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2 [K] O ¥ % (Credit Assignment) ?

Minsky(2006 D 58 557) :
(BEFEDODHEFEICEWTEIINT-BLLT
g>ay (EFE) OFH LRI - FRAR S
BIERICEDY 1270 a v Z2EERT gy,
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X (2 2 B EZE
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Sloman (1995): TALIZF A EEYDA TP v A%
BHEREEE & L TW 2 DT AlE WD DIFRR - I &R,
i, ThzEERIN/I-BCZET 2 EREE) AL HIE
> X7 L (sophisticated self-modifying information-driven
control systems) (CBI9d 2 —MRAAFT L EBRL TWD, %
TICIE, £ AT, REOL O EAREDSH
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LD CGELLTERICEVWARWEDEELNTZH D)
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“EROFE RRIOBLELOEBFETDHELUEL
(Minsky (2006),] Emotion Machine.ﬂi}l&?ﬁ?’“)
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Big Data-type Al vs. Neuromeorphic Al
or
ANN(Artifical Neural Network) vs. SPN(Spiking Neural Network)
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2 iR e g A CEmen WELIE e, G
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bl el
Point/MeCulloch-Pitts Neuron Feadtarmard Ranllivumnd
Pyramid Neuron HTM (neuromorphic) Neuron
Figure 1a Figure 1b Figure Tc
BEM - s - AR -0+
https://numenta.com/ Numenta (2017) % 0 Hiy NEE=2—0>
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The Martinotti cell targets its
presynaptic terminals on distal dendrites
of the pyramidal cell, and thereby affects
the integration of synaptic potentials
along specific dendritic segments. For
instance, activation of the Martinotti
cells can inhibit the production or
propagation of the dendritic spikes
discussed in previous section. The basket
cell targets its presynaptic terminals
around the cell body of the pyramidal
neuron, and thereby influences the
overall integration of synaptic input from
all dendritic branches. The chandelier
cell targets its presynaptic terminals
specifically to the initial axon segment of
many pyramidal cells (Figure 3-46B),
such that its synaptic inputs to the
pyramidal cell have the most direct
impact on the production of action
potentials.

Principles of Neurobiology by Liqun Lup_2016
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Figure 3.1 A schematic of the strocture and connections of the medial temporal kbe.
Dmshed bo denotes MTL structures

;ﬁ%"‘- H | MW; (@B?-ED |
Loy I e

WEEE _ WAKE . SEEE

I Perichanal Cortex (PRC)

nigra pass reticulata

l | Parahippocampal Cortex (PHC) | : Figure 3.2 A schematic of the structure and con
. thalumic loops

What{&# ] Where 5% [
| Unimaodal and Polymodal Assodiation Cortices ] ’#Eﬂ}\”i ° ﬁﬁ‘ﬁﬂl&ﬁf
LY STy TF—T N

v’ A notable anatomical feature of the dentate gyrus is that it consists of

approximately tenfold more neurons than the entorhinal cortex, meaning that
information fans out as it This fanning out means that relatively few neurons in
projects from the cortex to this larger pool of neurons.

v’ the dentate gyrus are active for a given element of an episode (e.g., the type of

tree you saw on your drive).

Grlobus pallidusSubstantis ,ﬁEEﬁ/%EﬁE”B

mections of cortical-stristal-pallidal

R
Generalization
of Knowledge
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(3) BD-AI vs. NM-AI

B-DEY7 7 —ZABB/E -RH/E

17
(F§4%) Big Data-type AI vs. Neuromorphic Al
or
ANN(Artifical Neural Network) vs. SPN(Spiking Neural Network
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Point/MeCulloch-Pitts Neuron Fosdtarmard Ranllivumnd
Pyramid Neuron HTM (neuromorphic) Neuron
Figure 1a Figure 1b Figure Tc
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Numenta (2017) % 9 Hifr NEY=2—0>
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BD-AI vs. NM-AI
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v LEH{DNNDFTHBBED. ThLEIICHERTBERIC
£ 57 L 7220125 D Hinton 3R D AlexNet & IE (1 5 CNN
(BHAHZEINN) ETLDFE. TROLFICHETRE
INTA—R—|, 62377783441E |
VEBOCNNBERERT, BLDEETRENFIXA—-2-§
BORNRITESR
convl: (11*11)*3*96 + 96 = 34944
conv2: (5*%5)*96*256 + 256 = 614656
conv3: (3*3)*256*384 + 384 = 885120
convé4: (3*3)*384*384 + 384 = 1327488 , E = e
conv5: (3*¥3)*384*256 + 256 = 884992 S e e gl 5
fcl: (6%6)*256*4096 + 4096 = 37752832 '
fc2: 4096*4096 + 4096 = 16781312
fc3: 4096*1000 + 1000 = 4097000

https://j ki | com/2015/07/15/all
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Bayesian SegNet/Cambridge D 5 &

ADTF—RPEMNT—RICE->TVLT, IT¥I—%, Fa—-KetWiZa—-5hiky b7—2%eBLTAH
F—RSHAT—R LB LFBREFARTBEIICTETILS, ||

Input Convolutional Encoder-Decoder

s

Output

Pooling Indices

RGB Image

I Conv + Batch Normalisation + ReLU Segmentation

I Fooling [ Upsampling Softmax

Encoder: 13 VGG16 Conv layers
Not fully connected, this reduces parameters from 134M to

14.7M|

https://youtu.be/e9bHTIYFwhg
https://youtu.be/Zu1BzW8fAjw

http://mi.eng.cam.ac.uk/projects/segnet/

L, TONLER-RNTHEEIR
£TEB30M, REKEEOHKTSH,
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3] (-EEEJ:EEW!;. Fiﬁ%
AZ2) | BEXZ3 [EBIEE
L B3, BICEEIR. WHOBOL
S E—EROBRTREL. BFE
DIEAE. EEDKBEEBOLICES
BIEIER. ZhS>Z2HCEOLS &
FROBRBERE EEBLEKEL T
W3, Z0fdH, NLXZX-RXEH
ALTULRRIBTH, ChOEEFP
EBOREICO VLTI, ABHFHE
ETEMBL T,
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. g;kg!#ﬁﬁﬁﬂﬁi‘ﬁﬁ Y (FERHAEIE & 4 R +EEEH & 3 FUIRRAL

cFERAEBESTEHBENA (RHEER & —FEE &IERNE)
cERLBZEREEORRAS = 2 —0O ¥ OSTDP(spike timing-
dependent plasticity) 82 H:A
STDP: [LTP (REAGREEM) L LTD (READEING) 0EEREE
MREFELRD & S BRETRBREATWE, ¥F 7RG (D=a2—
RYD) BRHEYF7TRED (Z2—-0r0) FEXbIVHEIVER
KALDEEICRLTPHRE, YT 7RARASVF7REEFRLD
BIUPRICEBCDILELTDARID, CORREB. HBRE2AI¥
JRENRRME, STDPELIEIEND, |
EJIIKZ: © http://www.tamagawa.ac.jp/teachers/aihara/nagasawa_test/contents/study.html
«Za—AYEE (HEMHE -t - ARE=-2—-D+NEHE=2—
nYy=“AFINE" (RE) SRES8RR (R4H)
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1EEsE SDRDIFE L WIEHBED)HHE
: v LR O RS (TR = 2 — 0V HE RN

10000. 01000

10000. 00000

v EE D (e.g. AL & 3L - 55 )
T L EHEBED 40y FRUEHE  BREEK)
_ : L v Bhahe by ORMOERIER : 2R

Sparsey : http://sparsey.com/

Sparse Distributed Representations (SDRs)
SDR%185 = 2 — AV EEOKEERES 2 — 8
i& Anderson (2017)/Rolls (2016)

V1001812 D T ZHKE ¥ 2 — v: Minicolumn

v'Minicalumn 10018 |Z & O HEEEIRE Y 2 — b
Functional-column (= = — 1 > 15 18)

¥ Functional-column &= 18 (X & DHEEAERE Y 2 —
Domain Column (1007 18 O 5 $84K (2] BA 4815 72 &)

v Domain ColumnE 1813 £ OEBREREY 2 =0
Regional column (B —{& @D 7 0 — H FA &)
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E BEVERLELES

#
-
Gerard Rinkus
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SDR: Sparse distributed representation,

https://www.researchgate.net/figure/Sparse-distributed-
representation-of-a-spatial-pooler-with-active-
neurons_figl2_261699568

How Lateral Inhibition enhances Visual Edges
(https://www.youtube.com/watch?v=stILNhhilg)

http://www.mun.ca/biology/desmid/brian/BIOL3530/DEVO_12/ch12f05.jpg

26

(3-3) 72> A=V RNV R I DEF

28



THE VONNEUMANNBOTTLENECK

1 -\ CPUNEEDS TO WAIT FORDATA
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http://www.androidauthority.com/what-is-cache-memory-gary-explains-681747/

Von NeumanniR b bRy 2
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Processors/Cores D LEEEﬁJ:H

BN EH ST EEH - EAMH
BH KT % o MemoryD MLETE

EOLRIIEEELTWS

@ I@ l Pr\:e.’w |®

One or One or One or One or Privale
maore levals morne levels more levals more levels EREI“\PS
of cache of cache of cache of cache =

l |

Von Neumann
Rbhxy o COMPUTER
M\LHIHL "URE

Shared cache

—

’7 Main memory | VO system l
LY

Basic structure of a centralized shared-memory multiprocessor based on a multicore chip

2016 6th
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%3 SCHkBen Varkey Benjaminft? (2014),
“Neurogrid: A Mixed-Analog-Digital Multichip
System for Large-Scale Neural Simulations,”
Proceedings of the IEEE, Vol. 102, No. 5, pp. 699-
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AlphaGoB) EIC L ERIHEE S
* Naturei® 3 (Silverf(2016) from Google)
STNZ 7EDHBBAIRBA7y FeaEhT
e W1A2FASD
WatsonB{EIC L EREEE N
*ForbesDEEETII2087 v FEENTWVWBDT,
EfEDAlphaGok FIERAL (=L, 887y b
MR15SA7y bbb HB)
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Large Number of Computer Cycles Required to Perform the
Same Level of Pattern Recognition as the Human Brain

Bio-uCell

e L]
9 Vi ;
o =P B
g Lol P
i A

3 Memory

Memory: 10V bit
Logic: ~300~150,000 bit Logic: >10° bit
Power: ~107 W Power: 1043 W
Heat: ~1 Wfem? Heat: 10% Wiem?
Total energy/task”™: ~102] Total energy/task”™: 10'%]
Task time": 510,000 5 ~ & days Task time": 24005=40min

https://www.semiwiki.com/forum/attachments/content/attachments/22411d1538572687-wally-ai-presentation.pdf?s=c131efd8d2730e5f2dac62f4c23aff2c

Mentor CEO-Walter Rhine (2018) D 5#:&E £ &

[(http://www.rle.mit.edu/acbs/|
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Intel®dNeuromorphicF v 7 “Loihi”|

€2017FIA TRAICRRINEEDIY OREF 2 7

CZTDIVTNERA LEEMEFDLOLEBE BRE
FTARBRITALREZE LT v b

S3ARAN= 2 -0 &1 30008 EDF7 R

(NM-AI & L TIMRIE)

OV} 7R/ =Za—RAYHEIZ1000

CHEELOMEIR, AAZ7OEyY01,1000

O LoihiDFIET £ 2 —132018FE L HA & it A &
— % XEta Compute (https:/etacompute.com/) BT ?

1M neurons
4B synapses
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MEBOEHS

4XEsecs

I A (2003)72 50 5] 1] 5
(74 - JARYEFILL - AV E2a—KTEAEY DIEHD | =
NENLTAEXLHEBEEZRITT S, o T, ::@@x%um&%uilga
i 7—% (7O 7L T—RERBMEINDG ) O—BFEWTH Y. 2003

TRty EAIEICT I RADOHPEETHD . INITHL, BIZXAE

(3-5) NM-AIEH DT, CAM UR—Z - T—%F0F v (XEYEHEER) TH5 . ML, B
HESLZ7LIY X LEHRRIEOBECZOFSREDE/NLE L
(Content Addressable Memory) THBILL > TEEMLBET 50T, MOTLTUXLR—TED

Wy oTPy7 - F=7 GtELBZ2RIOSBUEBTESIRZ T
RERBE-DICELNTEEERS) CEFXSNAAXEY & LTHEE
T2, EEBRDIENTED , ADAHBERIZ, Oy ITY
T T=TNhBEDEZZEBELFTHhOBREFRE LTHVLWSNS,
AP EZ &5 &S (HAHT2) &, 5l L2B07LTY X LI,
HAOKREEFBICL>T, BENICEEZE DD, | (IAEMB2003),
2308, (O AIEEFEEM)
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BATOTRL A2 72 4y B 73
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RAKT2O8FELE Yy f =256y DT AT LXAEYBEEHERZ
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YEL—Z T, EOLIREELRBEFETH>TH, &K
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CAM TR OFERFSLX
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FLRG e Ay T YABRDDPR—DEBEXAEY (CAM:
Content Addressable Memory) T®H %, CAMDiFHE, 2V TV
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Judia Pearl (2018)IC & 3“4 » T Y ¥z »R"HER
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https://understandingsociety.blogspot.com/2016/02/causal-diagrams-and-causal-mechanisms.html
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"Predictive Mind” _ “Predictive Processing” “Free-Energy Principle”  “Robotic Minds”|

The
Predictive
Mind
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Does it justify claims that Al-based
systems can now comprehend

¢ Adnan Darwiche is a professor and

chairman of the computer science
department at UCLA.

language or speech or do vision at the /' Professor Darwiche directs the

levels that humans do? Does it justify

Automated Reasoning Group at UCLA.
His research interests span probabilistic

this current imbalance of attitudes
toward various machine learning and Al | 2nd symbolic reasoning, and their
applications including machine learning.
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company that has an interest in such
an application, then the answer is
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are concerned with scientific inquiry
and understanding intelligence more
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