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that is, the reduction of the design space to resemble a biological

brain more closely, is a promising approach for solving this problem. However, it is difficult for an
individual to design a software program that corresponds to the entire brain as the neuroscientific
data that are required to understand the architecture of the brain are extensive and complicated. The
whole-brain architecture approach divides the brain-inspired AGI development process into the task of
designing the brain reference architecture (BRA), which provides the flow of information and a diagram
of the corresponding components, and the task of developing each component using the BRA. This is
known as BRA-driven development. Another difficulty lies in the extraction of the operating principles

that are necessary for reproducing the cognitive-behavioral function of the brain from neuroscience

data. Therefore, this study proposes structure-ct

interface dec (SCID), which is a

hypothesis-building method for creating a hypothetical component diagram that is consistent with

neuroscientific findings. The application of this approach has been

tiated for constructing various

regions of the brain. In the future, we will examine methods for evaluating the biological plausibility
of brain-inspired software. This evaluation will also be used to prioritize different computational
mechanisms, which should be integrated and associated with the same regions of the brain.

©2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Artificial general intelligence (AGI), the development of which
has been a major goal in advanced artificial intelligence (AI)
research in recent years, i d rating the i
general intelligence that is possessed by humans within a compu-
tational system (Adams et al,, 2012; Goertzel, 2014). An essential
ability of AGI could be solving various problems, including those
on unknown issues, by flexibly combining knowledge that is
gained from experience. However, methods for developing AGI
remain unclear. Many Al researchers believe that the develop-
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However, no single theory exists on which the entire sphere
of intelligence can be built. Thus far, the development of AGI
has progressed by the repetitive tuning of various limited issues.
However, such an approach makes it difficult to design AGI with
flexible problem-solving abilities that would enable unknown
issues to be solved. The construction of an AGI that possesses
the full extent of human abilities would require an extremely
large design space owing to the combination of computational
mechanisms. Although this design space could also be explored
mechanically (Clune, 2019), at present, it is difficult to secure the
required computational complexity.

Brain intelligence is associated with a certain degree of ver-

WR. B78 2P —FFTOF v —EEEZEAR UKD SiHE

AlZgst - FART 55—, sS8AIRIFEAE4
— O DER, 20226098168 %5%

DEEBRBIL—LD

34



ER(CDIToEE . PERGERKREST)L(WB-PGM:)

Whole-Brain Probabilistic Generative Model

a0 B8R W & &FH ET.
e Bia. it MhE. 8K K,
R RER. &0 &

WB-PGMI(Z. ABIDOEHOEE
[CENEEBIC, FHESZERE
RICIEBR IEHEXRNERKRETILIC
KONV —FF T F v H R
LESEWVWSTZTO—F

Artificial Intelligence (BRA)

HE | NILFE-YILRERZRS
. BEMRBEARZEFREL. RR(SELT
=D ABIOHEE. HIUFENRON
v hDWBRE T DIERAR L TIRA KD
EIDE. NP —FFTIFv &
L COBSEZIRET I D ENRND.

WM




N7 —F5FTF v (WBA) 7T O—FDIREE TOEER

201 3R ICWBAMsE =% FiG

2014 (CWBATZO—FM,  [RERDTV —FFITF v (CERT LT,
ABEIDKXDIEATLHIEE (AGI) =D (IF) 1 LERINEL

2015F(C. FEEx#EEIT DIWBAI (The Whole Brain Architecture
Initiative) HEIZZR=NT=

20204 tE(CBRA(Brain Reference Architecture)SRENFAFEHHEL

2022FDLIM(EEBFBETIV)ORERDOFEZZ (T, BRASREIBIFED/R
—AMNR (BU. FERXEIMNSDAGIDTAFEMNEF D)

WM



BRABFENFHIFED B ENL
<UTC
FimO— kw2

WM



AR SFEET)L(LLM) (IBRABFENFEFRE ZIRZ (CIIER L D B

FORE (£0)

HCD%. LLMZFELY  —

HODIZZESW-a— —— [ wmys o1y
2N

EREO—RFDEE
MDHCDIZEASL T

ToZalL—ay

(BA)

BIFETLFAO S EFfGT L [§

HCDERET DX &
(HF0t)

BIFE. S/hxxmd —— |
DEEFHMET S D
(FlR. #&A)

-

B 2 O0—

e

(BIF)

BIFODEL]
a2

BEELBIFDFEIZ &

Hexat (BA)

WM

—— WL\ h = &1

\<| REI— FOEH

N, nHHjCJ:O)nEL
&EEMk S
BIGHET 3

BT
17 — B P % SFf




FitiO— Ry T Z/FDEEK : WBRAZTHRSED

«  FKAWBAINAGICERAICELRZET DME UINRWL L. AROEBHAGIICERY (CELET
DME UINRL BEFEDAICAGIICERET D ETFHITIHEEBLD)

o BHBEAGIIAFEBEBHEEDRITIZ LR DDDT. RYIDAGINEHIEE & U CHFE
IRFCOBICEEITDCENATBHRICE D THICBRERD DD

- BHENTECHELZRE. TORRIITEND EBOND

« TIT. HEAGIDFHNETIBIRTHDEMICDUVNVTDBRATH SWhole Brain
Reference Architecture (WBRA)ZE2I(C/ERA L. 2N UL,

« D&, FEBIAGIZERL UTTiAFTRERE(ICXT L. WBRAZ AU ChAIAGICCNZE S
DIEIREZ R TS TOEIRRIIAFRICEODTHERERED S D

« WBRAD2027FEFETCOEMZEFEIRT BzsHDO— R W T Z/ERT
— BIFOD#E(Z. FICLLMZRWTCEHEEENAFE
— HCDDHEHICIFBIEFMEANIY —INWREBTHD, HEVFEEHEET D

WM



WBAR IO — RXw T DSMER

s

Jll

N = bb\ﬂ&ﬂAGI@EEE’J@Eﬁ%’&ﬁA

A)

KSR 7—%+5F v (BR

> kJEa1—%

fxE#R ~ O0— (BIF) >
A

RERE T > R—+R> hRI(HCD)

A

Al

A LAY S
AT *gE
HD1HR

MRS

AABLAGIDA — T > 1B F

RRD A
2

.

OIRFH @7EamiaRil  GBRABEH

@3

WM

40



WBRAZIEE I DIz — Rw

Cls FESHEEE

»( WholeBIFDEgiEs7

DDBIFEEE 2 FHEN(CEMEET
SN o BLATLDREE

BDBRA'SWholeBIF Z EENEET 22 A7 ADH

LLMZFIRL
e B0

|

|

|

| -

| ERRDIC J BDBRA/'3WholeBIF
I

|

|

|

s

ké B9 .

L o T AGINZRTHIRT %
\ > ncoEmwemmmomE | HeORBWEREROS A7 AL Hooseves & Pl SN HFFEI K
5 | HCDEEFMIEE - I Y E =
§ | (LLMOERD ]7—4 HCDIREESHIIC & BHCD RO | | YENc—BxEmst
= LANDEEZST) : | WBRA THEEL,
E I [ |
-l REECEANMEBEOEE (SUR NEH) ' SYI0WholeHCD !
o == r ! (mepT-mrEED) | I
- B — 52 IREFEERS : 77) (BB HCDDAR J—>{ wholericon=s
o
g | | 2EEEN/ (—T3 |
g : — S HCDES |
3 | —> SANEEDERE |~ B HCDDEAEEE ——( szommancomen - =5
= | | emEEEh) (— |
s TEHCDES R/
e : HROZEICBAFIHCDZIEE - &FF (HBEE0H) (—F=03) ; HRHT EOHCDEEM - B8 2 02 7 ﬂi bE 0) B '%IZ EJJ
|

X, EELARRY
Z BEbHeoosmzn o
TNk, HEZREYD
RITOEZERZOMA
[CEk>TEHIND,
WBRA D #k#5t # 75 12 2




BRAERENFHFEDRIAREL

« £t EIFEA : 2023~20274tA
— HCDH R DIEIE
— WBRA% 55,

« 13EHA 1 2028~20304A
— HRERIZEA R OEMCH IS UTZBRAEFTOEZERBEEN L ®EDH D
- BRAICEDKHELY T MDD I 7ERG EOF FAeE

« {R1FHA : 2030FLEENSHI10FERIZE wacwucEs)
— BRADHNR—2)LDiERS
— (FFBEFEENTZBRADEH

WM



Whole BIFDD B &g = H15 9 BIF

T“—/l --------------------------- (bbb bbb bbbt o
| WholeBIF DEEN TOiEE —>
TR |
@ — | |
; BDBRAN'S BDBRAH'SWholeBIF
3 | DOBIFEER WholeBIF7Z | | i CEEHEET —
TE FiEistEss SENERT 3| | 22570 | |
S | WEEORIE J | |
@ | | |
=
5 [lmMEREL | |
= TSR S0 | |
- | iR
® | | | |
O | (wEroEE=—4 | | |
TTTTEEEET 1 {5 B |=="
| 2023 | 2024 | 2025 |
| | | |

= BREXR : BFkicmI+1-H Y #H#&(BDBRA, BIF)

WM 43



1‘%’2 73/97\/7(L_FC\ UTZHCDERk & Z DTS

1
i et - —oTeTe=eE=ssmess=es |= == eSS eSS s sssessnee- it i
| |
I

> HeoBmwEmEmOEE }—»[ HCDEBIEREITDS A7 Lt }—

|
(LLMODER®, > HCDEFEHTIC & BHCD/ AR EMNIBE |
LNDERESD) |

| |

[ HCDIBIFSiIBE ]

|
Szégqé)zg EBEE(CEEINIHEBEDEE (YAUVUA NEE)

|
|
\
|
| | ) n g o :
| —> HRUMFEERES : 1)) (—EOBLHCOD R f—
| | LRETEN)(—T3
I
I
I

£ WholeHCD

|
|
|
|
|
| (B2AT—BEiED)

| —ESN/CHCDES

\
i
—>{ HRORREDRE | —BI B HCODES TSR | —

| SREEH) (— ' |
' | FBHCDES | |

HROT EITHRIHCOEIEE - B8 (RHS0NH) (—FS03) | HAHZ EDHCDEEN - B
QL mEEmse | ‘

= Bt °AT& : HCDD BEERL. & /sHlICFm (+F-H Y-

WM 44



r0R U (3 D WBAIDS DA MENE

WBAIDOTO> 177 EAREIE2015~2030FEAETE L TLV,
I 0IR Uit (45 20234 (3, BIEZEEHUL. SERED
BIB(CDI TR 17351 =20 TH 3.
- BRI

— AGIHIRETICERENEER—RORL (2030FEXKDEIHNE)

~ WBAIN'ERE U CESEHINERE (BRABREIFFR)

- WBAIN'RIKER I REZEE (Minimum Valuable Asset)
— G (CX U CERBAA] g LRI ERA
— MR (CEIROJaE/RkEREY) AR1ITDBEIIEZBLI DIZIFTolEE

WM



(EGIESTNE

. BIEEA 1 [109)] B8/ D43+ (BDBRA, BIF,
HCD)

- JE#EEE(E : [593] BIFE &k

AMEEI& : [1093] HCDB&MERL,/ #ia ./ 3Ml (#48E~R[ma]
SCIDi%. Great Crossword)

« BAEM : [59] EENEBSI =1L —>3>
. fA*T’EK [553] $TFESHCOM
« & : [573] BEETILDOERE

WM





