B2 RLE IR 5

NAHZR oo




1996 # P A LR S5 K AL ( CN—96 )
£R 4224

EBEERS

S SEw F & NafE FFE OMHERK UER AMEA FE K FES
MRE BEE Tk R # HBEE BN #Rke FEX WEER ¥ B

ALER. 2% HIR
AKEeHRERE

E KU B ABR AR
E B A&y ERK GEK 8 F BFE KRG EEH TBE

LEFERS

E B W OB BE
T R BREM EEBER FRFE EFER - HHE THF NRX

ReP4d

i & BARE ERE

R OR: @K # B EME XM XK EEHN REF EEH PR

i

ARPRAVEMEER &

T K RGH

BER: D% BER #FEH OKIE U BEE U F ¥ B

:F & BEX WMYE NER EEE F Ok FEIFR FEE FHR
fiA¥ EIZA ERAI TR TE8 B8 BELE HE& BRER
REMW KEFN KEE FILR HFEE BEH XRXF HAL BER
HRER TRE RTFE #R#E %hFEH %%¥ R % BFAL =i
CHER EER EFA BFR B OF EERX RKEOY CIEREXATF)

¥H
: |



T
PR E SRS

FIR¥®



FF

HERERLUIEERBHM T FHA. BANTERPHIFTE ALH
GMHEHRNFRATERE ZERE L WINPT TERERAGY
REMER. X, BH. 8. XRETVEERR, YFFIBAXCSHREE
MERRZEE, 4520 HEREE4NHES, EATHEMSERHR
BAEBAT KBHIASNEE.

=N OFLR, RREATIHZMENHRAE, EHT 2EHEENS
fX. BREEHR. BRAARZERAITINAERERBEEEZETHITY
T, WA TFTALHENENHRLY EXNIF. £PEHENBFLNART
ST, HARAKEEENHEMSHERSWEILT . fix. AERMRNAN.
TR £+ TN —RFIBA I 1996 FHEMEMEERRSERT
AHXERFRERT, BRARIE AR TR e MR TP
FIBRANERRE, XRCHES, mE “BFEETE, BRERAX QEE
Bix, BHHFH—KL.

REBEFER2IWB|EAR B L 256 5, 2 H 84 RiFEH &8 HT
W, BN RERABTE LG, BEEARARX 1971/, Bx
BX8H. B LRE, BXEREEEE L — S BAMENE EiE—S5 0
RS, APEFRETIHEEETRER. HKEH, rEEREBREMNSH
FHRPFLEHDRR, GREANE AR,

BMPHEFEEFTEN LKE¥2ME—EHEXVNEBEARSH
AT, BAEALEZAR. ERTKEENFHFINBRSSE, B
WARKERNF . B THERFEEB R RGN IME, ERBWAN
B2 R AR AR R K 2 R TR SR AN S AR BT A8 B9 TR

il

RKEeBFZERS
1996. 10 FRL#



H X

—. fifHE
1. Consciousness Machines: Theory and Applications --«te-srerrrermrrmsrnenreee Yi X Zhong 1
2. — MRS ETMBOFTA L HERIGE ooeereeeeene ik RALE Tok 7
3. OB A — R S BBLRMBRE oo REA BAE BEE 13
4. BEMBRETHIOBIR S KRBT -ooooeeersmoomssmnesseesnes REE 19
5. RSB EITHEEERRBAIHER - » X 25
6. BEZSBABEMEBARIE oo AEX 0
7. X FHERRE S ETRREMTR oo h W KLz AN E 38
8. KRS HBHEMBERIEIIIT o oorrrrrrrriiiie e TR — 48
9. MEHEIEE ATHBREE -oocvvvrermerre et ®HhB® 56
10. FRIAPIEE DT L ZBIFRBYHER - ormeeeeeees Ceeereseaesireeas Hem Lagik 62
I\ Mg RERIE MYSTR
1. B A T REAT TSR Hopfield MM BH k - 2BHIGHAGEMH oo
....................................................................... F4p #p HEER 70
2. ~ERHBYRBEGERIEEEHME oo HNaT AEK TS
3. RAFSUEMAL T DICNN MR BT R - eeeeeeeeeeee I % ki 79
4. BT REEB NG =L Clipped BB - vvoveveeeveens Emic bLH KN 8
T PRI LR A LT SRR k& 2 ¢ 88
6. R AR M RIEE TR Lyapunoy F5E oot mAR xH 02
7. BMENE R REATRBETILT o ooerrreererrrereeriamnmiinn.. EXE 97
8. ETFFMAHMBAITLZAE oo *EE # @ R/ # 101
9. EGEMABATIZRBH S FRURAIE wooreemrrememeem e £ B 106
10. —REHHAEHERBHETHE oo W W KK 10
11. DBBD X @it BB BICIMBRIE B  ooevvrmreeemmnnnenee IEE ¥ ¥ 114
12, BRABCIZ BT B — PR It e ek B F BEAR 118
13. Ji Hopfield M8 SEBL LD £ BERAEMILE ooooeeeeernenninnnnns Mo HAKE 121
14, B A9 Hopfield B B SR L8 MIPERE ST AT -ovvmemenerencnenne X WM 125
15. ATRJLM DT SR Y KAE R M S RB B oo ¥uly ko 129
16. FRME B VI ARRRRFEI BT oo B 134
17. Neural Network Design Considerations ++«vrereeereereneee A. N. Refenes Liying Chen 137
18. MBRAHEILEERARGAITIIT vveerrreerremmirresimisinses e
.................................... B o SAM FRE M F OKAN 147
— 1 -



19. FFXRBFEE LR EE CMOS TIEAR -ooooerrreereemeen Eiad REN 151
20. WTA RBRIBURIBL R I -oovevreeeeemeemermeeeees THE TR KEH 155
21. % BAM BBAABLIIR e rxiE BRE RARE 159
2. ERBBR ST RS ROFETRAEMPIR oo
................................................ AbE BAER nE2E HTE % 4 163
23, WP HBAFNPLIEMNE — R Gibbs ST cerreerrrerern &Hr-& 167
24 HEMBREESFHOBEIIE e RIE B F T2
25. KRXEHM BEHAMLABBR oo W ok H & B R 176
26. The Main Field Approximation to The Cellular Automata of Nerve Growth ::<:cwreeseeeeeeese
.......................................................................................... Changfu Tuan 180
27. KENEEALH A0 B HLFBITT oo % ik K B 184
=, $£3IM%

1 —FH AR BE TR IIIE oo E A X85 188
2. ETRAYLEIRENNABRBCILRBITE obi-ih AR £EH 1N
3. FFIMIERLN BP BRI oo
................................................ XEE T & ®% #% $—% * # 197
4. Sigma-Pi HERIEMREE I oererermeroreee LEE XA BRT 201
5. —F ¥ B Boltzmann HLEE T HFHFIE oooveermemrrrmmreee F&#H ELL 205
6. WIRERBTEHKBPRE oo RS AWK KEAR &E—- 21
7. MEMEBRBEIRERRUE o e REF T RS
8. R A Wolfe IFLI & & Ry W 172 T M BP HIL oo kEF R F OF F 29
9. LRSS RGP BP WKL BB oo EAHE EZAK FEL 223
10, FEA MBI T RRARM oo L4 ¥ ¥ FRKE OB
O §0273 . Solve: 320k TN c3:5 ) A ¢ I ReAds ¥ K OFANR 22
(2. —FhELR BIERI2E ST RE) BPRIBRE oo 3§ ctR¥ #ak 23
13. AR AL SR B SRR e Wik B ARE B 24
14, SRR IEEEREB/MFEERBER R T REE oo KEE 247
15. CUSI # B TTBIBY B H R -oovvrrrrmerrereenerrerimeeeee LE%x H OF BME 2
M. BRI S RIENE

| —RERERREMSRENERMRETOMA oo kK F & 25
1 MEREER N RERNEEFRILR oo Tk &FE KR 261
3 E{ﬁ@ﬁﬁﬁﬂﬁ]?ﬁﬁglﬁf&dﬂ%ﬁ?ﬁ ............................................. EER 265
&, FIFREEECIBRERTRIRERIFEST oo ® F OMBEL 20
5. BREFBTF XL EEREOERILE oo ¥ ot kKkE 24
6. AMSMEMMERERBEE P CREIEFEB  oooeeveerneenes £Xz B L 28
7. BEEAERWEERAYREEE oo FEER MR RRE SR 282
3. —-ﬁliﬁﬁ TSP m&i&’ﬂiﬂﬁﬁﬁ:‘ .................................... ;;.]._%_i _ﬁ E- 286

—_— " -
'



b LN
& EH
K
F %
) B %3
¥ &
kX £
¥
#* HFU
¥
M K i

290
265
299
303
307
312
37
32
325
329
330

331
335

52
356
360
365
370
374
378
382
386

394

395
399
403
410
414
418

9. MMER B EEMRERET e % F onEL MIH
10. MAEREEREBRBBI FLIEIE e E 4 ¥Aax
1. BEREE BT RE R FRBIT s HEK
12. BT REREORRBE AR o mox % B Ok #*
13. B— X WY PO LR B TR - + K#
14, —FRBET EWERBAELTIE o XX
15. & F B Hopfield M & W & M 45 R K4k -oeee- 248 RWEH
16. 2R R\ ERBHREVBEBIIT oo X
17. SAW BB BT NN SR S SAHE - 4 F # #H#an
18. K TSP IR A BIE B E BRI e I & X
19. iﬁf&ﬁ%ﬂﬁﬁﬁ ......................................... ‘f"ijiéI— f_,[_&_g_
. NS EMEL

1. MFNLR SR M SR g R R BT HEE e E #
2. MMM EANGE —F R SEHEEI
3. BB IR AR IDIZREE e ¥ %
4, BEHIBUB A E M ERMHLREDANTR - ® X k2
S. AARAGHENRZ TN EREBRAETHIE e
........................................................... £k Mhik SRE
6. BP MZRIEBEM B HEMPIR e EER EFTN EHE
7. ETHENHZMEMRHANERMEHEE o A
8. — R UHMERBREEMERIERIE e *44
9. BMZRES ATHERNBEHECHERREME e Mm%
10, —FRABMIAL FNN BZETJRH s W % Ig4
1. BEESHRUENRE THALR BP RS RLE e K
12. GEUBBE T B FAM SRR - mmmeeereemrinnes * & /AR
13. FIABHIAT M M2 R g IR B A s - £ K Fak
14, DIFNN——F S RO IBI PRI 48 -ooovvverrreeneee B W KRR
15. ﬁMﬂkFﬂ@&ﬁW%ﬂ%ﬂ'ﬁ ....................................... -;j_“.!g-ﬁ
16. M BERE SFREBIS LLIRF] oo 4
A HERg S5 AIREE

1. BRASREHARE S RANREHTR e AR £
2. m%ggﬁ\gﬁﬁﬁgﬁﬁﬁgﬁ% ................................. _:;_mm'
3, SRS RBEMNE —FFERRR oo wiE
4. RTRUEBMEBAHHESRBBER e & KA
5. %?%]EWAI#%W%E% ....................................... iﬁ_ﬁ
6. % Alﬁ‘ANN ............................................................... *#i
7. ﬁﬁ&ﬂ%ﬂg&ﬁj;ﬁﬁﬁmq:mmm .......................................

_m_

421



8. —FETFHBRESEFE LSRN LI ELUTRLE +-vvorverererorreensons

........................................................................ k3 & ,&,H._K li*‘? 428
+. MNERRER

| BENEEREN—BTE o Fihiz MER HEZ BHRM 4R
2. BT/ METBRABEMBNERESR FHz HOR OHER BEZ 436
3. BAPBNEERRBIEGPR oo wT& AR HAXK 40
4. MESTEBEIHALEOE oo E B A KRE RES 444
5. KM THERATRRLEZEH - FEZ MR d%E Lk g
6. /N 42 54 7 A5 5 D 01 P — B P AL oo mvvv e
............................................................ 1] 1'_*' 2&&‘# ﬁ*ﬁ mﬁ& 452
7. N A R B 2 D e )L — 2T A BIR FEH - evvvveeeerreemesernnes e
........................................................................ 48 % 4 EKBE 456
8. EFMEHSRENERETHERRGHA o K2 XA AL 460
9. FRHMBRBHMAE GEIE oo I4¥H 464
I\, HEBRE 5H8A 5

I. The Criteria for Cluster Number Selection on Real Data and Image Data  «<ee-eceveeeennnen
........................................ Catasrsssasrasrasan Wlng'kail_a.l'n llﬂ‘yiﬂ lelmg Lei xu ‘1‘68
2. Comparison of Several Clustering Algorithms on Real Data ~ w+orreeeerersrnsinen,
e et e ey n e e n e aaenns Wing-kai Lam Ho-yin Leung Lei Xu 472
3. SRS B 40 2 B8 1 2O TS 2B oo Ribx B 476
4. FAAARRBBE G £ AT oo KRR DR 450
5. RYERTIMMILE 51 2885 5 Fisher BPEHI - oovvvmmmmnrennnnnnnn, Fte Bk 484
6. WIRRD 5 A BEREBN SRR oo RMeW HEM a8
7. TS BERREAIBHRTMRIE e F e 493
8. XF/" XBEIERMRIESTE RO —DEE oo, KR 497
9. Kohonen M 45 )25 8875 E iR BI BB -+ rovroeeooee KRS EHIX BRE S0
10. ZETFHIM Kohonen M 2RI 5 BRA HAREBI BB R --ovvvveeesionen e R
....................................................................... £ d8 H E OAEHX 506
1. EFH ARG EE B ENR—EBE s $AK SII
12, BUERA EAREW BB BIRRGPEIBL oo EM RRYW 516
13, BURA B TREAB TR o orrvereroeosenesee, Mo % B s
14. BP RIS T B F B BB FRHBPIT - oomoremrmen HEF % & 55
15. MEE RSB B MBI (HONN) FHE o
................................................ Howm A ARE L F % B 530
16, —FEHE HIRBEREREDLBGIIE - rereerrerermremrnene s
................................................ P 448 ’*'lia.f- ik AL 3 i*iﬁ FEA SM
17. BEUBEERI S S ETRM oo HEAE ¥ K 538



18, ARMAEBYRBRELR U PP PPN G#H L 542
19. FFERSTTRGETE BERGH OCR G oo # ¥ 546
0. —MHATHASENBEFDIBBAETHE s £XH 550
2. BT ATMERENEHHAY X BB LTI oooveeemmmeremmersmrnnes
........................................................... & K EZkE MEHd K8 54
N RERMESES/EE/ERALE
L ETHRBEEEGCRESRIEESR oo kHEE SHE 59
2. BT MLP MBI EERES oo XY % K 56
3. ETREMENSIEBREL DRBEMR oo Mk X & & 4567
4. FIRHBERENARFTEATIREABA o 2 R K O ERE 571
5. BXEERMERMBATBEFRIRLE oo kAH XA 575
6. BEEVRINITNBERMENAHE - Kith HER ¥ K HSK 519
7. -HETHERMENBTFEFBORE oo 5 £ WwE K S8
8. & Kohonen M4 AT BLRBE A GFYLH] - oovoeveeesnennenns Fikjr HEE 587
9. From Local Interaction To Global Perceptual Correlation Judgment of Apparent Brightness
and Perception of Subjective Figures as Case Study «++-++ Zhiyong Yang Songde Ma 592
10. ERAMA MBI BB I e o ovorvvvemeeeersrsssecnsisnans T RdH 5%
T L DT R, P YOIOT 23 IR ¥HE  pH 600
12. ARMIBSFOBEMME T oo #Ht Xl REX HAL oM
13, HTF WS OE R RIBILTIT oorrerreerennroneonns Tk BRTH HAE 608
4, —FETRERDOBRFABHERLE oo gl # & 612
15. KA DOA it P RASBOMERH B FPL KHH KMT 616
6. LNN BAAORFRL --rvovvveeonereooe $45 Nek B A KAL RHKR 60
+. MEME 5% M
. Blind Equalization of Nonlinear Communication Channels Using Recurrent Wavelet Neural
Net“'orks ............................................................ Shjchuﬂ.“ HC Zh{!nya }le 623
2. The Initialization of Adaptive EM Algorithm for Channel Equalization ~ r+r++e=srervevereescrnn
............................................................... Fal Yuﬂg Chun l.lo Wﬂ']g I_ﬂi xu 62?
3. ATHEREIE ATM R BE R v & &% xER 631
4. HREBAH W SRR RILEBR oo, ML 635
5. —HETHREMENIEREFWBEARENE - FHE ERE H £ 64
6. —FhHSRE IR IFILER -, HEM BBEE 645
7. BT RHEHERER Eﬁﬁﬁ&ﬁ&ﬁ% ......................................................
................... cee. LEE LA THE BT 5 H 649
+—. HEMK 52
1. At BP W AT S RBEBBAI e & BEE 65

—V —



713
717
721
725
729

733

2. BETBBRHEMEK AN PDEHE e AN MY

3, P BN PIDER - %

4. BT PDIEMEUBHEDR e I F Imk

5. RTHBSRENUBIGENEBM oo

6. HEMESBMEREAWBHEASHHR oo A %

7. HERSENENBEANEIBERPONA - 2 # F X

8. AT REMMY MG B ABMBHIE o EEE RA4R

9. RAMERURRAENERME—FFHTE oo 9%

10. RAMSFAENBERERERTEEERBBOTIR oo
............................................................ 4: » %’Kﬁ‘ “E#

11. #ﬁﬁﬁﬂ%&ﬁﬁ#sjﬂﬁ# ................................................

12. —HBGER WS PID HAANBEHH AL e "R X 7

13. RAWMSREN EENBMFIT oo ALE BEER FHE

4. BEEH AR EENE TREE H) T
+=. R A (—)

L K CEHRMBBREER oo *1h ¥

2. WMBFEEARBKFETURBR e A

3. BPM%E*Xﬁ&*B{J;}E& .......................................... g:imﬂ.:

4. ATHEME KRB SHRMFEOHRR - Ak £ # TR%

5. gﬁ%gmﬁ%ﬂg&ﬁ*&ﬂﬁﬁ ................................. = A

6. EFATHEMENRAMBEBMBBBORTN I oo
........................................................................ STEA FhEH

7. NIRRT B A BT RGBT -orerrerrrmrrem it
..................................................... b * 1% 5_&%; ﬂ}gg

8. N FIEES BP MERMHITREDHSREY - ¥ AE

9. MEMBREH R BERFTTANBSBABPHNA - B F

10. ATHESREERME TN PRRA - P % BRA

1 ATHERE B TIITBR oo RS E = 2

2. EFREREOHLMERATHESBEMAMEERG] oo
.................................................................................... kEE

13. UGEHMERRNBE A RBEFRNTIRBE S o
............................................................ ﬁ&‘l‘] *;J a i‘&’\t“&

4. MRS HITHBESEEE e Poatdr HARAW RRE

15. AMT PR RERBEESMARE oo kEH EEHE

16. XM ZPE N AT RLBBEHBHRMBR oo

17. RMH SR AWM TR oo #ekzr ¥ W LEH

__V[_



+=. HEA(T)

AT HRREN D ERBBBP AR oo HAR 780
2. RN AN ARG shksr EIRE 78
3. WESS LB S W 0 B S B K BP £ TR oo $4E LBW 790
4. RMEEHBBABEAIHI (L) oo Mo# I ¥ Emk 79
5. MMBENMSPEEARB () oo Bo# E T Imk 79
6. REFATFHA UM —FP BPRLE «-croorrserrreeeiaemeineanerineianes ¥ A ERE BOS
7. PDP MBS BRI A0 o vrerer e X488 809
8. BP9 — 0 BLHE 5147 5 o B ULBR S S BT S ORI -ooooveeseemessseen s
........................................................................ #IIE HRN IT4E 813
9. FIBMERETAMAR Y ETY REBIRIEIRIE -+ ovveeemrrrrneres e e
............................................................ NELE #$FE% % £ XX 817
10. Financial Time Series Prediction by Finite Mixtures pnd the EM Algorithm «++cvevceerrareereees
............................................................. Chun Ho Wong Fai Yung Lel Xu 221
1. A BT M MBRE I ooeeemreeeeoe Xia$ HEW AWE 825
12. F R R AR ZE R B U R BRI --oeeveeeoeeoeone e AewrHr 829
13. MEHEFEREREBEWABILI oo MRA 833
4. ATHEREATERLAYE BEW—FEHLRTIT oo
............................................................ ,H-kg_ ;\M'j:ﬁ, T75~1 *ﬁ}iﬁ 837
15, BRI T A R AR KRB e A BRH W M 8
16. M2 A FE R AR E HERMBF LR oovoeverermmeesnnsnnes ARAE 846
17. Fuzzy GAAEH LR AT RRUFHERBEREEAT oo
................................................................................... Eﬁ:g 84K 850
18. Fuzzy £5 &P AUER BB 0 R B E YR FPRRIN - % = SEE 854
19, —FMEIFMEFITRRBER-ATHERE R ATRISHFITRRY -
........................................................................ SEF% IRX FrE 85
20. ALHEMEEBEEFERERAT RIMPHRA oo wER 86
20, RHATARZ R 8RR R B AR AT e % & X 9 864
2. ZHEFEREAA T WERBALT BRI oooveeerreromnen SHEE % & 868
23 AGIBES MMM ARRYRE o FRE RRAT kAR ALE 82
4. HLRNBEREFIERIPOMA - ) £ BBRE K ¥ AR 8D
25. ML R FHGURPBORAT -+ vrverrrmommenseersssnn IHE 8
26. BP MUZREEFENE M A 0H FUZZY FEBIFRRGLRT oo wER 875



< FHERS

Consciousness Machines: Theory and Apylications

Y: X Zhong

Dept of Information Engineering
University of Posts & Telecom
Beijing 100088, China
e-mail: zyx @bupt.edu.cn

Abstract , _
A hypothesis on generative mechanism of human consciousness is presented. And then, 8
new model for intelligence systems, which we call the Consciousness Machine, is
established based on the hypothesis. The essense of the model 1s an integration of the
comprehensive information theory, fuzzy logic, neural networks as well as expert systems.

As an example of the many possible applications of the mode), an analysis on natural
language understanding is given.

Key Words:  Intelligence, Consciousness, Understandability
Comprehensive Information

1. Introduction

It is well 2~zepted that the objective ¢f the research in such fields as computers, wiificial
intelligence or expert systems, neural networks, as well as robotics elc, is to create many
kinds of intelligent systems to help human beings perform some of the sophisticated
functions which, in the past, could only be performed by men themselves.

Although many exciting progresses along this direction have been made, all the successes
we achieveed so far are considered far away from what we would like to achieve. What we
are concerned the most today is to build up machines with some sorts of consciousness
because any machine without consciousness cannot be well regarded as the one with higher
rank of intelligence. In accord with this criterion, all the artificially intelligent systems can be
divided into two categories: intelligent systems with and without consciousness.

What we will do in the second section of the paper is to present some of the new results on
the generative mechanism of human consciousness in view of the theory of comprehensive
information. Meanwhile, a discussion on the relationship among the intelligence,

. understandability, consciousness and comprehensive information. is carried out. Based on
these result, a new model of intelligent systems, which we call the consciousness machine, is
then established in third section. Moreover, as an example of many possible applications of
the consciousness machine, an example of natura! language understzndmg problem is
instructed in fourth section. Some remarks on

the further studies in this regard are made in the final section



2. Analysis on Human Consciousness

1t is commonly recognized that consciousness is the 1zdical fowr “ation for any humans to
have intelligence. In other words, it would be ipossible foraman  be intefligent if he had
no consciousness at all. To this regard, any artificial machines with consciousness would
possibly possess higher rank of intelligence than those without consciousness.

To get deeper insight of the concept of consciousness, let us make a detailed investigation
on the generative mechanism of hurman consciousness which may be explained from a
specific example as shown shown in Fig 1.

As we can see from Fig. 1 that the process of understanding a concept, dog, can be divided
into three stages. At stage (A), only syntactic information concemning the dog can be utilized.
At stage (B), both syntactic and semantic information are available. And at stage (C), all the
information , the comprehensive information, concrening the dog can now be systematically
utilized to form thz concept. What should be strongly emphasised here is that only at stage (C)
could a2 man be able to make a correct decision toward the object for maximizing the benefits
he may obtain or minimizing the loss possibly incuured. In other words, only at stage (C)
could a man be fully conscious toward what he is facing while he is semi-conscious at stage
(B) and little conscious at stage (A).

Therefore, it is sufficiently reasonable to define the human ability to make such a correct
decision as his consciousness. That is to say, consciousness is an ability to make a correct,
or even optimal, decision toward given objects.

A more important hint we leamed from the exarple in Fig 1 is the mechanism through
which consciousness toward an object can gradually be built up. A good way associated
with some supporting capabilities to grow up consciousness from the unconscious state
toward any specific object can be described as below.

Al the stage (A), he must, first, have the ability to observe the object he faced, that is, he
must be able to sense the formal information such as the shape, the size, the color, and the
general appearances about the object. And then, he must have the ability to store the
information on what he observed about the object. Thirdly, he must sble to retnieve the
information on that object from his memory whenever needed. Fourthly, he must able to do
the comparison between an object he is now observing in new situation and the information
about the object he retrieved from his memory so that he is able to tell whether the object he
is now observing is in the same category of the object he observed before.

Up to this point, he is already able to distinguish one object from others based on the
utilization of formal, or syntactic, information. And we define this level of the ability as the
shallow consciousness. Obviously, systems possessing this ability can, at most, have
shallow intelligence.

At the stage (B), he must be able to observe and remember the basic behaviors and
functions the object may have. Based on these observations, he should get to a aeeper
understanding on what the object can, or would like to, do and what it can not do, or would
not ltke to do. This is a high level ability which we often refer to as abstraction. For
supporting the abstraction, he, of course, needs the abilities of observing, dynamic memory,
companson, updating and prediction, etc.




Up to this stage, he has had a relatively complete understanding on the object. What he can
tell about the object now is not only its appearance (what it looks like), but also its behaviors
and functions (what it does). In other woids, he is now understand the meanings of the
object (what it is). Because of the fact that he is able to vse the functional, or semantic,
information, he is already in a state of semi-conscious toward the object he is dealing with,
Systems possessing this level of ability is defined as semi-conscious and will have semi-
mtelligence.

A the stage (C), he must not only be able to observe tie object and to predict its behaviors
or functions, but even more importantly, he should be able to know whether it is benefitial or
harmful to himself, or to his objectives, and therefore, is able to make a correct decision and
take correct actions toward the obiect. This means that he should have a goal in his mind and
should establish related criteria fo. malting judgements whether an object faced is benefitial
or hamful to his goal. This is an ability we call the self-consciousness. The goal may be
fixed either by any other persons, or by his self-leaming,

Haowever, the ability of making a value judgement with respect to his goal is the ability of
utilizing the pragmatical information and is the highest level of ahilities. Thus we definc this
ability the full consciousness. Systems possessing this level ability will have full intelligence.

Summarizing the discussions above, w can establish the inter-relationships
among the intelligence, consciousness, understandability, and comprehensive information as
is briefly as well as clearly expressed in Table 1.

Table 1  The inter~relationships

Iﬁiﬁ;:nucfe CunIs‘ ::Inﬂs%ress Undz?s?mz?gﬁity Ir} uyr]:;!algan
Zero Ni Empty None
Primitive Low Shallow Syntactic
Partil | Intermediate |  HaltDepth Syntactic +
i | me | pe |Cppmei

3. Consciousness Machine: An Intelligent Systems Model

A possible model of intelligent systems is established on the basis of the results obtained
in previous section. '

It is clearly seen fron Fig 2 that the consciousness machine is an integration of artificial
neural networks, expert system with comprehensive information structure as its hases. Since
the comprehensive information contains great amount of fuzzy information, it is necessary to
employ the fuzzy logic as its tool for supporting the approximate reasoning,

Roughly speaking, primitive intelligent problems like pattem classification and recognition,
combinatorial optimization, associative restorage, algebraic coding and decoding, efc., can be
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performed by the neural networks array, while any fully mtellipent problems should be
handled by the consciousness inferencing engine.

The key component of the consciousness machine mode! is the comprehensive information
bases. Each item of the information within the base should have the following structure as
shown in Fig 3:

As an example, the item of information "DOG" will have the stucture shown below:

4. Applicational Example: Natural Language Understanding

Natural Language Processing and Understanding is a typical example in the field of
Artificial Intelligence research where full intelligence, thus consciousness machine, is
ebsolutely needed and the primitive intelligance, thus the conventional expert system, is far
from sufficient.

Suppose that the input of the system is spoken Chinese sentences and the task for the
system is, first, to understand the meaning of the spoken sentence and then to translate the
Chinese speech into written form of the Chinese sentences as is shown in Fig 5.

Employing the consciousness machine mode! as is shown in Fig.2, the neural networks
array can be assigned to perform the task of speech recognition. The result of the neural
networks array is a strem of Chinese Pinyin symbols which in turn serves as the input to the
consciousness inferencing engine and the task of the consciousness
inferencing engine is to translate the Chinese Pinyin symbol stream into Written Chinese
sentences. This is the part wiere most of the intelligence Lies in. ’

Take the sentence in Fig 5 as an example, each Pinyin word in the sentence has possibly
more than one written word to correspond to, see Fig 6.

To exactly translate Pinyin to written sentence, the semantic and pragmatic information are
absolutely needed. The consciousness inferencing engine should caleulate the amount of
comprehensive information for each possible combinations of the words and choose the one

having maximal amount of the comprehensive information as the solution as is indicated by
bold lines in Fig 6. -

5. Concluding Remarks

The raodel of consciousness machine has been proved feasible as well as attractive. Also, ,
there are many open probiems to be further studied such as the expression and calculation of
the comprehensive information. Fortunately, there are many possibilities to be utilized. Due
to the limitation of the space we would like to discuss them in another paper.
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Fig.6 Intelligence Needed in translation from Pinyin to Written Sentences



