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Proposing minimum knowledge description length principle for general-purpose Al
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Artificial general intelligence (AGI) is evaluated essentially by the integration of performances for multiple tasks. When
tasks for these are fixed, big-switch type Als, which switch multiple narrow Als for every task, often show better
performance. Therefore, research cannot reach a uniform goal for the AGI to enhance ability to cope with unpredicted
situations. This study first defines a standard description length of knowledge. Then, from the point of view of the task
domain, the researchers propose the knowledge structure model with a knowledge hierarchy that leads from the concrete to
the abstract, citing a scenario study that used this hierarchy. When an ideal AGI and a big-switch type Al have the same level
of performance for fixed task sets, the knowledge description length of an ideal AGI is shorter. This reduction is due to the

maximal reusability of individual knowledge in an ideal AGI, and this is the foundation of its versatility. Here we call this

nature ‘Minimum knowledge description length principle for general-purpose intelligence’.
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Hypothesis Minimum knowledge description length

principle for general-purpose intelligence

Among intelligent systems that perform same level for a
finite number of tasks, a system with minimum knowledge
description length has best versatile ability.

AR DI EIZE ST, UT2208B»RHS. —2HIT,
FRA T Z NS DOFER BN THY, EARMITILFE R &
WRERT 0T T LB EVEREZGHLD. L)L Big switch #
Al OB RITITHE T 5720, WHEOEWT v s I 40, M
KBNNESRFLIR R LR DEE 2. ZHOHITIE, Th2F W%
AT 70 1iE, MEELL BIZELEET HRE TRV &
Ay I BOF|TIDFEENTIESITHIE, TRIMERER E D D201
I NI RERR S EELNEE 2T



2. MBLFDOEE

Al OWHAMEZER T HEMEL T, TTMHETORRE
WZDWTHRETL, X512 A #EH OB DA S 2 f 2
BB FMEBEE IOV TORRATRRT 5.

2.1 MBORNE

HFRLIZMI OO XM G2 THY, 7 —& (Fifil =
DLD), F—RERBLIZET N EFEDNTA—H | SHIZET
NETIRT BIODORBEDLT LIV LG ETe. LT, Z1b
FUXUIREWCEE X ARETHS.

72203, BFEDOOLINZ AT S1003LF DAL, D
FETFT—HLL TR TEHET TR, FNEAERTET eI
L, FOEINEEMETH T 0T T AL EREEROICL->THE
BTELHEVIINNC, BEWZ TTRETHS.

2.2 BEELA#RL R

RO ENZ LD Al AT LOMWE Ei#im T 570121,

RO BEIERAL T MR HD. LHLEL ETHlRR7=291,
TRV 2 RSB ATRE CH DL, SHIIAREMIZF—DT
NIVRXATH-ThH, HETHHEHSHESF Lo TEBRO
FEXZ k45,

FIT, ZZTUE, R OBETR EA L TOIIICERTS.

MBEARR - FMBFELERIE HAHAHBFICOLWTIZ
—VICRESNHFEOERRTHY, R—DH
HBOEEDEEMAZBEL TR/MER SN DS
BORBRETS.

B OEREMFLIR R, L9 LHEMISREDEIIRS/R
728, BEMITITE & 2 BE X 280 T/ e btk R
BRI DN il X i R N A e

2.3 HMBOEREE (BEADAREY)

HREDAE B2 H 1, D E %R TRBEBR ORI LT
FRBRIZ IS W= F I EATIRE ) T D, EHERYITREERL 7= 54
(ZDHRERER A TS THENRAAILITE 220,

HEREVODBOR, TOLABRICA WO NH LA E X L,

SRR o P P 23 IR BRI ATE S SV EF I THD (D FD

FRER LT3 & CEDIZIT A NTHERR IR L T2V D THD) .

WITHL, Ak— LT &R A oS T0DE, BBRD
HA LD O Fo# LA R TERNT Ay MET S,

FHFROBRRAL, ZOHBANEZFIHLIDNE IO
AW ZATORIFE THY, B2 X GAAT EER D S5
Y95, g s e B BRI 9 20— VBl BT %
HIFETD.

2.4 —HRBOTEANEAEE

A ED DT-DITARTETIE Al VAT AR E S HFRO 2R
ELTOMBEEEET LT 5. RET LV TILEGIL, H5fF
AR AR D E S IR CTHO LR E TH(ZIILTLH HIT
1720,

SO HNFE I A SR B D E A RO L ET D, T
BE, b BRI 3R T R IR LY S 6 Th D, WK
BRI AT ARBE T HETOH AT ZE I
— T B EDFE W TH .

O MRS E AN 1R T, M1V T, Dk B
(I, SMBS 525D T — 2 L L TOEFIAHEHETRT.

ZLUCHFRBEORIKREL T, 4 OB FEEDOL L
WHTR T 5L 323 OREHEZRKEL TWD, KF—%& Lk
DOlEL53kE Bix, PHE, EFRZW, B BRGSO Bk
TR AR BT DM CTHD. T2 BITL0IAWT — A
SR, PR HALBR AR 72 & LV o T2 A FEI N T ik
72 THD. T L T8 B OHFRIA 133 AT L2080
REIR AR5 H A2 (b LT — i SRk T o,
2L REFRTAER OB EL T, KVEMZ T T VA SRS
DA (c.f. F o LDHT]) EVo 7= H BB FRRSe, A
T BISKHLT 2 81 S o Wy E A RS S 3 A Il (1 21,
ZE [ RRBF W O A S Lo TN EL CO MR E N E
FhA[IL)I2015].

TICIE, XAV FEIRICE D D i L U CI A 2 B
PEAE LAY, KO—MRI9IZIE, D7 e ke T BiRn L
BRI DO M EE R OAF RIEKES T 7 (DAG)E TIXILETES.

3. BRI A DMBBELEZDEERR

A TIRERNICEESNIZZA2(K 1 FI2BVTL {x1, X2,
SONZBWTIEFRIZFOMREEZH D AGI (a)k Big switch 30
ALCNZHOWT, FRNABESNARNF AT IOV TORE ) ik
2179, EBIZEND Al DAEGRFLR O 2179,

3.1 EBEMG AGI OAFEEE (K 1(a))

A& TGS #PHIC oW T O mE R EANIE, 184
O 5RO RIS IEMED D e KIRIZIERENTND TR E
FLV. ZHUTHER CHERR S AL D HIERS & & i X 7= AT A%
FRAERI72 AGI (LHAYEDS B WEIRE) TH A,

L@IZBWT, SR NLY AT AL, BB MHEIICE
THASx, X2, X3, x4, X5} PG 2ONTZHEE2E2D. 2Lz
i, A xS TR GA, 2A, 1A OREE I 3% & F
L CE i IR 21T 25, RIFRIC x2, x5 IZOWVWTHRE
IR EAT 2 5. R T, A x3 1220\, #bLi-
FIFRNFAE LI\ =D IS I3 LS i S B e P R A L I i T
20, LsL, A5k 2B Sk 1A 2R AT AL TR EDRTE
R ATRE THD. EBITATT x3 12OV TIEIAH T REA2 05
IR 55 1A OB TIEHDHN, T, FIA I fEea
RN T D LT E N T BRI AT 2 5.

PLEOFBBADLI LR LT, B2 OMFRIZ I\ Tl A4
(FFRI ) DS FTREZR FRVIB A SER ESNTNDIEN AGI &
AT ML THAM THD. 2OV AT LRBIE, REBRO
RILISHLTY, <03z LT, HHREITE
DR S TTRE THY, TN IR e 2 36 15
L7ZIRRETHD.

WIZ, ZOEMEMN AGL IZBITAMEOTREEZE 25, &
ZCHRHRRIZEB VT, HNA TN CT ¢ 2L TERL, 7
PRI T p AL TERLT . 72ex 0, K)o
THIFESA DINAEE3Ac T, RIRSMIT3Ap ERFLT 5.

FTHEHEAENL AGI THHH 1(a)DAEkIT, {1Ac, 2Ac, 2Ap,
2Bc, 2Bp, 2Cc, 2Cp, 3Ac, 3Ap, 3Bc, 3Bp, 3Cc, 3Cp, 3Dc, 3Dp,
3Ec, 3Ep} ThHb.

LU F oz Mt 35720, K 1B 5% Mmiko
BRI R ETHDLEWMEL, TOESEI2=vh T H. 2
OFITIXINFENE N HFROEIAY 35 9 2= THS.

RBELHMBHRMEIA T2 ToOEEICB N THEHASh
DHIZO IR TE SV O MBI, Lo, AifEs
PRIZEET 8 =y heed. Tz, ZOHEENZ AGL O
ik =y MIII AT 17T ETHS.



3.2 $EE Al OEIEEE (K 1(b))

RS AL 1T DX AT TEIRD ATV THERE T D AL &
AT L THD. ZZTHEM LIS, AT x1 IS L TO IR ESRE
RTEBRAER Al 2BRL7Z. AT x1 ISR LTtk 3Ac,
HFR2Ac, M 1Ac B ESNA#ER AT 2L CRMME
OREfFRNFRE TS, T T, 2Ac LMk 1Ac 13,
D FATME 2 D L7 e SRR 72 e s, X Ry
\CZ DRI ] TRV, FLTUIELIE, B bR AL IC
BIFB3 2D 2=y MIBITFBHENFITN R E DD
RBAINTLES.

kN — HREEEGbERTLEYE, 22 55
HH L Cl S Z YK T 528N EECHD. ok kit
PIAND AT {x2, x3, x4, xSHIH L TR MBARRAE 1% 58T
VAN

PLEDIDNTAT) x1 TR T DR AL CIERTHFRS4 D
HHEITHT, TOHWET LD DMHELT/2NOT,
NAELLTO 3 2=y MNET M A LIV TVA.

3.3 Big switch 3XE! Al DENHEHEE (R 1(c))

SFELEFHETL Al 23T, TRLERMITIECTYID
Bz TR 5 AL, LIZLIE Big switch SCB AL LIRS,

IOV AT RNIBNWTL, FAESNTWDHAT, x1, x2, x5 1T
DWW, BN AGI LRIS DR T —~ 2 RAERT. — T
ATI x3 & x4 ITOWTORMBEMRITTERV. 257258 M,
TR LIS D B D IFDNIR A STV, 22
WCHETERC S TN D — PO E AR (B2, 25k 1A, 2
A2B2C) %, A7 x3,x4 \ZR L CIERIHTERWZEILH .

WIZ, 2O ALIZBITAEGLR RICH Z AT 58, {1AcX5,
2AcX 2, 2AcX 2, 2Be X 2, 3Ac, 3Ap, 3Bc, 3Bp, 3Cc, 3Cp, 3Dc,
3Dp, 3Ec, 3Ep} THY, HFKNAEN 15 2=y, BRGNS
2=9h T, AFF 20 2= MR BESNTND.

OB TR EAEAN AGL LB AL, MERNA
23 {1AcX4, 2Ac, 2Ac, 2Bc}D 7 L=y MEKL, Ai#ESEMEN
{2Ap, 2Bp, 2Cp } D 3 2=y MNED L TNDILNG, h—F Lk
L CHRRRR EiL 4 2=y MERL T3,

VL ED XS, RERICE —OMBHZR MmN — I bsh
TWRWGE, O BEENFHATLHILET, ZORIREHIE
KT DM D355,

728, EEEIZIIME 2 OFEKIZRBWT, LoyLo B w5k
MRAINDIET, MFRFRIERIEIHADLIDN, ZZTEHED
HAENIEEL TR,

3.4 aVANFGIEMEBERE Al OAREESOHLZH

Al OFIFEAGEICRE DAL EOFERND, 4 ko
FPHAEYNCPER L CRlik 22 CHAAMEZ & RiFbh
UL, ZOREHELLT Al VAT AREREL T MEEZ A L,
FIFRFIZ AT AR TOMMRER BN 35, 2EIvd
TRWVEERFLR £ T, RIURRE OHEEEE 155790121, 84 D%
A (BRI A TR YA R L hidZebien. o/
F D _EFHARERIL T ORI 1 25D 5D ThHS.

ZHUCIHLAFnRE D kit b e fe/ MU JFEL GRS K RFE
niz.

REKIRISHLTY
g s MBEERALTHE

182 %3300 i FA 4 REEAERE
PRIy e BRENEALT S
WA(EFIAEOM.E) S RT LERTO
BRI RAPE

2: AEROFLIR R LY PEO B R

(a) EBAEMTAGI D FEAE 1S
HBABIL=V, FHREH8I=VL, BEFf17T1=VE

x1 x2 x3 x4 x5

N

CTI {11111 [ 1 0
3

BH | 3a | 38 a E m
M e L
I 2A 2B 2C

HMRH
Pk 1A
AR B
(b) LB AID SN EEEE:
HMFAB3IL=wh, FTHREHI=VE, B3IV
x1 x2 x3 x4 x5
o |l .
Bk | 3a | o |
%DEE‘!Z E E i E
I N : ‘ E
e | o
N R o
? 2 ? )
AR 5EE

(c) Big switchB AID FNEHAEE:
HBARISL=wh, BHERMESI= Y, &5201=vk

x1 x2 x3 x4 x5

S

=o LMWL ©1 1 I
Wl FE
NEE HRIREIE
*“;ﬁg] 1A | 1A i i ,1\
i 1 T I

) R EE '

| : =m N e BTRGH

11 NTENEEDKE 2 725zl vs
(a) FRABAY 72 AGI, (b)##{bA AT, (c)Big switch XY AT




PbEEELDDE, THRDAR Yy MIRT ZE/TIEEE
PRFEGAIMESATLELRLZIGE, TOJT5L0D
HRENEVYEWVRERIC, Ec0MEnERGEEN KL YL <
(BRRAMEALYEC] EESATULSAEEENELL. £
Nz, +HICHBZEFETETHRVIRVEEHIZENTD
—EOHEMRENERELSDLHYHTED. |
4. i
4.1 FEFEBRRANARAEERMMEIZEET SH=HIC

ATEE & U QLA ARE O mEk itk B MU FEL 2 B 7o &
LTh, kot BEoOESAIDIIHEIC ML) A
A AR LNV VY R

O RT v a AL T AGIL BIREIRETIHEI, H
972 AGL LRI OMEREZ A 2 Big switch XD ALIZH
W, Z0EGLRESERLRT WA AT B MR ETED
AR,

FeDOTFVAICBITERPTIE, MikEiidl+52=v M
WL FOL T HER TE 5.

FRAERY AGI
o BifESt = M = sk - 1
o FIFRINA = MK = Kk
o Gt =y M= x 21
I, FEREC BER AL

Big switch 3 Al
o BIRSIF=y M= FEMN AL %
o HIFRNAF =y Ml = FEN A X BB 3
o GEta =y ME =M A X (BEEH +1)

DL bXb, REfRDCHE N EA & U BB DE
BHEEHEID2RI 2y b (RE) £H/ELZLET, 71IT
LD RAE AL OFAL R EIZINZ AT AGI OBFFERH % 212
LT LRDE bR,

42 FOYSITIZBFB)ITIRI)UT LDOBEE

V7RI 2T LBV TE, 7/ 740 RELERBLTS
721, ST BATZEIEIIEE ST —Aa— RO N
EREPT 5. ZOERIIV 777 R T EMIENS.

LD EAIEATHIT T FTLIIBNTIL, V7702 T %k
ITOLRNIZ AT Z LIALE A AL TEY, Big switch U Al
WZIEW. LT T 722U TI7HZETAY Yy REREIIIND
EEOFFAMERRE D, Y7 =T 2R TRl E A EL R
5. ZHUIRIRIS B AR AY 72 AGLIZIEW B 2 HID.

WL R IE) 77220 7137 a7 ANIZRB T AR — O
B Z R RTHNHTHD. V7720 713 E R E
BWIZH b H T, ZHIFBLR TEEM S T, Zo
HIEIL, BBV 772U 70% AGI DFERICH G5 T55SN
CARE THDHIEERIBL TN,

5. BHYIC

AR T, NTEEEADICI T Mk A i H e b g = 5 v
THHEELZ. D LT, Al NILAMEEZE>Z LRI,
fE % OIBEOHFAEOFEm S TH Y, HAAMEO R S A
BORMREORDZES L L. #ERELT, ZORED
HETIE, VAT AOHFGRENBE VT E, RN E

FORT VI ERNREEN, F 0 HAMRED MR
EH/MUFEHL N Rrahnr-.

AFHORZIIREHIENTHY, TO MY izon
TORGENLETHD. —HF THENRT 1T A% 54)
W72 kGEE [ 2016)83 8D 7=, ZZ Tl sk — 7 v
FYXLKZDNWT, WELEE -7 1 s T Atk & O BB E 4
Bridz. ZORER, WEHNICER O 7 7 a7 508108 % %
1795 Big switch R 7 /LY R TTALEE B L 5ef L CHEXTRYIC
Tl T AERRELIRDIENRENTZ.

LSBIDITHFRELED, FEHES LM AT AMIBNTH,
FFRFLR RAC I DRl A E A L2V, RN FREIC 2 Ui,
B 2T R E6eE B s a0 T ARNCHHE, Bil21E, vl Ay
DY Y —t 2Ry k) —2(GPSR), [GGP], [GVGAI]/2E D
AL FANIBNT, TS5 LOEEEHE AL A O
5HZET AGI DIFZEHFE A REL S DTEAS.

BRI, RRFITIEIB B L7203, AGL [ZBWTIET
—ZMBEDOEE T D & OFIFRIZOWTY, # & Z IR KL
72, BT AEMEL T, BElC~w VT H Ry B LB
BRLOIEL RSN TS, 72 AGL ICBIT D EEERE
LT, — MR FRATANFED DRI A SN2 FRk e e
DRSO EMEL RIS TS (1)1 2015].

HEE

AREOIERIZHT-D, KU T N THIREAFZERT O TR Bk K,
WHENE, BRSRARFORBEELEOHERPELLE
L7z, ZOBITBWTHELE L BiF £9.

S E Xk

(A 2015] WARERER, 5RA7T —X% 7 7 F ¥l FiED—&
2, NTHEFRIERE R, SIG-AGI-001-12, 2015.

[Legg 2007] Legg, S. and Hutter, M. : Universal intelligence: A
definition of machine intelligence. Minds and Machines,
17(4):391-444, 2007.

[Hernandez—Orallo 2010] Hern andez—Orallo, J.: A (hopefully)
Non-biased Universal Environment Class for Measuring
Intelligence of Biological and Artificial Systems. In E. Baum,
M. Hutter, E.Kitzelmann, editor, Artificial General
Intelligence, 3rd Intl Conf, pages 182-183. Atlantis Press,
2010.

[Legg 2011] Legg S, Veness J: An Approximation of the
Universal Intelligence Measure, Algorithmic Probability and
Friends. Bayesian Prediction and Artificial Intelligence,
Volume 7070 LNCS pp 236-249, 2011.

[ 20161 BHebl, )iz, Fe)llEwk: FEeO L HMERE
fliD7=b DT r T LR OF Java Y — bR s T LB,
NLHREF SR, SIG-AGI-002-04, 2016.

[GGPC] General Game Playing, http://games.stanford.edu/

[GVGAI] The General Video Game Al Competition - 2016
http://www.gvgai.net/

(1T 2015] HJIEZE: —fREFRTAGRIC OV TOE L, N TH
REF TR &R, SIG-AGI-001-11, 2015.



