< F&o

http://www.chuo—u.ac.jp/

ABDFBEZNETS S AITMEONRNY bDHERT

An Inference Core of an Artificial Intelligence Robot Capable of Improving Human Contradiction

ED K SIRBThH ?

BlZ(E. W< DHhDimEN & BIEEIRIEN Sk D RIEEAT
(1) bird[falcon] =1 (8l& »wIETHD. )
(2) fly[falcon] =0.9 (&, (F(FR. )

(3) bird[pigeon] =1 (BlE. I BETHD. )
(4) fly[pigeon] =0.9 (MB(E. (FEFHRS. )

(5) reflexes[fly] 0.75 (FRABDIE. TV U\ BY e
MEN TS, )
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(6) bird[penguin]
(7) fly[penguin]
(8) bicycle[falcon]
(9) bicycle[reflexes]

NEXSNIEBECHNT. BFHER (dpEiiF) HiRIBE
@ falcon = 0.0100 0111 0110 0010,
@ bird = 0.1110 1111 1110 1011,
Q fly = 0.1101 0000 1010 1001,
@ pigeon = 0.1100 1011 0101 1101,
® reflexes = 0.1001 1111 1111 1111,
® penguin = 0.0010 0110 0111 1010,
@ bicycle = 0.1000 1000 0000 0000,

ZEdEE HEk (1)~(9) (CHITDEN0mENDOEIRE(E

(1) bird[falcon] =1.0000 =1 —(0.0000
(2") fly[falcon] =0.8983 =0.9 -0.0017
(3") bird[ pigeon] =0.9996 =1 —0.0004
(4") fly[ pigeon] =0.9443 =0.9 +0.0443
(5") good_reflexes|fly] =0.6933 =0.7/5 —0.0567
(6") bird[penguin] =0.9984 =1 —0.0016
(7") fly|penguin}] =0.0041 =0 +0.0041
(8") ride_bicycle[falcon] =0 =0 +0

(9') ride_bicycle[good_reflexes] =0.8500 =0.75 +0.1000
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1. BARASESEOTO N )L ZESHULELUE, mZT EDE, Activated the protocol of natural language
conversation. Please order. >R #tcE) >activate the logic analysis

2. wmEN IOV S LZRBUELUR, R/E. RBIELULCVWDIEHIFHDFFA. trmZEDE. Activated the
logic analysis program. Currently, stored no knowledge. Please order. >AF(EEDSH >how are you
doing?

3. M CEEFHFACLUR, mmZED€E, Failed to understand your order. Please order.

E(FRD—FE THD >store: a falcon is a kind of bird

4, ZFE, BASEBIERCEWTCA—/\—JO-MEELELE. HDIEDHEDESE., ZNEINTETHD.
&L IHﬁq:L/c Uiz, #EE8FELVE Y, Warning. Overflow in natural language understanding. Understood
that if one is a falcon, it is absolutely a bird. Please confirm. <J bird[falcon] = 1 <J >5%#ll >detail

5. DD3EDONEDEZEIEE 1 TENEFECTHD. EBUEFURZ. anmsZxEDE, Stored that if one is a
falcon, it is a bird with truth value 1. Please order. >&f fE(XEH >query: is a falcon a bird?

—_— X
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6. OI&., BEULET., oan&xEDE. Answer. Affirmed. Please order. >FFEL 12 >you seem fine
7. BRUET ., EE. BAREEBERICKETRA NV ARDDETT ., SCENESEZRECLTSIZEV, Agree

with you. Warning. Stressful in natural language understanding. Please make the grammatical
structure clear. >&EDKD(C >how?

8. BE., BASEBERICHEWTCA—/\—TJO-MRELFU, cimshilEfECcCEEzEATLULZ. amZzED €.
Warning. Overflow in natural language understanding. Failed to understand your order. Please order.
>ES5PURT K >break a little more

9. & RERBERICEWTA=/)\—TO—PLFEELFIT U,

. B8, RRIBZHELUFXRI N, HEERFELE T,
Warning. Overﬂow iIn natural language understanding. May I erase the memory? Please confirm. >
s ECH >cancel the order

10.AZXUE U, BIEZFREUET, tinZzE D€, Sure. Held the memory. Please order. >HESSE
£ — RAZE >change to the daily conversation mode
11.BASHEIERTE— FZHESTEICEEULE T, 518, RN WERBES TEESULEEFA. Changed the

mode of natural language understanding to the daily conversation. Hereafter no warning even if
confirmation needed. >&E1D7&LY >no problem

12. BASEBEKRBHESE(CLEI N, May I change also the mode of natural language generation to
that of daily conversation? >#F7ZRU T >casual tone is better

13.—50—, CARRBUT. LW, Ok. How about this? >tlCEE. 2UPD>< D >undo. a little
slowly

14 FUFEUZC. CORSTTEIBAUWTUL DN,
>good. query: is a falcon a falcon?

15.0%., BEFENICETY, EJEFENCETI ., Answer. Identically true. A falcon is identical to a falcon.
J falcon[falcon] = 1 < > ¥l > detail

16 AFRDREFmERNN S ENBENDFMHMUEEDERIE. TTDIRFimIENDmEIENME THDIMNTHMNDS
9. [EFNICETY, The result of conditioning operation from any atom to itself is identically true
regardless of the logic values of atoms. <J X[X] = 1 VX < >\ 13 >good

17.ZOTWEEZEHDOMNEDSTEVNET, Thank you for the compliment. >EBI/R3#3TFRTZ >it's just
socializing

18. &K UZE U, FhADEKXRIZEENL. 518,
believe that my great ability will be understood little by little in the future. Please order.
(Z(FFR/S\ >store: a falcon almost flies

19. 8 (XFERAN. ELEUEULE. Stored that a falcon almost flies. <0 fly[falcon] =
>detall

20D EDONEDEZTEEIE 0.9 TENIIRSA. EEREUELUE, IBE. 2EOREZEIEL TLWET,
Stored that if one is a falcon, it flies with truth value 0.9. Currently, stored 2 knowledges. >Z%:#%z
$e~ >display all knowledges

21. B 1D, DD EDHEDEE, ZNIEIHNITETH D,
absolutely a bird. < bird[falcon] = 1 <

22 .5E20DF 5. HDEDOMNEDEE, ZNIRFEHR .
flies. <J fly[falcon] = 0.9 <

23.LA LTI, Over. >&EfHL CHlaEZ AT >input knowledges successively

24 FZFNUZE Uz ANIEDSZE. Sure. Please input. >EI3ETdSD >a pigeon is a bird

25.A pigeon is a bird. <J bird[pigeon] = 1 <JJ >E(XIZHIFHRN >a pigeon almost flies

26.A pigeon almost flies. < fly[pigeon] = 0.9 < >RABD(IIZLVEVWVREIHHFEDMEN TLYD >flying one
possibly has good reflexes

27.Flying one possibly has good reflexes. < reflexes[fly] = 0.75 & >R>F>2(FHBETHD >a penguin is a
bird

28.A penguin is a bird. <J bird[penguin] = 1 J >R F 2 (ERU TR/ >a penguin never flies

29.A penguin never flies. < fly[penguin] = 0 < >E&E(IRU TEHERE(CE SR >a falcon never rides a
bicycle

30.A falcon never rides a bicycle. <2 bicycle[falcon] = 0 < >B{_E >that's all

31.288C 8fEM#HZELIEBUE U, Stored 8 knowledges in total.
knowledges

32.371E. SfEOAIEZEEL TLWERT, FEULEIH.
1T >do

33 FHPTY, Learning......
4AFZBNTTUEXRLRE, MEF—EBLTWVWDBLDTYI, Learning completed. The knowledges seem
con5|stent =) blrd[falcon] = 0.9998 = 1.0000 — 0.0002 <& ﬂy[falcon] = 0.9011 = 0.9000 + 0.0011

>RU\, Bfd EEFEM

Sure. Is this speed good?

WU DIBFEWNEIEITAEBVWET, s xEDT, Sure. |
>Z08 E(L.

0.9 J >E¥iH

It IS

The 1st knowledge. If one is a falcon,

The 2nd knowledge. If one is a falcon, it almost

> Az e~ >display all

Currently, stored 8 knowledges. May I learn? >3E

blrd[plgeon] 0.9998 = 1.0000 — 0.0002 < fly[pigeon] = 0.9091 = 0.9000 + 0.0091 J
reflexes[fly] = 07333 = 0.7500 - 0.0167 < bird[penguin] = 1.0000 = 1.0000 — 0.0000 <
fly[penguin] = 0.0000 = 0.0000 + 0.0000 <@ bicycle[falcon] = 0.0001 = 0.0000 + 0.0001 <&

falcon = O. 0101 1000 1100 0111b <& bird = 0.0101 1111 1111 1011b < fly = 0.1111 0000 0000
0000b <J pigeon = 0.0101 0111 1111 1111b <J reflexes = 0.1011 0010 1001 1001b <J penguin =
0.0000 1010 1010 0000b < bicycle = 0.1010 0010 0011 1011b <& >&FiH >detail

35. 8B ZFE UICFER. BIMEICE I D%REDRZE(FH 0.0067. &xAXE(FHY 0.0167 TI ., mAMBHNE
EDBME 0.1 FERDT. MBME—BLTNBLSTS. As a result of learning 8 knowledges, the
deviation of residual error on truth values is around 0.0067 and the max value is around 0.0167.
Since the max value is under the warning threshold 0.1, knowledges seem consistent. >ERf] (35
Thd. TelE. BTERL. DL NHH >query: is a falcon either a bird or no bird?

36.01%., EFEMNICETY, [EFNC. EEFETHD. FlE. BETERLD, ODWITNMNTYI, Answer

Identically true. A falcon is identical to either a bird or no bird. < Y v =Y = 0.1111 1111 1111

1111b VY I X—=>Y Vv 7Y = 0.1111 1111 1111 1111b VX I (Y Y% ﬁY)[X] (XA X—=>YV —Y))

/X = (XA01111 1111 1111 1111b) /X = X / X = 1 I >BR Bl&. &£, B, F@>F>mn

>query: is a bird a falcon, a pigeon, or a penguin?

37.E".'=.o BEULET. Bl & 1B £EERFDTY, 22U, BIBMBEEZEEE 1 (TRDFLED. 1B

FHY(C 1 ctb\j?l’J(,T"C(adeb\c_ct(c_EE LTLIEELY, Answer. Affirmed. A bird is a falcon, a pigeon,
or a penguin. Here, note that the truth value happened to be 1, but is not identical to 1. <J bird =
0.0101 1111 1111 1011b & falcon Vv pigeon Vv penguin = 0.0101 1111 1111 1111b < bird —
(falcon v pigeon Vv penguin) = 0.1111 1111 1111 1111b < (falcon Vv pigeon Vv penguin)[bird] =
(bird A (bird — (falcon v pigeon Vv penguin))) ./ bird = (0.0101 1111 1111 1011b A 0.1111 1111
1111 1111b) ,0.0101 1111 1111 1011b = 0.0101 1111 1111 1011b  0.0101 1111 1111 1011b

= 1 J >Ef BERIH >query: does a bird fly?

38. I3’.':.0 BEMNTY, BIEIARVCET., Answer. Affirmative. A bird probably flies. <J bird = 0.0101
1111 1111 1011b < fly = 0.1111 0000 0000 0000b < bird — fly = 0.1111 0000 0000 0100b <Z
fly[bird] = (bird A (bird — fly)) / bird = (0.0101 1111 1111 1011b A 0.1111 0000 0000 0100b) /
0.0101 1111 1111 1011b = 0.0101 0000 0000 0000b , 0.0101 1111 1111 1011b = 20480
24571 = 0.83350290993447560131862765048228 <J >z*+#ll >detail
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3.3 EDONED EZTZENHMNRAEIRE(FH 0.8335 THD. FIZD 0.5 Z/ZLVAEE>TWET ., The
truth value that if one is a bird, it flies is around 0.8335, which far exceeds the neutral 0.5. <J bird =
0.0101 1111 1111 1011b < fly = 0.1111 0000 0000 0000b <J bird — fly = 0.1111 0000 0000
0100b I fly[bird] = (bird A (bird — fly)) / bird = (0.0101 1111 1111 1011b A 0.1111 0000 0000
0100b) ~ 0.0101 1111 1111 1011b = 0.0101 0000 0000 0000b / O 0101 1111 1111 1011b =
20480 / 24571 = 0.83350290993447560131862765048228 <J >EM BHIEHICEDIR(EIWLDIH
>query: is there a bird riding a bicycle?

40.0&. (FEFEBELET ., BERE(CEDIBIZIEFVNEFA. Answer. Almost negated. There is almost no

bird riding a bicycle. <J bird = 0.0101 1111 1111 1011b < bicycle = 0.1010 0010 0011 1011b <

bird — bicycle = 0.1010 0010 0011 1111b < bicycle[bird] = (bird A (bird — bicycle)) / bird =
(0.0101 1111 1111 1011b A 0.1010 0010 0011 1111b) ~ 0.0101 1111 1111 1011b = 0.0000
0010 0011 1011b 0.0101 1111 1111 1011b = 571 24571 =
0.02323877742053640470473322209108 <J >z%tlHl >detail

41.DEDHEDEESENNBEEICEDIEE(ER 0.0232 THD.
that if one is a bird, it rides a bicycle is around 0.0232, which is almost 0.
ZQEGD(?I Eiﬁa(eﬁéb\ >does one having good reflexes ride a bicycle?

42.01%, (FEFBETEULET ., REFHEMNMBNTLNDIED(E., (FEFEIFRE(CENDZET, Answer. Almost affirmed.
One havmg good reflexes almost rides a bicycle. < reflexes = 0.1011 0010 1001 1001b <@ bicycle =
0.1010 0010 0011 1011b <J reflexes — bicycle = 0.1110 1111 0111 1111b <J bicycle[reflexes] =
(reflexes A (reflexes — bicycle)) / reflexes = (0.1011 0010 1001 1001b A 0.1110 1111 0111
1111b)  0.1011 0010 1001 1001b = 0.1010 0010 0001 1001b . 0.1011 0010 1001 1001b =
41497 / 45721 = 0.90761356925701537586666958290501 < >z¥ilH >detail

43.DEDDRFEFENMEN TLD ESENHBEECERDIEHEER 0.9076 THD. FEAE 1 T,
The truth value that if one has good reflexes, it rides a bicycle is around 0.9076, which is almost 1. >
SHSTEEZHR I D >now we check theorems

44 FFUEK UL, i mZ EDE. Sure. Please order.
flies

A5 B1DAHRZERELUE UTC, BDIBDMEDEE., ZHUTAN. Set the 1st premise. If one is a falcon, it
flies. < falcon — fly < >EDS—DRHRZNTE RAED(IRETHEFENBIITLYD >set another premise:
flying one has good reflexes

46.5E2DHHRZRELEX U, HDIBDHARINEE, TORPEREFIBN TS, Set the 2nd premise. If
one flies, it has good reflexes. < fly — reflexes <J >gijigZ s >evaluate the premises

47 BT E’J"C@“ ENSRACENDERE., RACENSKREHFEMEN TNDIZENDSEED., EEDE
IB{E(E, 9 0.7157 TY, Affirmative. The truth value of the conjunction of the |mpI|cat|on from
falcon to flying and the implication from flying to having good reflexes is around 0.7157. <J falcon =
0.0101 1000 1100 O111b <J fly = 0.1111 0000 0000 0000b «J reflexes = 0.1011 0010 1001 1001b
< falcon — fly = 0.0101 1000 1100 0111b — 0.1111 0000 0000 0000b = 0.1111 0111 0011
1000b < fly — reflexes = 0.1111 0000 0000 0000b — 0.1011 0010 1001 1001b = 0.1011 1111
1111 1111b & (falcon — fly)A(fly — reflexes) = 0.1111 0111 0011 1000b A 0.1011 1111 1111
1111b = 0.1011 0111 0011 1000b = 0.7156982421875 < >itsmzsE EORFHZFIIEBNTLND
>set a conclusion: a falcon has good reflexes

A8 fhsm s E LR UIC. HDEDHEDESE, REFHREMEN TS, Set the conclusion. If one is a falcon
it has good reflexes. <J falcon — reflexes < >#&imasHil >evaluate the conclusion

49.8BENTI, ETHDZENS., REFHEMNMENTLWDRZEAD., SEOEEEE. £ 0.7177 TT,
Affirmative. The truth value of implication from being a falcon to having good reflexes is around
0.7177. < falcon = 0.0101 1000 1100 0111b <J reflexes = 0.1011 0010 1001 1001b < falcon —

FEAE 0 TI, The truth value
>E ] RETHREHMEN TLY

>BHRZNTE EIR/N >set a premise: a falcon

~

reflexes = 0.1011 0111 1011 1001b = 0.7176666259765625 < >-+934%Z:ffi >evaluate the
sufficiency
50.01&., COTERIEHTI, H1DHRNDOE2DFHENSfEm DS, [EFNICETY, COTEHE (N

SN=EsmEEEHEEERKEINTULET, Answer. This theorem is valid. Implication from the 1st
premise and the 2nd premise to the conclusion is identically true. This theorem is called a
hypothetical syllogism or a chainrule. J (X =2>Y) A (Y 2> 2) > (X—>2))[X] =1VX, Y, ZJ >ULX
MBI B DH >how many knowledges now?

51.88FC 8D HD NDET ., 8 knowledges in total. >HEEZIEN >add a knowledge

S2AEKUELURE. ANEDZE, Sure. Please input. >KEHFFEMNMEBN TULBREDIFIZWVWZVLBERE(CED
>one having good reflexes possibly rldes a bicycle

53.RHHREREMNMEBN TLWDBEDIE W EWBERE(CESD. EiLELEUE. Stored that one having good
reflexes possibly rides a bicycle. <J bicycle[reflexes] = 0.75 < >5F#ll >detall

54.5 D EDDREIFHEMEN TLD EZEIE 0.75 TENIIBEREICESD. LEIBULEKU
one has good reflexes, it rides a bicycle with truth value 0.75.

55.137x. MEDREZEIERL CLWET, FEUEXI M, Currently, stored 9 knowledges. May I learn? >Z£
1T >do

56 FEBPTI, Learning......
7.FBNTTUERLUE. AEE—E U TLWVRVWKDTY, Learning completed. The knowledges seem not
consistent. <J blrd[falcon] = 1.0000 = 1.0000 — 0.0000 < ﬂy[falcon] = 0.8983 = 0.9000 — 0.0017

Stored that if

I blrd[plgeon] 0.9996 = 1.0000 — 0.0004 <J fly[pigeon] = 0.9443 = 0.9000 + 0.0443 <
reflexes[fly] = 0.6933 = 0.7500 — 0.0567 <) bird[penguin] = 0.9984 = 1.0000 — 0.0016 <
fly[penguin] = 0.0041 = 0.0000 + 0.0041 < bicycle[falcon] = 0.0000 = 0.0000 + 0.0000 <

blcycle[reﬂexes] 0.8500 = 0.7500 + 0.1000 &< falcon = O. 0100 0111 0110 0010b < bird =
0.1110 1111 1110 1011b <J fly = 0.1101 0000 1010 1001b <J pigeon = 0.1100 1011 0101 1101b
J reflexes = 0.1001 1111 1111 1111b <& penguin = 0.0010 0110 0111 1010b <J bicycle = 0.1000
1000 0000 0000b «J >&*#H >detail

58. 9B = F&E UIiEaR,. EIMEICR T IEREDRZE(THY 0.0411. &=AME(FHY 0.1000 TY ., BRANEHNE
SHOEBUE 0.1 KRG CEHRWVDT, HEkE—EB U TLVRWKDTY, As a result of learning 9 knowledges,
the deviation of residual error on truth values is around 0.0411 and the max value is around 0.1000.
Since the max value is not under the warning threshold 0.1, knowledges seem not consistent. >Bj
=255 >request an advice

5. & EDRENEIFEZOFICHAR LU TWLWET, The max value of residual error is caused by the last
knowledge. <J bicycle[reflexes] = 0.8500 = 0.7500 + 0.1000 <

60. H‘E—?éd)%ﬂu"t%/)\d)dij(eﬁﬁiﬁ’v_%/\a CId, HDAIBDDREIHENMBENTLNNDESE., ENIEEEE 0.85

CHERE(CER D, The last knowledge should be replaced by: If one has good reflexes, it rides a
bicycle with truth value 0.85. <0 bicycle[reflexes] = 0.85 <J >%F#E >wait

61.Waiting...... >HBR >restart

62.FZHMUFE Uz, tpnZEDE. Sure. Please order. >EZOFEZZE >change the last knowledge

63.AJEDZE, Please input. >REERIFEBNTLOBINE TIERWEDIIIZVWZWBERE(CESD >one that
IS no bird but has good reflexes possibly rides a blcycle

64. R EIHER (IBN TLVBIHNETEHRWEDIE, EWeWBERE(ICESD. EEIEULEUE, Stored that one
that is no bird but has good reflexes possibly rides a bicycle. <J bicycle[—birdAreflexes] = 0.75 <&

651581, MBI EEZEIRL CWLWERT, FEULEXIN. Currently, stored 9 knowledges. May I learn?
bird[falcon] = 1 < -+ < bicycle[—bird A reflexes] = 0.75 < >Z4T7 >do

66 FEBHPTI, Learning......
7.FZBNMNETUEXRLULE. AEHIE—EBLTWVWDBKIDTYI, Learning completed. The knowledges seem
consistent. <J blrd[falcon] = 0.9792 = 1.0000 — 0.0208 < ﬂy[falcon] = 0.9792 = 0.9000 + 0.0792
J b|rd[p|geon] 0.9953 = 1.0000 — 0.0047 < fly[pigeon] = 0.8892 = 0.9000 — 0.0108 <
reflexes[fly] = 07955 = 0.7500 + 0.0455 < bird[penguin] = 0.9940 = 1.0000 — 0.0060 <&
fly[penguin] = 0.0221 = 0.0000 + 0.0221 <J bicycle[falcon] = 0.0055 = 0.0000 + 0.0055 <
bicycle[—bird A reflexes] = 0.7328 = 0.7500 — 0.0172 < falcon 0.0010 0000 1010 1110b <&
bird = 0.1111 1110 0000 OOOOb < fly = 0.1010 0110 0100 0000b <& pigeon = 0.1001 0110 1011
0100b <J reflexes = 0.1100 0101 1101 1111b «J penguin = 0.0101 1010 1000 1010b <J bicycle =
0.1101 1111 0111 1111b <J >5F&H >detail

68. MEDAGZFE UIciaR. BIRME(CRAT DK EDRZE(EH 0.0329. RAMB(FLY 0.0792 TI ., mAENE
SEDRME 0.1 RKiE/RDT. HHE—E L TWNWDBKIDTI, —BfZ=S5(ICeNETEEXI, As a result of
learning 8 knowledges, the deviation of residual error on truth values is around 0.0329 and the max
value is around 0.0792. Since the max value is under the warning threshold 0.1, knowledges seem
consistent. Further refinement of consistency is possible. >BIE®:55 >request an advice

69. 5% EDREANBIIFE20DFFICHAR U TULEYT, The max value of residual error is caused by the 2nd
knowledge. <J fly[falcon] = 0.9792 = 0.9000 + 0.0792 <

7058 20DHGHZRDEKLDICEZTMIDINETTI, HDIEDONEDEE, ZNIEEEIE 1 THRS.
knowledge should be replaced by: If one is a falcon, it flies with truth value 1. <J fly[falcon] =
BnE%58 >accept the advice

The 2nd
1 J >
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