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Abstract

In this study, we proposed the Association Reasoning Neural Network (ARNN) which is
derived from ANN, can produce association rules, and open a new approach for association
analysis. Based on a numerical and a practical example, some conclusions can be gotten: (1)
The reasoning output value of ARNN is proportional to the confidence of the association rules
hidden in the data set. (2) As the number of neurons in the hidden layer of ARNN is decreasing,
the detection rate and the accuracy rate are decreasing. (3) The ARNN can avoid producing the
association rules with low support value by reducing the number of neurons in the hidden layer
of the network. (4) The association rules generated by ARNN are similar to those generated by

traditional association analysis.

Key words : Artificial neural network, association analysis, association rule, data mining.
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I 3 5 A7 (association analysis) & /£ — A A 8 BB 69 A 4P K32 — BB > 8%
R RAL B AT AR AT TR (LB SR E - MR TERS  T&F—
MiEk o FENHAT —REE o B —ERAALEER ARG RFAR L ECER
BRI E GRTBEARA] -

YA BB AT 69 il B B R 0 b sk &A% R 09 7% Sk A Apriori » DHP ~ FP-
Growth* (Hipp 2000) ° ¥z 2K 33 5 B 36 A7 77 ik LA <7 & £ PR R 09 B BE AL R ~ R 32 3%
HAE a4k s o 4 sk 252 (Hipp 2000 5 = $11£2004) :

(1) F A BAR % 0@ 2 R E Sy M e MM R K -

(2) AR (A R AR RAAOR] °

(3) SAA Y TARIAE A o lde KT 69 =A% oy 1% 4 B B6 o AT I PT AT 09 LAY ¢

B3 A1 : If A Then E (Confidence=60%)

B #1812 : If B and C Then E (Confidence=80%)

K%t A3 : If A and D Then E (Confidence=50%)

%A B C- DFIFF BB - ARG R 547 % Sk FARE R F -

CHHFSHARMN L BIZ X T AL SRR b ke R SRR ERER
[5] 4 J& B £ (Cai 1998 ; Chan 1997 5 Hipp 2000 ; Liu, et. al. 1999 ; Sarawagi et. al. 1998 ;
Zheng et. al. 2001 ; 3% & 142004 ; £45 F2002) > 2ER VAT RIeEE N HAEG) B
2E

30 4 S FA 4 4% 48 9% (Artificial Neural Network, ANN) ©7k 4L & IF F A 2% b4 I 4 AL A
EHE T B (AR50 2004 5 BRIZAL2001 5 3E 15 %2006) © 1% 4 L a1 R @ 2 A B HEXEY
(supervised learning) & £ - 124 A 45| 4% & 4838 7> & ¥ 4852 H (auto-association learning) & 3
BRAR T30 AT o 45 5] & J& A 2 F #HR 45 69 483K (Sonehara et. al. 1989 ; Abdel-Wahhab
& Fahmy 1997 ; Arozullah & Namphol 1990 ; Setiono & Lu 1994a ; Huang et. al. 1991; Abidi
et. al. 1994 ; Setiono & Lu 1994b ; Wang & Oja 1993 ; @15 » E4rE2006) o & HHR 45 2
FEHF & MR A A ABR R BAE R R I - —ERA NAER A AT AIN-M-NZ22 04 1%
W FEAN CREEEIMHER > LM N v BPagig e ~ i Aa Rl - 39 A RNHRE
Ht o RSO TEEUR B R B R A R G AR o EMAUNEF  RAegIL IR 0 2k Aoy FH
LTHRERE - BHZFREANFELLMARRNB(BRR D) ZEE 0 - B EL
A W44 - fiHopfield network (Paik & Katsaggelos 1992)#%associate memory A £ # 5] T
Z Ay e

B FAAY B RE R G B e RIGRAR QAL S 0 B A B & AT AR 4% B B o AT 7 ik B
FOHTAR BN SR BB 00 ) o R A oAb 42 e 36 R & B AL AL e BF AP AR Y o AR R
15 2 48] 4% I 4% 48 48 7% (Back-Propagation Network, BPN) & 5L 7% » #2 th Y B 96 3 2249 42 49
¥%& (Association Reasoning Neural Networks, ARNN) » & 52 B4 18 5 04 T2 8] 48 77 64 B 5B
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— B ARNNII4R T k4 0 [S4 f2esk P 6978 B = W oY B 0 AR 68 75 7 Ah 42 48 3k oy ik
B o %R R A A MR R RS R EARIR T o) BB AR A% 08 B XHE
B9ARNNEIA G 6y B BE A2k &1 > e 8 B # R e 8 B3 40 » MAARNN » Bp T3 A
e B e BB 0 AR BTAZ N TRBITIAR ) 9B B L H R 0478 B Br R B £ 5%
ARY » AAX=>YWHBEAA o HILARNNEZ AMBIAT » EFFAARKADE &L
BRAR D IFE R NEEE  AHBRR G EAT TIERREHEEE | 1 TR
B 4] o ARNNAY 4B 25 4 4% 4% 64 B 56 o 47 7 ik 48 R » ARNN@Y4EEER @ A E
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— ARG LAV MIER - BB AKIFI IR B LAY TEIER o
AR ZARNNEY 3R £ FH B4n T

— 1 2
E‘EZ,:(Tf_Yf) (1)
o
T; =4b 4g W3 G 6 B AR =X, )
Y=t g3 o b B o Hesm il > LA X

1

m— 3)

© 1+exp(—net))

ety =2 WyH, -0, )

k

HFnet; =2 BALZ At RAfA 3 W= % k BFE K E TR F Bk F T 0y 1k & e i
: 0;,=% jEMbs BT PIRIMA - H=% kK BFERE T MmN -

- )
1+ exp(—net, )

net, = Z WyR X, -0, (6)

B b net, = AAL X AHE Te Ao s W= 5% | BN B LI E k {B15 B R T M 64 ik & po i
£ 0,=FkBERETHIIRM - X,€{0,1} » b Cheth X FeskirE > Anik P HR
09788 RHBEAXAMAE]L 0 TRIAO0 - RES{0,1} 0 AREHALERE -

EOG)XF > HARE{0,1} 0 & —EREMALE » IR X,RX,...R X )& T R I YL

XL HER ) 0 mAEQ) XY T, =X, » &{T,T,... T} ={X,X,..X,} » sk &Pk
Ryt TR G IWIER o

FEO)XF » RE{0, 1} LREMRZ TR Z  wRANH MBAAX=>YA4£ - A
Cih R Support(XUY) KA L FHE TR > HAZHE RAMEBE FTRGEELE - L ohiE %
BRRR S TR AABXMIARY - #EHEME L ERE(0,1} ° TAEARNNEYET A
AAHSHERERSBERHUIFNABX M hpa 4L 24AAXUY - Z£ZARNN



NEESHR F+HE FOM

56 =
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AR R ML) RGREFE > BT ER M B R eI R Ay L B AR
T Rariiey "5 — A% AMARLCHKOIMNARX BB AKMGFINIERDEL
IR REABXUY ) 28K 0 bBr M AP 2 49 % (ARNN)Z B KR 32 o
% (1)~(6) X 69 ARNN M fL 1R 47 ey 1R R ik A T 0 —H 9 2R AR FE(O)RX > 12—
BT R sk Mk R o 2T @A L A—R—EIRIEH 0 F KB BILY DA
ey sk Fatr] o F5 2 — 18314k 45 3% (learning cycle) © —1B4A3& T AN 4k S ) & 7 2 0
BEEREEINREIR > EEEIRH -
i Tt 3 TR A 4 4 SRR L R R e
1 ZT w5 -
2 A3 ML 3 R o (A4 T 2 PTFRARL 60 i e 1 -
MBI RIS A B AR B RT ; EATEEEMAGEX
For i=1~n
{
A& A —18(0,1) 1 64 35 1 G % LR
If (R>0.5) Then X[i]=T[i]
Else X[i]=0
}
43R EGE Y
B B)~6) Xt L iEsmim i @E Y
53 HEZEFO
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(b) A TEBE £ E 6
(%Z[E@ﬂMJ'Hf(Lm) (8)
J

6 3t A i 4E S EE 0 APIR{AW 215 EE
(a) 3t 590 B (A 4E IRAS E B 0 APTIRAE® B ER

Aij(n) = 776ij + a Aij(n-l) 9)

AOin)=-n6;+ a A 0n-1) (10)
(b) ISR 4B RS B8 > RPIRA S B EE

AWy (n) = 76X+ a AWy(n-1) (11)

A O n)=-10+ a A 0 (n-1) (12)

7T R A AHEAASERE » R P RAL )&
(a) B AT b B A SE R - A PIIRAE 1 &
Wi =W+ A Wi (13)
0=0+A0; (14)
(b) B HTIEHSE (A SE 1 - R P FRAL )&
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Wii=Wit+ A Wi (15)
9k=9k+A Qk (16)
SEEVHIZ ST AR -

— -~ ARBEEER

& AR U Y 4S MR IR 0 B 2 4% 0 T MR P ST B AR R o BB AR B ag BT T o
By — B — P BB BEIR 0 BpAAF R Y BB ALR] £ %A B s T B AIAE T o
AR LA RX R AHAR BB TR EARIEATR LW TRRITIE REA
A o

FiT =8 — I Al 66 40 B PP & £ ARNNAG R ey Sy N B LB BF R AFF — B E (X)L L
1 H4 50 BEBARNNAERFEEMBE Loy Bd > g —WmEFE (V)i
R —Ta ey TR AITIE ) B R A SR HBARAI(X=>Y) ¢

Fif =8 = % Bl 56 ML B B & fE ARNN#E R 09 N B LR BF R AFF (B R Ty mAL &1 -
H AR 20 0 AEBARNN A A # & 649 BT AL ] o

%~ F i

—\%ﬂ

KSR —AG TREFERED TR EHEGEE SR - BR— B4 Bk
H20FE T = ¢ A=&84E » B=ihih - C=% 84T » D=4ET » E=&k47  F=R| T » G=¥2 %4
FoH=7]  I~-TARETAST A - H100F R GG+ - AEHEP :

Support(AU E)=32 Conf(E | A)=80% Conf(A | E)=100%
Support(BUF)=16 Conf(F | B)=40% Conf(B | F)=100%
Support(CUG)=16 Conf(G | C)=80% Conf(C | G)=100%
Support(D\J H)=8 Conf(H | G)=40% Conf(D | H)=100%

HEAI-THABRA — R BAMER - 3 ERZE A AEHBARA
Rule 1: A=>E (Conf=80%, Support=32)

Rule 2: B=>F (Conf=40%, Support=16)

Rule 3: C=>G (Conf=80%, Support=16)

Rule 4: D=>H (Conf=40%, Support=8)

Rule 5: E=>A (Conf=100%, Support=32)

Rule 6: F=>B (Conf=100%, Support=16)

Rule 7: G=>C (Conf=100%, Support=16)

Rule 8: H=>D (Conf=100%, Support=8)
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T R RV A B IR AP 2 IR IR LR R EAE G A o K S AT

1. & AR 5 38k BI4E & ARNN 693 &k o i) 2R 86 10) - 8 2R 31 4 Fm 30 2X 86, 19) 4R
Bl o A2 B & ARNNE A 8RR X, RX,, R X, RN, Xy X} > A
Mo B b R SRR KSR R 0 e R B ey R R -

2. 3% T ARNN#&y A8 Bl 5o R 1T SEOAAT B 69 721 4R ARNN © 21l 4R B s B A4S & £ 69
A S o A FARNNG A B AR AEHE > ARG —RIGE - by
L BT P UX=>Y PR s BARNN IR HE - 2o B2 - i E T4
ARNN & e o3y B G @ TS HEE -

3. 2280 ik A A —FERIBERA] o R R E E PIEAE R 40.6 - EAHBRAWES - B
THFHTH > B3R T HIEREMEKRAN0.689TER » 7] h I HE HH£0.35~0.6
if’sﬂ éﬁlﬁ B o

A% VA B B T At SR AP 42 M 3R E A 04 B R SR 3 B SRE A 04 B R R L AF 4

JR ST e M MM BRI P 0 48 3E A 645 L A ARNNAR 2R © 2 A Rule 2(B=>F)#2Rule

A(D=>H) =& A% A 4 & A& B R - IR B AL 5 5] £0.387#20.484 « 152 A &R A #

F B=>F§f1D=>H#)Conf=40% * A Bt F Sb & 21 6R R ey 4935 - B RDIM AR » &11E3

Sn > AFRHOEHME A RO EA04LE L - KA ER FIHEAL0.6 » Bk EARE o

=1 BUEHIRE Z BRI TS IR 2 BERE

E 3 HEL
g B 25 ¥ (Ninp) 20
1% #% #9 B5 3 (Nhid1) 8
4 B 25 ¥ (Nout) 20
£ 5% (Neycle) 3000
Yk F (eta) 1.0

Reasoning output of ARN?

0.1 02 03 04 05 06 07 08 09 1
Confidence of X->Y in data set

B2 : BEFIEMARNNAH R H ERE R PRIEEE ZRR(REETH=38)
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Rule1: A, =>E (0.625

Rule 2: B, =>

Rule 3: C, => G (0.827

Rule 4: D, =>

Rule 5: E, => A (0.999)

Rule 6: F, => B (0.999)

Rule 7: G, => C(0.997)

Rule 8: H, => D (0.978), R (0.378)

Rule 9: I, => B (0.718), A (0.367), P (0.357), R (0.451)
Rule 10: J, =>|B (0.489)

Rule 11: K, =>

Rule 12: L, =>

Rule 13: M, =>

Rule 14: N, =>

Rule 15: O, => A(0.642), D(0.917), E(0.678),
Rule 16: P, =>

Rule 17: Q, =>

Rule 18: R, =>

Rule 19: S, =>

Rule 20: T, => |H (0.489), E (0.381), N (0.372)|

B3 : BEHIEAARNNESE Y —FERARNAR B (PR T #=8)
(MFFHEE R REa H (E7£0.35~0.6 2 FEIRYIE H)

Ao WEIEH BT ATATIE 09845 B 4 0 ARNNL % 3% 24638 2k - &5 &
Rule 9: I=>B
Rule 15: O=>A, D, E

BHRHEER

I=>B#)Support(I,B)=3 * Conf(B)=75%

O=>A#)Support(0,A)=3 * Conf(AlO)=75%

O=>D#4Support(O,D)=3 * Conf(DIO)=75%

O=>E#4Support(O,E)=3 * Conf(EIO)=75%

WRARBATRAALSGESGERLT » 445 L Support¥Confidence# X » VA Bt
BCEFII AR R0 HIE - AFI(RO)IMARF - L B(SRA,D,E) Y b A & 70 % B P4 1A
0.6 » M & £ BRI AA -

Rule 9¥ZRule 154 &4t ¥ o 3 ERAK > o R4E AR LRI >4 > TAFEB R
BRI LA AR R PEFRZ o /2 ARNN#R b sb —HEFR ] o & 3k - AF ARNN®Y [ 58
TABHRAB NGB ENSE > FEAEEBEDERE THR > 2 PR L T4 P o) L3 K
BB R o HiEHM B AR HEGH G B4 B The » LHFERIYI=>BF W
HERB LR - o X FERRGMIBERA(A=>E  C=>G * E=>A ' F=>B *
G=>C ' H=>D) L st B AL 1 & -

SLAR R & QAR e B 5 o Bl & & 0] 69 1=>B 5 w45 AL B K3 S d A E
& KA R PIAR0.6 » MR R o B LA TRRE TR E2T R &AM BB AR o T Lk
VISR BT AR AR R P 09 Z KR B AR B o
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MBS T4 RGBT R ERIFE  EIFAEHCRTE—MEAN
RA@BHERi@B o ARNNZ A AR ¥ 35 Pk

8 — Bh AR Lo vy BT o AT

4& AR o im0 ARNNET AR 32 50k B PIAS A 30k v BB R Bl eg 8 B 5 A K

&R T B R A RS AR SR RY BB AR 0 & A

1.0
09 | E=>A (Sup=32)
F=>B (Sup=16)
08 | ’
G=>C (Sup=16)
L.<a 0.7 | H=>D (Sup=8)
g 06 A=>E (Sup=16)
bo,) 05 r C=>G (Sup=32)
E 04 |
03
02 &
°
0.1 a
H
00 ¢
0O 01 02 03 04 05 06 07 0.8 09

Confidence of X->Y in data set
B4 : SEGIERARNNAH R H EEERPREBE 2R (BEE T =2)

O=>D (Sup=3)

1

Rule1: A, => E (0.832)
Rule 2: B, =>

Rule 3: C, => G (0.829
Rule4: D, =>
Rule 5: E, => A (0.949)
Rule 6: F, => B (0.999)
Rule 7: G, => C(0.951
Rule 8: H, =>[B(0.457), D (0.993),
Rule 9: I, =>|B(0.591)
Rule 10: ], =>|B (0.405)
Rule 11: K, =>

Rule 12: L, =>

Rule 13: M, =>

Rule 14: N, =>

Rule 15: 0, =>
Rule 16: P, =>

Rule 17: Q, =>
Rule 18: R, =>

Rule 19:' S5, =>

Rule 20: T, =>

E5 : BUEHIBAVARNNE /Y —FERARIR A (FRRE T #=2)
(M7HEE Rt REa H (E7£0.35~0.6 Z ERYIR H)
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&34 ARNNZ IR A8 A8 71 > T A4 i % (detect ratio) % % & (precise ratio)fw & 3% %

(error ratio) > H3H Fikde T ¢

LABER BBERARR)  ZHMANE—FX 5 P AL 510978 B BRI rh A £
mBIEAERZEE » BB AMB AR FHARMIZMEMIEMAGAEZIHK
B RBPARAE L RZRI N AEHZCEBHB T > MARNNERATR He A28 R
A -

2.BE(EAABH) : RABWMANE—F LG P 16978 B Z B R RA] L5824 1146
FARZHA - RRPEAEEZRIB G ARZIABEA o

BLCIA(ERAB ) R WME TR » RAIGANZ WM B FIEAPE R A JoikH
Al 23 5110978 B 28 B » JFRP ZAARNNIERBEPTR B 0 A5 BARA KA -

4 ¥ E HAANKSAB LB R EEHARNNATIR B 69 4552 A B B fosf 8 L
JEZmb A AR KA AL -

5. 8RR G ENKBAC B WAHZEHARNN K By A% AR KA ik L
ez e AR AR A AL o

6. k3R FE A7 HXBDE AYDELMEMEImAMERL1097AB & i EIE &
H B0H R A0MPE B ¥ - MEA LT AME ETEA -

FHEAG AL T FERE TR B EyAITIET o LB S & RAw k2 -

W & T 4o

L2 PTH & o AP S BF » h RMK 0 BAEEME o M FMG T EER
MK 5 T HZ M A R Ly B A% o

BB EL FRERARELEMS  AREMIK c STRARN LV EEBNERE LK S
B TR R ZOMBAR > MEEEE LV AR R ARERE O RBRA
F i A K6k £ o

&2 : BUEAIRERY IR H R AN EERE RAYFI(L

& 7% P A LR RA TR B ED | EEED P &=
B AH i AR (A) | AR #(®B) | B RO (A/B) (A/C) (%)
0.7 32 153 35 20.92 91.43 9.66
2 0.5 35 153 44 22.88 79.55 9.34
0.3 42 153 69 27.45 60.87 10.14
0.7 35 149 41 23.49 85.37 8.32
4 0.5 44 149 60 29.53 73.33 7.75
0.3 59 149 112 39.60 52.68 8.80
0.7 26 154 30 16.88 86.67 6.99
6 0.5 32 154 41 20.78 78.05 6.57
0.3 47 154 87 30.52 54.02 7.39
0.7 27 147 31 18.37 87.10 6.45
8 0.5 37 147 48 25.17 77.08 6.15
0.3 51 147 90 34.69 56.67 6.84
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HE R FETIRPARRREN R AL N c MR E LR ERY RS
HBAIEREI G - F S TR LERERRGEE L AFEHERFF ey 58
BAFRE I - @M ER T LERINAETATTEHAFBIF R EHE AR - 22
—HREEOA T E AR T T HAA L RE T RBAE AL - Rf R WS R R E A
R - W EJEEREMBEGRE LT R SR FER AT FHEBEAKEEG
MEAR > FRABRFAE > RS EFEET F09 RE CGEBR - £i£3£20006) -

AMAFWERAMAIEE ST ETHOMETRGMBAR - BAN LR E
ABAALIERE - Bl R Y BB EE > % E 44 M 47 {Data mining, Business, Data
processing} * B R KA E % & A 3 B 4 A B4 F Data mining © Business » Data processing
89 F o AT 2 B AR A -

AN ;& —AE A AWM TF { Data mining, Business, Data processing} i » # 80% #

#AE G R RH ST {SQL)
MAN : F—AEAAENSET (SQLIFF > A70% #9#F & & 54 4k 5 {Database}
A3 % — REH LM AT {Data mining, SQL}BF © H60% e9# £ & AT
{Machine learning}

BR AR &LV VAR B 4R Bl 48 FSQL  Database ~ Machine learning ) & 4o 3 Bp =T #¢ B &
&Y RBYE X JRIEBOMTRE AT -

B THRAMB W AEAASE - AROHBRANZTaM > KRFRATARELANYE
MIREGRXEMELHREE - EAARTY  HF—ATHHMRE—% "ék, &
ATV HMEMMTALE—E AR, o  AAREFTFHLT

MELZHEFTFEHRE AR TEANARARELBLHET  #lo

" datamining ; * " Information Management ; " Database management ; * #| A
TR R HBEME M REE EEEFER B EROMSTE % -
MARSZHOEMEZ S AAR  ZAMSET  AFREBERAEBEAALGT X
BBt - ATEAT A R e BB AR A -

(2) B4 FHAAAL S E 2] o B4 FACEFAL o B A BBE S AT KB R O & R KD
B > flde T Data Mining ; #2 " Data mining ; € #% 4 & W 4E 1< [ 64 B 4¢
FooERG R o KBl FE & THRE (decomputers ) &5 Fi& — 4
— B A RBRAMBIANORE - @BERAFI02ETH(EH) 4791878 A
(Bl4EF) > PTA AR (B4EF)A3 HH2140R - HEE B (M4EF)F3H HRIS5K
(=2140/479) » % EHH(E ) T35 £2.418 M bt 5 (=2140/902) -

(3) A& MW ¢ 3 AARNNSHTE £ BB A - ARIEAEFE 5 B0 30 T4 2] W AR
Ay e
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BB T IERER

A X FRASQL server2005 84 Hl ¥t o A7 2 A & £ B AL A - ARIE T B 5547 2] 09 B
Bl AP ASHE E R T 30%, 40%, 50%, 60%, T10% * XAFEEXT2, 3,4,5, 6 £254
WA o "7@15’5 TOBIHME S IHAEKKN  @RBRKRSUHBARE  AYAHFS TS
R AL FEBL S LHFAKSE > XEHRR P HBRA - L AHZ o0
QR AIMIE R - Gy Y S APTEGIRE &R F — MR F MR T
B R GH —BEBRRAEPIEA A - MICRAFE — BRI — SRy
A FEN HEBRA DT > LR H —EFRORECHEL - XFAFE > MK
A BIBRA 0 ] (TR M) BB F(R ML) MAH M CRE - W RERMBANZA S
S H(THM) BITRSEHEE - 2HE 3 RZ 0 BRRXEE(REN)  BITHRKZ - &
WAL E S ROE A QY RIAR AR R AEHE=50% » X FE=38415 T PTHEAT 099045
TEHLA 6y s H (T SE M) B (R M) 438 - Bk AFFRIRALSH > EH A EE
BB AR T 4943 T AR M4 8 ) (B 6) o B P 4T SR by BT A AT A A B 45 v B A B
BIRAR o
W E 67 4 0 &AE T%EJ bS48 BT A R 1918 T 4£#F | (communities) :
1. A#HR 4% © &4 Data mining * SQL ~ Data processing * Business °
2. AT BB 1 6,4 Artificial intelligence » PROLOG ~ LISP -
3. A %fﬁi#”%lﬁiﬁ &, 4 Fuzzy systems * Automatic control » Control theory °
4. &FHAEBE @4 Statistics © Commercial statistics °
5. B % 4k By 2 AL BF ¢ @4 Computer-assisted instruction  Internet in education »
Education * Instructional systems °

6. BG4 B 4:#f © &4 Computer animation * Three-dimensional display systems
Computer sound processing » Computer graphics °

7. A Z $y4#% ¢ @4 Human-computer interaction * Virtual reality ©

8. & & F I MMISALEF @ &4 Management information systems * Information resources
management * ERP  Production management °

9. ## B ALEE ¢ @4 Relational databases * Oracle °

10. B #H & HALEE ¢ &4 Data structures  Pascal » Modula-2 ©

11. ERGAZ X ALEE ¢ @4 Computer programming * C++  C ~ Electronic computers ©

12. 3k 8% T A2 4L %% @ & 4 Computer software ~ UML * Object-oriented methods »

Computer science * Microprocessors * Computer systems ©
13. B3l 24L8F
14. EHE 438 48% ¢ ¢4 Computer networks * Data transmission systems °

4-Computer security * Data encryption * Data protection °

T @

15. #EFE4a 354 2F @ 8,4 World wide web ~ Client/server computing °

16. 443 & A ALBF © &2 Web sites © Web publishing °

17. #k B¥&4L#F © 6,4 Microwave circuits * Radio circuits ©

18. #4218 FAALBE ¢ €4 Wireless communication systems * Microwave communication
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systems * Mobile communication systems °
19. ¥E ¥ & #4L%F ¢ @4 Operating systems ~ Linux °
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