradMiatulaenisdsy (scale) awawisolumstamesududiunduves
o o o o v o $ @ o
exponential function fAIMUAANUTURUTTENINDATIMTIUToULla e Aun1sUsy

ANUAT0lUMTTAME D UaAIRIaNNITN (2.6)
a(D") = exp(— pD') (2.6)

d'{ [~ =y P o ] LY o @ a o Y] r
e p Wuwinidwesnarvgumsdsuvesdrunduavensideniy D* WumsUiua
o o @ J 1
anuamuisalumsdamzidassduanudednislae D*=D/Dmax  AMUFURUTIEH
ueWHAnazsnsIMsiundn o udasdaglh 2.13 &1e1 D* desmrdasinmsiuedu «
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i

e o ' adg __* o a o o0 YL P
11 2.13 naasnislasuuasse e itd D uazdasimstuadu o dmsualp 7
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2.2.4.2 M3AAEONMIAY ( Negative Selection)
AMIAARBNNINAY  adnzimsuyedisg s IasatuLeuRIufis unzae

@ o S A ) [] a a
a151U5enovveIne wazvzAaldonraan niuwIzAsaIsUseneuNAnIInd
-y 2 v A ) v A

wilantlaew uazszlidiumniignaaen ldmelasnszuiunmsmsna@onnivay
¥y
UUINAT Forrest et al [13] WAIL1ITN15A9A0UANURAUNAAINNITIADNITIAU

L&) Y 4 a 4 o’: dyl . . .
vaamaawmﬂu"lma "Nliﬂﬂ%ﬂﬂuﬂﬂuu’ﬂnegatlve selection algorithm LA¥N1T
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a A 0

q S [ @ @ a R dydl = ] = | [
Uszgnaldlumsinuianuiaeads dsmiiaulevesdanesiinfifelinisnsziunioudy
3 1 P 9o o’: @ & = o’:
assadigluvuuadiugduuuiiszuu e Fuseuvesmsdadeonmenuiivunoums
t 4
MauAll
° £ ﬂ a Ay 'Y [~ o
fmuald s iuvesansefidesmstlestu A Huwavesgiuuulunisead
~ ] Pl 14 a o a 0 o’: ° a
59071 detectors B9 Ll ansalaqasatugavesanse s Srvudunsulumssadigadase A
o510 lddag U 2.14
Yy a ' ° o a
1 #3naaidlasmsguuasimualugaanse P
2. MNIINIM affinity YoIgAAR3I 1N P AUgAYDIAATI S
3. fygeanselu P Auyavesansa S SAwnnnimSewiiiusn affinity threshold

a o o o a 1 o o )
€ 1AVOIEN33 P gnaasinezgndriaeenuazdianse P lugneadinesii

fmualuga A

Self strings
S

Random set > > Detectors
P No A

lYes

Reject

1R 2.14 uerasdanes iuveamsidennisay

o -
2.2.5 VDS 1009A30UNYHYNHY (Immune Network Model)
= = [] ay o - 1 A agy o A ) [y | ] Y a
Ny nTevsgliquinesuunssuulgliquiuiinganssumsdiunsedinldiie
A Y 3 [} =y L =y LY L3 L
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wazmsaadonniavduiiuanumusovesrad lunsens et uaz iy

noufvogiiquiuaulalumsadranuudassvesszuunSevrogliquiu iom
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¥
#1120 (Computational Intelligence) TanenemimuInsiauil anuaulelugduyuves
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a g

QU9 uﬂumw (Y qmﬂuﬂuﬂ (robotics) msmmmmwﬁﬂ (optimization) LIDZNITAIUAY
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(control) drunsodrogiguiuiildnsSoudveanseddundn wozmsldlums

Y 9
1 4

a (&4 @ A o A 1 oy o [ A . .
Annzideyn  lunvunddimdatiumievisgiiguiuuuy ludeiios (discrete immune

Y
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A 1 3 gy = ) llz ' o W
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2.25.1 130018 RANIUNVUADIHGY (A Continuous Immune Network
Models)
ay o o a Py .
msunuwadgifuiuuas Tuagaidluiinan3aluiyyves Hamming  shape-
o = o t ] £ A .
space, uﬁmm“lugﬂ*n 2.15 TuanavesusuAuoduaauiudesdulasdunilede epitope
= v A . < 1 a ad o
(e) UALDNNIUYD paratope(p) epitope nJu’mu“umTmaqaueuﬂuaﬂﬂmmmﬂﬂm
paratopes YBIUDUALDADY
2 €4

oot 11010 11 |jt]1({170y1{1{0 [

P2 €2

JUM 2.15 uarasiinara3 e lunsuny epitope 1Az paratope 83 lutaNavoUBUALDA Warroq

an3agniug lasdamdsznevfiasetulunuamedenfidlull1] siluvuves

n‘: n’: aaa 9 9 1 P d' = d
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Ao §As e ndlu 'l 1852119 epitope Lag paratope LaraIRITNNISH (2.8)

G(x) = {x x>0 (2.8)

0 otherwise
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K-means algorithm
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Algorithm: k-means. The k-means algorithm for partitioning based on the mean
value of the object in the cluster.
Input: The number of cluster & and a database containing n objects.
Output: A set of & clusters that minimizes the squared-error criterion.
Method:
(1) arbitrarily choose k objects as the initial cluster center;
(2) repeat
(3) (re)assign each object to the cluster to which the object is the most
similar, based on the mean value of the objects in the cluster;
(4) update the cluster means, i.e., calculate the mean value of the objects for
each cluster;

(5) until no change;
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N, = % round(N-D;;N) (3.5)
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wenageunnisiangu Iasldnguuesenaisimioudundsmiuveaenarsild
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Tumsdanguiisnauaeiuiy ssdimasegunmlunmsianquuesensetials
4.1.2 Yoyalunsnanes
P b4 A £ o
waasnlFlun1snaaseNo 20 Newgroup data  set[19]  #Far1w191n
http://people.csail.mit.edu/jrennie/20Newsgroups UsznousuendIsi U 20,000 (BNEr15H

S [ v @ g td‘l ar LY
UMIIANFUAIVONANNU 20 1D

a1519h 4.1 llﬁﬂdﬁl‘{’fﬂ‘li']'.]

comp.graphics rec.autos sci.crypt
comp.os.ms-windows.misc rec.motorcycles sci.electronics
comp.sys.ibm.pc.hardware rec.sport.baseball sci.med
comp.sys.mac.hardware rec.sport.hockey sci.space

comp.windows.x

misc.forsale talk.politics.misc talk.religion.misc
talk.politics.guns alt.atheism
talk.politics.mideast soc.religion.christian

‘ﬁlﬂu“ﬁ'ﬂﬂffﬂUiuﬂ’liﬂﬂﬁ@ﬂéﬂmﬁ@ﬂmﬂﬁ’li‘D’lﬂ 2 Wadofie scicrypt  uay
scielectronics 1A Subset A 1iBAOAATS IABMIFUUINGUAZT 80 1BNAS, Subset B 170N
Taemsquanguag 150 1BAA15UAZ Subset C 1iN lAsN1SUNINGUAZ 300 10N

4.13 %‘unau”lums%’ﬂm‘%'smmnmi‘lunﬁ%’ﬂmju

mssraesuuiFanafaienidumuenaisansadwun 1@y 3wy fe

#UU§1099N19YAU (Boolean Model) HUUEI1009N19ANA (Statistic Model) UazuvUSIAD
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a been get least our
about before getting left ourselves
after being go less out
again between goes let over
ago but going like per
all by gone make put
also can gotten may same

@ . o a o A o Aat vy Y
2.M1INITINANN (Stemming) lﬂuﬂ‘]iﬂ‘]gﬂlﬂu%ﬂﬂﬂ‘]ﬂi'ﬂﬂ‘]ﬂ']’ﬂl]ﬂT]llﬂl]'wﬂﬁ'mﬂu
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M7 4.3 UAAIEIB0IAITHIUNI IS INA Y E08ane3 7 Porter
fdun AIRFLNTNIS AT
Andy andi
Murray murrai
Run run
Running run
wl

DI=(wll,wl2,w13)
D2=(w21,w22,w23)
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w.

o o 4 aa
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D,: computer information computer computer

D,: intemet computer internet data

D,: system internet

UM 4.2 yamsgaenms lumsminwd

M3197 4.5 uarasnnudvesi lugaenms

NI 1 tf
D, Computer 3
D, Information 1
D, Internet 2
D, Computer 1
D, Data 1
D, System 1
D, Internet 1
M9l 4.6 uansn idf v lugaena1s
fin df idf
T1: computer 2 0.18
T2: information 1 0.48
T3: internet 2 0.18
T4: system 1 0.48
T5: data 1 0.48
T1 T2 T3 T4 TS
D, 074 067 O 0 0
D, 057 0 029 o0 0.77
D, 0 0 035 094 0

' 14
317 4.3 uaraaumindonas-f1 # 18 Tasmsiuanimidnvesiininauns @.1)
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od Os C% | iteration

Subset A | aiNet_eu 0.5110 | 0.0014 {1 0.2 | 10

aiNet_co 0.9985 | 0.6424 | 0.2 | 10

Subset B | aiNet_eu 0.5115 |1 0.0015 ] 0.2 | 10

aiNet_co 0.9980 | 0.6225 | 0.2 | 10

Subset C | aiNet_eu 0.5110 | 0.0016 | 0.2 | 10

aiNet_co 0.9985 | 0.6515 | 0.2 | 10
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Document Clustering Using Artificial Immune Network
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Abstract
It has recently been shown that Artificial Immune Network (aiNet) provides inspiration for
solving a wide range of machine learning problems. In this paper we propose the application of aiNet for

document clustering. Traditional aiNet algorithm determines the affinity of real value data set by using

Euclidean Distance. Cosine Similarity is used to determine the affinity instead of Euclidean Distance in

this paper. The experiment results show that our proposed technique gets better results.

Key words: Artificial Inmune Network, Document Clustering, Cosine Similarity
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n
NC = Tround(N~Di. jN) (6)
i=1

Nl

Ab : available antibody repertoire (Ab € ST,Ab=bJAb, )

Ab,.: totl memory sntibodysct{Ab,, € §™'m < N);

Ab,: d new antibodies to be inserted in AblAh, € SN'):

Ag : population of antigens(Ag € S"");

£, ¢ vectors containing the affinity of all the antibodics Ab, with refation ©
antigen Agdj= 1N

S 1 similarity matrix between each pair Ahi-Abj,\vith clement su.(i,j =1,
Nk

C : population of clones gencrated from AWC € S“‘");

C* : population C after the affinity maturation process;

d; : vector containing the affinity between every clement from the set C*
with Agj :

G, : the suppreasion threshold ,which defines the threshald to eliminate

redundant Abs, G rthe per e of reselected Abs ;
Gd : the death rate.which defined the threshold o remove the low-ufTinity

Abs atter the reselection.

Algorithm 1, Document Clustering by Modificd aiNet

Input : Feature veetors of documents Ag

Qutput: Number of document clustering V.

Initiatize Ab = [1: Convert 1 Ags documents into # Ags via document
representation and feature sclection; Randomly generate & Abs and put them
into Ab;

for cavh iteration do

for cach g, j= 1 li..u:l. E dgdo

Calculate j;,x'“ to all
Abifif =D, i=1, ND, = affinity(Abi, dg ), i= 1. ..M
Sclect 4b_ composed of 1 highest affinity antibodies
Clone the n selected antibodies according to (S).generating ¢
C is submitted to process of aftinity maturation process
according to (6),gcnerating C'*
Calculate /= D, among Ay, and all the elements of CD, =
affinity (C', Ag) k= 1. ... Ne
Resclect a subser C% of the antibodies with highest d,and put
them into M, es memory clones:
Remove the meomory clones trom A/, whose D> d
Deterinine s, among the memory clones:s,, =atYinity (M, 4,) Vi k
Eliminate those memory clone whose s <%
Concatenate the total antibody memory matrix with resuftsnt
clonal memory A-I',. wdbmi F-[.Umx;.’\l"]
end
Calculate s, = affinity LN, A6’ ), Vi &y
Eliminate alf the antibodics whose sik < Ov;
Al €—[Abm; A},
ond
Cluster A1 which contains # .4hs via K-incans;

Check the Ags of cach 4% in M to obtain ench Ag's cluster,

U7 4 uanadaneity aiNet
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