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SYSTEM EXTERNAL
ENVIRONMENT

SYSTEM= Agents + Objets + System_Environment
Agents=Agent1+Agent2
Objects= Traffic_light+Pedestrian+ Human_Driven_car
System_Environment = (External_Envnt1+External_Envnt2)x(Internal_Envnt1+Internal_Envnt2)

B 1 MENBRAN, BERAEARSREE
J%wh%ﬁﬂ?@i%%,wmm% REMZA. BNBRAES, SNBREEMRERRT, BETE
mERSRNKIREAN, B8 RIENEENENRSTI, EEMMTAMIERARRRENSLI. WE 1 ER

TABEMER A, /\EE%,;LEE%EH ERMARGIMEAMN. %4&&%@%?\]*‘B}/Tiﬂﬂ%“liﬂiﬂo BEE=E2N
5. BRABAENERMCNENETN, BEMNZRN, RELZFHHEBHHEEDR

Thermostat Room + Temperature Explicit controller
Heating/cooling
device Single goal
Shuttle Cars + Static Explicit controller
Passengers+ configuration of + on line adaptation
equipment cars+
State of equipment Many fixed goals
Chess robot Chess board + Static On-line planning+
pawns configuration of stored knowledge
pawns Dyn. Changing goals
Soccer robot Regions in the field + Dynamic On-line planning+
Players + Ball configuration of stored/generated
players/ball knowledge
Dyn. changing goals
Robocar Vehicles/obstacles + Dynamic On-line planning+
Road/communication configuration of stored/generated
equipment vehicles/obstacles + knowledge

State of equipment  Dyn. changing goals

B 2: NBEIEE, TERFLEIRILLR
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Internal
Environment
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Knowledge _ i
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Internal
Self-learning Actuators

Self-awareness

( Adaptive Decision

Goal management ] Actuators
application commands k
Plannlng
AUTONOMOUS

AGENT

Self-adaptation

External
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Z. REMTEHERIE (Trustworthiness)
BMNAMEARAE—TRERTHNESEIUAREHANE? Joscph I NAERHSFEER, I EHM
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0 System Trustworthiness 1
4: (SR vs AR EHIE

ME 4 ErJH], ARTREEGFEESENE, MENTOTSUHERFNAEHE, MMELRME
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NREZFNBRINANUL Z BEMEERS. MAMR0REB ERAN A URIFHOERHEHIEN 1812 (8]
EiSF& QB 4 TR . BATRIMEIE—RIVESNE EMAVERBRANN2FEMERN—R T, XL
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'. The Automation Frontier — Autonomy Levels

e SAE AUTONOMY LEVELS

Level 0 No automation

Level 1 Driver assistance required (“hands on”)

The driver still needs to maintain full situational awareness and control of the
vehicle e.g. cruise control.

Level 2 Partial automation options available(*hands off”)

Autopilot manages both speed and steering under certain conditions, e.g.
highway driving.

Level 3 Conditional Automation(“eyes off”)

The car, rather than the driver, takes over actively monitoring the environment
when the system is engaged. However, human drivers must be prepared to
respond to a "request to intervene”

Level 4 High automation (“mind off”)

Self driving is supported only in limited areas (geofenced) or under special
circumstances, like traffic jams

Level 5 Full automation (“steering wheel optional”)
No human intervention is required e.g. a robotic taxi

5: SAE BELFIFE

B 57 SAE GEEAETIRINNE) SIENBMNBREERFITE. M levelo F levels BT AZESHgD T
BNAREAN. MRRENIFENBRIZRSRIVIEAENT ANEENBERMORENN TR, RRFTHE
BERFMEGN—TEBEE, BNATLID ASHEEZ BRI TIEFRRERABRMINNOS IR,

2 J& Joseph 2 THIIRELE (Knowledge Truthfulness) [8)80, ME %M T — N EBRZEL, AEZNEBEES
XA UD NHREZE (Fast Thinking) M18EZE (Slow Thinking) M, REBEEZXLEIR. BNCEERE NN
REEEREE, AMTBETRIMNEFAAEZKARRENR Empirical Implicit Knowledge) tbaNERR. WG, 384N
EE, ME5ZNNHWERZNZERIR. KIEFHEFEL NN, EEERRIRNSSHRG, EEMBHEN
REFE. DFE BARNRK,

AT A BB BHRARNEZMENERITES LENREENEREF—1ELL: HEMNENNIREE,
EEEEEIGTELRMANINR, BETEIENIIR, BEENEEIRBENHEDNALZNZEINT—1F,
BMIEIERXFIRBBEN MM, ERHENNNIERE, EBEPHORITEE SETRENIR, ©
REAMEBRIAFZ I MAIANIR, 2 FT ARIRIERY,
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5 &
nowledge

Non-Empirical
Knowledge

Irrefutable

Mathematics, Computing

Scientific&Technical
Knowledge

Model-based

Implicit Empirical Knowledge

Facts and Syllogisms

6: FREFIE

X —ZEEE#AT5I 8, FATR R ANR DRI ANREFIE, BT ENRARAE S, NE 6 iR, £FE
MWRKEEELNHEER, RIMFREBESNEVEMREBIE_EEFE, F=EUREMBEORZEM
AR, FEENZMPRRNSEMRNIEZW MR, KIVENEIRATAIR, BEMITERINRLT
FME, MSFIMNBEIHTVLTEZR. EMERMNZSINRFZI DAL ERBNAIRER, PFEES
B SR DT S HOAT IR MEAEMNERXENERF I RARNT BRI W EAEHR.
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B, MEER— B EHEMENEERL? Joseph BANBIRERETRENARIRITHERBEHE
MEERE, MIMONBEIHARMEMNFETEY, TRANGEEMESRETIA, BRASENEHRMEN
S BEE— NS, XMERAIRITRTE Hybrid Design Flows), BT XMESIBITETRS, EF
BRIt A AAIRE FEBIERME . E5R L, EFREMRTAEERTEEMILERER KNI EHIE,
E 7 A, ERGIRITH, IS BE S EESBMHRFTNEST, REBEEMHE, TEIDENHIE
XLEEEEHZIENGN, SEET DIR(Detection, loslation, Recovery) MlEI4E REMIEE G IR SRR E RS
PORTS, BXMIRITAELREREZENATEFRASF. RFEERAMEEZRMIETNIMNE R R5H
MNBZIMHAEHMERME., X—QBE—7 2017 EXTEEFSEHEENOTIRET TN, XBEEHE
ZEMMFAME RN DN A ERIERAGHER NPT EIRTS, XEENBHLNIMEN DT, FXHX—aEH
FRAREERAIETYN (Run-Time Monitoring) HLEISEEML DIR #1151,
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End-to-end
Learning approach

Model-based
approach

“Hybrid”
Data-based+Model-based

Deployment

v
Deployment
1

Detection Isolation
Recove

Execution Platform

Run-time Assurance

i=e

Execution Platform

ML-ENABLED AGENT Execution Platform AUTOMATED AGENT
(PERFORMANCE) (TRUSTWORTHINESS)

HYBRID AUTONOMOUS AGENT
(TRADE OFF: PERFORMANCE/
TRUSTWORTHINESS) &
26

.Insenh Sifakis R, renca Reiinn .lune 21-23 2020

7: SEEIRITATE (Hybrid Design Flow)

Non-Trustworthy States

Trustworthy States

Non-Fatal States

Fatal States

8: RANETREIRIT AR WMERIEPH{EHIERY

BERIESIRITENA —EIRITIER, WEINEFI#TERIN, BETEEMTENIDRR, B
THRERT IRAE X BRI e BAIME EMRIEN BIRIEEF FNSE, ME—MEENHFTEFMIIRE.
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XAMMER MR ERIT T2 P] AR D AU FER:

Levell: [ R TR IRRERIZ B R 4t

Level2: ZREGMNIMNBE . 2FE. BES;

Level3: TMERBFA DT, BIEREXEITE. YUlitHE. BIENXIAES,
Leveld: {72 BRI,

ZJ& Joseph 122 7T RENRITRBI—IF, RAWEIHRIE. HERAGRIIFEXREEN I, (HERENE
BRESTMEATERNS AEAE. —TENHERANZBN T =T4%:

1. EZM (Realism), tHFIEIHRHITAFMMENRIR ISR,

2. EBXEIR (Semantic awareness), FE RSN NFZMNILIBTFTERFIEN (transition system semantic)
1, EB4E Notion of state SRIAIRII LI ZIR MM PIEE 4 Scenarios SRAEM / MR IRIRST = XU
1572 Notion of coverage REERXR AR ECEHIINIITLAEE,

3. TREZSHENEZEINHE (Multiscale multigrain modeling and simulation), B3EEEIECE, B8N
BIERFEER . FEREZENXBEMR; LEA, NEMBKESHESIZNFARMNHLA, FMI %,

BERASHTWHERFRZIENRIR, MINASKEHERS I ERETRNRG ., FELETEHEEERN
B FRMIIETE KA,

K
W=

Interaction rule:

Configuration rules
Interaction rules for all a,a’:vehicle, if [dist(@(a),@(a’))<l] then exchange(a.speed,a’.speed).

Mobility rule :
for all a:vehicle if @(a)=n and @ '(n+1)=empty then @(a):=n+1.

8: DR-BIP M—LEARHZ AR EANE B SN B RAYSLA
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ETRJoseph@HEMNNTBTHINZIRERLAN—MHENBEFETRZRLENBEIES, DR-BIP (Dynamic
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EREL, B8 —RInH KRk, BK);, —1TE2FTRMUNME, ERRRRTHZENXR, X—X
RANEZE A, BTUEAR N, —PDEMRECRB TR EIE FNE TN R, BINEXTREM
MISEIE ToiE 2 [BRYZZ . (Atomic Multiparty Synchronization); BIRSTEATEE X 7 B & M NIEESEA TR AR
/ MIBR / BahrutrH S RitE,

BB AZFOBEN, MENGEMR, X—ERAZFHEITHIER, SMN05ES T BEMENE
MHE., MBEAERLE, TA. BIEEE, ENBRETEARDNTH. HNTNEXXE—TRZEMM,
HPMMENER/NT—EEHE, WelREERR BB UEX—TREMAN, NE—MEREN—TT

RAZHIR, BRI OZFEEFRGIZBTEA T RAERTIEAENED],
M. 45iE

Joseph IAN BRIMIEA NIBTIZIARE B ERFNER, BRNGBFIZTERIIEN, ERNFTRANZEE
T—TEAANEN, BRENBIMERENERME. MZBBNRANBFZAHEIE (Formal Verification)
WEBESIRE, EREFRKNERA U ARNERER, EUNYSEMNSE R URMERRNE ERER.

WERE, Joseph X THlERH EMAIRKIHTT —LRE:

1. RZ BB BRE RN AR R ARG EN ERIB M 1T EF O
EIVUIR

2. HNEHAETHRECRETRENSIE, BMEHTREGIRIT,

3. BEMMNLHIEZES FRittEEBMREREBEBH.

4. BERGHEEMERAZR — T BFEANEA, HIVBREMEMLERFXERRRE BHTIEAE.
SABRLERAAHAEBAE, EFWERRENENHEDNEESRRNERARE. HIIBEFXERZZK
RORREBEN, BAMIITEEBBETN, REHZESH T BENE,

PSR A EARAIEL AR AIAR
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@ EEFPEBit Steve Furber: EEKii—— A TH4EMERE
g SR EX #EA

EE_RIERERAS "‘IEAREASI L, EEMRRIET. ARM ZOI&1TE Steve Furber # 7 &1
{Building Brains — Artifical and Biological Intelligence ) HIFREH,

FLEORW S, Furber EENE T HEFKFH SpiNNaker TNH, ZIMEMR—BHT ARM IOFELHZ T, B
HEBRIMNBED Z—HALEKRRPBHE. Furber BENATIMENHEREMNIENENRRE, EENERT
5 —1X SpiNNaker BITAR B RFIN A, HRARTE SpiNNaker RZE L INEINH T KBRS, &=EN
A7 % SpiNNaker2 BRI BIFT 2 &b, ZRFRTSERML . Furber INAXSRRNAY T #2X T A TE 889
RRIFEER, JUHERESANUERITAIEERS BRIAMFREMRAE LT EARNGQ IR,
SpiNNaker INE 8 B @2 HENA(EERAM, FBIAINIRITELFH Al

SpiNNAker INB 8 F 20 /I, ZiRMHLN 10 RE, SHEIERZMNARLERKR, HESIFELTY
BRI, ARBANBRASZRE, BRATHEMEHOTMEZHITREN. Tl AER"{ERHZ
P& QEROTML) MAEE—THZERNBER, FEOTMER NG T A TEERMHS, THEERN
RRHHE. 3K, TWATEEHNERHESIREMEZEZBNERFAMNKTRMEIEN—LRIR, SpiNNAker
= THEENRRTYA.

Steve Furber, HF X, HENMERMBEHIRM. MAREERMERSERTRERRLE, KON
+, REWENFS. ET, [EEE 2%, BEHENRAREN, MAIRBRITHTEZERESR, HERN “ARMRIEZ
R”, MEFHEIE ARM LR EZL M A FH. TREMOEMEERERRALRTNERMLIEE, F
RESIK 100 281, SHZRER 500 {28, Bal, fhERFLRA SpiNNaker HERSITEMN, SEE “AM”
ENZL. ZTEHES 100 5B ARM MtiEss, EEMER EMREANETRBRITEN. Fuber BE
EITENTER =S8R, RIX EEE HEHNLRE, ET REMME, ARIIGFGESSHESRGRE,

—. 200 FHHE

200 Fal, #ZF T RHL TN Ada Lovelace BT BN AEZF BRI EEK Charles WBIF, thE2RHN TR,
FINHE TIEERBMONMITEN, EREBZEEENAZ—. TEANNMRE—TMEBMEFA—HFR
EA, MABRINEE, WAMBRMNE, FEEBERANISE, HAARIARTLER, RAEEHERESA
B “MRRD” FAT—K. AMBEZSRK, BIMDTERERZERSHN “MRD7, HBEMARRZXIAEINE T
TERIIRASIEAR.,

150 Ffa, HENMZNBEZNEBABRR, X272, BRESMHBNETHZIE, EF—I
RN (TENNZERERE) 1iEX. XRIEXMA T FHFA

“‘FIRWERX D E—A25RE R R E?”
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RRIEX&RERT 1950 F, LWHEMHFHNFETE-—TREFEARET, BRTETEITAEESIT,
EXPRE—PEAALZRNE, Rzh “REHEL", BISRESN “BRWL". BREE, SSUEH
BHlEAt, —ANSERTALNERE, FTEREZNAE. SNSHEEIRRE 128 FTR%E, BRIA
NARAEBWRICRETH, MEEBEPAXER. BEREXTEN, —HHERNSZBRETIARE, XEER
TN, BASNSMEENGERE 128 FT; AELrR, BANANABMNA 2000M FHHARE,
ENIREE SMESIENEAE, AMADATEBIERNE. EESK, iRE a2 AMER
ihiEd B R

Furber INASEMZE AR BEZ FMALEERAAFTIORERS 2, REREZHE, KEBNREAETT, BIOIATERA
KERE, NERAMBUAIEN, XBERTAELTEN 20 FE, Furber N TRIMBSENTES, X
BN AR AMMINGE.

. KR
ENE 20 FE, AR DEENARCIBEHERNE Furber:

F—, RUEHTIHERIRE S A DIDEHA 1 K AMAOIEEE?
B, BAVIMINEEN T RESHEBMNATE HEITERRBRE?

b3S IR ERNEREEEMN. RS, Furber 27 MM+

1T BRRMEGDEXNEEENEENE, ZANER, OAEEENE, NERaRZE, F—EEHA
E BEf), PEEREER SE—EEERALE SBEAMZTHERENSH, NRBLELALERNE
=, HEMOOAEBEIING £, WSEHITEE, BERNEZRERCR, BEINETRERSEER, £F
#, SRBEEMEZLTTARA 10 HRENERG, TERIEHTIRG, MIEAWEE, —TMENEFE
H—-R¥EE, MeIUEMRERIEIRFIEE, XiRAATMENEYMEL I HIRN B R EERENOARE,
ConvNets RIFTE S HE MR, MM NZFANEMENZE, ARNAES—TERNER, XMEATME
MZMBHITEMESHEEARZERNRAERE,

Soft-max

Convolutional layer

layer 2 Convolutional Convolutional 2

/ 1 layer 3 layer 4 160

=y

R | »

= &0 - H

, ax-pooling :
1 Maxr;[’)?)oling Mal’;":?‘?_o;'"g layer 3 " .
Input layer layer 1 v Deirrudden
identity .:
features np

(DeeplD)

1: ConvNet ZE4E

B2 B— M RBHROAMREENE, Furber BIFERIRNTAER 7 AREEN—/NED, MEFHINE

e1Qe



H, EMEREEFEERMMNENMIERA, ENMUERL: ENENETEMS, ESMEAERD M

TEMVMLUERA, AIUENEFRABNERL . EMNEREZR, FAEREEMNELMEIRE. BRNESTHIERE
FAEEARNEBHENE SN TIEN, MEFERNEENENE LIEREFAMNMRESR.
‘;’-::—_:______—_—___::-'3 Feedback

»  Spiking neurons Feed- 4—

« Complex information flow forward

« Two-dimensional cortical output

structure
» Sparse connectivity Feedback
<10% output -

2 RREEHEN

Furber INAEEMAIREN L, BABNNOUBENE—MFOERE, EAENEAN GPU, FEEBREER
PESRiE, BRIMANSZREEN, PTURIFMRGTE GPU £, AMBINFRAERNONG, ZMAHERAE
R, HFEBEER,

AN ERPNE . PNEBLETIVERNITENEREB LY, TREBMEN GPU SIS, BHEKRE
BEE%O

« Memory local to computation
+ Low-power

* Realtime

« 62mW

3 MEFSE Y

RTEMBOPWLE, ANMNRTTT —MEG—ESESEG (IE 3. EFREZRNENTTEERERE, XM
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TTARRBER T INFE, BORMEEIER T FAESTRING, XEBRITENFRZMAZR. XFSH I
RIFAMIEZS)ESS, REPEAREN, T FNX—JUHANEEFEIEK, fIR=EER BM i brain-
inspired HAIRAIZES; Intel EEMRRESAF, FIEBINLE, BOTHERNEERWNROAITHEEER
ME . Furber N 7L 8L @ AR FRIA R R XL ENTIE,

=. SpiNNaker

ERMAMBUARANMIBEER, RENAEZ— MR —TBEESRNHERINERN AR TIEAR.
SEMHARMEMALEBEMIZ &, Furber £3F7 SpiNNaker B, WMBEMEBEFFZ+58, A—E8AT
ARM RO RIEBI R TT, RINBILN AL TR R B, SMAMERHTEE, AIfTEiT—8aAa""
Mg, BT THE, BHREEELIAR 1% WitES;, FRUMH, D5 F 10 REERAM.

—~ SpiNNaker #188 (& 4) 2—MELET SMRHII R 4S5 SHIRES]. S— PR (B SpiNNaker
WH) BAT 181 ARM B, S TREERINNENLZRNGE, — M aRA, FE—EREFMNN.
S SpiNNaker i H &1%#% 18 MO PRI —MEN ML IEEE (monitor processor) . XAERE T
SHERDEENER, —BRIGESBEHE, BEWIR—MUERAAIFAN, ETRN 16 DRI
FRIAZEMN, £18 MERNKENTETREE. SNCHAN FHEX, HEE 2 FHEXOR
HEHNER, RNEEOEST N EFIRI SRR E RS SoC EMBEE, XLELMIRIREIET BIHATHI A £
EERMA R ERAZEBME SR,

HEMNDSESEERRIENSIMERR E (PCB , printed circuit boards, Bl SpiNNaker 1%), &1 PCB 1% 48
DiBkR, 8641 ARM 2ME81%, PCB LRI R BIEEEEHA BITE 2-7 TNEATMICREH 4bit, MAHINFS,
HIMNEE—IRLEFARERNZEE . SpiNNaker RELEH—AT 48 5410 PCB #9pA), PCB E&EEZERS
RBITER . TEIANG SpiNNaker RZER]AR—1EIZ 1 48 B HHY PCB RECTik. BRI, 2HEFTEARYN
A 100 P SpiNNaker RSTEIEIT, EF 4 TRVIMRBEIUIEE HEMABTIIZ, FERMNZNNENEAN K5
DREFRBE 48 =AY SpiNNaker 11,

SpiNNaker board

« HBP platform (. a)

(864 ARM cores) -~ 1M cores
P o — 11 cabinets (including server)
sl e * Launch 30 March 2016
R ~ then 500k cores
I /1 - 112 remote users
gy Bl 3y - 6,103 SpiNNaker jobs run
SpiNNaker chip ~
(18 ARM cores)

SpiNNaker racks

s (1M ARM cores)
SpiNNaker

4: SpiNNaker #1238
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ZIMEZETRON “ARITR” B35, F 2016 F 3 B 30 HE#N. 2018 &, Furber B T B HZRA)
Bix, X2 HaERERNED: FIEHE 11 A, Furber 1230 MAEY B 400 HiZ, LEA2EATIAMER £
a5 B B BRIAE), AP AENEE LfTiEl., Bal, Furber EAEHBNAEMEET 25%, BIFLY
7£ A SpiNNaker #%5 25 F1,

M. REMF®E
B BN LEAL R RE S T A TE?

1% SpiNNaker RZTN B TRINR EMARE, B—NEBNIE, ESFEFY, Furber BRAEREMREITITH
In, HitE@RFBEFBRITENMUR GPU BRERE S, XM BT

AEM T 1 ERZAROAMKEZ (B 5, 88 77000 MET, 28500 5 15RAE, FIL 0.1 EWHIETEL K
TR, TEERER, BHEBRITE HCP 218 315, BB GPU B 2 &, “itl)” ’WT—2%
SRR RAZ DX, MET AE 100 FHEK, XEZEGANEENRERX —HHTEE.

-y A b ‘

— . o
' ‘:.-i"?frﬂ‘:;f 2 -

* Realtime execution of cortical model
+  1mm? cortex
TTk neurons
2B5M synapses
0.1 ms tme-step
* Best previous versions of this model
HPC: 3x slow-down
GPU: 2x slow-down
« Will scale to 100mm? without slow-down
+ on current machine, simply by using more boards

SpiNNaker

Owvar Tnooes Luca Peres. Ancrew G Rowtey Andrew Gat Lus A Mara Crratan Drerrsrameer § Stewe
» FUter e e COMRGE BITLREIOR OF PSRRIV Parteary PR Trars Moy Soc A Dscemter 2018

Bl 5: KMEMAE
HEEMKRNEIR, Furber IEIR T BT HEZMEE ] AR TR 2B (B 6), XEITENRFE PR,

B Furber B 7 HUBHIBIF, X2 TMRIENARFE LT, XONEASEBEES. REASF. X
LB AR T BOPMA B B RIFAIITEIS .

0220



Stochastic spiking neural R et e
network: 7 6 L ] 3 2 1 4 s ] n’
» Solves CSPs, e.g. Sudoku 0EN K1 DN EN D X D
* 37k neurons s{afaf7 o[22 ]as] § [
S 86Msynapses 17 ]2lale]s]e]3]e -
° alSO 2 L] & 1 3 7 K [ | B ‘7
8 1 7 2 4 9 3 [ ] ] |

+ map colouring AR R AL AN R B T

« Ising spin systems

work by: Gabriel Fonseca Guerra
(PhD student)

H . . [] -
SPINNGKE! g A Fonseca Guerra and S. B. Furber, *Using Siochastic Spiing Neursl Networks on
— SpiNNaker to Soive Constraint Salisfs Pr . F 2018
- S. Habenschuss, Z. Jonke, and W. Maass, “Stochastic computations in cortical
microcircuit modeis™. PLOS Computational Bioloay. 9(111:e1003311. 2013

6: LR BB

4. SpiNNaker-2

&I, Furber SEESEEB IR LT E W28 SpiNNaker-2, EFE—NBBNREFLLE, —KNEXB
TELHI CMOS AR BAS, ST 0FE 152 MET ARM WAL (PES) (B 7), FIBEMNASR
SEHOENELFNRAR, RAEEERBANANEERE. YIE PEs MREE— M TMZOMESH, BRASESE
REBLIBETTER, RAXIFHE, 8MHETERE—TNEE, ERE—TANNERET Z PNMER
REAEAS R, ARGEMEN MR, FESVRBERNTTHITE, SpiNNaker-2 MRS A REAEESLINE
FIEEHR, ERINTEESABEESFRBIMN.

L Sedw

IT

* 152 ARM-based
processing
elements (PEs)

+ 4 GByte
LPDDR4 DRAM

* 7 energy
efficient chip-to-
chip links

rs

spiNNaker2 X |

-

7: SpiNNaker—2 it 4544
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“AHERIRER T E R, ERNSEREEENTARREBREER, 57 PHEINBIRRE—TE
SREROFTSRRMLE, AE—TEIER, BUFXANREEIREROEE AEFEN, BIRSE
&, AR TERET, AFRRERE, Furber KU1, MERINRBFEEMNERENIRM, HEAFEE
HWEM. BRIt EES DX M, UETAUSHERNATHEMENBKPMLE, thilas—" ph
BISRARIES:, OATLVFE 7 &M, RII%, BENSESHF TIVEATHENS, SIMBIIER
BRI 48 Bk AR AN T BB M ATSSINESS, SINERERMIEENSRRBINERER. BT
SREEN, IERBLETAERTA LNME, MEREKER, EEREFEBENEMEHIEIESD
AT, RLRDHIE T IREFAESLEE, AMESAERIMERLESHEBNMMA, MY T HIED
ERERIN,

Dynamic Power Management for @ W0
enhanced energy efficiency — . . 1

Memory sharing for flexible code, state o ""d °"§ )

and weight storage + Se—
Multiply-Accumulate accelerator o 2T =

for machine learning ~ Corex MAF | smat fom ez

crosashar

od
Neuromorphic accelerators and : i : . -
random generators for synapse =
and neuron computation — : -
Network-on-Chip for efficient -
spike communication

Adaptive Body Biasing for
energy efficient low voltage
ipiNNcker2  operation

-

8: SpiNNaker—2 48T 4

BLF— RSB A? Furber BT REEML, ALHENEN—MOEEE, WEPEZRNHE
BT —PEXE 100 1, FT2EEFFMOEREMRE, XAILUBDAGFERR, XeTENERTF T KEE 30
&, BEEFKEM100E, MAREBTHMORBE. B LeNet300-100, K7FH 1080kb fEZEI 36kb, 7]
fEAH SRAM Eilllgk, £ SpiNNaker2 [RE! Li)IIZk8EE Lb7E X86CPU LEEEIF/)> 100 &, Furber REE
MEREREMNEN—PEENRFE, BRSEREZNEI., EMERMNTWATNEFREER, EFRK
BRI R SIFA T MEGIER .,
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B Deep rewiring

» Synaptic sampling as dynamic rewiring for rate-
based neurons (deep networks)

* Ultra-low memory footprint even during learmning
* Uses PRNG/TRNG, FPU, exp

*+ = speed-up 1.5
* Example: LeNet 300-100

« 1080 KB = 36 KB o SRAM
+ training on local SRAM possible H of w23 ‘,]
+ = 100x energy reduction for training on " | I e
SpiNNaker2 prototype (28nm) compared to wH™ =
X86 CPU ™ bl e
« 9 96.2% MNIST accuracy for 0.6% gty L " A g
connectivity b > ' q
forward
backward
SoRSiN2 3 G.Bellec ot i, "Desp rewiring: Training very sparse desp networks”, arliv, 2018 t 1@ wmuirng |
T 3 ChenLiv et al, "Memory-efficient Deep L g on a Spé 2 prototype”, Frontiers, 2018

Sioyy)

Hidden FC 300
Hidden FC 100

LeNet 300-100

9: REEML

SpiNNaker INE#38F 20 Fa], BIRT 10 2F, SHRZLMNARBERR, HRBEAMEAZSE. BAIAL

MAEMEMPOPMEZHTRREN, T AFERZRESHEME GEROPMLE),

=, BEPTMERI NG T A TEERERMESS, tH
SHIREMEFRIEIRAMNK T AL ETIEER—LERNR,

WAEE—THmIBKEE

EEERMELE, Ik, TWATEENEXRH

SpiNNaker2 2 — M IEBIIRZEF A,
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@ HAREIT CAIO 73&8: Al EAMF=ER
B0 WRHE B

EEREERE “2URKRR" £, MARTEBATLSRERTBNRAZHELRDEM T AN (A 9FH=
B B, RENABERL) IREDE.

BEAERETIRE ATEBEMAXZEEEHMYXR, EANNARKONSAZERZATNERRERER
HNMYxXR, FEERMN=-KER: ALBSEFERIPANRL. ALSSEFERIPRENTE. ATERE
BEALNHNER, JUHMENRE, ATEETERBAZRRE, FEUEANATEEEMERR.

MU EXFEE:
BESREANAER (A SANF=ZER), HENRZETRITANT—F, ASARNXA,

FMBIENRFHIAME, RATE, FIRERERL/NEEITSNNZAZER, e T ASHETEEL

BHR,

Hih, B—E@#N MSATFHEAEME, REBBAL T AREBZBRAMHAFAE F_EED: s
ADBTRMALTEN®S, HiZn<5E—ERPRNGIN F=EFEN: NBAETERE—, FTEE
BN TERAERIFECHER,

EFNH, BHNABR=NERRWS, 25, NIRAENERE—THSA, BEBRARS, XEE¥BEEMMR
E, BLAERX=ZTEROHAT, BAZMMERENMZERLIBZ PRSI ASHTSEUEMFEEE
i,

BRE, WLHRILER. BN, BERTCEMRTALERE, EEMRALEEENNNEA, KIMXLETHE
MEBATTAK,

BE, MRATEENSZITEEN, ZERENANAENRNARRN = ERFEFTEE.

B2, MLESERALVE? BA)IER, BWPLFHFAOMMNAMERENE? £ AlphaGo B, AZKiHER AlHR
XA, BIIEXAL . TAE. TABIESFS.

MIEE AlZBEALMNE, AEXOBEAMKME. B, ANCEEREZEBRAALR,N, ™
AlphaGo FiAZ X4, RN FEFEMNRIR, EHRBENBRATLAERZ-—SEMAEN—FH HX,
Al iz 1TREILAETRIMIATT Debug, Z AlphaGo ZHEX N INEE, RIMA: BETH “RiE” ZIEHR
B/NE Debug, BE, AIINREREALRE, M AphaGo BREAZANRE, RUMK: EHENHERA,
BRI E R,
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&aE, AINERNASEERBRERARXR, M AphaGo sBEHEREFAZE, BAEERITHNERIBEERA
MER, BREEENEALRRE, fINIBKREHS. AphaGo Zero BEFIFEAIER. 2R, XHTESKEE
E[: 057758

—. AI5S ARF=E#

+ FIFRRARA S — IR

« AIRIGTPTRRRME

BNERSH ARNTRE? RS T —LEHMONER, B, AZRIPANNZ, X—REBEER, ETAP
IR IFFERMMN I, HANRIT AlphaGo MIY R, RERFHRBTEREERINLER.

HR, ARMIXERIPANZZ, ARCERIIRBEBELEN, NENXEARREZNRTE, BI20GELLER
EAREERILEE,

&a, A BEARNAFOER, AERRAXTER. M2k A REEFTEAIBREN, MEHNIRENIA
%, BRONZET—HN,

—. Al ERRRIFAFHIRRTA

THIFABRI=TE®R A ZRARFFPAPNRH]L. MENZTRIN, SXKANHDEREREE, EZHAM
BEEZMNE/NEE, SIMATEEDERLNONAE, STRAINBELR T ABR", AAEFERZMMR
x, FERSMWARERRE, &ETBEHN—TXA.

Al EERMAEN—TEENNAERGE, MENERZZERNIFREALLLEE TN E BINFENE
PROERATR, ANERT/NIEE.

ATEREETHENNBRRETHEENTYN, ERETEGEIMESREFNINEGZEIFED.

ARLVINEERAROTAZE . AN A, ENLHESTMiRITE, S8 it zime '
EEIE, B TRIENTXSA (BRERELS) FANEALSR @R BHRARRR—THE. AR
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EMBTRNBERGER, TENEVE—T2ENT#.

(i FAEE EP&EE) ([ General Data Protection 201845 B 2EE HE -
YOUR CUSTOMERS® RIGHTS UNDER GDPR
!Ill|1IIlIIlIIIII EIENT T8 RISTRICTION 03

{'i‘} Esm: _

(-,

EUENE 80 AECISE . EIGET 1% BATA FORTARILITY

HIENT T0 REGTIFIEATION Q RIGHT TR BENCT
‘.|'|__,1._|_'I'J|.-- LI e A 1F :_'_ bl e L e

FIGET 10 ENATURE BIENTE REGURRINE AUTOWATIE
EMIRETHPE B” (right to be : e e
- e - 'Hi e

forgotten ) , BRRIF-T-A]L

VS Sh ety

HEEARAR—HE, 2—HTESRIMERSIEITHNRMLET., REER LEA TRSERP AR

ROEM, ILBIERESNANEEBAZIBLES, FIMIRUNE 2018 £ 5 BHEM GDPR EE, BEREEN—T

BRWELSIERN, MAREZRERII—TENNGEEI L, SNMEERER, MMERRTENTIN.
TRGER | | BB

SEARRELENEERE i A R HRE e WENE
st aliigiob i REEMEES (1) T [ fERE MM )

2009.01.28 2018.03.17 2018.07.1220

2012.12.28 2015.08.29 2016.11.07 2019.05.28

FEIEER (+) R 7 A R, o A AT
% (i3 BFBHE

RS EEE (7))

EANREDFNES, STARBEASHEAFINMNERZIEREIVENERE. EMANHEREEERNL. 2
HELREEES, EMAZA T — MIREMIEEE .

HRE: BMNORBUERIAENATEE, MMEARMEBATIERENALRS: WLEHRNEIENZRZH
LIRS, ATAm. B, 56O ZESMER, TEBEENSREER,
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NTBREFEND R, RARAR—BERIBRAZE, EP—TINEMMEFES), RX2H Federated
Learning, EB2BBAINLSEN: HFEFRIGERK, EEEBIMEZNANNRENHITIONE, FHROBR
2 BEFIDMRER, EREHEHENNX IR,

. EERERAGRIR Federated Learning
2. RRSHEFR
. BEREDURES Globol Modes
» A AR

~ BIS A BiRE
» AFBHABSETLL IR T

ks h
UTTL

BREAZIE? EBREEHRABONUBLEIRPHBAT, BENSHBERIIRE, LI, TEZEE
BRBENFIMR, ENEXAEREBIRAE — S NEIEREMREY .

nasF ImE

HPEMENNOIF FF. IEFFRICELASHEPR LIRS, EHEEE, HAAEMRMNMIER
SRIPOBXREFIRNBUER AR, MEXFEIRENFEELE: LFHES B, MEFEIRME T
MR ILFERESMBHINNED, MEALAL, MEIEATENEEIZTMLER,
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K i
. z %I[u*il — 0400
k=1 IRl

[+]] [[w]]

LELLL L ILL T dhaae

O Efﬂ[f]
i

AR KRB RTIBB T 7, WEFENRRE BFARNRE, FRESMRIGES—RERENH
IR ERER, REMIGAYAIURIES CROE, RAIMFBEERIRNEE, MHMRIBRH.

I AEAFE I TR ESRE? W LEMR, STHRSTRBAR—TRIFWENTES, XERGIUENT
moEn BEAEXT BIX3 BEAEETL/L, EETEENERE, AIME—TRIFRENAFZ UT~U4, E°10
KimERE US~U8, HE=1TKIRIEZE U~U10, XFEIERFL/LFHEE, ERPHIFEAINER—#,
FEEX XAEE DB R EHER, HAIRBDEREGEFZES] .

WA EFTLARALE? Google 7£ 2016 E G RIZHITEEFRFY (Federated Averaging) B753%, BiRE: F5=iE
FBICEERBEERENSH, HARSINBNRF, ARBIITESHNTYEESIRHITEIEN, B
TSR HEAMRRT, B TOHERENSE, STEXMEEDRET Android ZGH,

+ Step 1: TERE AR - Wi

+ Step 2: TEAHHERIWIDNE - WFIIWi. =11 2

* [(Wi]] , Homomorphic
Encryption (HE) )

« Step 3: _E{& FEHEDNEADEEELWI]]

« MiEREA:

W=F({[[Wil} Dec.k([[u]] & [[v]]) = Deca(([u + v]])

« Step & iR 5 F{ERIINEREEY

+ Step 5: TEWEIE 2l « R FEEE)T:
Decak([[ul] @ n) = Deca([[u - n]])
- Step 6: TERE A , FIME W HWillsH
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2R, XENXBERAZRMEZNBRENEE. 451, BEFESMIENEEREBESIHRIPEUE, B
MR E LT —RIINBARENGFEE., ARSI,

|ENENEEREENEENENNAEEENE I

H. Brendan McMahan et al, Communication-Efffcient Learning
af Deep Networks frov Decentralized Data, Google, 2007

8: BREVEEERFLF ]

4R L, Google AAFF I BB LB ARRKRBIOERE, BELEIER, REHTIE, NEZE
RBEHEEITIRAITRE, REZE, AR TRIRIGTHERN, WIAZRA., SR, WERSREIE
ETRERE,

BT

ERWETEE

B 9: HEEFHFES) (FIERE, HAES)

ARTHEEEBKFES], @KL EBR/FLARE, HEABENHRENDHITRS. HINE-—RRITNEEK
MR, BMRLTERZEENABL, EEREMPERMRLAE “RF NHIEANTE, NRERTER
ERMERIEIE, IFAEEENASERERFRIMEREE.

MBARZA MM ERITEE, MMEMEEFHORXITHERE, ZERZRNEMEKILES, L, BEEKTES
= To C (B#im) A0, PEEFHLZTXS To B (RALiR) .,
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BEARBR S BEXLSE, HREEMLOUEEESMIRN? 153 EFRIERIF Google FEMHTSR L ATHINF
5 {Advanced and Open Problem in Federated Learning) B9BEH, W EHEIDHIE S EEITHIEEED
M7 RE, HFEAREXE,

BH—THRRKMEIMNIBEINERES, IBEINETEZRE: BNOREE—TIEELIEEN
#, LEu0 Source Domain 5, MIEHIEFEELTIIGEREEERS. WEF TR Target
Domain, IESUBHIERR, {BZH Source Domain SMEl —H#E A XE R, MITBFEIIEMZ, M Source
Domain JUFF FIREBIZIIRFEFL E Target Domain iE, R RERMEE—R=,

BRIRM T UHNEIEARER R, MRS HNETRRE, AR NHTERFEIB? #—F, NMRY
MEFNME (BERENREE, BEEXMUNEDS), tEEREE, BEMENBAAR—1F, —TOHAIL
EEEG, 5—TOENEERXT, ROIERFMIMMENCREFS ST

I. From FedSGD to FedBCD (Federated Block

Coordinate Gradient Descent)

; MIMIC-LR MNIST-CNN
? - E——— MIMIC-LR  MNIST-CNN
"'I‘f"/—*"‘““" / e AUC 84%  AUC 99.7%
.| i Algo Q rounds Q  rounds
E] FedSGD Q=1 4 edSG 33
2 . ®- FedBCD-p Q=5 n.aeod {4/ FedSGD 4# ! + "_“4 4 ! { 46
o ¥ FedBCD-p Qu50 ¥/ FedSGD Q=1 FedBCD-p 5 71 3 16
- 2 i —— FedBCD-p Q=3 50| 52 5 8
4~ FedBCD-s Qu5 = ++ + 4 +
»— FedBCD-s Q=50 FedBCD-p Q=5 FedBCD-s | 407 | 48
— ---- FedBCD-s Q=1 < 74 3 15
communication rounds -- FedBCD-s Q=3 q'“ 59 < 9
-- FedBCD-s Q=5 1 I 1
NUS-FTL 4 - . N - - -
N [ 20 40 60 80 00 120
AUC=0.830 communication rounds
a *— AUC=0835
5 x —-— AUC=0.837 i
= AUC Algo. Q Round  Computation (mins)  Communication(mins)  Total
it L [ FedSGD || T || 46 3220 I 0.69 6289
< 80% FedBCD-p 3 13 43.52 9.05 52.57
g 10 7 11.53 5.12 46.65
8 Table 1: Number of communication rounds and training time to reach target AUC
% Implemented on FATE with homomorphic encryption
0
Y. Liu, Y. Kang, X. Zhang, L. Li, Y. Cheng, T. Chen, M. Hong, Q. Yang, Communication-Efficient Verlical Federated
Learning, Neurps'19 Workshop on Federated Learning for Data Privacy and Confidentiality, https.//arxiv ora/abs/1912 11187
=

HL, XEMREMAINBRAFLZINTIRZINBNEESEF, WHEKLIBES ., TEERBIBE
SJNE— TR AMAEREINERMEERSES), ERRNFTERDME, MUELEEERIAKNRIE,

BINREM T BRERNNER: REMVIERE, LB RESEANER, REERHTZIR

¥, REHITNMAENEE, MEREEBAERITSFIEENE, MILHTE 2 BeEHTH,
PAMZHHAIRZE: MUBHRNEENRS, MEBTHRARKER, BITHEEAKES.
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II. BatchCrypt: Efficient Homomorphic Encryption Ty

for Cross-Silo Federated Learning

* Quantizing a gradient value into low-bit integer representations
+ Batch encryption: encoding a batch of quantized values to a long integer

= Accelerating the training by 23x-93x
» Reducing the netw. footprint by 66x-101x
= Almost no accuracy loss (<1%)

Ty

2092 6o
10513 1230.3 J20.8 (846

.
: | it 1
encry B gacriPlgyera’ stock  batch

BEIEREINE—THER SIN LR, HRSHENNEEE, AINNERENEERAEIRE.

OEicE, MMBNRMEIEMEAKRES. BAEMS, WREBRSM 20 BEIBEARE B, a8
—LEFRNEFER, LEWEAD = (secret sharing), BIXMANNESEERILNBE EZHERERIBERTT.

WMRBEBZII XD EEFIALER, BAALAFRIRENSS, &I, —SEHEBEIAFIOEIREENLI
{5140 Federated Al Datase Wb (https://dataset.fedai.org), EER TITEN M S ERIEEFRZ IEIE, HEL
BN RED .

Guide for Architectural Framework and
Application of Federated Machine Learning

Call for participation

| T & ¥ g1 Terncent
g LS F

*» Morei @
E.“[; : m

o R

5, RRtBEHAE— IEEE BRFFINEMRIE AR, REBSBEENNERIMENZEAmEL .

AIEREIAFIREE RN Linux Foundation FHRFE, HEAZ T TUWRAEFZ IR NBREBE
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ZmI. FIa0 FATE, EA—PTURAIEFMFEI RS (https://FedAl.org), BEBBMEBZ MIMENSEIE
LEMBUSENRTHR T, #TRREERMKSEE,

=. Al ZR¥RRIFAFRFRTA

WA HNKRBOATZE: A BZRIPAPRALNNZ. RENBE_TER, ABRRIPEERZS, BAEEMSA
MMEERZE/ARE? ALBENGEZINBNREI U BN TILE: F—SBRMRZIIGEE £
TRBT NGRS —LEEE, MMEZMER, S=SRIERUNBAELRIT, EFNITEIENRREES
BEIBRRER,

oY HERILE Bt -
IREEE, R, IhtHdE

_________________

W%

- ——

:

e

WIIERETER

FEREMAEE—LESIT, SRR NENMEIISGEEARS, WHHESRS BedREHTRE,
B RRENEILTESEME MIBIER 2RO, BEAEARSIRERREMAR, XhEASTY
REIE

AN XM, WERIEA TR ERENRZIR?

A IR FEILE
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HAPRE ‘W& W=ME% JIGTERSL: SHHRE B TIRENBRATRE, SEYBEMHTH
FIOREAOR, SR, BIfEEER R SFHITIRE; RALAKGE, BIRERIRE SR T R
HPEENAEI R,

+ b0 : FEIEREEEE S )(Backdoors) |, (FRIEEIIAMEIEEIRS % , MASEIRY
HIEERS
SHERMAELERR W RS

Poisoned Poisoned
Training Data Model

arg. BadMNets: ldentifying Vulnerabilitdes in the Maching Learning Madsl E-uppl_,-q.l a in JEEE A
al. Targeted Backdoor Altacks on Deep Learning Syitems Uding Data Poisoning, Ary

Hep, MIGHIETS, IHSIINREREEMNAZE, BINFRETIIGEEFENG], E88F178
BRI L, MASEITNEELEED X,

Blan, FERNEMMEASTE HET NEE MERREGRIL Be”, il HENEREEMRID
MERR . HUXHP, Stop Sign PEEBNERR, BIETHWERENMAT A, REFTLERAIREREE, M
MFAENTAFEMENRR (EERE) .

«  INEREVEXBAREMEE X +AX |, HIEEMTFR S C(X+AX)=C(X)
= DRAEX ARG IESEEMLELNE: (mins s Ts R, W TR EER)

Y. Gao, C Xu, D Wang, 5. C 1 al. STRIP: A Defense Against Trojan Attacks on Deep
Meural Metworks. In ACM AL, 2
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MERGEX T MREE? —MBRAER PJUERELEM LN, EFRFNEIEXMEZLT X+ A
X, MV OREEREDENEREATRERE, MRRERTMINIBETET .

MFBFAEDMWAH, ME—MEROME), MRBR\EDLELERZN, WAFER) NRRELHLE
E B, #Ed 7)), WeIREEERE.

PINFEFREEM 8 MNEE, EBRME—TMER—TFEM7 T, BATFIANMT —1 DeltaX LAFD LR
MET, BHEENMNEXTHFEATESFEEA, 537, RS EEMOEE SZXTIHAEER
EERAY.

BP{ER SEIMNE | APERILRY T

- {0 : BRSREL T ABSRISHEISIE

) |
LB
::

xplaining and Mamessing Adversarial Examples
t al. Intriguing Properties of Newral Networks. [n

F_MBNZXNAMIAAFAR, BNARSEENNSIBER TR, BEAMA AT —MINiER, FESREEX
BETRENKE,

BBl Fal EEAR: —SRARAEA GBI ARIRABEAN O, EMRENEVXEIES PN T —LIRE,
REMERLARBESBIDN, SrRR, ZMAMESIIREIRNE, BT ARIRBHSMHIIERS.

nfaIRRIRIE? —FPERRTS RERIMMIAAFER, EINREIEHRT L), IEREREEREEERM.
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LEFSRAENMEE | —RTEE—EINEE | SRS SEiNEES
{Collaborative Machine Learning) , B A ilid3siach/ER Rl s

R | M EEERAREEEER

NVIDMA Clara Federated Learning to Deliver Al to Hospitals While Protecting Patient Data. NI

F=MAAERNRALNKE, WEENENEEREDLERER. ZIMENRILE: RNENNAES SR
FIPHANEMTE T A7, tHERIRENS IR L RIANEIE.

i+ I ST,
FHfX

MR R

AR RIP SIS

EaFAfRIPSE

BXFRZE S) R ASRI MIB A K AR R RSINE, SAARBAIUAZ A RETEIMRRIMNRT, 224, W
PR RERIEN PG RIPIEH, ERMR DRARBNTE, RATEFTERENES BT RENER
8%,

PRA, RZHINBEENITETHEIEDAR, BWESIREF, BENAMERTZERLERRSHE, B2
BT RAARIPAIER MR ARE, EDRLERELWRARABN ZNA,
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MITSHABGRERA R T RTINS | #1579 ARG, iIEAREGEE
iREY

Original || G-10"" | G-107* | G-10 -'|c;-|u '
< 1%

Accurncy || 10.5% || Ja.00 | 8.8 | 45.3%
Defendability || - || X | X | « ¥
i L0 | L0 Y | L0 7 | L-10 T |
T ACCuracy o6k | 134% | 462% | =1% |
Defendability || [ 1 X | < |

122 S AN | 145 FISCEE

ﬁ@ﬁ;ﬂ 5

j Han. Deep Leakage from Gradients. Ir

BR, ARERST, EREDRMLAUEMRBIOIGEIE. MIT SREBRIER T X—~, MAEKRITT
REMBERE, THXEDRMOE, SINFEEATERRINRN, MAEEEREEER: HRES
HBRAE RN R, EMELBESRE OB NEN, MoMREN GINEDRNL), ENHEZRI AR
EfEE R RIAEE.

o, BIRHRBILRFLENEICE: BEMSSHAHFIND, BRNBRERE

- MOSRTTEIRAMIRIC HiFia T aILITE

K. W. Ng, C. Ju et al. Rethinking Priva ng Deep Learning: How

B®II, WARBITEHMOBAEIRIC LR T: BEMEEZDRMNERT, EFAZMEIMREN, T2
/KE/TEE%IQEO

RBIRAMEDO M T = RS RIATEME, T2 AMBEANE T2FRIERL, BTEME, X6
WA MURBEMEFENER, B “HA” NREBEIERN, F=TRERLATREZENSEER FAR
HHIES, FAZTIRFNER, AAXE—TEARRENIE,
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1LikABE: 2. itFEERAABEE;

B swsme [0 mers i cnssa
ol

I

M9, "IRERE Al

FNERE A BYALBREC., B "B DEmElD: %—, LABRBAERTA B2, iERE
BRNARTRNARBE Al EHT4. FIRITHOXITEATEEREE LR EENHESNRERN, B#
BREBNERTHNEE AEXNARSTRNIRIDN, ZEFMI1880% TRARZMMIEHAIT Debug; MY
RIEAZREBBEREATNER, Fl0 "BARSTEE, AMNEHOXKRRE $F, Bit, XENRRFEERE
MNTFARRA, BRI,

Performance vs. Explainability

=] eep @
Explanation

2 Dﬁuctlnn @

ﬂ'-]ntcrpretatrlc
A
e Madels

xplanation
ing

Learning Performance

Explainability (notional)

i, EATSERTBEREDEASIRE, DARPAIMYS ERH T =MABRBRNENX: 1. BEASERE
, BIEEEEF B LML, AT, ERXARINEA, FIONEIMH Interpretable Model, 2. JREE
RRE, BUAREZI A AR BB, 1o, ZEEBIERNME, ERRHERE B8
—ER D HERTE A, Ut E X AR ZFROUM: Deep Exploration; 3. #&2EVFN, MBIEIEE AR E— DRI AR
BRENEA, F9, BRNE—TRERNVEBRRE, ET2UUA—THEREENREELRLE “BEF" S
RIRFEFEE? BBARXERAEER TR

B3 E
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HL, XTAZINAERE. BRNITBERLEFEENTE, SARLNFERBITIUSETRE, XA
BERMERE,

B, EE=TEROESCERNE?

HIES L

SN

B RN - —
. T i b

G AT L L T

BRE—NUBRBRER, NEEMR, ZII7 —EHREIRE, AR, BE0E%EE, XEERNT
RURR EEBMELDE, HE, HahBE—MERLIERERBIAE Uﬂ?m&i NEER@EE, M, X1TEEE
/TRENHAR

cech Samek, Alecander Binder. "Tutonal on [nberpretable Machne Lesming.” MICCAT 18 . i Interpretal) pehirse Learming

FR, REERBER, N EEEEREMER, BGIPE TG, REEEBRENE WEGREAI R
BXMR S, S48, AXZBHINURES ‘@R, ERREFREISPUCEBEHENNNSEERNGR? X
TRAR AR EEERTT, AR LPR,
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AR, ERFAET

REVIM, PIIBRLEHHITHE, RASHERMEEIRT —RIR, 2AAEMEE
BT B E DGR AR

A, BAEANARXTRAMET . Ba, BOMIREERROGER—TRA,
B, SHEe RASHNGEE, SETRENIR.,

RE, UEATEERANARAMAES, ANITBRIIERRBENNFE. ATEENERTMIETA.
HIENEE, BNBEIEA, MREBERIPANRL, ®RPEENTE, RIESALR NER.
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@ B R3KEE Alan Kay: REEMEL, IET—RRMHEX
B HEHEX EFH BR
SEREEAS, M (AFMATEEAS, hE, NYEE. A THEE, ANAIETTRA00S,

FHEA L, “MHEINE 2R, BREHFEE Judea Pearl BEHELE V¥ S5ME, KX THEHR MMhe New
Science of Cause and Effect with reflections on data science and artificial intelligences RU¥ERIEW, B

MINEEESGEQRRESD, LATERAZHRBA. FEBEEX TWHY) BB,

MERBASHNRE—HEEEHRFR, SmalTak 2R, BIREIKEHE Alan Kay EFHILBL R IE
THOW?) M. RERNABE, NMETALKMESHIRH 12 PERYE, FELBRENOXERE THRE
MR BURT

EERMESRAB SHARZTA? WUZEMERALKRENTIR? NEEF T CNEERFAR.
MFMEX? XU LB, Alan Kay £RVEHPEHLLE THCHNER. DRHENESITIESR, Alan Kay ]
EREBRALEERMRRESRKEKRL. ERERALEEMRRRKERE, MATERRETBEEEE
LT TRANRIR, Alan Kay I BRIFIMXXAERR T ATEENKIL—A, FENFR—RFENZIRF
MEEXT. MR FINFOE, BIEARORIDEEIEAYEE.

M TWHY S B THOW), RIAMISERBNAELL T ECHTATIEERRRERAONEES, DHIRINT
A IEIRMERDRIB R RAIRE ANt 5N

THE, B Alan Kay AR FE EEHURESITICHT TEE, SERIEEHEMATEEEXTWAIM
WEET—NTFERBEILRKX, BERY, EXTREFENNRZMADEPHEEEEGTEGENERK
R, ANATEPAFRANEREHNAS, HEFARSH Alan Kay T 2019 FHERENZERBEEZRES
BRI THow 72y BIAKEB (https://internetat50.com/references/Kay How.pdf), 2B OAES.
BREEDEEXREERS,

—. BHEX

1.1 &S|
B4, Alan Kay M TINSIEAMNE, TEBESWT 5 NAE:

o FNTAIAMAERRE M TEXREEL NAHLFEITA?

o SRR T2 QU R AESF A AlRRR?

o WFBUFHER, RAZAEERMEER, NEREFR— A RIA?
o AR ZFEATFMANE?

o T TR,

042



12 E@RHFRAOERMEER 7 MEIR 112 TERHEK

ZNICIER/G, Alan Kay M8 7 fbEEMAEFER—XHERE, INNERBMENARDERERERES, B
AEHREAFEERUFITNREXN, MENTHEDABLEEEB CHXXHMRTHR. Alan Kay INAEA]
MRANZ I RAGBRE, LR T BEMNBEZI, EEOERENERBEZE—LEXTERAS. X TUEE
BT —REZEFMERNDE, ERAXRSOBREEREENDLX, HE2HARIEFRIEMN., Alan Kay F
BRET TF2MH B8, EENEY RENSSWFEBREINBEANES. SR7, XEOUEE—T&E
REYEER: BANAENRE, NARHNBE—HNEARTR, HZLMF, Alan Kay MET thEE AL ME
T TAXy. TRy TR—. THREW. MEREE1. TF81. NRE) WE 1 AR, URELLZ B

2,

Larger

Contexts | {
TET AT s v “Ric es.s-"__.

1. BEHRNE FEE, BRNEEL3IN8 TAX. Ttsr. TF—K). THRENL . TER¥E). T+
2. NEA

BETE, Alan Kay #—HRMN T ALHSBIGERARN 12 PEKRE: #E. Y. S&. KFR. BEWHE.
=3

R, BB, £5. BR. AfF. A, A, FEZEIMRIEN 7 MERBSMAS T ERZF, EERT
TE 2 FiRABBHELR,

043



Larger

Contexts Climate

Shelter

Energy

_Educatian

Pollution

2: SSERAIRNEARM . BRIIEHT 12 MEARE—RR. 8Y. SR KZR. BERE. &
R BB AS. 5% BfF. AO. &XAH

Alan Kay 36, BANFENENI LD, ELRERER T OMEEFNE TR MARNEEEE
AOB)ED) . fFlEn, T2, BEE+oBEN, EEhEfX ENEEEEMATH, nHENEENEKRES
MIEENEMA TE@IET ], EARREME FEEREEN AKEEEADIDN O R—SRO,

1.3 RA“WB4E” R BB 4" HEREE

B4, BANZWAENBRXLEER A EIE? Alan Kay INIXBRETFBLERANTE, thiDEHF5]
AT ERIMEN—ERE: Bl EMHIE )M P AERITRRE B 4ERARR 0,
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We cannot solve
our problems with
the same levels of
thinking that we
used to create them
— Albert Einstein

3

~.Corollary: If your thinking
_abilities are weak and you

have to use strong thinking
to realize this, you are in -

_truuhlel V=N,

& 3: BAITER IS o) A FT R RIAEE) B4 SR 7R (o) 3

EXNAXAZUSHEE, HMNOBETETHEENN. BAR BB BRARXLEBTREN, HIES
BRENAN—MBEFNAXES TRIEZ ], Alay Kay BUX MA@ “BRig—LFESTELHE, AL
REZ/\ BN KERET, BREEFEFEREER?" N, BRE T ZACITRENELE,

E 4 B EENSEER




B, ARIRZSAEFOEIZH, BIINFEERE XM WE 4 090H 1),

B 5: BURREITENEZEHR

BITE, BANANBKELREURIMEN T5E) 7 (OE S i0E 2), BMRBEMNBLRE, BAVRIRMD

RANBIIENGEBRR.

6 SMEGFHERONA—IENEEER, YSURBIER, FETEERITNER




MEFNVERAKKOBR, RETHNSRXAFUEMANGLRETHER WE 6 MNE 3, HTEFNER
MNZAHRET M SERFEBMEMR) . Alan Kay AR, HIERE “HMIKESEFR, FEREFERS, 8%
ERAIEX =LA,

Science is our imagination
amplifier, but most people
aren’t scientists

“Most people”, including those in power, do
not like thinking that is outside their “normal”

But what if it were a war?

Or something’'that most
people can see as a threat?

But,-notethat.“most 830 & Ainc il those '

power cannot see Das & critical threat

70 BTEMWTAERN TEEM B4gE

Alan Kay 18, RERZE2HBMNESR NN ARE, BREASHAHIERZR HERNEEREFHORE
7)), HAERHEMIIN TENEBE, MB—TRENRE, SEURELESLAEN—THNRE: SHEEM
TEED, LEUIBNSE . MATRBSEAR (BREBEEN) FEIA, EESBRREEZINRE, SRt E 5 TE
L OB,

HXE, BAIRH#HFRSZE—T Alan Kay EERH THow 71 XFMBHRANHEAR, ERERKXMNZE ‘2
REBYE" (Whole Systems Thinking), “UERANRENSRERNLREFTAZHEN".

&R, Alan Kay FIZTHEF—RHETF "B MEEMNERINE, HINRA “AFRE” mMrE7T HE
yNERR

fINNERIETEARERD L EEARBIRITANYNIIE. FEKRE, MFRZEINZREZEEE NHNER
KRBT AR —F8iTE), MR LiZEES thA BT 3,000 B, RIMTIEZPTLABEUR AT TURTERL,
BEBT TRFEFK) FETGTEE, MENEEFEAEFTERENIR, ANRETERENDN, —HE
2 BETAZENR FERRTHARNLIE Z—HH, FEAARTEZEERN—ESBEANCHNERAENE
IR EHEN—BE TENAERRANED,

BT, Alan Kay AT METRMRAS) BENIE, S RFETTHL. TR QEZDHIEFE] .
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EENREHESEN TEX) IB%. MEITH NLsk BB, XEBAENRETUERME TIETE
1957 &, HEh—Ho B A THREEERLSRARITLE (ARPA), ME 1962 & ARPA pLIL T 5 RE
BANDAZE (PTO), RR—TARNAREERLH. LML (Non-Structured) . SARTERIARE], KA
TETMLENARARSH,

EEERP THow 74, Alan Kay FEXEMBENEERAE T XLEMEMERK, sHATXEADMHNG
. ENEHERTUBHARSIZMEFERANEDE, SHRIEEZRSABESEE. XEMBERETEW
BITRRAZ, IS RIEFAMMEREFENAFRNGE, FEHENKSHENNESSE,

Bms2, ENHPEET “FEMN" BENITHERI TG TARLMR, ETE, Alan Kay X 1971 FLIIH
fERmEse (Xerox PARC) A, MZ T REER THRASZMTEA. RN RAA XN G 25 B4
A, REBB 2. KEEMNYTHIMRRERIN A B2RR, FBESEL.

1.4 FERIESERFIER 5

141 HRERNFRE BEHEBIEXR
MaRMA @R A S RN — T R/ANE, WTE 10 RFAEMA DLk BoMR, BB ZE ARPA KIS
EHRNA, ZNBNZBINTEPEE TUOEAMRHIE N Z 5 TRREES, NMRBRZMRSRANSEE

VPN
o8\,

All of this also created new industries and new wealth
There was no need to have wars and threats of wars
but that's the way we humans tend to be

PARC was part of the ARPA Community (but funded by Xerox)

ARPA research started in 1962 (so 8+ years of prior art)

So about 12-14 years of funding to get the big inventions
The “larger community” started in WWII (so 30+ years)

&l 8: A ARPA £ X ZERIBEALOIR

WME 8 AT AR, Alan Kay ZIZH T PARCH 8.5 NEEAME: Modern Personal Computer (A
fif) . The GUI (2B R E) . WYSIWYG & DTP (F L BN FT 18 X A4 28) . Real OOP (E[@ ¥ %) . Laser
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Printer CE3¢FTENAN) . Outline Fonts & Postscript (KN F AR A E I IAIES) . Ethernet (AKN) . Peer—
Peer & Client-Server (R3 = & EFHARSES), ©F Internet (A4FM) RN EE1EIE, EE 0.5 1,

LANRFNE, FIBERERRIANIRZE 256 TEANMRAREARL 5 FHRBATEMN, B, STHIXLEH
REFEENZEATSH, REAENIERTE, E1IAZRET 1,200 75 -1500 HETT. BEXLEHE
HREFROEARZCEBI T 40 JKET. REMROET —RIVEH [T, MAZRXGIAETT
WY TINEl, AT XERR, BETHZRHEEIFESNEE LS,

Alan Kay iAJ9 PARC BRI, DU T MEROGEASHEBENGFHRBIER), KXEN 71 (Goodness)
HAZIEH, MEERMERERBAREHPIMIICHN EARENMRIZINER BEEX.

1.4.2 TES) miE TBn
Alan Kay IAR FERIASE ISR 2R Licklider A9,

ey

S EwmvilSTOINS

e
™

= .. are one of the mnsi: powerful
ools to aid weak imaginations

— -_—

“Computers are destined to become

interactive intellectual amplifiers for
everyone universally networked worldwide”

9: Licklider IS PARC 3B BHAFRNEANS

Licklider F 1962 EBIiZT ARPA IPTO, fi+oBizi, EXNFOLOFNES, FAIREEFNEF.

Alan Kay fEHIER Licklider BIESZERM 7 HATSRAVETE. Licklider NN M EHEEEMNE K KA
PIBAENRZREAEREM KSR . EXMEMMRNEE BRI, URMREMKUEAHEIX—K, B3R 13
WARE, BERRAFTEREERGPLEAIALBNEZNZ—BRNIAL, MRXEF 30% 3 40% KIRBIE
REMINN, BAFNFBHESEE TR, MELEZULL!

P, XL TRS) MiFtbs IUEEMIBENED, MRARTURMEIXLEHS, MENMRARBEHE

049



i RENTS EER, MR [[RR) ANFEERSH. FUSRBAREN, REZRFERZH
SRR A S TR AR, BRASHIERT, (RFEECISHIMET NIRRT R, FILA,
MEEZMEENERMERERLRRZANESR, BREEUSEARNESR, FEILREBBE FNE4.

HOW IS THIS RELEVANT? TELL ME
WHY THIS WORE THAT YOU'RE
DOIMG IM ARPA IS RELEVANT TO THE

DEFARTMEMNT OF DEFEMSE ol
1860s ARPA-IPTO Directors
|All Scientists)

THESE GUYS AMD TM A POLITE, CIVILIZED WAY
ATTACK THEIR MYOPTA, BECALUSE THESE ARPA

BIRECTORS WERE SCIEMTIFIC STATESMEMN 4 )
- — 2 ToO FEW OF THOSE

PEOPLE TN THAT

WE HAVE HAD

o o i THIS NETWORK IS WHAT o I k, JOB SINCE THEM
. = Y WANT TO BO, AND HERE'S WHY
= 2 YOU'VE 50T IT - r— F
Vg - THAT WAS LITERALLY A 1
’ t 15 MINUTE COMVERSATION
Bl Do YOU MEED TO GET OFF
THE GROUMDZ A MILLIOM DOLLARS OR 50 -
.
| S -— .

. RE WAS NO ARPA ORDER
WRITTEM Of ANYTHING FOR MONTHS,
MAYBE EVEM A YEAR

B, HNXERIRET EFNERE? N EEMTR, ZEXEEMBHNAAAERNERZ G TERBHERE
LML) . 1957 F, BEEAFTAERE, XERIIERREXITEY, SMBREREEEE B—F
RILT ARPA, SHNATER ARPA IREEHMENZER MERMEXR), MATER. M/E, ARPA IRIT
IPTO, EMRAMZERMANS, ASARE 2 FERIR. M0, NRNSEELMAKEE, BXMHBW
METMME TTIE), MEENTEMZEM—2RER, EXE, AMIEHNIZANERMRS, EHE
XRSMELZG, MMEIUBFT ., SRR AIEABERNRIBMO O, REFREOEFIRER
oM TIfE (Reesiit hBRmEN) .

REXEIFO—TXBEAZ: ARPA INASIIMBECH MRS FERER 10, 16 F, BEE 20 FHNE, XB
DWEBRBRRBETRKER T —AMRAR, INHEAX—RR, SERFHBEEESNES, B ARPA
RARM T IX—K%, Alan Kay @17, & PARC SERZEFR/LFMENITENMRAREHRKE T ARPA IH,
HITRKRBIRFLR, Alan Kay (ERABEFLHEAIHN 30 Z,

1.4.3 RBFAMIAZEHLEM T

PARC XEMEZBTMLMBEBEE, XEHEEHE] ARPA, Alen Kay N4, EEESZEERES ARPA 17
B DRENMNAE, BLMTHME#TEERE. MNSIHRIRAFEAMTAMRE ARPA FTMERIXL TIE
S5EBEEHEX. B5UAERRE, H5F ARPANEENRERSFES 1, XHANZMINZEMEM, FAfi
MHATEFRERE, 11 AR, EEZOWEAE NXETERENER. NEARG | WHENWHMXMN
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BFTEBN . LEW IPTO RUBIREE < — Bob Taylor =EEUMIALSRE, MALER. SRR TUHERARMIARERT.

THEZ—E 1966 Fhifg, Bob Taylor 5% ARPA a3 A Charles herzfield F8I511E, Charles [0] Bob: TR
BENZEH24?) Bob ZFi@: MHBHMAIEXIFRIMNE L, Charles HIRBHRLERXTME T4, thREWR,
9FIB! Bob EREIFUIXERASE, i TE2AEKMR, X2 —BRIKMNA 15 DHIIXIE), Charles HITE
#%8) Bob HFEZ/DEoNEE. Bob WMAMEE 100 HET (HBHTFTSRM 600-700 HET) . HXAREZ
/&, Bob MZIFHAE LR, T/ NBEEEWE ARPA (HERBE H1ER, MiXE Bob AN MWL), E2
BNUOSRHRANEEKN, B@NE, TEEN) XMUNSEMIRNE TN AZHTERNRA, TImNRERER
SE—BRIRD. TEBEN) NWEERHTHIRIFERZEEMRERE, MK Licklider 1R NER1. BEIE
2, fEXZfE, Bob Taylor BN TS PARC ITENRBIZEIHRENAIBANESE, BX—ELFERXZAHE
TITAWFRIEREE, FHiEET B Alan Kay ERBIZEE 20 ZATRITENRIZERINEA T PARC,

1.4.4 & THEL 5 NEgll oF

Being “Responsible” Doesn’t
Mean You Should Try To “Control”

If you are responsible for funding, you are not
in a good position to come up with goals to
be worked on or to assess great work

1.Great people come up with great goals and
do great work: SUPPORT THEM!

2. Great people are often poor judges of other
great people’s work: NO “PEER REVIEW"!

Top Down Control Kills
“Unusual Research”

11: BIE THEHZRER 'SRAE) B9HR

TE, Alan Kay 3T —TEINORXBOOIER: TR AFEKREXE NHEHL, HIAHXEBEREENM
PREENEERBRLN—T8EIR. WRMELTEF, MRFEOECHERE, PUMRFEEXNREEREI 7
R, BR, REALTEHER M6, BAE TSRTE) RS, URFRERNE, TESHTE TER
B, AMBAHAAFER, REEERNUE L MERNTIE.

Eit, RITAETRE MEREXFNIE, STRERE T RYNMRBRA L T 2SBITHENA, RAHEER
WA ES IS, FARREA, RBEERFERILEATEENA, MARRERMZENG, REAE,
RY) 60% N ITIEHAZEIN.
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145 FE#HT TEITIFHI

Siﬂ:ﬂﬁﬂlﬁﬁﬁ’\]ﬁfﬂ’m%u Alan Kay I\7, SHNHREBTEEZNHESBOMREN TR LRENTN,
FRERATMMNZEEERS, HEMNOMRERAE. YTEXMINENARTS, BTTENEZTR
E’J ETIFERNEBIAARLFEREX, MEFEEEX LN A7) BE -2 EME.

1.4.6 RBEMSMBHAFERA

Unusual

DoD: ARPA
i [s] ONR XEROX
Unusual
Research
Managers

“Managing”
without
“Controlling™

Licklider Sutherland Taylor

Unusual

—-ﬂ‘ £ i e ﬂg.m‘a |

1-|E_n Munrlu Ster United e 1 J

1in 1000 1in10,000 1in 100,000 1.in 1,000,000 1 in 10,000,000

Ching has 140 of thesa

B 12: ARSRTENMAN=2F—5 R FEANREE. HMREEE. MRAR

B, EME TSRREL BWRRIE? Alen Kay EEXFTESRTENHENE . HREEE, UKIERT
MR AR, £t 60, 70 &1, 7 ARPA. ONR F1 PARC, B% Licklider, Sutherland. Bob i ’f¥'§M
AENAREEAR., BENE, SRTAEANARARABENBSKE—L, BNREFIHSEIRE, X
LERRARBTER, RMFEAG—REERIKA, RAIVEMER ERFNBRE b, NaXE), R
BRA2EEREMIRAMIT. WFHE Parc SEIRERY, M1 E] T Butler (F&7E: Bl Butler Lampson,
PARC A ZASRA, AESHRA D AITEMERE I ATHNRMIRSE 1992 FERRE) . WRIRTF
ME FERA TENMEME, SEAMNARIRNEINEENARALN, XEABHNETEHK—. W
EREH—, e , BT HEH—., METPE, XETHER—MHARTARBAL 140 A, XPDEHIK
HUFESHH 505'114% MRIREBARIFHITINE, REEHEIXLAH BIFiFEsMm],
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131 EFZAR, 5FFZE

B-LEMREZINROMFER, ANEINENIRM, W EEMR, X2 Aan Kay B 40 FRIEBNGEERASM
=&, ERRTENOTARMEERR, M Alan Kay NHEERN TEXF:

141 ZRERFHRRE, ZoitBErOiE

ARE, AMMAMZ BHRERAEHOFAIR EARXE, BIENEEIRENIZEEB MGG RN B4
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BAREHE—E, BEZEZEBAINZERZH,

147 RIEHBTFHRE —FITER

“Mad Money” (non-directed research funding)

R&D in a technical company is 5%-15% of Revenues
Mad Money of this is 1%- 5% of the R&D budget

so: Mad Money = 0.0005 * Revenues to 0.0075 * Revenues
Xerox Parc (computing) was about $15M (today)

so Revenues would need to be $30,000,000,000 to $2,000,000,000
to get Mad Money for a Xerox Parc 1

Fortune 418

E 15 BRRFRIEFRRE—LIANESR Parc 6l

FERENE, EAXTHAMMMIARIES, 915%8 Alan Kay EEH MHow ?) (https://internetat50.
com/references/Kay _How.pdf), Alan Kay SFHJAM T +NEEIEN, BMEBHNBRINIABEREX., EXR
OBEHR, Alan Kay REEREETNMATEARBHKRRERN— DR Mad Money NRITAII SR, BE
WRANREBNMEH AR, MEAEFE, XMREHAHIEATEN. AN, HMNEEERN— AR
S FHANARHEERRK, Mad Money MIRERIZBESZK? T —LANRERSHNESZFKR, MI1aT4E
= TEAARTFE Mad Money, HAITNEB—2 BT, XN FTRIFRIZEARFM! WFRZHASIK
B, ENRARFRIEPENREIMERTIXERE, HFHRTRELQR. EMNTENETR b FARRERE
wRIE.,

Alan Kay g, WFREFAFME, MEANEAEESKRRN 5%-15%, XEEAZHHMAE T ~mL. M

Erh Mad Money NI SFFATRER 1%-5%, Fil, Mad Money R AT LKA R/NE—ED, 5K, i
& Parc SERERIXIMFAE R 1,500 H3Ejt, BMEMRMENILE ERRIE SA828%&H 5%, Mad Money
SMETER 1%) #HTITE, (M) HHTHE LR 418 LA IATRIBEESR Parc 9 Mad Money 2., 3
X, HARE-—RZHENNME, IRESHITE (FLAME 52 BKERN 15%, Mad Money & &TR
B 5%) FitE, BERIBRMESR Parc 8 Mad Money 28, (ME) HHTERZSI 1,000 ZHRASHE
DAE
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“Mad Money” for countries

Large countries spend $100B to $500B for R&D (~ 2% of GDP)
Mad Money of this is 1%- 5% of the R&D budget
so: Mad Money for the lower end: $1B to $5B
That is 66 to 330 Xerox Parcs for each country!
Mad Money for the larger countries: $5B to $25B

That is 330 to 1650 Xerox Parcs for each country!

16: RRXAERRIEAARRE

BMBREESTERY 'Mad Moneys BN, IFHANZEEXENREAERR, EMNSEREA
1,000 12%I 5,000 ZETATERNERME, FESFAMIRAT 2,400 2 2,500 %£j5, EEAHESEA
5,000 {Z=mAhG. TeEAEEnNa, X—flEESKE GDP B 2%, MEFHAVSEPERAILEE (1%-
5%) Bcza Mad Money, F4 Mad Money BOTIRFIAZI T 10 {2F) 50 12375, LAY, {RARIZIEXLE
BENER2WNE, BAFFED Mad Money FREIXE] 10 {Z3=TESRNE, FeTLET 66 N EMIMESR
Parc LIZE, X FHEMEERSXFAEEANEREKY, 11 —FrILAEI 330 £ 1650 NS Parc Lk
=, XECRRESEM, ~218?

1.5 RIERARWREIRNE AN

The world can afford to address its major problems, but can it see that it can?

Climate

Food Water

Health “We cannot solve our Shelter
problems with the
same levels of
thinking we u

3 fo create ;
Rights . Cooperation

“Insanity is

same thing over an
over and execting
different results™

Population Education

Ecology
Pollution

171 2 NEEKAEFEME UM EMEAMRE, EZANTIRE 7152
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IE Mad Money BB, Alan Kay #H—FEE T XFNEN 2RFER TEHEETKE) HETHESR,
HERENMREE. BENMAT, MNMU—MIEEROL NN XLEZHIPAEIGRE AL, Bla
2, ERENRSEARERRIBNEGEXLERR, FEMNETDXLERBETROED. BIERE
e,

Alan Kay HILLAZEREEN—GRSENER, NN EENMURRE TEE 40, 50 FRiTENRZHRN
Epy#E, MEXTHENEROASEER, TEE ESURRNEIX 12 FPEREEKER, BEEBRERN,
XEEER:

BEZAET, BM—EX—EHEHNSE, MPSTENEREE.

Z. RBI. BHES Alan Kay WEBFEIR
Alan Kay JZfERGE, ItREBRALEEMRRESIORE L. EREBRATEENRRRERKERE, 5 Alan
Kay #1T 7TRARIZRX. TERMIIED WIEATHRBF LR

HET 0 EIENXE THow 71 (https://internetat50.com/references/Kay How.pdf) F, BL%NIZ &EiftH
IEZMRET T RIFNEE. EXRXER, BIIEET 19 FXTFHATNGIN I BEERIFN, XLEER
N BRI BEMRR,. BEUE—LETEHPSERINT D, BN FHRLERE/ERLEN 19 N
AR, MAGTEESRANES BB MESIFE.), MEEKKIXLERNEIAIG?

Alan Kay: BXxMSZRZRNBESHHEEBRBEX NAKER] (Cognitive Bias) KIXE, IAKIFEIFS5KY 200
MARTEREBEER, RBARZ. DEZETE/LBEFTHMRMR, SERT —LEB0EE, Flu
MHRMNNBEEN N AMEEZ551. T ARENBEEIARENIGT BERFHHTEEZ). TIHTARZERE
TEH 200 2EAR/UER, MEMBFINRBTFIINRBGIRRNRRE. THIAMERZE (Confirmation
Bias) BRERMNMAAMN—MIARIRE, MBZRIMEFILXFEIR. THIAMEIRE) BOE, NMRREE
EMIEE, MMaERIRIHEGNERMEZNIERE, AR Y XMHENNEZE T A TRR FIRL R
SHZEBMIEENRE, AARNEBNRNS, BAIERT TES5E1E) (Ostrich Syndrome) BIFFE.,
RLEEMEZRIET AW PN, RSUNMEEIEREN, FIEEA EREERBERNEHITRE,
REEFHEARTEN—D, AM, ARNMZFIRRXLAREE, LN AMANESE.

AL : ENERIAEEHAPIREIN, SANBEERIDIENERN, SXIMTH, CWMEEEFKNED (R
SIE) TEIXT ARPA, BAZKMEEE, HRICAKFETHRANFESRBELEN THZEFEE. RER
HELRERE, RANXZE—TEBEARNEMNIL? EESEMREAN? AMEEELMIAREUERNIIERE?

Alan Kay: 28, EUFER—MXEFENELN. MAHTRBOGIESBFNARTAEGX. HE=1TSM
RRRYE, MEEESHIEMAE-FERER LHITHIE. B2ALRE, BNFEEROANEMLE
MRS, MIEERERR FTENER), BERMIINFEREFRE EXMER. HFETEMER, HEB
oBF, AP SEEAXDLEEBRASE, SEANEEZICHED, FELt, REA (8D 7T
AITEIER, A—LEAEIIRRAMER 2GR, SHEE-LEERATRERZSBERESST —H
AERMNEBHEREEFNEE. BEFENLIEE(IERTM T XBULBIIE, HRNZIPNASE., SF,
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BHORSBNELME T RN, EESNR AR T EANMHIE, EESI "SEIERR B, ERER
E. EE#HAZBEMNAERNME, BEREEERIM TEZREL Tk, £XE, BTBENREE), —&
BIRFERNABERNTICAES ., RENMBAEXEXLMSH A —EMEELRTH, S8EMTHS5TH
B, BENXTHEFREREAEEERNY S THE, EBRREFE, EEHFTHNEMLEN.

KA BEEADRETMAHBENNERAL, BEABTE 60 FMATERENRRE?

Alan Kay: XM E@RFEZE, MRIFEZ—BENER, MRS AMOIELNEMTE. ANKRFER
SIRZEOT D, MENEEIETR LR - LEEENRROEXAZ ., MIAAERNZETR—LEIE, F
ZHIFNBAATLER, FANXEMARAVHEN TS . N T IBLBEREEX DI HTHARIIAFRR,
MRz EEIMEMERIES D, B DARE D). MAELER 40 £, #EE, INOMZERRA AR RBIRE
MMBERZ, fREIXEERMENAELARM. EELARENE, FTBEPATLRIVEFRER, 4
EHNHRERN,

KEL: FEASHNERZ TATEENT—THF), BEEMAISET-THENTN, B2, BREM
LIE?

Alan Kay: B5%, HANZ™RNERS S8 —18. MGE NTENRZ) —a5, BROFRNENE T
F1, LML 60 FRITIVEEMR N TR, B 70 FRZEXRBHEER CS BUERWEZFINZE TTHE,
4 CS #tAMRERERGHINZGE, HZAEMAZRZ -, MRINFr—HE, BENE, I
E-—EMRARZRRBEE—RBARICN, HSFINHBEUML, EABXP-ERTERLZNED,
HW WA ZERIMRAN . MRIRFEEXLEIEXOHFEAT, SRNENHREBLEB, Judea Pearl 1
IMAENNSFIMRE THEBEeR . EURMBMBNZATEELE, MBEHEZHNFR. BIIFEBRAL
BRetUkll—aERT TA) BMERBR T RENITEN. Bh) . ZRENFROMTARR, BRERD!
AEARBXNER, TEERMRNE LA, BEEEMEEARBNOAHTEERESE., BHIRYHE
BERDHEHENA, ERURENEBN T BLEMERBIETMAA, BBE—H20E, BiIAN, EIEN
20-25 Fr, ITBEHSUEEZR T ISR,

SRR : HE7E PARC MEBERABFAE GU) MBEXIEN, BENANARERHRERZHF LNT
fE, LEWMEFRBRERZMOHENMIR, BEEZNTRKECHANS, SFIIXE-—MERRE, 7
SMESEIT BN ERN, MMSHSRENEERMIOUANBNIRENEH?

Alan Kay : BMEBEIRBHAMERFT(E@ZE, AFN Bob Taylor REHETFERMER T F. Bob Taylor M3k
RAESIR PARC MR A R NIZAEEME IS,

SRARIL - 1B RANE S | SERRERIA R A KPR 2352
Alan Kay : RZHEBVREFRBRIEXAIEE,

RERL: BLAEMN SRR (OOP) MEFARFRE GU) 1E?
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Alan Kay: {R1OFATIREY OOP K& ESHEA AL OOP AHEZE, HKETE., £ Parc AR
GUI, NMZB—MEBEBIKE, Steve Jobs FARIENRIAGR LI EIMFTHIFAR,

MITFIAEE] Jobs SRARMELE ., MRBAVRAIUHEIX—=R, FHANZWIAIEETE PPT # Keynote HIAf
MEBIBREIR. LWIPAENRAEETEXR, ENATE—NARERER, ENMENHBAEEIRE.
FISIERY, ANRIRHYMIZLEMN PARC FIENRAK, RERKMEN] EMEREREL) HRERFE. B
MEBER =M F, PAAASIZIZIFTL TN ENHATLIE, UARBZNL, SNtREEETS5SERMUER
78, PAEASMELEMEZ—TBEN, MUKNERE—TSRIOARE. AMIEBIANIAERIE T SHE PARC
PR BBRARTERF (O0P) HwZHRANIES, HELBEETHRINEA, BIERZEOMSEMAN—TFE.
MmLABRBO—4SIEE, BERRNITANNITN RS, S53A] 80 FRMMFNEAML, MESKET.

37T : Steve Jobs ZEXTIREY GUI £, FERERMAET Mac H, fRARERXMEEID?

Alan Kay: BIFANEARETRMREA, 7 Steve Jobs £fiHHA GUI ) Mac WEIFE, HE TRIZER
Al EHEXIEXFBEZKRRT . HA Steve Jobs 1 Bill Gates HIREITZIA, EXHARMHTLAWE ., HH
it ER GUI BMAHA L, MAEREREFRN—HD, MNMIESBEFE, J1E Parc THEIHA,
RE-—TERERGERN. AEEM xyz) RKEEMREC, BREECHSANBES TIERRANST
FITINMFEE S, BREEHX—R, MIOEEHRIANKNEE, 5, £ PARC TIFEEMA EIERBTEY
REIBD ARPA 1K), WIULEEERBENER, HMNMRHE Licklider IRHEH TER 1. ICHEBEN,
Taylor Bob RfiE T I HIPLRBRAEMNZTRNZAR,

WET 1 2015 5, (REZIH AT RMEKEE Y Combinator, fRIEMAIMFFEL DRI, T/LE. MI1MFRE
& Make something people wanty, TIfRTE Twanty (BF) L@ THX, BHEKT Tneeds EF), 18I0
RECIER?

Alan Kay: Z(IZBE (want) ¥E. BERL. &, EZREAF, XEBAINEEFT K, EVZEET, BRAE
EABERORAFE TR KRR, MEMEARKSERAREROTRF, LR EHHE T EENEY.
BIARETRAERLERA. MBAIFAFE (heed WARBNZEMNTHEZENEY), MEAHBTERANH
B, MAFMENEZFHRERIZMNAET. SHARATER IFE) ZIMBE, MEREEAN] MR
AR, BEENMNEEFBBEAN IHFE) o, FXERIFEHANGE THEE) 2WOHE. TRAMN
IFE ZYNIAHEERRIDSRAN MEE) 2YNITHREESS. WS, BOINHERBAT —MEE, BK
ETHEAM] TEE) ZWH TRE) 22 ERFE,

KERL: &fE, TEE—TEE, BIAREE 20 FERHRNTRETA? BER—OIEERE.

Alan Kay : BATRIUAER _EHEIAZHEBIRA, TASIH, XLERFAPTREMAMNATm, IR A% &S
IR m, A 20 &8, Eit8NSE, FANEEBZRAE Croquets, BRINRARIZE 20 FH
RAITAEMR LN, ER—MRIGMEIE TFRE Fite 70 FRESMSSCECRSEANAS. XTAR
S RAGEBEM—FERANAS, MERAIRNODEETENSE TE, XIMIENEEMS TCP/IP 2
B—E58, GEE XTF Croquet IMBFMER, RIS https://en.wikipedia.org/wiki/Croquet_Project)
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HYE: £TE, AMERNEESE 5% NMEMRT RIENKRE) Mad Money), EEFENAREBRE
PARC LR Z=IXAFRINA, XZEATANE?

Alan Kay : ZHIANEEET, HRBFEBEMNBEENEINEN A,

BHHE: RN, SHXMIVANRERERZ, SRFEZIN Mad money 18EE, HiR 95% HUREE MBAIRE
(Normal Money) , 1BZHZBRINIAZERA, RZEEZPIIAIEZARIZ Normal Money, fAITEENE B SRR E
RBTEBERR, XERFRERBRE PARC MEILECIF LIFHNRE,

Alan Kay : EREIBIIEAZ— Paul Allen BELRTERBENERHCHET, SRR PARC WRINZN, BAET
—LEHRRBIR T, BRILT Interval Bk, Z/E, MANEEHRSIT Interval, HAIMARBEHIAEDFEB
5 PARC BREA—HFR, HIMMUE, —L2H17E PARC TIERERSHWAR T XEHN+HE~, Paul &
EOHETREAE), MtEMARSEATI—R, KR Paul 7, RELMINNMN TIZHES, EEMEER
RENMRE—ERMRMTEREENTENREARIE? RIEMNZELLIVX DR T, RANIZEAS]
PZERSE, SNIEIRAN Interval SKIZTEARR PARC B 2HIAH .

NTFEERREREWHFRBZZTRN, B mHNEAFHARN, BEEREEEN TS, XEIRE,
HTIBfE S WM R AR R TERth A B RS RI/RIELENZER. thiloaEaR tizes, BIE
EXE, MM REISERF. FREARESERTHMR, FEANXENIE, EERBMKRIE? iTEN
TN R EHMEETRIE RIFHZENRA, TRIFRF, (MEESHIRBUNCIERGDM, mE ARPA
R, FAUEGEH EBFS TERNEERRVEI, MURMINREREDTENRARE, tMIIMSEE
R, XAMEMAITXDERNEIN, £ ARPA, B ANLREIEPEC—HEE, TIEERIAREEIMRETRE
7f PARC LERS#F2a0Lt, HBIELEW—FE, thImse THESF—F 200 HETNME, WIHARNEE
B, SIRMREERINEN, XREZHEAZRN, MeEfFH. MEFNMEFEEN—KOAME, MINERT
RENATFHEHEPEXKGNEERT, ILERTHFEREE, RAZE, ASAZEBETERESR, FBH
MBT—ENNS., EEE—TERREES, NI TRARES, BTHEE) 35 B2AR 5 FRNAX,
MHARETXEZRFEM T4, BLE, FArtist can not do their art) (EARRAREEZRMMIIESHEAR),
RERBZARNE X, HANNIZREIRFNZEARZRN], REAFAIRER 30% B HMmREEIS !

=. &iE
M TZRLOFEER B T&FEHR26, BIONMEMERREFT—APEAERFZRNER, 05, Alan Kay £
AEEFAZ LRENESUROMS—TBESE TRBZE. MAXHMENAEREEIRNZMRHIZ

¥, Alan Kay KR THOHTAERENZLEREGONETE, BT 7 —AXIIX VER1 189EF.

2020 EREFARZEHRETHES, ANBASETREALEENR T—TTENERES, HINBFALERZ
WRBEFTHNER. AL, XPARMONEAETE LROREK, EFHTETCHNEA
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