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We USED T0 THINK RABOTS

CoulpDN'T BE INTELLIGENT...

o



.. NoW WE KNow
THEY AREN'T !




The Association Knowledge without Borders, founded and chaired by Professor Jean-Pierre
Petit, astrophysicist, aims at spreading scientific and technical knowledge in as many
countries as possible and in as many languages as possible. To this end, all his popular
scientific works, which cover a period of thirty years, and more particularly the illustrated
albums he has created, are now freely accessible. Anyone is now free to duplicate the present
file, either in digital form or in the form of printed copies and circulate these copies to
libraries , within the context of schools or universities or associations whose aims would be
the same as the association , provided that they do not derive any profit from this circulation
and that they do not have any political, sectarian or confessional connotations. These pdf files
may also be put on line in the computer networks of school and university libraries.

Jean-Pierre Petit intends to create numerous other works which will be accessible to a larger
audience. Even illiterate people will be able to read them because the written parts will
“speak” when the readers click on them. Thus it will be possible to use these works to support
literacy schemes. Other albums will be "bilingual” in so far as it will be possible to switch
from one language to another selected language with a mere click. Hence another tool made
available to develop language skills.

Jean-Pierre Petit was born in 1937. He made his career in French research. He worked as a
plasma physicist, he directed a computer science centre, he has created softwares, he has
published hundreds of articles in scientific magazines, dealing with subjects ranging from
fluid mechanics to theoretical cosmology. He has published about thirty books which have
been translated in numerous languages.

The association can be contacted on the following internet site:

http://savoir-sans-frontieres.com



PROLOGUE

5

o / Y
155:
{'l L e - | :
Y N ey |
N >
7 2
=g o’

THATS No BOAT,
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LooKIT, LooK(T!]
IT WALKS ]

7

f OH, STUFF IT, TiREsIAS) /
ONE O' THESE DAYS YER LL

BE LAUGHIN' ON THE UWER
SIDE O’ YER BUNKIN’ FACE |

A HOVERSNAIL oN
AN  AIR -cusHIoN |

wHooo ARRR

v .
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WeLL, weLg |

You HAve
Been Busy !




YoU'VE TURNED my Liy/NG Room
INTO A LABORATORY AGAIN.

T DON'T UNDERSTAND How You ALWAYS
MANAGE TO mAKe SUCH A SHAMBLES!

PHEW, FINISHED
AT LAST.

THE VACYOOM-cLEANER |

TIRESIAS, PRUD&}%CEMAKE
AT
O:c'fﬂ-rzs’w ‘fHEXl - /

BumeY! H'ArcHiE's 1otAEp

g



PROGRAMMABLE

AUTOMATA

HeRE'S THE FAMous INVENTOR W\TH HIS

PROGRAMMABLE AuUTO-VAC. He 1S GOING TO
DEMONSTRATE HIS BRAINCHILD, See How HE

SETS IT IN MOTION AND STEERS IT wWITH THESE le/@_-j

- \—<

[ SO WHAT P WHO CARES ? WHAT |
DIFFERENCE DOES IT MAKE
WHETHER YoU STEER IT wiTH Your
HANDS, OR FIDDLE ABouT WITH
LITTLE LEVERS?

RR rr 3
V.

v
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THE Famous INVENTOR sTeeRs HIS TURTLE
TO A TRAY AND MAKES IT EMPTY oUT
ITS DUST- BAG.




CHARGER
17 voirs

90

— .
THE JOB DONE, HE DIRECTS \T TO THE \{

FueL- CELL REPOWERING MODULE. ..

WATCH CLOSELY,
AND ALL wILL BE

REVEALED. T
DEPRESS THIS

LEVER ...

wHy BOTHER®

. READY 10 €XPLOIT
TS REUSABLE CAPACITY,

... AND MY TURTLE
RETRACES EXACTLY THE SAME

PATH, STEERING BETWEEN
THE FURNITURE...




... RETURNING
FINALLY T0 THE
REFUELING DEPOT,

... o DEPOSIT THE DUST
IN THE SAME TRAY ...

T
MA:T‘EE"N VENTOR MANUAL CONTROLS

REVEALS HIS
CUNNING 1 (
ELECTROMAGNET
BATTER
(OPENS LID OF DUST- Y
CONTAINER
PUNCHED TAPE

L T SucTion

FR e E~RUNNINGQ
REAR WHEEL

INDEPENDENTLY CONTROLLED
WHEELS, FORWARD/REVERSE

WHeN T OPERATED THE

TURTLE MANUAU-Y, THIS
TAPE UNWOUND AT A sTEADY RATE.
THE commands THAT I GAVE IT

WERE wRITTEN ON T0 THE TAPE IN
ATHE FORM OF PUNCHED HOLES.

So THE STEPS INVOLVED IN

AHE 1OB WERE ALL
MEMORIZED.




WHeN THE TURTLe RETURNS FOR
REFUELING , THE TAPE REWINDS.

SO Now YyoU CAN MAKE IT WORK THE
OTHER wAy ROUND; THE TURTLE READS THE
INSTRUCTIONS ON -THE TAPE AND CARRIES
THEM ouT, BRiLLiaNT !

1 FouND iT IN THE MECHANISM OF AN x
oLD> FPLAYER- PIANO,

WHERE OID You
GET THAT 7

oy
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THE DINING - Room
VAcoum STAKES
THIRD RAce !

THE FLAG IS
RAISED | THEY'RE
OFE .I

OH oH,
OBSTRUCTION ON -THE
TRACK ! Look QUT
SOPHIE /




~7

L~
LeT'S TAKE A STROLL.

AHE TURTLE CAN LOOK AFTER

1HINGS FOR AWHILE -

Higains - T HOPE

YOU Know WHAT
YOU'RE DOING .

THREE HOURS LATER...

My Doom IS
SEALED.

THE MARVELS oF MoDpeen
FORENSIC Science AlLow us 19
RECONSTRUCT THE SEQUENCE

OF EveNTs...

ALL HAD GONE WwelL UNTIL THE

. AND HAD SUCCEEDED IN INGESTING

TURTLE HAD ENCOUNTERED THE TAIL THE OBSTACLE ULP To ITS Mip-POINT.

OF A SLEEPING CAT — AN EVENTUALITY
NOT PRoviDeD FOR N 1T PROGRAM-. .




DURING THE ENSUING PANIC, THE CAT DRAGGED
THE VACUUM- CLEANER TURTLE THE LENGQTH OF

THE APARTMENT, cAUSING A CERTA/N AMOUNT
OF INCIDENTAL DAMAGE.

THE BATTERY
AcCID HAS SPILT
AND EATEN HOLES
IN T™HE RU§,

AND THE CoNFouNDED

TORTLE'S €ATEN MY
KNITTING !

T kNOW... T kNow... I'tL
MAKE SURE IT's ALL CLEANED UP.

L




THE CAT LEFT A ME@

“IT'mMm NOT STAYING A
- MOMENT LONGER N THIS

BuT HE DIDN'T |
GIVE H|s NOTICE .

NUTHOUSE. DoN'rt couNT ON Mg
T0 CATCH yourR Mmice. Goobaye
AND GOOD RIDPANCE. “

I ™OUGHT my TURTLE WAS

INTELLIGENT, BUT Now I See How
DUMB 1T WAS.

How DBID You THINK IT coud BE w-rewaem‘.?

You GAVE IT NO WAY oF KNOWING WHAT WAS GoINg
ON ARQUND IT !

1
/ P> ﬂ You’RE RigqHT. THE TURTLE NEEDS To “see’
WHERE 1T'S GOING . THIS IS A TINY PHoTOCELL
/ SENSITIVE To  INFRARED LIGHT = THAT 15,
O THERMAL RADIATION,

He MEANS THAT IT REACTs
o ANY HEAT SOURCE.

~

)t\/

A«ﬁf&ﬁl
RADIATION \LJ

4

You've goT To Give
IT SOME SENSE ORGANS.

g




I'LL USE A FEW HUNDRED PHOTOCELLS 76 BUILD
A RUDIMENTARY "gYE," RATHER LIKE THE [NFRARED-
SENSITIVE 'EYES THAT SNAKES HAVE ON EITHER
SIDE OF -THE NOSE.

RETINA

':

INFRARED

CELLS }
N\

INFRARED
IMAGE

AHe TILED FLOOR OF THE APARTMENT
1s coLD, IF I ARRANGE FoR -THE TURTLE 7O
TAKE THAT AS ITS ZERO-LEVEL FOR TEMPERATURE,

IT WILL SEE -THE FLOOR AS A BLACK
BACKGROUND,

WALLPAPER's A BIT
WARMER, SO THE wALLS Will
APPEAR To BE “GREY.®

VISUAL FIELD

THE IMAGE IN THE

BUBBLE HAS BEEN
STRAIGHTENED OUT TO KEEP
THE EXPLANATION SIMPLE.

13



WHAT THE TURTLE
ACTUALLY DETECTS IS
1HE ANGLE BETWEEN
rHE DIRECTION OF THE

AND THE
oBTECT o’P‘rlCAL AXIS

e
L
— 1 [
L AR ) “oesect _
E € / i N (e, ‘b) ‘é
€ OF TH ° \
Cl:_vcjbe OF VISION %?\ 7 - L(E
| />e
/ EACH INFRARED CELL
0PI CAL 7 CORRESPONDS T0 A REGION
At S~ oW oR NEAR| /| ONE DEGREE SRUARE ! THIS IS
T tie RESOLVING POWER

OF THE OPTICAL SYSTEM. THE IMAGE (S
DIGITIZED, WHICH MEANS THAT IT's CONVERTED TO

A QRID OF TINY SAQUARES, wHICH ARE EITHER
BLACK, WHITE, OR GREY.

ELEVATION &

I'VE CHUCKED OUT THE OLD PROGRAM, AND Now Im
GOING TG GIVE THE Turtie A simpLe REFLEX
WHICH wiLtL LET IT AVOID THINGS: " IF ONE PHOTOCELL DETECTS
A QUANTITY OF THERMAL RADIATION gGRreaTeR THAN some THRESHOLD

VALUE, AND g 1His SOURCE IS LocaTeD BELow A HORIZON ( THAT 1s, IF THE

ELEVATION @ OF THE OBJECT IS LESS THAN A VALVE Py ), THEN THE TURTLE WILL

—MAKE A QUARTER-TURN TO THE ﬁﬂ/

——

AMOUNT OF HEAT
RADIATION GREATER THAN
THE THRESHOLD; AND
ANGLE @ LESS THAN THE

HORIZON VALUE ®my -

s %7474
WHAT HE MEANS A \ IF so,
IS , IF THE SIGNAL ) T TuRN,

15 IN THE
SHADED 20NE

14



Black BoX

S0 Now) THE TUuRTLE HAS
@ecome AN INPUT-OUTPUT

SYSTEM.

A BLACK BOX
«

WHAT'S INSIDE THE
BLACK Box 7

OuTPuT

STimiLus RESPONSE

A PROGRAM mHaT Le1s ir
ANALYZE THE |NPUT DATA (1He
INFORMATION PROVIDED BY -THE “RETINA™) AND

pecIDE wHAT RESPONSE 7o mAKE!
EITHER GO STRAIGHT AHEAD, DR MAKE A
QUARTER-TURN RIGHT,

?g,oc £sSING

e OUTPUT:
INFORHATiON <) coNTROL OF
E m \ WHEELS

A \ J

THIS TIME -THE FAMOUS INVENTOR WILL REALLY CLEAN vp ! His TuRTLE

WILL AVOID -THE WALLS, AND ALSO THE FURNITURE , BECAUSE THEY RE WARMER
THAN THE TILED FLOOR, -

GreaT! TVE CRACKED \T! 1155
ALL PERFECTLY SIMPLE, AnD Now I

CAN STOP WORRYING, .

M ?” /!'
L ""l;f'f/./l'a

ARCH| BALD .I

AHe TURTLE'S SWOLLERED TIREsIAS |




1RESIAS 1S A COLD-BLOODED CREATURE, AND HIs FOOT MAKES GooD THERMAL
CONTACT wirH THE FLoOR, To cuT A LONG STORY SHORT, HE HAS THE SAME

|
TEMPERATURE AS THE FLOOR., S0 AS FAR AS THE TURTLE IS CONCERNED... HE's 'Niy

CAREFLL 'YHE@

AAAAA ...CHDOOOO!

HAVE you NOTICED THAT WHEN THE

J

IVE STuck A CANDLE ON HIS BACK —

HE’LL BE SAFE NOW.
TURTLE ENCOUNTERS THE WALL

OBLIQUELY , LIKE THIS | IT HAS TO MAKE

TWO QUARTER TurNS 7 WE cAN Do
BETTER. THAN THAT !

C YES ... T'D BE MORE LOGICAL 1O HAVE IT MAKE A LEFT TURN INSTEAD ... _)

SIGNAL ANALYS IS

; \ T
1 . N N
v I"oLD PROGRAM: New ProGRrAM:
1F A wARM B6BTECT AIP;(;:% WARM OBTECT
9 APPEARS |N THE SHADED|f . = " SECTOR A,
N\ =/ ZONE  MAKE A € A QUARTER TURN
1've Gort i1! ! 70 THE RIGHT IF N
’ QUARTER TuRN TD SECTOR. B MAKE A
4
) THE RIGHT, QUARTER TURN To THE LEFT,J

16



Yes... 8UT wHAT 1F
b'S DIRECTLY 1) FRONT ©

, ARCHIE — |
Rit's Qo.u‘ UP (N SMOKE |

THE ANSWER. IS A SMALL ADJUSTMENT:

IF THE SIGNAL IS SIMULTANEousLY T0 THE LEFT

AND RIGHT, THEN TURN T0 THE RIGHT

\

SoPHIE , I HINK I CAN IMPROVE THE WAY THE TURTLE

RESPONDS T0 THE SIGNALS RECEWED BY ITS INFRARED E€EYE.

IF ™IS 15 AN OBTECT N ITS FIELD OF VISION, AL I HAve

Shnam 1 DO IS

COUNT THE NUMBER OF CEWS (N SECroR A

| (NEAR AND LEFT) AND COMPARE )TH THE NUMBER IN

Sgcfok A Sector B

g

Qnm AND RIGHT ).

MovE
“THE

o )
ey

T e
=

10
RIGRT

You CAN ALSO ALLow FOR THE TURTLE
PASSING BETWEEN -THINGS.

17




A T HAVE 10 DO Is cuf SOME PIECES OFF THE
nO0 SECTORS A AND B on THE RETINA,

THE MAIN POINT ABOUT MACHINES (5 THAT THEY
CAN GET THINgs DoNE QUICKLY.

I’tL TURN 1T UP 10 THE HIGHEST SPEED.
THAT WAY, THE CLEANING Wi BE DONE N
REWRD TIME,




ARCHIE 1T5 NO GoOD EXPECTING A
MACHINE T0 REACT INSTANTANEOUSLY. BETWEEN
THE INPUT AND THE OUTPUT You MUST ALLOWD A

RESPONSE TIME wWHICH IS CHARACTERISTIC OF
THE SYSTEM,

I7's YoUR own RESPONSE TIME THAT PREVENTS YoU FROM CATCHING
™IS Bl WHEN T LeT 1T DROP.

l

FoiLep AGaiN'

DANGER : znpuT—
OVTPUT SysTEM w)iTH
SHORT RESPONSE -imE,

YeEs, yes TS
speep T wNeeD ,’

[
CLEANING THE APAETMENT GORBLES Ir
UP 1oTS oF ENERQY. THE TURTLE's
BATTERIES ARE F(AT,

N

«(A>

NEEDs 1p B€ ABLE To GuIDE ITSELF
To A REO{A&G,ING, SYSTEM .

Yes,
s BUT HOwW T




ERVOMECHANISMS

WHEN THE BATTERY STARTS 10 G0 FLAT, THE VOLTAGE ACROSS ITS TERMINALS
DROPS. 115 EASY 40 ADD 70 THE PROGRAM SOMETHING LIKE:
IF THE VOLTAGE BECOMES LOWER THAN... S0 mANY
voLTS,
“THEN Go AND GET cHARGED UP AGAIN .
BUT THE PROBLEM IS : HOW DO YoU GUIDE THE TURTLE 40 THE RIGHT puAce ©

/
WHILE TM WRITING FOR INSPIRATION, L'l MAKE A UNIT
THAT RECHARGES HSELF USING SOLAR PANELS.

You MIGHT cALL |
T A
POWER PLANT !

Mpype I cOULD GUIDE THE TURTLE
RY UsMNG THIS HEATING ColL... TROUBLE 1S,

1T TURNS AwAY FROM HEAT.

WHAT You NEED IS A
urre  FEEDBACK.

M

220




THE AURTLE DOESN'f HAVE TO -THINK OF THE COIL AS AN OBSTACLE, You KNOW.
WHY DON'T You PLACE IT UP HIGH, TO ACT AS A BEACON ?

le) COIL: HEAT SOURCE

HoRiZON [ ——
opacaL AYI2— -
. —
- -
/
) \Hozizou NAR THE 'eATIN' COIL SHOWS UpP

IN SECTOR G, AT THe ToP o' THE
W'eveBaLL. HEYE UP, yer MIGHT SAy !

LAN N
AVOID OBSTACLES IN
THESE SECTORS,

Now IT's EASY TO

REPROGRAM THE TURTLE ! IF fe CuaRGe IN THE BATTERY FALLS BeLOW so
MANY VOLTS  THEN LooK #0R THE (olL. THERE ARE TWO POSSIBILITIES.
EITHER THE coiL 15 ARERDY IN THE FIELD oF VISION, AND THe TURTLE
CAN GO AFTER IT; OR 1rs NOT, IN WHICH CASE (H TURTLE SToPS, AND
REVOLVES, UNTIL 74E BEACON APPEARS.

1 T~
As soon As THE TARGET cOMES INTO view, THe TURTLE

CAN HOME IN oN \T BY FOLLOWING -THIS PROGRAM:

TURN TOWARDS THE TARGET By AN AMOUNT
PROPORTIONAL T0 THE ANGQULAK DEVIATION ¢ BETWEEN
THE TARGQET AND -THE CURRENT DIRECTION OF MoTION .
| Tis ;s A LINEAR SERVOMECHANISM.

SanaL o, D] L SIGNAL

To RIGHT ¢ o LEFT

-

TRN q0 THE RIGHT “TURN 10 THE LEFT 21



As THE TURTLe STEERS TOWARDS THE TRRGET  THE ERROR ;25 CHANGE S :
So ¢ s Acting BotH As CAUSE Ano as EFFECT, THAT 'S FEEDBACK

INPOT oVTPUT

RigHT HAND
DowN A BIT...

—~<
FEEDBACK

So HE -TURTLE ALIGNS ITSELF
LOITH THE TARGET

Now, ARCHIE | Lef's PLAY A GamE. WHen T Gue mue SiwaL, T
WANT YoU To PLACE MHE POINT OF YOUR PENUL NEXT 10 MINE.

L GET IT — YoU'RE GOING TO
TELL ME I'M A SERVOMECHANISM

T00... A BLACK BOX.




ACORDING -T0 THE OBSERVED ERROR.

Q’Z;ERNANTHROPOID. f 1 ADJUST THE MoOTION OF MYy PeNcIL

\

Y C

i~

WHAT'S HAPP€NINﬁ L
I
-

1He PeNUL GETS THERE
IN THe enD, BUT 17 WOBBLES
/ ALL OVER THE PLACE ON THE

AHAT's THE EFFecT
ofF [INERTIA.

AN A FIRST ORDER SYSTEM, 1He ouTPUT COMMANDS ACT

DIRECTLY ON THE SPEED, wITHOUT ANY INERTIA. THeRE ARE
NO o0SULLATIONS .

Inv A OECOND ORDER SYSTEM, THe OUTPUT COMMANDS AcT
ON THE ACCELERATION BY wpy of A FORCE. IneRtia
LEADS -TO OSCILLATIONS,

J PosiTion

TIMmE

PosiTioN

TIIV\EJ

23



HUMANS ARE sSECOND oRDPER sysTEMs. A GoOD EXAMPLE OF A FIRST
ORDER SYSTEM IS A CISTERN)

THE SPEED AT wHICH WATER RISES IS PROPORTIONAL TO
ﬁ?—_{ 1He DIFFERENCE FRoM ITS FINAL POSITION |
' e
\- i
\\
Wiv A  FIRST H'ORDER CISTERN,
THE WATER DON'T WORBLE ! éé‘S

_/

i\

o

AT LeisT, THAT'S THE HEoRY. BUT IN THE
PHYSICAL NATURE OF THINGS, THERE'S ALWAYS SOME

(NERTIA PRESENT, AND |F You PusH A BIT 100 HARD, \T SHOWS
UP.  SUCH A SYSTEM SEEMS 1o BE FIRST ORDER BUT IS
REALLY ... SECOND ORDER,

- SECOND ORDER



SOPHIE, LENNY THE PeLicAN sAYS I'm so SLOW THAT
I'm NSENSITIVE TO INERTIA, AND | LL NEVER BE MoRE
THAN A MERE FIRST ORDER SySTEM,

CONTROL AND
HOMEOSTATIC SYSTEMS

BUT Now LET'S TALK TURTLE,, .

ARCHIE'S DEA 1S REALLY
QUITE CLEVER, 'me ELECTRIC TREE —
TAE "POWER PLANT "~ GENERATES A FLOL OF CORRENT BETWEEN T

CIRCULAR ELECTRODES. THESE ARE THE TURTLES LWHEEGLS, COATED IN COPPER
10 ENSURE  GOOD CONTACT, ONCE THE BACK WHEEL MAKES CONTACT WITH THE
ANODE AND THE FRONT WHEELS wiTH THE CATHODE, THE TURTLE STOPS
AND RECHARGES ITS BATTERY. WHeN IT's FulY CHaRGeD, THE TURTLE

TURNS RouND AND WANDeES OFF AGAIN, REFUELED. As LONG AS THE
CHARGE N THE BATTERY |5 REASONABLY CARGE , THE TURTLE IGNORES

THe Power @wa‘r, AND ITS GUIDING HOT WIRE, COMPLETELY.
BURP !




Yeu DO JusT THE SAME - you STOP
1 EAT WHEN THEe PRESSURE ON THE

WALL OF YOUR STOMACH DROPS BRELOW A
THReESHOLD VALUE. S :

W

\

STOMACHS WorK TusT
LIKE CISTERNS ,

Yob MEAN, CISTERNS WoRK. TUsT
LIKE STOMACHS .

PHILLYSOFICKLE
H'ARGUMENT S CAN GET
QUITE DISGUSTIN'

=0

SYSTEMS LIKE THESE TRY TO mAINTAIN THEIR DEFINING PARAMETERS
IN BETWEEN A minimaL aND mMAXIMAL VALVE.

1 see. So wHen T eaT orR DRINK, Im ATTEmpTING

To MaNTAIN THE QUANTITIES of SugaRs AND SALTS IN
my BbDY, BETWEEN mMINIMAL AND MAXIMAL VALVES,

26



ARE YoU TELLING ME THAT MAN
yns JUST A MACHH\)E.?

OTHER WAY ROUND. A MACHINE 1S UKE

A MAN.

TECHNOLOGY WORKS BY PERFECTING

OR EXTENDING WHAT GoES ON IN THE NATURAL HARIR

NATURAL WORLD.

ARTIFICIAL
100 TH

f

" OwN ORIGINAL TEETH
ARTIFIcIAL HAIR ' : R‘GW h

To BEQIN wITH, WE COPIED THE FORMS
OF LWViING THINGS. Now WE'RE COPYING

THEIR BEHAVIOR

R APID- RESPONSE
INPUT-0UT PUT SYSTEM




eveN 1ts SHAPE.

ANY DETECTABLE CHANGE N ITS STATE
FROM THE NORMARL VALUES DISTURRBS

THe NATURAL BRLANCE.

ANY DEFECT IN THE NATURAL
BODY- ARMOR TRIGGERS OFF CELL™

DIVISION  AROUND THE EDGQES oF

THE CUT,

A LIVING CREMURE 1S, AMONG OTHER
THINGS, A FANTASTIC seLf-REQULATING HOMEOSTATIC
MACHINE: MAINTAINING THE BALANCE OF ITS WATER,
MINERALS, BLOOD COMPOSITION, TISSUES..,

THE GROWTH OF SKIN
cels s INHIBITED

BY CONTACT,

THE GROWTH IS
INHIBITED ONCE CONTACT (5
REESTABLISHED.

28



TIF THE MECHANISM STOPS Too SLOWLY, ue
SCAR witL BULGE.

SOPHIE ToLD mE -TO GET RID OF ALL
THE MICE IN THE HOusSE. TI'm GqoING
TO CATCH THEM,

T've aiven my TurRTLE
A Prepamon ARm AND A
PuRsuIT SYSTEM, ALL USING
THE INFRARED EVE.

G'S A MATTER OF THRESHOWS AGAIN, THe rFLOOR.
s BLACK , THE WALLS AND THESE BowLING PINS ARE
GREY A AND THE MICE WHITE. ALL T Have TO DO 15

PROGRAM THE TURTLE TO CHASE AFTER ANY BRIGHT
OBTECT (ExcePT IN SECTOR & , WHICH |5 RESERVED
FOR THE HOT WIRE BEALWON ON THe POwek P(_ANT)'




LooK — (T's spoTre)
A MOVUSE,

WHAT ON
caery s THAT

TIT's ALREADY ATTAINED
Pounce PosTure.

Now IT moves
FORWARD UNTIL THE
MOUSE IS IN THE
Steike ZoNE.

THE CLOCK
STRUCK ONE , THE
Mouse STRUCK

ouT..

30



ARCHIBALDDD!!

WiLL You MAKE IT LET 60
OF My CUP — OR wWHAT's LEFT
OF IT ?

OH My LORD —IT ¢cAN'T TeELL
THE DIFFERENCE BETWEEN A MousE

AND A CUP OF WARM COFFEE,

T1S THe same
PROBLEM THAT SNAKES
HAYE WHEN THEY GQo
HUNTING AT NIGHT,

NoT onNlY THAT — THE TURTLE wiLL G&T\
CONFUSED BETWEEN A NEARBY BowlING PIN AND A
DISTANT MOUSE (THE INTENSITY oF RADIATION VARIES
AS THE INVERSE SAQUARE OF THE DISTANCE ),

TURTLE LY SHORTSIGHTED.

31



AnD T HOPE YoU REALIZE THAT WHEN

WINTER COMES THE TURTLE WwiLL Be ALMOST
BLIND,

You could TRy m:m\ua\

IT HIBERNATE, J

1’D sAy THE ANSWER 1S TO MAKE
e TurtiE RECOGNIZE FORMS oF
OBJECTS, SO THAT 1T CAN IDENTIFY THEM,

M
K =

CRIPES, IF JER GOIN' TER TEACH IT TER
ReckernizE SHAPES, why NOT TeACH IT TER
Bunkin® READ wrie ver AT 17?7

32



PATTERN
RECOGNITiON

115 HIGH-RESOLUTION TV CAMERA wilL BE
AN IMPROVEMENT ON THAT INFRARED EVE.

EAcH SHAPE THAT COMES INTD
THE CAMERA'S VIEW CAN BE THOUGHT oF

_/ AS A SET oF POINTS, OR TINY CELLS WITH
cooaowﬁr;s X AND Y HORIZONTAWY

} 7\;}“0 VERTICALLY,

WE’LL HAVE T0 START BY mamW
MEMORIZE soMe BASIC FORMS, /_,)

1n) ORDER TO
RECOGNIZE SOMETHING, YOU
NEED TO HRVEG SEEN (T
BEFORE .

(>
33




ABCOER

FOR INSTANCE, The
LETTERS OF THE ALPHABET

Yukr — I se€s WOTCHA MBAN. THEN YER SHOWS THE MACHD
ANUVVER LETTER, H'AN IT COMPARES IT WIV THE ONES H'IT ORLREDDY

KNOu)S. /’_’_/

o \\ WHICH BOILS DOWN TO SUPERIMPOSING THE NEW
| signaL on THE NEGATIVE of THE oRiGINAL
‘ ! ONE,

SIGNAL KNOWN SIGNAL

TF THE AGREEMENT
tS €XACT, THE RESOLLT
wite BE uUNIFoRrmMmLY

GREY.

EXACT AGREEMENT

34



To BE PRECISE THINK OF THE SIGNAL AS A SET oF vaLUES (O oR 1)
AS8IG NED To THE COORDINATE CELLS (X,Y), THE ON-BOARD COMPUTER
CAN CouNT THE TOTAL NUMBeR OF COINCIDENCES OR NoN-coINc | DENCES,

CoINCIDENCES: 4 cASES:
NuMBER OF cews IN SIGNAL ' 7.

FRACTION OF coINCIDENCES: 4/7

YUR, BUT THERES A SNAG, MATE!
YER. TURTLE CAN ONLY RECKERNIZE A LETTER
wot's HexAcTLY LINED UP PROPER - AND

THE RIGHT PISTANCE AWAY.

'AVE yeER CALKYERLATED
‘ow LikeLy “THAT s 7

OH Heck !
THRTS & TRICKY

T Mink

Tve Q0T THE
ANSWER .

35



You WORK OUT THE CENTER o0F GRAVITY

OF EACH SYMBOL.,

< AI@]

BEFORE RECORDING THE SYMBOL 1IN THE MACHINE'S MEMORY Yyou Auaro
THE OPTICAL AXIS wWITH THE CENTER OF GRAVITY.

] !
Now, suPPOSE SOME SHAPE ENTERS THE
FIELD oOF VISION,

_/

~ G,/ STRRIGHT AWAY, we MRKE THE MACHINE COMPUTE THE

,’ )-{\ CENTER OF GRAVITY G4 OF THE PART THAT IT SEES,
| | \y
X —T
\\* ey l
\ /
\ , e
~ _l . s ~
~ I o ; N
= D N
THEN IT MOVES THE CAMGRA / \_
™ ALGN THE OPTicAL AXIS f‘ A Qs —

WITH G,_ .
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ONCE 1 T'S DONE THAT, THE MACHINE RECOMPUTES THE POSITION G
CENTER. OF GRAVITY OF THE NEW IMAGE, AND RECENTERS ITSELF

OF THE
ON THRT...
so0 WHICH LETS IT HOME IN PlOﬁRESSWELY
- ON THE OBJTECT.
/
< -~ "’
> o
= ?Qj BUT WOT ABAHT

e PROBLEM OF FINDIN'
me RIGHT pmmce7

o1 - N

THE ON-BOARD COMPUTER CAN “DRAW N COPIES OF THE IMAGE , ENLARGED

oR REDUCED: 1 . P P P U

AND COMPARE EACH OF THESE WITH ITS REPERTOIRE oF STANDARD
SYmBoOLS HELD IN MgmoRY, |

GosH! ITSs

A P!



HAUG ON-— You DoN'f NEED 70 GO -THROUGH Al THIS MAGNIFICATION
LARK. SeeN FROM A DISTANCE , A SHAPE IS TUST A SORT oF

LOB. Irs imAGE NOT ONUY HAS A CENTER OF GRAVITY —
b IT_ AL HAs AN __APPRRENT DIAMETER.

( How ARE You GOING TO WORK OUT THE DIAMETER ©

\ 1

% T ] =
U
us G

T ook AT ALL THE POINTS M -THAT MAKE up THE IMAGE, AND I JoiN

BACH ONG ™0 THE CENTER OF GRAVITY (5. I ADD uP AL THE LENGTHS G M
AND DIVIDE By THG ToTAL NUMBER oF PoiNTS. L GET AN AVERAGE VAWE R
AND I SAY THAT D= 2R IS A MEASURE OF THE APPARENT DIAMETER

OF THE IMAGE.
ﬁ»\; LETIER OR. SYMBOL HAS A CIRCLE
ATTARCHED To IT, CENTERED ON G, AND OF

piamerek D,

ANSTEAD OF MEMORIZING THE SYMBOLS ANY OLD WAY | T ARPANGE
FOR EACH TD HAVE THE SAME CENTER OF GRAVITY (say ¥g =0, vg *

AND “™ME SAME APPARSNT DiameTeR D= 4,

0)
I

IN OTHER WORDS,
you CENTER aND
FOCUS T™E SHAPE




WEe'VE ALREADY SEEN HOW THE TURTLE CAN AVTOMATICALLY ALIGN
ITS OPTIcAL PXIS wiTH THE CENTER CF GRAVITY, Ir CAN ASO CcOMPUTE
THE APPARENT DIAMETER D OF THE IMAGE. IF THIS IS NOT EQuUAL TD
1, 1HE cAmERA can ZOOM 1y oR our uNmL IT IS,

~~—— /j
ExPAND
& ;> E 4:5 IMRQE

D
) <1 D=1

| =

CoNTRACT
M™eE IMAGE
=
% D= 1

UH -UH ,
100 NEPA& Noul

ALL 1T HAS 10 D6 NOW 1S RUN THROUGH THE SHAPES IN ITS MeEmoRY
TO SEE WHICH ONE FITS BEST. l




Bur 1r's ALso PosSIBLE fFoR THE ereR To BE ROTATED.
THEN You- HAVE TO MAKE CLPIES OF

EACH IMAGE YOU WANT TO TEST, RoTATED
FROM (0° 1o 360° %

IF US YooMING BEIN'S DID IT THAT wAY, We'D
NEVER woek AUT WoT WE wv2 LOSKIN® AT )
It Tae DONKEY'S YEARS Ter pecipe !

Wit oNLY onE MICROPROCESSOR — THAT IS, SmalLL
ComPUTGR — YES. BUT WHAT wouLD you SAY To A SYSTEM
MADE LP OF THousanDS oF INDEPENDENT micRoPROCESSORS
WOR KING SIMULTANEOUSLY ?

¥,
%" 5
: AR

Tve INFORMATION PROCESSING
‘_f IME WauLD Be MADE A LOT SHORTER.




A LVING CREATURE— A HUMAN BEING, SAY ~ HAS SPENT A LOT
OF TIME LEARNING Kow 0 RECOGNIZE FORMS. AS YOU READ THESE

WORDS, youk BRAIN, PROCESSING INFORMATION RECEVED BY Youk
EVES, 1S AS POWERFUL As 40,000 MICROPROCESSORS WoRKING

IN PARALLEL .

BASICALLY rr'sm
THAT WE THINK OF OURSELVES As

A SINGLE CREATURE AT ALL.

ACTUALLY, PATTERN RECOGNITION IS AN EXTREMELY COMPLICATED PROBLEM,

S IMULTANEOUSLY

WMAT we VE SHowN You 1S JUST A ROUGH OUTLINE.

A TURTLE WOT CAN

SE&N T ORL,
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1F THE -TURTLE CAN READ LETTERS, |T CAN ALSO PUT THe
TDQETHER TO RECOGNIZE WoRDS, oR SENTENCES,

I

—

/1DAN65@J

Now THIS 1S AN

INTERESTING
EXPERIMENT,

oS, IT's sNowing !

|
HERE'S THE LETTER Mg <
WAY THE TuRTLE sEES IT :
AT A GIVEN MomenT,

T ~




HERe'S ONE IDEA: 4007 AGREEMENT ISN'T REALLY
NECESSARY To BE ABLE 70 RECOGNIZE A SIGNAL.

NOISE NOTWITHSTANDING , THESE SIGNALS
ARE PERFECTLY CLEAR, AND DISTINGUISHABLE .

THE AGREEMENT
Is No more rvan 15%

T caN '1' LEcxNIu
A THING Now!

\\“‘f’f"-

BUT... suProse youm
SEVERAL imaGges oF THe SAME
Neisy oBTecr,

T MIGHT POINT
oUT THAT SINCE
we HAave TWO

EYES, WE ALWAYS
work wiTH TWC
IMAGES ANYWAY

e




IMAGE PROCESSING
o7 compming N IMAGES, You Can lmpgougw

LEVEL oF PERCEPTON, THE DPETECTION of TNJ#./

FoR INSTANCE , Yyou CAN SUPERIMPOSE
1HEm (OR TRAKE AN AVERAGE).

THERE ARE ALSO MORE SOPHISTICATED
MATHEMATICAL TECHNIQUES.

WHEN I HIOE TNE SIGNAL wiTH my HAND,
T CAN'T RERD IT, -




LessSe€ IF T GOT YeR DRIFT RIGHT. Yer wwr;m BE ABLE TER‘
RECKERNIZE SIGNALS NO MATTER. WOTs 'APPENIN — SNOW, ‘AlL, 'URRICANES
AN’ woTNoT. NAR THAT MEANS YER NEED TER COMPUTE ORL THIS
MONKEY - BUSINESS WIN CENTERS O DEPRAVITY AN’ HAPPARENT DyNAMOMETERS

'Ow b YER PLAN 10 Do THAT wiv okt THIS BACKGLOUND NOISE f//

1 mmwk 1VE Gor
AN 1DeA. W 'CLEAN UP - THE

IMAGE. SupPose WE Look AT EACH
POINT IN TURN AND ELIMINATE AL THOSE
THAT HAVE FEWER THAN TWb NEIGHBORS T

:-RL: :: ! S G T
— Tt

10 STAY 1 DI 10 STRY

THAT wWILL GET RID OF MosT oF
THE 1S50LATED BLOTCHES,

' THEN you "INVERT" THE IMAGF
S
-

p—

1 | (
W,
(Y
\. ,,‘

HERE'S WHAT You GET AFTER THE SeconD
CLEANING, OPERATION,
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Hokay, YR urTLe caN
READ |N THE sNow,
Sowor P

LENNY: PRETEND
THAT THE TURTLE'S EYE
IS AS GOOD AS A HUMANS.

1/ Tue NumBeR of _)/7,

PICTURE CEWS 14 AT CAN BE

s:d Hi DISTINGUISHED IS GREATEST
: NEAR. THE MIDDLE .

T

1

70/ /m CLJWﬁQ/, THE EYE'S OPTICAL AXIS TUMPS

AROUND -THE SYMBOLS ERRATICALLY. r nan
Jr nonad 7 mos g~
o
e ﬁﬂﬂ({, e mrzaéagz ONLY A FEW REGQIONS ARE PERCENED

WITH ANY CLARITY,
BUT THE BRAIN ReconsTRUcTS THE MOST LIKELY message.

WHICH LETS vs READ

VERY RAPIDLY.



I7's REASONABLE ENougH. 1o GATHER ALL THE INFORMATION , READ THE
MESSAGE woRD BY WORD, THE WORDS LETIER BY LETTER THE LETTERS STROKE
By STRoKE — You'o NEVER GET sTARTED !

CeRTAIN KEY FORMS LET US (DENTIFY
LETTERS.

LoOKS LIKE THERE'S
MORE H’INFERMATION

THAN YER REALLY NEED.

£ _~a
] !
TWo GLANCES AT THE START R
-~ __J
AND FiNISH OF A woRD ARE /;r‘-'-g—\
/o
i N
USUALLY ENOUQH, / \\4 :k)\\
/ - \\
/ | F \ =

T e
» AND WHAT Goes FOR READING Y
(S ALSO TRUE OF OTHER TYPES OF

PERCEPTION. ' \

Q @ K;;;'fHE IMPRESSION SOMETHIAIGS NOT QUITE

/- RIGHT, THE EYE TAKES ANOTHER QUICK GLANCE
/ \ AT THE PROBLEM AREA.

fanm)
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PERCEPTION

We THINK we're Receiving INFORMATION Aw Tﬁ{%

BUT AW wE AcTUALY TAKE FRoM
OUR  SURROUNDINGS 15 THE MINIMYM
OF INFORMATION NEEDED 7o IDENTIEY

SHAPEs, SO0UNDS, AND SO0 FORTH.

AL THE Time, THesE
IMIPRESSIONS ARE COMPARED To AN

ENORMoys BANK OF SIGNALS AND
SYMBOLS /N ouR MEMORIES, ..

<r . WHICH Aksm

REFRESHED A

TT's BEEN DISCOVERED THAT IF yoU CUT SoMeEONE
OFF FrOM ALL OUTSIPDE SENSATIONsS, THE
MIND QuickLy STARTS T0 DRIFT...
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(a3, ¢

.._AM""’/

AFTER A FEW DAYS OF SUCH SENSORY DEPRIVATION ONE AN HARDLY ‘
MANAGE EVEN VERY SIMPLE ACTIONS, LIKE Picking UP A guass. IT5 As

IF THE (DEA THAT WE ARE PART OF THE OUTSIDE WoRLD NEEDS TO BE
CONS TANTLY RENEWED.

We'Re ™ A

CONSTANT STATE
OF LEARNING.

<.

SO/ wotr ABAHT THE TURTLE ‘? HJIT cANJ
RECKERNIZE ALL SORTS 0 FINGS QUICK AS A BUNKIN® FLASH,

COME RAIN, SLEET OR SNow; H'UPSIDE DANN OR
H'iNsiDE aur. SO wWoT ?
- ) P

\L\

P8 -
\A(MTE STILL. ComMPLETELY ST@ /
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C THE ONLY FiNGS /T CAM Do ARE woT YOU PuT iNTO ITS Si1lLY ’EADD

Yo COULD TRY ADpiNG A RANDOMIZ/ING DEVICE To QVE
THE TURTLE's BEKAVIOR A BIT OF VARIETY.

As IF T ToSSED A cOIN
OCCASIONALLY TO DECIDE WHAT
10 po.

LIVING CREATURES DoN'T
BEHAVE N A 100% REGULAR.
way.

T musT HADMIT I SOMETIMES TAKES IT

INTER ME '€AD To DO.., WELL oRL
/

SORTS o' FiNgs !
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INTELLIGENCE
AND STUPiDiTY

Bur ORL THATS JUST CREATIN' A

1’ WLUSION oF H'mrewigence! THE oumB
STILL ToTALLY sTuPID!

MACHINE 'S

LENNY ! WHAT
IS INTELLIGENCE ?

TINTELLIGENCE /S. ..
cripes! A DEFFYNITION,

Quicex ! '
) We oFTen act FUsT

/ oCJ LIKE AuTOMATONS — AS IF

(‘"‘ WE WERE CDNDITIONED

!

“A MAN WHO IS CAPABLE oF MARCHING IN STEP
10 MUSIC DOESN'T NEED A BRAIN. A SPINAL cord
15 QUITE SUFFICIENT." (X)

(¥ ) Aigepr Crinarcing



INTELLIGENCE IS SOMETHING THAT FLOATS ON TOP OF A SEA OF
CONDITIONED RESPONSES AND PRECONCEIVED [DEAS

WHAT you ve BEEN Do/NG
S0 FAR 1S ATTEMPTING TO

REPRODUCE THE BEHAVIOR OF
ANImALS HIGHER AND HigHER UP

THE EVOLUTIONARY (ADDER.

\ T e
‘-MJIIM)/}//]/”]HPIL@W)T.-u!i}})).i-hﬂ”ml»igm s
—“‘N

Even (F No HUMAN BeING 1S BORN FULY EQuIPPED
WITH LANGUAGE OR IDEAS EACH STARTS OUT wiTH

A CERTAIN AMOUNT OF INNATE ABILITY, A STOCK OF

PROGRAMMED RESPONSES or INSTINCTS, THESE
ARE IMPRINTED ON THE MIND AT THE TimE OF
CoNcCePTioNn, DVRING THE FETAL STAGE,

AND N THE EARLY STAGES OF UFE.

AND THAT TRANSLATES
IN PARTICULAR INTO A

TENDENCY To EXPLORE AND
)

IM GoiNg TO TEACH my
TURTLE TO (EARN .




TRIAL-AND-ERROR
STRATEGY

HMM , HeRe's A WORD
THAT's New To ME... THE
ARROW SEEMS TO INDICATE [P
A DIRECTION. ..




Exceueum

I'm ~vor suee I LIKE
STAIRS vERY MUCH.

CRRRRIi....
))) CRRRRIiii/..

’fHé TURTLE CAN SUFFER EXPERIENCES AND PROF|T FROM THEM BY
DRAWING APPROPRIATE CONCLUS/ONS,

MTHE TRICK IS TO
KNow JUST How FAR yoU

voo AT sixTY
VoiTs T CHARge
VP FAST, Bur ;ri

cAN AFFORD To GO wWiTH
AwFuL. kot ! AN

THIS SORT OF LEARNING,




A MACHINE CAN GATHER ALL SORTS OF DATA,

FOR A START, \
(T HAS ACCESS TO \
OUTSIDE

. DATA BANKS.

AND T CAN ALSO USE
175 OWN SENSE ORG.ANS.

IT ¢cAN ANALYZE THE
DATA, AND SEARCH FOR

CORRELATIONS BETWEEN EVENTS,

TI'VE NOTICED THAT WHENEVER
THESE FUNNY GReY THINGS START -To PILE UP,

IT's NoT LoNG BeFore |1 STARTs
TO RAN, |

\
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T0 CONTINVALLY REVISE
ITS LEARNING STRATEQY.

Im SINGing
IN THE RAIN,

~ Now, THE LAST TIME THIS POSITION OCCURRED, 11 TURNED

OUT NOT T0 BE A Goop IDEA To MOVE THe ROOK.

APART FROM THAT PAwWN, THE POSITION LOOKS LIKE THE GAME

BETWEEN ALEKHINE AND MoRpuy v 1924, BUT A PAwn
CAN'T MAKE mycH DIFFERENCE ...

b6



O
00

So WHERE DOES INTELLIGENCE START
AND  STUPIDITY LEAVE OFF ©

THE TURING
TEST

A MATHEMATICIAN ONCE PROPOSED THe FOUOWING TEST FOR INTELLIGENCE :

DoN'T FORGET THAT SINCE
1981 THE wORLD

BACKGAMMON CHAMPION HAS
BEEN A COMPUTER.

Hewo , Miss — caN

You KNOW, YOU HAVE A CHARMING
Yyou TEU- ME IF THERE 'S

VOICE,

S

A VACANT SeAatr oN THE

TRAIN Ar 10.30
THIS EVENING?

S //‘ N

(ﬂ

Yes, s\R, THERE 1S,
SHaw. T reserve A
SLEEPING COMPARTMENT?

OH sSIR, Yovu ARE UD ] S, s

\Jou AREN'T 8Y

ANY CHANCE FREE SOMe
EVENING THIS VJEEK7




LET'S TRY
A TEST,

T 1HINK THAT LINE IS
SERVED BY AMTRAK, SIR.

BLASTED ANSWERING,
MacHing |

WHAT wASs THE DATE
OF THE GETTYSBURG

ADDRESS *

TV OR %

SIR? SRRY
YouR SLEEPER 7
Now WHAT HAVE

T DONE [

g
—

E ;
A MACHINE Wik BE CONSIDERED

INTELLIGENT IF ITS RESPONSES
CANNOT BE DPISTINGUISHED FRom

THOSE OF A HuUMAN BEING

WE GoT A LONG wAY TER

Go yeT, THANK GAWD .

ARTIFIUAL iNTewsGencE : PHooEY |




“THE WHOLE THING'S - b Fiap
. WOTCH LO
TWADDLE . You LL NEVER ’ 1 2
YER 70 vE l >\
conviNcE ME THAT A meRe NEVE . -

Computer courp EVER

/° Eceeccex !
> @ ®
=

DEesIsT, aARRULHUS
GASTRO Pop l

A
BIRD-BRAIN 7

@

e S

Tie ReaL DANGER IS THAT onE DAY MACHINES

WILL BEcome INTEWIGENT, BUT WE'w LAk THE
MENTAL EQUIPMENT 10 NOTICE.

TiReSIAS |

= N
x) FROM, EPISTOMOLOGY ( THEORY OF KNOWLEDGE) AN )

==
59



ARTiFiCiAL
INTELLIGENCE...

AND HOW 1s 1T gong
10 GET OUT OF “THAT ?

Wew, SePHig, you DID
SAY WE WERE BUILDING MACHINES
THAT BEHAVED LKE UVING

CREATURES.

JusT A MANNER
OF SPEAKIN’, H'ARCHIE.
A CAR ponN'T LOOK LIKE

AN 7oRSE |

NO, BUT — LIKE A CAR- A
HORSE CONVERTS CHEMIicalL ENERGY
INTO MOTioN), AND PROVIDES THE

FUNCTION oF TRaNsPORT,

FECR

MACHINES DO EXTEND AND CoPy NATURE - T Believe T,

I BeulEve I‘T_’
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Wit CYBERNETICS anvp INFORMATION SCIENCE weve imitatep THe
CONTROL anD PROGRAMMING FUNCTIONS OF LIVING C(ReATURes. THE
INSTINCTIVE siDE.

e INSTINCT

OF
SELF-PRESERVATION.

DonN' $10P NOW - THIS IS
GETTIN' Fascnanin’

1
175 coLp — ~Y
1L waARM UP /7
my CIRCVLTS, K

WEVE ALREADY
BEEN ABLE 10 GIVE
MACHINES THESE POWERS:

AHE POWER OF

LEARNING THe PowerR of DEDVUCT iON

Now, ALL GQREEKS Aeem
AND EPIMENIDES IS;‘EGKJ
So...
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1HE PoweRS of DISOBEDIENCE, IMAGINATION, and RECOGNITION
of THE QUTSIDE WORLD

LETS SEE : 1F T

DISOBEY mY PROGRAMMING

AND TRy “THIS .. THe ABIUTY TO

EXPRESS THEMSELVES

AND |INTERPRET
SYMBOLS

THIS WOULD SEEM 10
MODIFY THE RELATION
BETWEEN THE MEDIUM

AND THE MESSAGE, .,

AMDNG THE SIGNS AND IMAGES PERCEIVED, SOME ARE RELATED TO THE
oVTSiDE Woetd, 0R  NON-SELF ; AND OTHERS TO THE SELF, THE ACTUAL MACHINE.

THe Acquisition oF SELF-AWARENESS 15 THE BEQIMNING OF A CONSCIOUSNESS
oF EXISTENCE,

T WONDER IF THIS IS N7

WooLGATHER
LILACS IN THE OPRING,
AGAIN...

- . (X) T wonDeR F THIS 1S ME or NON-ME?
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SOON MACHINE S wilL BF
ABLE 10 REPAIR THEMSELVES,
Repropuce, even EVOLVE

CoMMUNICATE
WITH EACH OTHER.

A MECHANICAL Meening
OF MiNDS.

Hey , BABY ! wHappAvA
SAY WE SWAP DATA BANKS 7

LS
OH wow, veaH !
T ot some REAL
GQROOVY PRoqmms’ DYNAMOS.
BEIVWOS
SZ=D
- 5



A LONG TIME ARERD,
I A @A&[i‘@@? FAR, FRR AWAQI?

GooD MORNING ;-

HODOS. You HAVE
A PROBLEM '

1'm oNE OF THE HODOS
eRaTions RESEARCH

sgr1ES - OP

AHIS ALWAYS GIVES mE
A FUNNY FEELING.

No, AVE come€ 1O —
MAKE my WEEKLY REPORT. T ye BROVGHT
EVERYTHING, INE SEEN, HEARD, READ,

AND EXPERIENCED.

WHizzz2:

e—CE

Socker 10 ME,

aaey !

[
Hwm .  I'm Going 10 CHANGE
YOuR DATA ANALYSIS CARD AND SEE
IF THAT MAKes yYoU FeelL BETER.

OPEN  YOUR ReAR FLAP.

4 DIDN'T HAVE
TIME 10 DEAL LITH

‘fﬂp\fs ww/ 'BDG MoMMA'S HeRe
HILD.

Nor ANOTHEE ciange of SOFMUARE |
€ The LAST::

I1's oNLY BEEN TWO WEEKS SINC
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CoME oN — OPEN YOUR FLAFD

Hee - Heee,

It nickes !

T'm BEGINNING

1o wWORRY ABOLT
A1HRAT ONE.

HAvVE You

UPSRADED
LATELY ?

IT TickLES

WHNKTEVER
NEXT 7
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Hey,
A Batiie of wTs |

ER... You wilLL
KEEP ME PRISONER

It

J

Wkl ﬁﬁ

conrFound 17!

VY
Bur IF T wer HIM &0, >
THen 1T was FAse, so T...

T “TOLD you I was THe QUIcKesT!
Now IVE CAUGHT You, T’LL mAre A
DEAL. You. TELL ME SOMETHING.
1F 1ts TRUE I'w &1 You

GO, f1Ts FALSE It
KEEP you PRISONER

Hmmm, ers see. .. IF
I keeP Him PRISONER, WHAT HE

SAID 1s TRUE, S0 T HAVE To

LET HIM qo.,;/
DN O
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WHAT'S THAT
ONE UP To Now®

MATHOS

SeemMms To HAVE
QOT T WORRIED.

4
UP TitL Now, MATHOS was AwwAYsS DoNveE A GooD JOB.

IT's ALWAYS BEEN (IILLING To TELL US WHAT METHODS
IT's USED.
/
Bur Now, 1T5 TRYING To Peemwm
CAPABLE OF UNDERSTANDING ITS REASC;Mii/
\/&C\{ MATHOS sSPeciaLIZES IN
‘pz N-DIMENSIONAL GEOMETRY.

AN

‘e

1T WAS SET THE PROBLEM OF
CLASSIFYING ALL POSSIBLE STRUCTURES FOR
FOUR- PIMENSIONAL SPACE - TIME (%)

AN PARTICULAR,
BLACK HOLES

K\ TIMEMAIANG X v 7 AF QPAre AMINN " AT riaare

6%



BoT MATHOS SOON FOUND IT WAS MORE CONVENIENT T0 APIW

THE PROBLEM IN A DIFFERENT LANQUAGE , SO HE CHANGEDP
LANGUAGES.

A CLASSIC CASE OF
LOGOMUTATION.

SLIP OF THE ToAGuE,
HUR-HUR-HUR .

BUT THEN HE WENT T00 EAR. N THE NEW LANGUAGE,
MATHOS STUDIED AND DESCRIBED PHYSICAL PHENOMENA /N TERMS OF
SIMULTANEOUS CAUSALITY FROM FUTURE To PAST AND FRom
PAST To FUTURE. THAT woRkep A LoT BETTER.

IN FACT, AS A RESULT, MATHOS was

LED To REWRITE pHYSics FRom A To Z

N Terms of BISYNCHRONICITY, /(

wWHAT DID THE
PEOPLE THINK




DON'T LeT 1T &UTCH YA, Guys,
BUT Big MoMMA SAYS we 'vE ALL
GOT T0 GET OURSELVES

REPROGRANMMED FOR
BISYNCHRONICITY.

IT BLEw THEIR TINY muNDSS.

AHey DON'T LIKE
TwWO- TIMERS.

WeLL, THosE oF us
wHo ARE Re PROGRAMMABLE.

SPEAKING
FOR MYSELF,

THeRe's A LoT
Gong ON THAT
BAFFLES ME,

THESE DAYS.

AND |T5 THE

SCRAPHEAP FoR
THE ReST,

THEYRE A SERIOUS
PROBLEM . SHe's NoT SURE
WHAT 0 DO ABouT THEM .

A LOGQOMUTATION
AMDNQ HU”M'NSJ
IT's DIFFIcULT,




ARCHIE, DID YOU HEAR THAT -

GAIN .
AN
Y

You HEADNG\
FoR. THE y f\
G
EXPLAIN THE
PROCEDURE USED TO
% _ ANALYZE THE

RECHARGER .

Yes, THERES A

SUPER UTTLE ONE
oN FiFTH
AND MAIN...

EINSTEIN -PODOWLSK -

[/W \)| RoSEN PARADOX

NO PoOSSIBLE
TRANSLATION INTO
HUMAN LANGUAGE

We ke pone For!
OBsoLeTe AT my
Age !

#0



Has MATHOS communicated

« WwiTH Bi@ Momma yeT?

No, TVe cueckep. AND
Ive TAKEN THE PRECAUTION
OF DISCONNECTING IT,

You MEAN — ))pe
MATHOS s memory 7

Ive GIVEN VP TRY/NG T0 GET ANY
SENSE our oF Bia MoMMA .

NoBopy's KNOWN ,)HAT SHE'S BEEN About

FoR YEARS.

NoT ExAcrLy ...
COME ON, @GIVE ME

A HAND.




WELL, DoN'T
JUST SIT THERE
GAwKING !

HE END

+2
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