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COMPUTER SCIENCE

LEARNING
HAS NEVER BEEN SO EASY
OR SO MUCH FUN

Here are the elements of computer science illustrated, sim-
plified, and humor-coated so that you understand them at
once. Use this book to lighten up that serious course you are
taking or to penetrate the fog of that equally serious textbook
you are trying to follow. Read it to gain both an overview and
an inner view of that computer you are learning to use. Or if
you feel the computer revolution is passing you by, let it give
you a point of entry. It won't make a programmer out of you,
but it will put you well on the way to computer literacy.

In these pages you'll meet Charles Babbage and his analyti-
cal engine, which was never built, and Ada Augusta, Lady
Lovelace, who programmed it nevertheless. You'll also meet
George Boole, whose algebra underlies the design of circuit-
ry. You'll learn about binary numbers, computer components
and architecture, software, programming languages from
machine language to easic, and special computer applica-
tions—cryptography, artificial intelligence, and others you
may not have heard of.
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WRILE BUROPEAN
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ReADING BaOKS-
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MILITERY PIVANCES OFTEY
GO HAND IV RANTD WITH
MRTHEMPTICAL ONES,

I TE 15005, Niccolo TARTAGLA (W9 -1559) ConpuTeD
THE PTAS OF CAMNDNBALLS (AN |MPORTANT PROBLEM (N THE
LITER HISTORY OF UOMPUTERs, AS WE'LL SEE ).
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7 DVRING TAE 17005,
MORE SUeH MAGLINES
WeRe BUILT, BUT
ALL PeLL FAR
SWORT (F BEWG
AWTAING LIKE

A GENERAL- PURPbSE
COMPUTER .

YOR eXAMPLE: [N EVERY CASE, THE USER ENTERED
Puﬁ\%ﬂ‘: By SETTISzYA Rold OF [oHgeLS oﬁ(ﬂo%...
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WiITh AN OLD-FASRIONED
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READ TWE CARDS,
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ACROSS The ENGLISH.
CUMPNEL, JACQUARD'S
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CHAIN REACTION 1) THe

BRAIN OF .

CRARLES
PABSACEN

(¥192- 187,

) 0
THE COMPUTER."
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- JRE
AMILY
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My oRIGINML
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- BABBACE
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OVAL SEIETY
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& I !
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e INSTRUCTIONS T e mic
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CARD-REpDING [NPUT DEVICE.

(1o RETMY NUMBERS FoR FUTURE REFERENCE, BABBAGE
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OF \opo ¢ WIKT - W -
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%}f OéD\(ﬂlT

UMBEKR.
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BUTPOT;
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DESIONED THE
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ReSuLTS Of
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THE GOVERNMENT
ReFUsed 0 Su?FORT, 7,
IN VIEW Of BABBAGES
TRACK RELORP (WiTH
TE DIFFEREMCE ENGINE.
HEY CALLED \T:

“p WooDEN
MAN TOo CALLVUUNTE .
X 44"

TN )

DESPeRATE FOR FUNDS, BPBBAGE Cooked LR A "SCIENTIRC

RACETRACK BETTING SCHEME —AND SQUANDERED ADA'S
PORTUNE.
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Tag CARDS WERE “READ
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PINS MOUNTED OM
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TWE TABULATOR ALSO HEALPED
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THE WOLLERITR TABULATOR
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TIME FOR THE 890 CENSUS

s TI0 THIRDS,

oY YEARS. THIS SOUNDS
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r\rl CASE Y WAW'T
NOTICED, VOLLERITRYS
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NOT LOMG PFTER THESE SINTCHES
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B AT ThEY (oULD BE COMBINGD
\NTo COMPUTER CoMEoNENTS !

SWITCHES CAM
BE MRRANZED

ADD
PSTORE, g
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LOEIGAL
@@&ATU@NSWQPS
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SWITCRING STEED, THE FIRST

LKE RELAYS  FECMISE THeY
wefe MoRE RELIABLE.

_ ,

DESPITE THE TUBES TANTASTIC

BLECTRONIC COMRUTING MAGHNES
USE) ELECTROMECHANICAL SWITCHES

REMINDS ME OfF

MY eX-RUSBMD... ) -

Who puilt

TE ARST ELECTROMEHAML
(OMUTER?  THE VER

Ms Z-1, BT IV 1430,
CALCLATED WITR RELAYS
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RUNGIED CILM.

|
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Yu\g g.wﬂf
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(e oo whs Beny ) w ke USA, e
BRW WITH NAVY CoLLABORNTED (TR

MARVARD AND @M To
CONSTROCT THE

AN ELECTROMAGYETIC ’
MG e GIMT

L

DESIENED B WARUARD CROF HOWARD MKEN, 0D MODELED T
oY BABBAGE mwmn ENGINE, MARK 1 og'wﬂfv ?ﬁe
oo WOIC TEET AND CONTMMED ThousANDS oF ReELMS.
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TiureT TueT
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UNBEKNOWNST TO Tue NAWY,
e ARMY WAS ALSo FUNDIND
A CoMBTER PROJECT —piLy
ThERS WOULD VSE TUBes !

THEIR MM WAS TUE SAME AS TARTAGLIA'S IN THE \S005:

To coMuTe lL[LD Sﬂ@S MoRE Accurzkraf.

TMYAGUA |

WD ELRED - '
IN SMIvG S
KT CAONON- - . - .
bAULS ALY I8
CARABOLIC TTHS. P S
|8 REALYTY, e lan T BT e
AR RECISTANGE  .2.heiiesiorle, el
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AM Y. MIHEGE
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S0 Tue PRMY QT
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THE NeXT [UAR, DOIVE
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INCETON MAT: ‘
PROPESSOR ) |
MORG THAN Awoue S001pIOC
GeTS CREDIT POR 10\0 olojoliol
TURNiNG ELECTROMC Do Acioopoiic
CALCULATORS
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VO VeuMpuy YONDERED TG CoMPVTER'S LOGICAL STRUC
W T POSTHACT i 1T CoRoLs [TSHE. FOL Mot
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CNSIDER HOW N HWUmMAD BUNG “Runs P PRoGRAM:

ey A SURGEOP
STARTS TO (U,

T SHOULDM'T

% VECERY

0

eriu BAck
T T TEXTBOOK
PR INSTRUCTIONS.

No.. ARST e
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THe PROCEDUREs,
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MEMORY.

‘a’gul2 BRAP 15 fuLL
THESE "STORED
PROGRAMS" :
X S Yook

0
GHOELACES, HoW TO
FEED YOURSELF, o
To MLTIPLY
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oW To TALK,
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(Vow NEUWAN CROPOSED TO MAKE MPUTERS Do LIKEWide: \
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1041000{00(
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GTC) 1S NEEDED TO Do THE PARTIGULAR JoB.
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@ \N“‘?F CTIONS STRMOHT FROW MEMORY, RATHER TAp
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APTR EXECUTING ENY ST,
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PROGRAMS MY CASILY 1Bg '
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C&T, TRNS ouT To 6
MCALLY WNMEORTANT!

‘Y



TO MAWE HIS TOINT, You NEUMANN WRoTE SoMe (D06 FER A
PRoGRAM CALLED:

(175 b SIMELE JOB To DESCRIBE® ™)

GWVEN Two LISTS
0F NAMES (Fof

EXAMPLE ) -
TARDIGRADE, C-

; EEI!'!U'E‘qu M- W

. (0w, B

A. h{,mhﬁ. p.

\_ MNE 0vE LisT W AR OROCR, -/

m mmﬂ& PRotes> BECONES RORRIBLY TIME-
S@ Wé TE LIS ME Lovd.

‘s ANOTHER
WA E?MW X
-mcr NS

) ALY ;ﬂu
MATH.
oyl You

W Mech D
SOMEONE

MALING LY




: NOTHNG LIKE
g@mué}g e 0 e
STORED PROGRAM. o
ECKeRT AMD
MAUCRLY CLAIMED
CReDIT, Too..

€
%A? PROJECT
i
W
CP«wGUITEsR OVER

~ STORED PROGRAMS
gﬁ%ﬂ WAAT %A?ATE

UTERS
i %%ﬁ%v A6
" PRE-EMAC.



€ CoMeUTeRS 19 Remanep fs BULKY 1 ERVAC,

&Y wouLDV 6‘( MRE TODAY ..

'mev DIDN'T, MHD MY kﬂé

\N lQ‘t‘E THE ‘(CP‘K
N’TEF T eAM AT

gﬁ«mo IWVENTED T '

D i MNE D
) i\ TM“
VSING € (ﬁp\ev‘ré CMAED FATS0!
SEM'CO DUCTORS .
Lx«é Tueeé TWMSTOM

swvr &, ﬁ
%’:{\éb ' (

g3



(TefeT .,
i
BIEN- 226D | AND TugR
G057 (& COURE OF
MILUDN pOLLARS)
(0As pFFORDABLE

B
M’?Es&% AMVD ,_f;"f"
\ VNNERSITICS. el

THeN THE TRANSISTOR BEGAN T AN |NCREDIBLE
mer\e T szlm?‘zm 91’7‘-“6 ﬁﬂgk%ce.

(NTEGRATED

CIRCUILQ"
e
MANVFACTY ; A

LAGEESCALE e
L
Y LiReE SCAL
IR

(15T A ¥oLT), W

g ke o
ST
mm&“ ‘9(}5 ON A

P23 05 CoMCONENTS SURANK, THe JNDUSTPY Extiope!
8¢



W THE (05, THE

AiNCoffpUTeR

7T W Tee
SiiE of h Desk!

éf-

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Tm-r. Tma B\é mmuregs

FﬁAMES*r “"‘"

P OINTRE 'To's CaME THE

: )“[CROt WHCH CAV B

S You LIcE.

hﬁ*
H%ET-

---------------------------

PuD FINALLY THE EXOTIC

IJI’EMMPUTERS

E WHIH mme ﬁTRh‘IBE

effL- ¢+ UP To 500 MEBA

E A Mo TIMES fﬁqﬂzmu




TAERE'S No END [N
SIOHT.... Now WE HAvE
MICROS WITH THE
Power oF Mipis,
HSOPERMINIS THAT
RUAL MMNTEAMES,
MINS ON M GYe...
AMD THGRES THUK OF
ReDUGND CoMRONENTS
RELOM
DNA Teckvotooy ...

r~
“
THERE SEEMS T0 Be NO Such TrING AS A CoMPUTER WITH
BRI iy Wi, 1S
M o DO...
NO WOMDBR: THS 18 %kg AGE OF EXCESS VEDRMATION!







» CowerrL
CALOUATOR

MAoe
SwlTCHEs‘

OMEUTERS
ARE LIKE
ELE? Au're:

LOT DF WP«
DESCRIBE THEM -

PP roov prPPorrrovrrs [N R X NN Wrw] I TR XYY Py v

Mo DOES ONE GET T THE HERET OF THE MATTER )




¢ que's‘ OME
IDEA WevE TReD
To, DRUM (N,
(TS TUAT THE
CMRUTER 15
ESSENTIALLY AV

INFORMAT]
FROCESSORiM
Bkt

——

To UNOSRSTAND INFORMATIOP PRoCESSING, VT HELPS TO
COMPARE 1T WITH p MORE FAMILIAR PRoCESS: COORNG.
So STEP INTD CRANDMOTHER BMBAZE'S KITCHEN, AS SHE
YRECARES BASIC SPAGRETTL..

You CPNT
ErT
‘ / \BFDEMATION'




HERES THE WORLD FAMOUS RECIPE:

ap—

B OL. of RAW
KETTLE . ADD B OL.
35'2‘&?@ WATER % SAGNETT!

To BoiL.

DRAIN TiRouGH A
SIeVE.

SPAGH
-'\;\IQ PA ?”h“ i
TRAY EATEN !

9l



W5 NOT BWAED To DISTINGUISH A FEW CoMPONENTS
Iv TS CRoCESS:

FiRST, THE | %
INGREDIENTS, |
®INPUT, oiern  weer SaT

NEXT, THE EQUISMENT WHCA DoES THE CoOKING: PANDS,
KETTLE, STOVE, SALTSHAKER, SIEVE, VLATE,

"gf' sfood - |
“.‘s =0"
e O61 e PROCESSING  UNIT.

LESS OBVIOUSLY, Thefic 15 A
PART OF THE CooK'’S BRAW
g
DIRECTS THe svevT-ng-s

SRR CoNTROL ONr

——

0 e
~ OMSLETeD DIoH,

OUTPUT.

oL




0F COURSE, SPAGHETT) 1S

NOTHING SPECIALY ARY

RECIPE COULD BB YROCESED |
BY THE SAME @ASIC

STRUCTURE : -

\WGREDIENTS I GAN ;:%p(fése?zw" 1> OUTRIT

CONTFOL “’:(‘ %

NPUT = ?RE‘EEUSNS‘:QIG => QUTPUT

b MRRans () Me e FLow oF Foop
ORN MRow () 15 THE FLow OF [LPORMATION
BLAUK Maw (<) 15 Tike Flaw OF COWTROL.




WITh COMPUTERS, THE DIAGRAM 15 SLIGHTYY DIFFERENT:

THERE ARE TWO ReASONS
@R THIG: ONE 15 The
TACT THAT INQUT AMD
OUTAUT MRE INFORMATION,
NOT 0D ~— So THE
GRAY ARROW 15 THE
SAME AS THE WiiTo
OVES.

THE OTHER 15 THE 6REAT IMTORTANCG OF A
WICH TORMS Ty GIFTH AND ANAL ’MEM-OR
COMRONENT. [V COMPUTERS, ALL INORMATION

oSS INTD MEMORY fiRsT! HERE'S The DINGRAM:

CoNTRoL = PRICESNG

\§ 4

\NPUT = MEMORY => OUTPoT

~ \NFORMATIOP *, CoPTROL




W THE CASE OF
coucuTeRs, Tie [NPUT
(oNSISTS OF PLL Te
"QM0" DATA To BE PROCESSED —
B

' , DR CROGRAM,
WYacH SPEC\HES WHAT'S
To B DONE (niH THEM.

Vol \EUMANN'S
10EA -

\N .
Te MEMORY smofes t
1
PROCESSING UM S == L

CONTROL, s
Tie ?ﬂoa&m!' AND TRANSLATES
T o p SeQueNte OF
MACKNE ORERATIONS.

tie PROCESSING ONIT -

TERTORMS TUE ACTUAL ADDITIONS,
INTR b o DU R jmemn
M C1C (]

ECENED (RoM’ MEMoFYFM T |

Tie OUTPUT comsists
OF Tue TROCESSING UNITS
RESULTS, STORED IN MEMoRY MeMoRY oUTRUT
MVD TRANBMITTED To AN

oVTeIT Delice.




(" WBRES THE REAL TMNG (AN 1BM PERSOVAL CoMRUTER), \
JUST. ‘To GIVE ONE EXAMPLE OF Jow THESE ComEoNENTS
May ACTUALLY (LooK:

o
ONYT, AVD
MeMopy ARE
P VTV T
%ﬁ& 6 mg%umo
% ViDeo ScReeN.

WPUT 1S ENTERED D RN,
(oM. Ky2ORED. ieoRy siomvce

Omﬁ COMMON INEUT/00TeuT DENICES (ot BleTufed) pee

p MODEM , FOR SENDING MMD RECEWING SIGNMS
OVER THE PuoNE, MWD A PRINTER, TR FRoDIC/ND
\ QUTRT 08 Pacee. J

%




LeTe START W Tie MIDDLE, WTH The

PROCESSING wrr—
UNIT s

("IN THe KiTChgw, B CAEF MAY DISPLAY A RICH )
REPERTOIRE OF PRoCESSING QoSSIBILATIES:

BUT, AS THE GREAT ESCoFAER
el s REMMKED, AL mewr'
ODOKI% TEMIQUES AR
mMBINRTtON‘S of QtM?
STeps: THe N’Pucmou OF
MORE LgsS HeaT, WweT
, ETC...

DEYERDS o0 A COUSLE
E’m%s 0LE OF pLeMenTARY

E LIKBWISE, ALL THE (WER OF Tug CDM?UTEF

Y,

97




OK.-- OK-. No MoRE h
BEATING AROUND. THE

FUSH WITH CULINARY
MET APﬂoRs...c

THE COMPUTERS ELEMENTARY OPERATIONS ARE

[ LGGE CM."U:D

= < a

an‘s A Looich
OPERATION , You ASK?

P LOGICAL  QUESTION,
CoNSIDERING wow Mucd
EASIER 1T 1S T THINK
OF ILLOGICAL OPERATIONS,
L6 AMOUTATION oF
THE TRUMBS R

EETTING 0T OF Bep

ON MONDAYS...

NOTAWG 15
LoGICAL oV
MONDAYS ...

\
%




/T gieRoNEs Goop TRTUVE | LOGIC \SHT ps HARD AS 1T\
USED To BE. N MRISTOTLES TIME, THE SUBJECT WAS ,
DIVIDED \NTo [NOUCTING AMD DEDUCTWE BRANCHES,
[NDUCTWE LoGIC PEING THE MRT OF INFERRING TRUTHS BY
0B5ERVING NMURE, WiiLE DEDUCTIVE LoGl Depuced
TRUTHS FROM OTHeR TRVTHS:

L You ARE A May.
9. ALL MEW ARE MORTAL,
3. ‘THEREFDRE, You ARE
MORTAL.

How Do You

g

MORTAL??

—HEDIEVAL,

LOGIUINNS  COMROIMDED

THe CobrUSioN

Wik SIX "MODES":

A T%TmMaNér whs

EIHER TRU

FALSE, NECEAARY,

DSRE ok okad

l THEIR REASOMING

[M{DSSIRLE. S0 MINDLESS TAAT
The MeDIVM h
LOGICIAN DUNS
Scotus GEeN
\MMORTALIZED (p
THE WoRD
"DUNCE “!

/]



T QBUGCT ks SReTud f LUPN
T 17 - N
a4 ‘ /////' @ )

& 18006 '\
// ‘“ 'i'i:,‘< |

CARROBLS

(0] Ggmlws
Whve NO
OFIECTION
T RK.

(3) Nofory wiio
RS, Po5TIE?

NOT 0B
To_Poris, pomiRes |
TRNSTILES.

() Vo Jaw 15
{bPORANT
O¢ NEFREW-

TWeRefpRE, NO
MAVDARIV BeR
READS Hpo6's
foEMs, = *

CLERRLY, IT WhS
TiMe T SIMLIFY
TE SUBJECT...

* PROM SYm@olic Lepic

100




™S Smé Ywas
E
iﬁ'fw

AN ENbuSﬂ Ma
%T@%Uéf %U:’emmmn
Lol -

TAT IS He M
LooIC ALLY A

SYMBO IC, desT

nge MAT. WNCﬁS

wrmzs
AND Cou
N,eeemg Tw s sols — A®
[PER o, BhCE< To
LEIBNIZ., Wio Kk DREAMG)
f “JuSTicE B ALCEBRA.

( we CWT fSSIest GEFRA
v DESRIBE
EVTIRETY. WE e LIMT ougsai%'%wﬁs» r%:': wa%}s )

OF LAVGUAGE -
THE WoRDS AW,
"OR", MD “NoT".
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CUPRose © IS ANy STRTEMENT... fOR EXAMPLE,

- “The via has spots’  ALORDING T
P ef'@ as sp g‘fg‘f":‘? th)& 6(’?5;5
RVE
OR FMSE (F). Wo

T8 Ford OTER OPTION 15
>0, P KLOWED (*

‘;ow Let @ BE PNOTiER STATEMENT— LWEWISE TRUE o

= "The pig 1S \ad

Lﬁa@

~

NOW RM ThE OMIUMD SENTENTES
P AND Q = The £ 15 Sorrep AND The Pip &5 6LAD.

P OR Q=Tie %o 1sspomed OR Te 06 (s 6Lap.
| Wew ME THESE Senrentss TRoe! @

4 \N SoMe VERSIONS OF Locic | MORE THAN
RERMISSIBLE, ) TeAN TWo Tk VALVES ARE

02



TeRe PRE

lvenrrions
[ s .

OF RUTH AND ? TRE @ TRE P FNSE @ TRUE

FALSEHoOD FOR

? D Q-
¢ TRUE, @ PALSE P FASE, @ FALSE

r_m“ﬁe Yo 15 OLAD AND HAS Spots.” W

T 15 TRuE
OuLY IN]FHE P Q PapgQ
Ove CASE
IN WA TT T
‘1’,. ARE R . TF) F

E. TS | e F
SIMMARIZED ¥ F

ka TRUTH TRALE Fr

| @R “THE P16 1§ GLAD OR WAS SPITS! )

? Q FoRQ
TT T
T F T
FTl T
Fell F

|03



BXCEPT YOR The ONE
WARD EQUATION

|©] =1, Thése: Look
LIKe ORDINMRY
PRITAMETIC ... WITH
‘AND* PLAY(NG THE ROLE
OF “TIMES" AMD “OR"
IV THE RoLE OF "PLws.

(T WE'RE NEVER GOING T USE THE SYMBOLS ¢ AMD ©..YoU |
CAV ORGEr NBOUT THEM - PUT UsINg | AVD 0 T
REFRESENT TRUE AMD FALSE 15 VERY USERAUL..-So fRom
NOW ON WELL WRITE TRUTA TABLES LINE TWS:

e Qe Awo PR PlyoTe
L i el il ©
Elo 0 of 1 ol
01 0 i f
ooll o ol o
\_

B,
FROM THESE RELATIONBMES | BooLE GUICT UP AV ENT(RE
ALOEERA, UsINe ONLY TRe MUMBERS O AND L. TOOM Tis
FOOLEAN ALGEBRA \S vsEp ML THE TIME BY (OMRUTER
ENGINEERS — OWLY THEY EXPRESS IT BS ELECTRICAL CiRCUITS..

SerGHerT
105
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(e Koy 15 6 AUTOMATIC SWITCH, WHCA 1S )
EITIGR. OFER (R GLOSED, PS A LOGICAL PROFOSITION
\e BITHeR TRUE QR TMSE.

MV AUTOMATIC

SWITCH HAS S
Tho WIRES
COMING (N AKD
ONE BOING T

s 1s e (NPOT TS WIRE
WiRE, u’wm JONMS Ms'rs SovELY
THE SWITCA To Cuosé. ?ure“u \S’OM

Tas 16 e

OUTPUT

\FI6H0RING THE GRAUWD WiKE! WIRE. y

WAEN N0 CURRENT Flows
THROUAR THE [NRUT WIRE,
Tue SWITCH. REMAINS

ofey, ps GICTURED

ABOVE. WHEN AN (NPUT
SIGUAL ARRIVES, HOWEVER,
THE ELECTROMIC EQUIVALEAT
OF A MIMIKTURE BoXiNe
GLOVE “RUNcHles” THE

IWeoT

SWITCH CLOSED, vy LioHT
RESUTING |b M doxive awe U8
OUTPUT SIGNAL.

100



\WAT (3 THE OUTRUT WHEN Twp Swrrmes (M, B) mRe
ARRANGED N SERIES, ONE APTER THe OTHER 2 [ OR
DINGRAM, PLEASE NoTe THE REARRANGEMENT oOF WIRES, MADE
R (ONENIENCE OF ILLUSTRATION.]

WQUT|  IMEUT THE CURRENT CAN

R B Lo oorer LW ONY IF BOTA
Power SWicHes ARE CLOSED—
V€., WHEN WWPUT SIENALS
ARRIVE  SIMULTANEOUSLY

| ATA WDB
VRITING L FOR cufzeew AND
O f0R VO CJRRENT, WE A B ouTRuT
A THEN WETE THIS T |
ﬂNF@T ~OUTPUT née. Lol o
FAMILIART T SpouLp! o | O
\15 IDENTiICAL To Tie ool o

RUTK TABLE FOR AND!

P ——

THATS (WY
THs M&FAN(éemeNr OF
SWITCHES 15 CALLED AV

Ao )

tr PAS [1s
" VW‘( OWN S‘(MBOL

107




TWo SWITCHES CONNECTED IN TARALLEL FEHAVE LIKE
LOGICAL @) 5 CURRENT CAV PASS (RoM PoER To pUTPUT IF
EITAER SWITi A, B 15 CLOSED (%R |F BoTH ARE).
RUT
A

| | OUTPUT
weR P

W\’UT

P«ND ITs SYMQOL |3

15 NOT any MoRe DIFAICULT.. 17 uses A SPatAL
SWITGA TRAT REMAIVS CLOSED UNTIL AN IVPUT SIGNAL

OPENS IT — JUST THe REVERSE OF AN ORDINARY SWITAH -
Powet -
l‘wfp s 0 A | outr
O o
Ut U WRur buTeVT C'J ?

Tas Xivp OF Suitgy 15 (ALED

A “NWER \‘A D NoT-A

oD \T HAS A SYMEBoL, Too:
108



(" W EVERYDRY EXAMPLE SHOWS M THESe SMPLe )
GATES CAN MAKE LOGICAL DECISIONS.

You Knvow

TWose BUZZERS THAT A A
gg Ag]lfr’kue»l vw  Pmae N
m}F cm ' ’ - . .
AND YouR  SepT
BELT ISN'T FASTENED?
THEe KIMD THATS
SPECIALLY DESIONED
To PENETRATE
HUMAN BobE 2

WELL, TWAT'S BECAUSE THE SEAT BELT AND [6MITiON
PRE (ONNECTED BY AN ANMD-GATE| LiKE So: |

o TioV *
BUZzer
SEAT ’ ’
geLt

Tt 15, | THe tewmon 1s o AND Tie sear et
15 NOT, THe BUZZER SNDs! YRETTY LosicaL, ¥o?

(AN Yov THIRKC OF

ANY EXAMPLES OfF NOT AT THe
) MOMENT... M
ﬂz Fe@‘,?wb iV PNILY Busy !

koW MOUT
(OIFF?RENT 'l‘DE %QIKOERP;%PSM TRIG6ERED Y pirrier OF TWO




|
2 \ERe ARE A PRI (WARM-UP EXBRCICES
-- S PR GAASING THROUGH LoGIc DIAGEAMS:

D0 THE [MPUT-00TPUT (1/0) TABLES: -
(Y ﬁ}— @) :@——
@ — ) o @ :@f:\D_
®)
D> “ =D

~ (woTe: owiy ove IR DITTo!)

(7) WHAT 15 OUTPUT WHEN A
A=1, B=0, C~1 2 9@3}—
c

(8) COMPLETE ThE /o TABLE:

. n e e ) ¢ ABICDET
U:Bi}-D 11 OOO
I O
E oI
o
F © |




(LOGI6 GATES WNWE ONY ONE QR TWo INPUTS AND A SINéle
OVTPUT —BUT (DMPUTER COMPONENTS HURVE MANY IWPUTS
PND OUTRUTS Witk CoMRLICATED NEUT/ouTpur BEHAVIOR:

THE WoNDERRUL LT IS THAT ANV Iveur/ 00TRUT TABLE
\ CAV BE PRODUCED BY A Comsﬂxrton oF/Loéoc GATEs | J

To DO \T, You NEED MULTIRLE-INPUT LoplC GATES.

HERES A 4-INQUT AND- ohTE :

é"‘"—"D—#E

c
D
AB CD E
e
Pl
11 0| Q}‘b‘.‘;
co 0ol o
SIMILARLY,
§..§;>—»e
D
ABCDI|E
o ! ,
Il:lo !}Au‘s
6001 ||
c o0 00 0

THIS MEANS

E>| 1F A=B=C-D-{

AND E=0 OTHERWISE.

THE ORTE CAV BE MPOE
\ I 9\;0\);2 SWITCHES |N

A B CD
&

" THeREs A MULTIPLE - IWPUT OR -GATE :

A—-Do—]
8 o ]

S




AS AN BxpMPLe OF HOW To PRODUCE A GIVEN \MRuT/ouh
TABLE, LETS SoLVE YROBLEM #12 - fooTeur

N our
A B C
Lot @) BEAN BY
e l ANpING AU Rows
o I [ Where C=1.
o 0 O

THE TPBLE SAYS (=1 \¢ A=1 AND B=O OR A-0 AND 8-f.
C=0 OTRERWISE,

WRIMNG R FOR NOT-A, Tiis AMOUNTS To SAYIND

C=1 ¥ A=t ANDB={ (R P={ AND B-I.
C+0 OTHERWISE.

IN OTHeR WORDS,
C= (A MWD E) OR (K AND B)

T0 DRAW “Te YRCIT, RN e INOUT WIRES AND TueiR

NEDATIVES IV ONE DIRECTION —

A

A

A — AND

5 T ATTACH THE

5 o GATES 0 THe
KPPROPRIATE

WIREs.



EXACTLY THE SAME METHOD WORKS FOR MORE |NPUTS.
DR GRAMDLE oRe NS

AGAIN, TIND
ALL ROWS WITH
OUTVT =1.

00=-00~={®
0-0-—0"0— O
Om=O=00 —|©

0000 =——=|>

NOTE AL T055IBLE
NUT CoMBINATIONS !

IN TlIs CASE,

D =(A AND B ANDC) OR (AANDE AND E) OR
(K ANDB AND T) OR (A AND B AND C).

RUN THE INFUTS AND TREIR NEGATINES ACROSS meA Es
NTTACH AND-GATES, THEN RUN THEM THROUGR AN 0@(2/»«15!

A I
B

To CEPEAT: 6Y THE
Same METROPD,
You CAV PROpuCE

WeUT/OUTRUT
TrBLE#

I3



\Th ONG
o1 (N THE

Gﬁ @Eﬁy Vo THE IDEA : )
TART \NFOFMP\TIOH 5 L{>o-
ENCoDED \Nsuoe COMME??S
AS STRINGS of
A 0%, WG CM‘ e
TRANSORMED N ANY
WK ve LIk Y e |
RIGAT COMBWA ION OF

uo(atc (’9P~T66

e
how Zo%r?
. ' - ONTES O
H 0 THe
3 JoB
@ | ucfmﬂ?feﬁé
)
R:

4



The questions:

(1 Tm SOME
NATURAL WAY

To REPRESENT

NUMBERS y4Iv6

oY O's AvD Is ¥

gQNAgHE rg]x’érﬂmom

| 1
Be WIITH OUT OF
Loole?

;I)Tf answer
R BACK TO
(ovF ag"?; LEIByIZ)S

The sysrem 1S CoLeD
2 ﬂ""‘
SR 0RS”

QUR DECIMAL 3YSTEM, PASep
ON TEN, WS A QESULT
OF OUR HAVING TEN
FINGERS — AN ACCIDENT OF

Are WHAT WoyLD HAVE
EVoLVED \F WED BEEN
B’OPN TR Twe fINGERS,
LIk6 WE TRee SLOTH.

TREE S0TS ALUAYS

NATURE!  BINARY NUMBERS

COUNT ¥ WNMW !

15




g ; Loofe BT TH6 SYMEoL
| L. “1O" — "ONE-LERD." FORGET
TOAT |T USUALLY MEANS
Tew! POREET 11! S0P
CALLNG T THAT! 18
Tilere ANYTHNG THERE
THKT MY “Tenl”
NOY vi's JusT A 0MG
WLLOWD BY A 2eR0 —
IV AND OF VTSELF, IT
WAS NOTHING To Do
W Tew

The SYMBoL ONLY MAYES “TAN FLASH THROUGH YoUR
MIND FECMASE You've ALWMS CMAED T TUAT... \T's
L€ A RiTUAL: TERFORM \T OVER ANO OVER AMD it
TECOMES  AUTOMATIC !

T o) Tow TEN
K 2, T%*;,
Lo e Tov

_ _/

N ACTALITY, 10" MEANS:
| (o) vampu®  ww
O (2620) FINGERS LEPT QR

A ReMEMBER — OF €. 24 ) We AEREED |
To CALL Tew fINDERS, NOT AAVE, A JMAY WAMDRUL!

lle



SINCE WG KUMANS HMvE )
TEN FINGERS, OUR “IO

|5 TEN.- BUT To AN
ORGANIGM W, SAY,
PoiT AnGErRs, 1o
WouLD MEN g1oHT!

IV The Cps€

AT RAND,

WITR Just

TWg Aneéegs

(VA RAMDRUL ...

0 MEANS

™MeY §

‘OBINNZY - ZDECGMAL

ﬁﬂlﬂ NOTe* Do NOT RepD Tuis &S “Ten puALs Two."
Wo.

TN p0es NOT gl Two!! ARy

v W%P‘LS Twoll oY “ONg-2eRo W BIN

Tw )

o W Ty
Two Two %
Tuo g . Tiwo 720

7



Likewneg, \00— “one-2ero-
ZER0" — MEANS

1 WAMDRL oF AAWDULS.

IN DEGMAL, TWATS 10x 10
o A HUNDRED. WG, (¥
S s~

TART oUNVTS
T FOUR/

(000 \5
0% [O%0 = 1x2x1 =g

N:lp GEMERMLY,
| PoLowe By N Zegoes 15
I XL = QN
S
N Times

(“Twe To THE N™ fower "),

N THe COMEUT]
hée, mvowe'f»\u
D 8

LA 0 MeMogize
Tae fowegs oF ,
Two, VP 0 2.
germR Vor WNT!

Mo N AV
DO \T Mow!

i

1=2° =1

\0=2' =2

i00=2* =4

1000-2=¢

10000=2%= |&

100000=2= 32

1000000 < 2* = 4
10000000 =727 » 128
100000000 =22=256
1000000000:22> 51 2.

10000000000=2 "= |024



ALL OTHER BINARY
, ‘ NUM o éﬁégyméh %
\ 11000
- A\ ¥ AVD
, | 1 méw OF 05 MWD
& ' oiono? ) LTI St om e B0ci

' ?owq% OF Two!

\T's COMRLETELY ANALO-
L0010 DECIMAL.

AN PecmAL: Low By
497 = | 11111000) =
‘ .
00 | 100000000 2%6
+490 | + 10000000 128
L+ 1000000 64
7 '+ 100000 %2
Iy 10000 \&
|+ l l
} 497
To TRANSLATE A BINMRY NUMBER NTo THE DEC(MAL ﬁ
YSTEM, LIGT THE FOWERS: OF TW0 OVER THE CORRES-
( \vonouré PLaceB, AND ADD TosSe Y Ot A £

6+§ +2 =282 %
Now You DO \T. ColWERT 1o ppymAL: |
@uw @iw @ mi @ poioionol

19



(1 Make THS A Bir
VoRE CONRETE —
e e o
IVARY.
TS Just Lie '
QUNTING N DECMAL OMLY
ERSIER . W DECIMAL
0 CUNT TAST A 9
\ov WP'TE 0 mo
CIRRY 1. IN BIvmRY,
You WAVE To CARRY 1
pveRy OTHER \uMBer !

L

8
®
R
3,

10
\

100

101

HO

L
1000
10014

1010 |10

1011
1100
(1ol
Lo
il

100001 16

looo!
looto
001
10loo

(%

VHYOhvm dwpw—0

"

TAIS MAKES THEM \J
WARD US KUMANS
To USE WiTHoUT
%KTIN@ MISTpKES —
fOR COMPITERS
TaeY'Re [DEAL It
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BIVARY CALCULATIO) 13 SMPLE. “ATHEDIP Lf i
THERE ARE OILY 7VE Rules
To REMEMBER:
0 by 0 = O
o+ 1 =] i ot 7
100 SUMS /R
l+0 =1 DEAMAL : 9+,
745, 9+¢3, 844,
l+ 1 = 10 4+ 6, 6/766T¢
AVD THE RAWDY AIFTR: RuLE: Eretl
i+ 1+1=1
)

T ADD To BINARY NUNBERS, PROCED TLACE BY TLACE
PROM RIGHT To LEFT CARRYING A 1 WHeW NECESSARY.
WERES N STep- 8Y-5T0P EXAMPLE:

| L i

o o 1o Mo (e

1l RN i [}
| Ol 101 0101

UM v oMe o RAIE o
100 11 1{ool tlolt 1ttt
+ "+ 1 ¢ ttoo +Hotl by

o oeosd® ®aoe

wp W 15 The RESULT OF MDD A BRPY NONEER-To (s
| 2|



PhoTier WoMERTU FACT ABHVT Blusey.

THE METHOD 1S CAUED UsivGe 1
"TWO's CoMpLEMENT." ﬁ%‘re'{av

INVERT THE NVMGER To B

SOBTRACTED, 40 TWAT ALL ITs —lioo

is BeCoMe 05 AND VICE yepq.

ThEN ADD THE Two pMBERS Hol

AVD MDD | TO THE SuM. 16NoRe 2011 &y

e ANA CagRy AND TaATS A

e AvSWER ! \opoo svm |
4+ . ‘ [NUVES / I

(000 | K
ookt e
& ANSWER.
coof

BIVARY MULTIPLICATION — Abp_AVY _
MTICTON iy Lo B pove O™ =

BY RefeAtey ADDITION: To MULTIPLY 1O

AX B JUsT ADD A TO ITSELF +10O g I Times
B TIMES.  L\WEWISE, DWISION (AN 4110

#c DovE BY REPEATED UBTRACTIOP. )

T[w comFuter can do 4l
Arithmetic bd addind 7



BefoRE SHOW(ND

kow To ComBive

Lo6IC Gies

Ieh ¢
DDER.

NEED A BIT

OF TERMWOwa

" 'S A\ NBBREVIRTION 0F ~ Blwhey OIoiT,"

\T REFERS To A SINGLE O op 1.

S IT
Im\rz o6l

T

o i ERY LOMMON To GROVP
BITS ElGHT AT A TIME, AV

AVY STRIVG OF EIGHT BiTS I5 %T
CALLED A ¢ =V

Tuere PRe 2% 0R 256, fossipLe pyTES, FROM
00000000 To IR
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. —

L TS Lookes LIKE
(P

WIGHT LOOK LIKE- (AT

To SWE DRMVIG, WEW MAE \T A FOUR -BIT MODER, CARRBLE
0F PDDING TWD 4-BIT MUMBERS,

Of “VigsLes” (e, Thefte - g™y

REAUY CALLED TAT!) L 4

| e IBIPOT or owr Acver pust
A= \llo CONSIST OF EIGHT BiTs, fouR fOR EAA

g= 101\ VIBBLE. The OUTPDT Must
ool BE GWE BITS, TWAT 15, h VIBBLE
|00l 5 ONE BIT DR A PSSIBLE CARRY.
Like So:
A —$
— ———=3 AMP
74
N 1o
mﬁ:’fm ttom, 26ko T
oM 260 To THRTY
APTEEY

“Wow To fRoCAED? ovE WA 1S To MAKE A GIAMT TRUTK TMLE,
MATCHINTG EVERY PoSSIBLE COMBINATION OF INPUTS WITR Tue
CoRRECT QUTPUT, AND CONSTRUCTING A JUGE STEW OF ANDs
%'25%6&1? ?ﬁéwwﬁ(%g & 'Tagm ‘?ﬂég Hiskr
0 M 0 K M
NAKE YoU TiRow UP YouRk HAADS .

124



W%Am RecalL HOw
ADDITION WORKS
\g) ?RP;)CTICﬁ Tq91q1q 04
LuM
o N B
e pteteh
COLUMN AND 1:150-0 "1
INTD THE NEXT:

Te 1-BT
XDDER MUST HAVE
ThREE INPUTS —
ONE TOR EACH of
TAE TWO OMMAN
BiTs OND ONg
THE BT CrRRIED
IN—AVD Two
o B D

UM BrT

fouR OF TReSE CAN THEN Be HOOWED Ut T0 PRODICE A
4-BiT KDDER:

A, Bf 0,8, A, B, h8, %oﬁbrs
J 1: D 5
cm em ¢ W’
PRoMiSep!

eARY  Sum Sum Sum Sum
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THE WRUT]OUTRUT cafey | CHER

#ﬂ} @F THg AB W ar J e

{-BiT MDDER: Lo I
| |1 @ | C©
| O | | ©
| @ O o |
o 1 | I o
o | 0 o |
0O 0 1 o |
c 0 0 0 0

- R S SR g S R A S R BT BT A e e o i

Npw THERE®S NOTWNG To \T! REMEMBER, LOGC &ATES (M BE
RIGHED UF To PROpUCE ANY imrﬂam"?w TRBLE. V) Tiis
CASE, JUST TReAT BACi OUTPUT CoLuMl SePARATELY:

L[:,;-_1| ———

1

iy

A
B
CHERY

w

o i

You AV WHBERS of MY LENETH m
ENOUGH iMI[l}T%DEFE i e




:_‘

N

AVIA

THe WeLicATion OF The Lps
TWo SECTIONS 15 THAT BIN

15 THE "NRTURALY SYSTEM TOR
ENCODING NUMBERS 1y A
MACHNE MMDE OF pp/off
SWITCHES . EVEN So, CoMRUTERS
USE_ SEVERAL VARIATIONS

o) The BRSIC IDEA.

INTEGERS, cr wrowe

MBERS — PREN'T Top
VA it
STRAIGHT BINARY. TR INSTRVE,

|85
WOULD BECOME

(ol 1 [t ToJoi |

LOATING POINT ReeReser-
F’ﬁou lo R LMOE R
ToNK- NUMBERS . ToR
EXAMYLE, 19,700, 030.2
Wollp ge evcoDep
EQUIVALENT Of

MEAING 147 %105,

CLOATING CO(NT REPRESENTRTION
OPTEN (WOWES F%ua:lee OFF.

A6 TIE BINMY
47 __5

)

BINARY (ODE l
ol D
ESC%@' IV BINMRY. 957

foR INSTANCE, WOULD geome

loot Oll0 Ol

N~ N
3 ¢ 7
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AND WHAT RBOUT

CUNCTUATIORN MARKS, OTRER SYMBOLS, AVD BVEN THE BLAMK

SVP«OE ??

sweeTeRE

\sluo

NATUKAL WAY

T0 ENcODE THESE
INTD (s MND V%,
COMQUTER St:law,qe

[WENTED AND
ADCRTED A

STANDARD CODE

B MUTvkL
REEMENT:

ASCIL

THE MERICM

Tﬂ

rzm To lmﬁmw

(Acuniuy, AScil |s'
VseD By EVBFYOVE But

&wa 175

IBM, wiick
ou oooe ¢
pIc.Y
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oo mbrore
»
»

(XX IS4 N1

..O—...... PWTSOTLHLEINRY

TeerRrTLsQaRTOIIRt o

YIRST THREE BITS

ON - WMERICAL INFORMPATION — THE MRHABET,

0
0
0

0
0
[

NEXT

iR |70
Bi1e

oo
DOV
0100
o

Ol
1000
1001
1010
OV
(oo

[101
itio
il

0110

WL

SOH
ST
A}
€T
eng
pek
gel
g5
BT
Le
VT
FF
CR
80
|

DLé

bt
1
be3
DCH
L
S
ETe
M
EM
S
Esc
7$

65
RS

U$

/

| B 'F i‘ ~y T -~ R ?fs‘*ﬁ* ##

© W™y S M DBWUDN - Ol-—0

WV A .

OZTTINxZUATOHGEMTWMI OwIP»lod—

| SDSuw /MmN RE<SCCADRD V-0

- c)- —

0SS 3 — X« -5 Hho oo s D
zw-—ﬂHN\AXi<£ﬂm1&-v—__

DEL

ﬁ)ﬂwe THE LETTER “T" 1S ENCODED AS

10l 0100... ETC!

#Tae ART TWO CoLUMYS. copmn smea‘s
R SUCH TAINGS AS
He»«vwe (50H) AND OTHR Tomron

DIRECTIONS,




To ENCODE ANP DECODE DATA, COMRUTERS USE LOBIC

DEVICES

CALLED, NATURALLY ENOUH, ENCODERS AWD DECOPERS .

SENCODER
USUALLY HAS MANY
T e A
SINGLE WRUT SIoWAL
PRODUCES A
PATTERN OF
UTPUTS, FOR

EXAMELE, A
COMPUTER {<EYBOARD
15 ATTACHED To AN
ENCODER [0
ANSLATES

NOLE STRO .
SOLE JATRIE  "\sen pneover

Core-

» DBASPER

WORKS TaE OTHER WY
AROUND, TRANSLATIVG 0
AT ooty |
SIoNAL. ONE [EoleR O
QUNVERT> & BINKRY

N|BBLE INTo A pecim b
DiotT. ANOTHER
TRANSEORMS A SPaided
LocKTioP , 0% ADDRESS,

\N MEMORY INTO A

SIGNAL TO THAT

NEMOY

(52 %. 199.)

BINRRY TO DECIMAL
DECODER ,

O VDI RNDP PR —O
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O B 0 Pt
) 1T D DCESSED BY THE COMPUTER'S
MOST ELNEORATE COMBINATION OF LOGIC GATES, THE

fUNCTION SELECT

TS 1S THE MACHINES CENTRAL PROCES50R, WHICH CAN
ADD, SUBTRACT, MULTIPLY, COMPARE, SHMFT, AND
RERFURM A WEALTH OF OTHER (OGICAL TUNCTIONS -
THE DRAWING MBVE- REPRESENTS AW 8-BIT ALU, BUT
They (A RANGE TROM VR T0 GIXTy BIT CAPABILITY,
DEFEMDING DN THE COMPUTER.
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(Tue FUNCTION
SELECT INRUTS
DETERMING  WHICH
MRUTHMETIC OR
LOGICKL WNCTION
The ALV 1610
PERDORM, gt
UNGTION RMVING 115
VY BINA?PT' oos.
YR EXAMPLE,
%OLIOOIOPR?&‘(’EC)TTD
i
Mgt mern ADD,

|

00 0900-00-~

00-00~-

ANOTAER FAUNCTION
(010, SAY) MIGHT
COMPARE

TWo BYTes, BIT

BY BIT, AND OUTRVT
Al WrerdlgR
WY AGREE.
(MEANWHILE, THE
WODER ThiEs A NP

\ou CAN GET PN IDER OF A FANOY NLUS
LGM’KBILITI% FRoM ThE LIST ON ?P;\”be 8L

W W opse m—P cool

00--0-0—- 0 <%

@ 0000-00% O
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THE ALV WouLD

BE A %?LM(’LCTE |
CE RoCg#INe UNIT,
m"grfr m"z ONE TAING:
IS UNKBLE

To STORE RESULTS.
ReTurRMING T?\ THE
Wi 47
e ALU LAKS
"COUNTER SPACE.
WheRe WouLD
RANDMA BPGBAGE e
ge WithouT - A °
SOMEPLACE To SET

HeR
gqrm\e-m 1

ALTROUGH THE ALV CAPD
PERFORM MIRAES OF
INQUT/ouTPuT, 1T

&W\\g‘“—- ND TRRTS
IVReRe FLIP-FLOPS
CONE [P

|32



VERSATILE AS THEY MAY BE, THE LOGKAL ComBINATIONS
We'VE PEEN SKETCANG STILL WAVE NO MeMoRY, THER
OUTPUT COPTINOES ONLY AS LOVG AS THE NEOT (S APPLIED.

2
_ﬂNI) iﬁE |§ == THERE IS A WY To Plop THESE
LoGICAL QVT SeMLe GATES TOSETHER INTo A GRDGET
TAMT HOLDS PN ouTUT INDERANITELY : The FLIP-FLP,
STARE AT TS A MINUTE If

5 @

ol
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% PESIDES THE STRANGE WAY A FLIP-FLOP
L EATS \7S OwN TML, PLEASE NOTE
i TAE UNFAMILIRR GATE YSED IN THE
§ CONSTRUCTION. \T'S (CALED A

NAND-
@B~

A 1S MERELY pN
?\"oammo» OF '%uaT- AMD

MR

N R

Now foR THE FLIP-FLoP (N ACTION:

SUPROSE THe IVRUT 15 S-L,R-0 | MO I Se0, =1
! | WELL, TUNTS “JusT THE

s g; @ | Revous DIAGRAM TURMED
UPSIDE: DOWN -
{1 =
g2 Q

TN § MUST BE 1, PECASE
NAVD OJTPUTS | IF EITHER
NOUT 18 0. CoufLNG TS
BMK To THE UPPER BATE

o ad )

!" 0%
0 -

A g

oVes =0
(%
S 3 ©
1 -
R 2 R

g — — —— —— —t — S g

4



(" Now WHAT RAPPENS ™
WHEN THE (NPUT

CHANGES S__1___.4 O»?

SUPPOSING WE BEGIV WiTh
THE INPUT (S=1, R=0), —
WHAT DOES CAANGING f ————— =3 @
IT 70 ($=1, R=1) ’

O->1
00 To THE fue-Aobs
Loo-reurm u

e wswer s [NCTTNIGE e Lover

NAND- GATES |NoUT BeoMes (O, 0, SoITs
WTPUT @ IS STiLL 1, S0 Q REMMINS O.

S

BuT PRecisay THE SAME LINE OF REASOMING SHows NO (HANGG

\& ouwu‘r) WHEN INPUT CHANGES To (S=1,R=1) fROM
=0,R=

o — {
="
{ (0]
A UTTLE WEIRD, ISV'T |72
Tue SAME (VAUT (S-R- 1) eav
PRODUCE TWo DIFFGRENT

WTV, DEFENDING ON
TRAUO VS INPUT! e




THe WM A FLIP-ELOP S USED [S TwS: \T Bebins BY
SITTING TRERE WITA A CONSTANT |WpUT OF (S=1,R-1)
AND AN OUTPUT OF GOD-KNOWS - WHAT :

i@y

You $ET THE FUPFLOP [16, MME Q=1] BY TLASHING

A O MOMENTARILY DOWN THE S-WIRE , AMD THEN
RETVRNMING 1T To 1=

s  { |

gL

-

Q.

i

npm———

¢
(o

| —

r——

1

-

D-s

o yov ea [RESIET 11 (make =0 By FrAstwe

A O DOWN Tag R-WIRE, THEN RETURNING IT To 1:

g 1 ’ !
FL—J —’_____O

=2 1

O

N

IN BTUER CASE,

pS LONG PS
(1,1) Keexs

Coming IV, THE
fip-fop wiLl

MAINTAIN 1TS

OVTPUT UNTIL

T'S _CHANGED Wiy
‘gomen Weomi
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THE ONLY NQUT COMBINRTION WE HAVENT CheckeD 15 (R=S-0).
IS EASY To VGRIPY THAT I PRODUCES OUTPT of Q-Q-1 -

4 1 WAAT (\Wrens o=t 122
o - .
. o (I,1) ?

h€ ANSURR (G NOT S0 CLEAR + 1T DEPENDS ON WHicH OUTRUT
WAPPENS To FLop ARST 4 (oM OF Tem MUST.)

\F @ 15 AIRST TO _ -
cm?ee, Wg GeT: :g&fe‘g]’ S ARST,

¢ A 'Q ‘ OQ
Fl 0@ { ‘Q

SME THERE 1S m [ oF KNowing Wit oF THESE
meﬂ AND WE DONT WANT OUR

B e '
RANgoM ' STATES, THE IWPUT (520,R=0) 15
) DISALLOWED.

WE (W SUMMARIZE THE BASIC “R4" FLIP-FLOP LIKE §O:

.

____. | S RIQ Q
'S Q | Iﬂ# NO CHANGE

- | O o |

R— Q o1 |l o
(0N, DisALLOWED!

FLIP-ELOP INPUTS ARE ALWAYS ARRANGED TO MAKE CERTAIN
THE DISALLOWED STATE CAVNOT ARRIVE.
|57



A LATTLE EXERCISE: @

_-—-::——uuq
ERm—]
=
p MOR-OME )
15 A SHORTHAWD whAY, A, F ""gg
Ok WRITING "¥0T o by n S
I
Do 5|9
p BASIC RS FUIPRLOP 1. WHAT 15 ToE OV ouTpuT
MAY ALSO BE MADE WHEN R=0, S={
OUT OF NOR-GPTES: WHEN S=p) R=1
2. WAAT HAPFeNS wue»
R ® EACH OF TRESE (VAT
CONDmDN'S GiANSES TO
_ R=0,5-0%
¥ WAT 15 TRE OOTPUT
J gfl S- IT?MM\AT n%’rfz
W“E” Tir|15 CHANEES To
' 4. waAT or ConBurTp
WsT BE poALLOWED?
5. ¥ R=0,50, fow Do Y
| %WWMY
L (1€ MME Q=1)7 How
Do Yau Reser (17

By The WAY, A FLIP-FLof IS
S0 CALLED A

LACH e
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PETSTRERS,
@L IL / /’U/ “,;-,:',{ ' P

FEHES W da

(| THE FLIP-FLOF 15 P DEVICE foR STORING ONE BIT, A )
REGISTER S™ReS SEVERAL BITS SIMULTAKEOUSLY.

\TS Like A ROW OF BoXes, EACL HOLDING ONE 1.

A RoW OF FLIP-FLOPS SHOULD Do THE d0B:...

- SORT of" E’W
MA%) mE ﬁf&K
hooKinG vP

gcY?Mé INUTS Tt
B3 FLICTLOPS,

w (W AUD’

OURSE‘—F 690(”9

19




THE SOLUTION (S T0 ADD A "GATING NETWORK™ TO THE
BASIC R-S FLIP-FLOP.

S ohr
DTy s @ R e

ENABLE. VOTE

. TUAT THE CATING

R QF NETWORK MMKES

E— IT IMESSIBLE POR

R ADS TO BE
ZER0  SIMULTANGOUSLY,

............... PP NP0 0 00800000000 000040000000 000nartcpssrissscsnss

Wren €=1, T
R=D pND S:D
(NoT-p). HeNg,
Te VALVE OF D
IS STORED AT Q.
IN OTHeR WORDS,

ol

e BITD To
BE LokOED WTO
The fLiP- FLOY.
‘sp nyogr;o’
BECOME 1%
S R Tie FUP- FLOP
DOES NOT CHANGE.
THAT 1S, E=O

g R G %%ﬁ ng MORE
2 & DATA.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



COMRUTERS ARE
BLALK Boxes MNDE
OF BLAKK Boxes
MADE oF BLIK Boxes -

So- b THE SPIRIT OF
[OPORING T [NNER WoRIINGS
ONE THEY'RE UNDERSTO0D
[0k EVEN WITHOUT BUVER
UMERSTAVDING THEM],

We NORPORATE Tue

GATING NETWORK
IND TWE BoK, AMD DRAW
THE OPTED (ATCH LIKE
So
(el hekes A PARMLEL g NOT THE OMLY )
KIND OF REBISTER, BUT M GEMUNE MEMBER oF THe, BREED!
1 G ov =1,
. YOUR pITS
' ARE SIMuL-
TANEDUSLY
. LorpED
v Wio Tié
LATcres !
!
DATA 0T , '
\_ Now WikT CopTRoLS Tke ‘ENMGLE' puT? J

|14



$ SooN AS You BEGIN

0RING DATA, QUESTIONS
0F 7/MING ARISE: HOW LoNé
Do You STORE (T2 (DheV
D0 Yov Movg 112 HOW Do
Yov SvepRoNizE SIGMMS q
THESE 16SUES ARE So (RITiem
TAAT LoGIC WITH MEMoRy

6 CALED § @ENT‘[)% To DISTINGUISH 1T eRom The
AL

Purewr GORIBINATT Lobic OF MeMoRY-LESS

NETWORKE. To WEET The SEQUENTIAL Loéic b STER,

9 ALL COMPUTERS HAVE CLOGKS!

THE CLocK'S PULSE [S TRE OMPUTER'S HEARTBEAT —ouLY
NSTERD oF A WPRM, RAGGED HUMAV HEARTBEAT LIKE TS —

TE CoMPUTER'S TULSE 1S SQUARE AMD COLD:

| JW
0 . ,
poNE

OlE PULSE -, cf& e~

b

be CL SE 16 THE BURST OF CURRENT WHEN CLOCK

QUe CLOCK PULSE o B\ Tie INTCRUAL oM T BediNbING

| %F QLsE o ThE BEGWVING OF THE NEXT. DEFENDING oW
TveCoMWTeﬁ THe CLOCK PREQUENCY miY BE RUNDREYS OF
WOUSMDS T BILLIGNS OF Llud PER SEToND !/

SLow r‘""'
CoMPoTER -
A seC—>

‘& pp0000
wer TS A D
COMPRUTER -

142




CTATE SKOULD CAANGE GRIBYY ov THE CLOGK PULSE

STOP oV CLOCK=0. THEN 6O... T s-wv ek 6o

plgin

Go ST Co STX ...
A TYPICAL EXAMPLE

CLOCK To Tue “ennBLe’
INOUT OF kA GATED (ATCH,
IN WHMCH CASE THE LATCH
PECOMES KNOWN AS A

“D FLp-rop.”
Heg

IDEALLY, WHEN THe CLOCK Rrs 1, ALL SIGNALs Move, -mgp

fs o ATTRCH THe THEN A MW

Wt

(" TiE IDEA oF VSN A CLOCK 15 THAT THE COMPUTERE Lomuj.

W

TMNBS MRE VEVER VERPECTLY SYNCHRON[zED.

R
EKP«MPLF/. SU?fose P«T AW AMD GG, OW wwr (S CHANGING

wrom 1 0 O, MWD MWD ThE OTRER oM 0
{-»0
A D_ our gj A CHAVGES AFTER

g THE QUTRUT WiLl HAVE ;w
o>l UNWANTED TuLsSE:
CLotk | |_
s T Tar puse s p GLITCH,
— NVD BRIEF AS T IS, IT o
5 A FLIP- fwv o pLop!

n @‘- aﬂﬁvolwcf’

UNFORTUNATELY, TRNGS ARE FAREW IeAL! |1 TAKES A
NON-ZERp TIMG 'FOR A SI6NM To PASS ALONG A W(RE, So



THe OLITCH |‘s DEFEATED BY THE
(MAQTER'B'LAVE FUP-FLop: )

DATA b4 5%

E 3 HE 8
cwm._*L__b_Ff);j-

THE [WVERTED CLOCK SIGiM, To THE SLAVE FLIP-FLOP
DELAYS THE DATA (NOUT FROM ARRIVING AT THE SLAVE
UNTIL THE END OF A CLoCK PULSE AFTER ALL GLITCHES
LoD THe BIT 1 INTD THE FLIP-FLoP

GLITCH, R
WHATEVER
Sov!

AS USUAL, Wg
DRAW THE WHOLE
TND AS A
SiveLE BoX!

\—
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&

cLotk

R EXAMPLE, THE

NIBBLE 1101 WouLD »\J 1
ENTer THE SHIFT
REHISTER LIKE TiS:

go e 4013
N ey o \( 110
Tt

Obe PULSE 2 BECMISE
Sl Mo SN o 1 | 1

Likawise, The NIBBLE
SKFTS oUT O BT {
AT A TIME.

/" STRINGING R NUMBER 0of MASTER-SLAVE FLip-FLOPS \

TObéTﬁ?ﬁ MpKes A g}ﬂuﬁ REG“‘TE R

DATM ENTER A SHIET REGISTER ONE BIT PT A TIME,
SHFTING TD THE FI@HT WITH EAR NEW CLOCK PuLSE .

]

Ol

1

1loF

SHIFT REGISTERS ARE USERUL WrEN |

ATION (S To

BE TRANOMITTED SERIALLY, OR OME BIT AT ATIME.

1456



(GINALLY B SPEGAL KIND OF

EGISTER: THE COUNTEB

N __

‘A COUVTER 1S JuST WHAT po—Y

IT SOUNDS LIKE: SOMETHING

THAT COUNTS. IN OTHER lololololeTolala]
WORDS, IT'S A REGISTER

THAT INCREMENTS \TSELE — lolololofololo] 1 |

AR s

A
VEs -
oNAL ﬁzm & Ere!

(" DESCRIBED IN THAT WAY, A QUNTER SWNDS EASY To MAKE: JusT
COMBINE AN ADDER WITA p REGISTER! TWIS w?uw IV FACT
gm;, gzn': %‘fp‘zﬁs&% ‘g/gz _f'umaﬁs wAYgLBAsw ON ANOTHER
-AL0P. (5 MASTER- .
(pveLed éwx OF ITSeLe: S MASTER. SLUE. i FLof,

COONT
]




OV E=0, D TASSES To Q,

INE=1, G Goes IN AT p.
_ MWD THE OUTRUTS REVERSE.

THEN @ REVERSES ONCE FOR EACH CYUE OF E—IN

OTHER WORDS, Q TOGGLES JvsT MALF AsS

e LT LI 1| L
{ T N

AS USUML, WE MFBREVIATE THE WHDLE CIRCUIT
RF BY Tiis SImPLER BoX. THE “T* |5 R Toesie,
—T qh T WOKKTE TRAT THE PLP 0P Toeoles (i
T=(. THEV Hege's OUR COUNTER: A FLIP-Flo
;l?sé(awgr AT HALE The RATE OF THE oM TO

A B ¢ D

Ct’l(WT

1\

O o000 0O
[ 000 |
TQ -,-Q 2 ool e
] oot |
4 llovoo
5 o101
‘it

FeoM 01
{ 8 | ope
o000 O Wit g | 001




p FEW ITEMS OF NOTE:

’ THIS COUNTER 1S CALLED
AL “ASYNCHRONOVS RIPPLE
COUNTER," FECAUSE THE -
(‘;ouvT RIPPLES THROUGH
TOVOT T oo
(UNT 15 RECISTERED. ARRIVES, THE
COUNTER RETURNS
0 1060
%’5‘5 ﬁg\w’
- S
MRE MebDep.

PR K
% X )
e S
5 4
by 7

TS -BIT (UNTER (AN G0 TROM O To 91 - 16,383

e N™ @p-fLop v A RIFPLE COUNTER

DIVIPES ThE (NCOMNG PULSE BY 25 THIS IS

TE PRINCIPLE ON WHICK DIGITAL WATCHES ARE
DED A E OF

fULE S DWIDED Jo b RATe oF PRectar

WIBWAL  &ock: SULULI IS UL L nuuuuuusguy
OVIPUT. 4 1 N
té—— 1 SEZOPD —
THeRE PRE ALSO SYNCHROMOVS
COUNTERS, wmq; RELISTER
AU BITS' SiMULTANEOUSLY, COUNT
AMD CounTeRS WHCH Reugh @

0O OV AWy PREASSIGVED
M | i Tt
ANOTHER BLALY Tsa;x i




3. Cuoiv THAT

1. SHOY THAT
A damt s "D"—
j)_[D,_ 15 THE :D_ 1S THE SAME AS

15 THE
gﬂ)— e As )

CONCLUDE THAT :b ALL LOGIC CM ge

Vep FrROM THE A Tie ADDER
O e G owLy
o foRTor O ke,

2. CAW THE SAME BE DoNg (mm Nor?

o P x >

r4. GWEN A 4-BiT SHIFT REGISTER, 6. HOW WoULD Yov P‘TTMb

Skow 1T wﬂrev'rc APTE umr LOOK AT 'mesenr
OFFOUFW\’ULSESETE gL BUZZer OV P, 109.
VBBLE DOIl 1S ENTERED: M R T 09

c g pra
7

e 0UTPUTS MKET K

COUNTER COURT SACKWORS, y




[ Now IN CASE YoU'RE FEELING STRANGLED By SVAGHETqu

THE TANGLED DIAGRAMS
0N THE PRECEDING
PAGES WERE NEVER
(VTENDED To TRACE
Tae CoMCLETE WIRING
rp g ya
THey ARE MEANT To
ONSTRATE HOW
RE COMPUTER'S

ESSENTIAL FUNCTIONS —
MATA, COMPARISON,
DECODING, DATA
QELECTION AWM STORACE —
aLL DEfEND ON
SimfLe

e
NOW TAAT You PRESUMABLY
BELIEVE N THE POoWER OF
LoGIC | Mo MORE WIRING
DIAGRAMS ARE NEEDED!




AEZTqu\Amm

MrE
Y- P WA ﬂ)




|V THE INFANCY

OF ELECTRONIC

COMPUTING, MEMORY
WAS ALWAYS MORE
EXPENSIVE THAN SHEER
CoMPUTING PoWER.
PLENTY OF PROCESSING
Coutd BE Dovg WITH
RELATNELY Faw COMRONENK,
BUT EVERY |NCREASE IV
MEMORY SIMPLY MEANT
MCIE = More: AcTUL,
PHYSICAL PLACES To STORE
Tnes !

WT:

SMALL
MEMORIES!

 GiNcE THEN, RESEARCH INTo MEMORY TEXANOLOGY HAS
- BROVOHT DOWN THE COST CONSIDERABLY. €0R A AW
B e T G BN o v
¥f ‘s MgMo,
OF MOUT 100 NUMBERS® — AT p c%\?ﬂjgg ﬁuLuoug 3;

AUD A
SOMA s
ILLIONS OF

¥ENIAC DiD YoT
(OMPUTE (N
. BINARY,
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(g SAME RESERRCH BFFORT, )
HOWEVER, HAS PRODUCED A

FEILDERING PRRAY OF MEMORY

T(PES AND TECWNOLOGIES

CarD MemoRics, Gl
TAPE MeMORIES, CoLa
DRUM, DISK, BUBBLE, G R
OFTICAL, CORE, CAPRGE - \UTA
(UeLED DEVICG, AVD (RS
SEMICONDUCTOR  MEMORIES; N
NOLATILE pND NON-VOLATILE, R
DYNAMIC AN STATIC, By
DESTRUCTIVE AND
NON-DESTRUCTWE: READ- B
WRITE, READ-ONLY, s
PROGRAMMABLE READ-ONLY, KR
ERASABLE  PROGRAMMAGL £ AN
‘&EPo;zovLY..:.?AWE o

-

A1
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ath el

MEOR
B'tl%l‘n NGW EXIeTS
EETween

ELECTRONK

AND

BLECTRO-
MECHANICAL

MEMORY DEVICES.

Y rILE LT YL E oL R4

ELECTRONIC MEMORIES, WITH
NO MONING PaRTS, APRE

AS FAST _pS THE REST OF
Tie CoMYUTER,

" ELECTROMECHAANICAL MEMORIES

UAVE MOVING TARTS, LIKE
DISKS OR REAS (F ThPE.
Tiue MAKES. THeM SLOW —
How SLow DEVENDING

ON THE TYPE OF MEMORY,

A

BLECTRONIC MEMORIES' SPeeD
MAKES THEM \DEAL FOR THE
COMPUTERS MMIN, 0F INTERNAL
MEMORY, WHILE ELECTRO-
MECHANILAL MEMORIES ARE
Usep WR AUXILIARY STORMNGE
OUTSIDE TRE MMAINE,

ELECTROMPONETIC MEMORIES

- COMCENSKTE FOR TmA& SLOWNESS

WITR A GIGANTIC CAYACITY.
ONe WD DiSKC CAN STORE
UP To TeN MILLION ByTes,

- CoMPPRED WITK A TYPICAL MicRoS

MKN MEMORY OF 6553¢
(=2') BYTes.



(" INTERNAL MEMORY

CAV BE THOUGHT of AS

B SIMPLE GRID, WITH A
CELL AT EACA (NTERSECTION:
DefENDING oV THE
CoMPUTER, EAGH CEIL CW

POLD ONE' BYTE, Two
BITES, OR MORE "

\

0 L
1o
i +h m h
B8] [;F‘ tb—1
AN tH r
T Ij: 510

| ) fan)
ity

i,

BvgRy CEU HAS A UMRUE
WHERE IT SITS IV THE GRI

DADDRESS, SPECIANL

COLUMY
2% 98¢
§ S L1 g
flow ooooHH E] Smmas) 1 E‘LJ
ooo | R HHHEEHETS
000 A BF5 =ini
' TR ADDRESS 0010 Ooi|
00.:“ = s [ Ao cobum
r ey
W PRCTICE, THERE MAY BE APDRESS
MAVY Sulk '@Rl&?, IV WHICH 0101 1001 11O W
CASE THE ADDRESS SPECIAES “orD R Zorumw
Tie GRID VUMBER | AS el
AS THE Row AND COLUMN
WITHW 1T, i

.

d

Do NoT ConrUSE A CeLL's APDRESS Wi
\Ts CONTENTS !!A W & "




WHAT (S THE MAXMUM NUMBER
OF CELLS T CoMPUTER CAN
PODRESS?  TAIS DEYENDS ON Tie
€ 5 *WoRPS.

/Fnofcrﬁ’femg@ ?pf’é%éf U

ET
THE ARST 8 BIT5 AS AN
INSTRUCTION...

-8t

INSTRUCTION
——
INECENICOEE N

24-B17 ADDRESS
... AND Ti AINING 24 BiTS
i RS R fehing 24 @

I THpT CASE, ADDRESSES CAD
B& ANYTHING BETWEEN

150

AN 8-Brr MiCRO, ON THe
OTHER HAND, MIGHT
TROCESS TWREE BYTES
1N 8uCCeSSIon: |
[elo[ [(Jofil)
AN [NSTRUCTION,

tjojoli[ulo]r o]
THE FIRST UALF
OF AN PDDRESS,
olole[i]eliTolo]

AND THE SECOND
WALF OF AN ADDRESS .

P ticie Tz ApDRESS
15 16 BITS Lol

ONING 2% (5,53

fossigLe APDRESSES.

" 16-BIT WoRDS ARE

OPTEN SPLIT LIKE
e
LeveL ByTea

|00‘2”0[ 000!5%0



To MAKE ADDRESSES SHORTER PWD MORE READASLE
THEY RE OPToeu EXPRESSED N !

HEXADECIAL

0R BASE -16, MMERALS.

ﬂ@wx = ‘695‘”‘“’
ﬂ©@uex = 6256

9

e’

(ST AS BASE-Ip NUMBERS REQUIRE THE DIoITS 0-9, So \
HEXADEGIMAL NEEDS DisiTs

M O To FIFTEEN . THE
EXTRAS ARE UPRESENTED BY THE (eTTERS A -F-
DEUMAL |01 2 34867801001 (3 1415
X |o12345c790A8cDETF
fo Gxamie: To CoWeeT BIVARY To Hex:
AAOD,, = GROUP THE BIUARY MomMBER IMTD
MBBLES , STARTING FROM THE
94x|¢° RIGHT. (ONERT ERctt NMIGBLE To
+ 1%l A HEX Doty .
+ Orlo 101 (1o e_lr’l Lory
+ 13x 1 5 C 5 B '
T0 CONVERT HEX To BINARY, JusT
\ '8’9571: i, REVERSE TUE PROCERS, J

197



FRom THE HARDWARE FOINT OF VIEW, THERE PRE THREE
MMN TYFES OF INTERNAL maﬂqap{

CQRE By

Rigs USE
""“L‘ HF»E?HET;{. g <
Ep.m“m“'% R
Be HETRCALLY f
""E“W W ONE
E&r"‘” DIFECTION?,
Eﬁmmu

ll-—.q-.—.—-ll-.-- —— - - £

iz ﬁﬁﬂﬂﬂﬂﬂﬂ

(PARALLEL) REBI

0N

NT EBY Tue

RRESTte” &

S CoMvgETON

s
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v STANDS FoR

“RANDOM ACCESS MEMORY,
MEMIIN(a THAT ANY CELL
CAV BE ACCESSED MRECTLY.
Rom AVD MEmoRIBS

ALSO PROVIDE RANDOM
NCCESS, BT FOR SOME

Fer«sop RAM Hooeep THe

\ PR RerD-Outy Memory”  iierus J

' a5 Tw PRACTICAL
DIFERENCE

BETWEEN THEM |s

READ g

PAm Rom | OM, wuu} wf-'?u
E\M Yw» READ

\NFITE THREM h’

WiTH FQUAL EAse.

"’.;,»;'..,‘.,' 7> WHEN YoU LOM A PRIGRAM

---- WT0 THe

AAA"'

19



@b \T foR6ETS EVERYTHING WAEN THE PopeR
IS TURNED OFF.

(" Fog EXAMPLE, | OWN f BATTERY-POWERED POCKET

COMPUTER WITA (680 BYTES OF RMA. 1T CAW SToRe (P

To Ted PROORAMS EVEN WHEN ! TRV IT OFF,

%f‘%ﬁ E [T IKEEPS SoME ELECTRICITY RUIIING ThRovAA
OorY.

| %@W" "R
%‘g’gye' pgoEaooga 2222 A 2 ?;__f;;:i:
(Roohams! Wil D DOOO O | emowiem B

> va M

RAM VOLATILATY 1S ONE
REASON THAT THE
MAONMACENT, INFALLIBLE
COMPUTER 1S \WLAERABLE
0 Tue VAOKRIES OF

oUT] Nréooeo ERRATIC ToweR

GENERPTING STATIONS!
[ T2

~ = S




R “ w
ROM — “rervomr memory™~
0% (5 (ONTENT: ARG ENTERED,

(o NEVER BE REWRITTENX * gyceet
ORDIVARILY, Rom 1S PROGRAMMED Efxom =
AT THE FACTORY BUT THERE ARE CRoskAmmLe
NOW ALSo DROMS —PRocRAMMABLE  Eom—Br e
foms — WHICH cpav BE CUSTOM- (Mo Tuar!

ROGRAMMED To THE USER'S
QYEClFlTIOA)s. R

'."',‘:. - ,; ;
T "”/5‘.

e = = %
UULIE RAM, Rom

IS NelLATI0E ¢ W
(T Kekps \TS
CONTENTS AN
MTHOUT foweR.
PFTER ALL, 175
NOTi(ne BUT A
WoE cRip 0F WIRES
WITH  PRYSICA
COUNECTONS AT Some -
INTERSECTIONS, ]
ThE CONNECTONS

REMMN, REDARDLESS AVD WHEN | SpY

2 e
OF GLECTRIC CURREAT HGE, | MeAY




SoMe TYPIeAL USES OF Rom:

Most Vipeo
6&'“6 CARTRIDGES

A
CROGRAMMED
o 06

T v %’o Its
\ZEP‘DY To 6o

coupse (T
CAN'T BE
BEPROGRAMMED
E(THER.-

You (WANT To RUAY
Momeﬁ GAME, You
BuyY ANDTHEIZ @Ame

MN)“Y PERSONAL CoM?UTERS
Omsp‘swrgR%FTﬂem
0
@ RAM (UCA \V Tuey
Llows THE MP«(NNE
To “UNDERSTAMD" THE
LANGUASE CALLED

BASIC.

- J

PND NS WEW SEE, ROM QLAYS
AW {MEORTANT RoLg (N

TWE COMPUTER'S CONTROL
SECTION.

lol

. \-'Js
CAUD
“BOILT-

gf’uStc ("




(" Berip THE ETCHED ON SILICON (RpS
EXPLOSIVE % THE DENGITY OF P‘a

GROWTH OF COMfOVENT PER

E‘g"p‘ fg’o Cip HAS eev
N\ CEURUING

THE INCREDIBLE HEHE

SHRINKING g EVERY YEAR'

TECHNOLOGY, T

TAE STPVDARD MEASIRE OF CHIf STORAGE IS THE

., SHORT PR “KiLo™ (‘ChiLo™ 15 BREEK @R {ocD),
IN COMPUTERESE IT MEANS 2'°, The ToweR of
Two CLOSEST To {000

ME ARST RAM
CHP (WmH 1K
BITS OF STORACE
WAS A
S

V

o4

KIS
CoOMMON, AND Tue

le3



Destie THE GROWTH OF RAM CAPAUTY,
JOMETIMES 1T 15 NOT THE AVSWER To
EVERY TRAYER /J

Swow (5
THE WK To

MORE
TOAN |NTERNAL
fAM AV

LIBAARY OF
NTLY

x




THe ANSWER ¢

Mass 5torage

AS THE NAME |MPLIES,
MASS STORAGE |S MEMof.Y
TAAT CAN STORE A LOT
ALMOST ALL MASS StoRAGE L
DEVICES PRE NON-VOLATILE
AND WAVE A MECHANICAL
CDM?ONENT TaPcT MAKES THEM
MUCA SLOWER TRAN ELECTRONIC

L@Anoom l\cces MEMOR(ES J

PUNCA GARDS.

Tue CpR0S oF | mee.
wgfwmm A’:»i?" Snig. (v 056!

fOR EXAMPLE:

SW Iper AS ’\FWCH CARDS: A HOLE REPRESENTS

, A Nov-pole O
NeNETe TARE

SoREs BITS As SMML MAbNEnc REGIONS, WHIGH MAY
e MABNETIZED \N ONE OF Two D) NS,
REPRESENTING | OR O. RecTi0

|65



FASTER, LESS BULKY, AND THE CURRENT STORAGE OF
CrOICe 15 THe

MYYeET %}5{3 g

P To

10 MiLLiov
BYTES R
MsK !

A Blo CoMPUTER SYSTEM USUALLY WS MULTIPLE Disk
DRIVES, WITH PHoNosRAPH-ARMLIKE Fero/Wrie Heps
DAPTING BRUC MWD forTe ACROSS THE WHIRLING PLATTERS.

OTHER, MORE EXOTIC MASS STORAGE TE(HNOLOGIES INCLUDE:
MeMoRIES, CHARGE-COUPLED DEviceg,
WO OPTICAL DISK'S FRero ¢y (ASeRS.

7




/ Tk WTERNAL MEMORY, MASS STORMGE VST 75 oRoANIZep,
OR “FORMATTED." TAKE THe FLOPPY DISK foR EXAMPLE:

7

mees ARE CORMATRD
INTO RINGS AND

1Ty e
Srm\ﬂeb DISK.

(TS MoRE LIKE 26
SECTORS AND 77 RINGS
N A CENIVE DISK.)

To Actess A CARTICUAR
BLOK 0F DATR, You 7,

SOEURY THE RIVD MUMBER
AND SECTOR numeen THey (
Tie DISK DRiVE
) 50105 The DioK
wm THAT SECTOR
Lll? UNDER Tue
READ/WRITE HEAD

1) MOVES THE HEAD
IV OR ouT 1O
THE PROPER RING.

Q) Esa ng‘fﬁ MLLiSEzouDs —M ETERTY |
7




SOME THRIEAL 0%
6% STAR88 *

A GERBIL RANCHER,
DSING A MICRoCOMRUTER
To IMPROVE PRODUCT|VITY)
BUYS THe APPROPRIATE
PROGRAMS (PROM GEREVTE,
WC.) SToReD oN

FLOFPIES.

/ AND eueeyeows A GOUEANMENT
YOUR Pick)
MAINTAIVS FILES
ON THE cmzevﬁv SToRep
0» WARD DISK ...
;a

ThE THore (OMPANY

SoRCo I BugbLe
MEMORY TiHE MESSAGE:

“THE NUMBER YoU HME

Repcrep \s NOT W

SERVICE .-

Weld, You GET THE PICTURE .
Now (1% TIME To MOVE Q...
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.

_
GETTING EVERYTHING

UNDER (AZELR4L.

v WHICH ALL

!I’HE BLACK BOXES
ARE FAIMALLY SEEN
To FIT TDGETHER -

tf




[ ALove WITH [WRUT/ouTour
MEMORY AND THE ARITHMETL -
e (OMYUTERS FIVAL, (RITCHL
INGREDIENT, ag\)(l olLD
SCHEMATIC DIAGRAM SHOUS
Tre ALow OF
QONTROL (»P) AMD INPUT |
LlnFDFMATmN (=12}

CoVTPoL

| ALY

MEMORY |

OVTRUT

\T HELPS TO REDRAW

i S BT
H T

REFLECTS BETTER

A
NUINVE COMPUTER
cgeswid KVownv AS
“8Us ARCAITECTVRE.

The VERTicAL  ARROWS,
%Sﬁ)%f{w' xbs ELTECTWAL
5 €

OR MORE WIDE, PRe

Tie BUses.

ACCORDING TO SIGNALS
0 s
g‘%’f .‘PH‘ETP‘ P\% ON AND
BUs, Wk Tz O
gﬂowso THAT OWLY
NE_“PASSENGER" CAY
RIDE Tve gus At
A TIME,

o
1o

CoNTRoL
gus

T (vVT

/

To wevr

DATA
ADDRESS
Bs

To oUTRVT T ovpur

NOTE TAT ALL THE ARROWS 0N THE CoutRoL BUS
OINT AWAY ROM The (ONTROL GECTIOP.



oW ARE WE To IMAGINE TS CONTROL, FROM WMICH AL
DARKC ARROLWS COINT AuRY 27 FROM WHIGH pLL

Boﬁr F_ﬂre(?ALoMAMIACAb
KEEY ITS EIZCTROPJIO Fivcers ¥ )
OUT oF P«WTHIM@ é@ , r

1- MUST-
MAINTAIN - (ONTROL:
AT- AUL- STS -

A Wse RULER
WRD JUDICIoySLY
CHOOSES THE

TR
W over
REI?Ewous
eLITCHES ¢
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Fu\(e AWONE ELSE, CONTROL REVEALS \To (CHARACTER A

BY \T5 BEHAVIOR ... S0 LETS FOLLOW WHAT HAPPENS
WV TS OVERSIMPLIFIED COMPUTER, WHIcH FLESHES
OUT THe DIAGRAM OF Two PAGES BACK WiTh Some

MEMORY WSTRUC Tiow |

o°°|oo|. KEG K5 TeR
ADDRESS 1000100, ALV ACCUMULATOR
ReISTER B ReELISTER
¢ REDISTER
- l0otooiie e 102010,
. oo0rooi gl "Tie

TRiS 16 A MINIMAL CoLeLTion OF
E(KZWMEW' A TYRICAL COMPUTER

HAS MORE REPDISTERS AMD COUNTERS,
PUT ML COMAUTERS KME TrE

\ ONES SKDWN HERE.
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HERES WIKT TReY'RE FOR:

PRORM QN Tyo. IWSTRUCTION
T OFF The Y2 R%lgT@'J %Lﬁsﬁfg
\NSTRUCTIONS ’ m’?ageg
ONE BY O\E. \ERGION OF
THE [NSTRXCTioM
BHUNO
PERPORMED.
AOORES ACCUMUL ATOR: COWDV'T
REHISTER: GETME | TUE ALY'S oL |+
YOLDS THE BY1e MAIN REGSTR,  \ WITheuT IT
DODRES5 OF *ojol ! NG A
WeATEVER F“*»’iﬁ" o
t(;)il T ENTéK OPERATIONS.
MEMDFY.
B REGISTER: LU A ROTEL
AN NXILM%Y “gmm, ay
wMBeﬁs Mtwosm
ou THeR WAY
To ALV.

IV FACT (ONTROL SPENDS MOST OF \To TIME
WUST MOVING THE (ONTENTS OF THESE
REOISTERS KROUND !
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To S€E HOW CONTROL WORKS, LETS TOLLOW WhAT HACPEAS

el e ameier A BDS THIO NuMBERS-

OVR VERY ARST PRoGRAM!

- Hf(oﬂey?

‘‘‘‘‘‘
................

. .
..........
""""

a

LIKE EVERYTHING MBOUT COMPUTERS, TROGRAMS
DESCRIBED AT VARIOYS (EVELS. u}e peGIN wrr%” ide

ASSEMBLY | ANGUAGE,

WHIG SPECIFIES Toe COMPUTER'S ACTUML MOVES, g
OMITS FINE DETAILS. AT Tws LEVEL , BT

O. Losp THE FIRST

M
M sor, "

1. ADD Tt Secovp
ACCUMULATORY

2. OUTUT THE QOVTEN®
0F Tie kCCUMvL-'::rog.

3. HaLT.

¥g



To EAPRESS TS IN PROFER ASSEMBLY (ANGUAGE, WE MUST
SPECIPY THE PRECISE LOCATION N MEMORY OF THE TWO
NUMBERS To BE MDED, AND CONDENSE THE WORDY
GTATEMENTS INTDO MNEMOMICY MEBREVIATIONS. SUPPOSE,
COR BXAMPLE, TUAT THE NUMBERS PRE STORED AT pPDDRESER
|E AMD IF  (HEXADECIMAL). OUR PROGRAM GECOMES:

‘Lot ACCUMULA
SSEMBLA: O. LDA1E Lok O)NT;M% g
PROGRAM! 1. ADD IF (XD Cowrents oF (F)

2.0UT (“ovreuT CONTENTS oF
’ ACCYUMULATOR ™ )

A7 ,
X MUEMONIC = MEMORY - AIDNE 7

\N GENERAL, ASSEMBLY-LANGUAGE STATEMENTS

HAVE TWo PARTS

DERATHR e OPERAND,

Te OB} i WHICh Ve, THE

AORESS
SOrTO B trromney  OUWHICH T OFeRRIR

N VLDA fEZ

AS IN:

gM AR
pPPenpecToMY
oMF THE RESIENT
or \5i ﬁtksr

NOTE WOWEVER! SOME OPERRTORS DON'T NEED AN EXPUIUIT OFERMD.
“OUT" fOR INSTANTE, 1S UNDERSTOID To MUY T Te ACCUMULATIR.
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22! I8 Now Tt WE HAVE AW ASSEMBLY-

g LANGVAGE [ROGRAM, oW 00 WE
FEED IT To TwE MACH VE — WHICH

DULY UNDERSTANDS 0% AND |5 2

N The AVSWER 18 CLEAR: WITAW THE MACH (e,
BN OPERATOR 1o ENCODED K5 A STRING OF
BT CALLED VT8 "OP-Cope. SoME SIMPLE
SpMPLES:

¢

TueN N MAGHNE INSTRUCTION CONSISTS OF 0~DE
SEHEMENT, oR “FIELD," FOLLOWED BY AN MDRESS FIELD O|VIve

e OFERAMY I BIVARY:

WAEE=Yololy [ty ]v]o
\/Y\A_/\f\-/
0f- ook AeLd
teLD RODRESS

|76



(" S0 HERES OUR PROGRAM TRANSLATED (Mo MACHING LANGUAGE: )

o DA e ool HIO

{. D IF o010

2. VT 1O XXXXX AVY 5 Bis RREES%K

3. WALT 1 XKKKK § F Teee hootse,
oNoReD !

. : ,
9 (ASSUMING AN [VRUT Device)

The PROORAM STEPS MRE REPD INTD (oNSECUTIVE
MEMORY . ADDRESSES, BEGIWING Wit 0. THE
(oNTENTS OF MEMORY ARE THEW

KDDRESS CONTENTS

NOTE THAT THE

o oo IO PfoLRAM. STEP
v < e

| 010 V11| Nk 1o e

2 \ LO 00000

3 | vV 00000

AND We MSo NEgD To eNTER TG DATA : THE TW
wMBers To Be ADDED. My Two W%Be% Wi Do, sxy
E MWD 121 Ther GO IV PDDRESSES 1E AWD {F-
ie 0000010}
iF o1 ioo| .
MoW CAN THE (OMPUTER DISTINGUISK DATA FRoM
INSTRUCTIONS? By ASSUMING EVERYTAING (S AN
WSTRUCTION, UNLESS INSTRVCTED To DO oTaegwi € I
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ONCE THE PROGRAM
\ STOReo,mcv»moL
CAN BEGIN EXECOTION,

N A Series of
WEN MORE PRIMITIVE
STEPS calep
MICROINSTRUCTINS,
ONE MICROINSTRUCTIOP
DCCURRING WITH E
Lotk YLSE. ARe
You REPDY OR TRE
GORY DETAILS 2
("ConTROL BEGINS BY FETCHING THE FIRST INGTRUCTIOP. IT— "\
0.0. MOVES (ONTENTS NODRESS
OF PROGRAM &
(oNTeR. (00000000 ReA1STeR 09 Jomai o
To Bewld wiTh)
oA Moves (ONTENTS WNSTRUCT]
OF TohT MgMopy  1© gqa-{smiw o I
MPDRESS !
\_/ﬁ

THE INSTRUCTION Re6ISTER NOW MOLDS THE GRST
WSTRUCTION.  (ONTROL "READS' \T AND—

0.2. Movgs THe ADDRESS
MRS T fecr  ob ke
PASTER'S f '
ﬁwaess Fap
3. Moves (ONTENTS COUMILATR It er o ol
03 OF THAT MeMoRY L, T
MDRESS

TE ACCUMULATOR |5 NOW LokpeD Wi Tie TIRST f1gte oF DATA.
ONE MICRO(NSTRUCTION REMAINS:

AVD :
0-4 \NCREMENT PROGRAM
L COUNTER D) STER O. J
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NEXT STEP, ADD .
AOKIN CONTROL BeolNS WITH A “FETH PUASE":

f BIT Covevsep ? Let's &0 Tmaovcou IT AGAN WITH THe

1.0 MOUE (ONTENTS MDDREZS ——
00000001)

1 WOVE (VTR T WeTCmp =
OF TART PODRESS REGISTER (&

TRE INSTRUCTION [N THE INSTRICTION REBISTER, Of0 LIt
ChuSEs CONTROL TO -

1.2 g‘% gFPgNR‘ESS To  ADDRESS

: REGISTER [oo0cao0l
INSTRUCTION, olo |
RELIS 'T?P-p =
1.3 Mbve CDNTEN['S B RELIS i1l
OF TukT Mehogy 10 0 FEOPTER :
XDDRESS

&")‘D PUT THE -

NoNN. TRERES OMG MORG
STep: |

1.5 |NCREMENT
YR?)?@ZRAM
COUNTER




ANDJEINATLY®

Weld, LKy THE CAST Twp \NSTRICTIONS ARE EASIER -

20 MD 14 ARE T
THe SAME FETCH 2% R
\lﬁmmimfﬁ AS

iy z"?"nr”ﬂ asenas;
W Tie INSTRUCTION :
REASTER 4

a.q

The of-cope (o) CAVSes covrRol o —

M o, T C Renr g

1.3, ’HW

oV ATER
ﬁum,wt mm ?ﬁm ThE Nisthicrian 111 (W),
3.1 o HU'TH'IM&

i ﬁﬁ\éw BepiNpI b

e




WITHOUKFTOO MANY DETAILS, Yo CAV N

TRINK OF ovTROL ROVGALY LIKE THIS:
IT5 [pOT
Lotk gg@ufﬂiragﬁj CDDS‘{;% oF.
CLOCK PLSES
/ AND OP-CODES.
of I crgsss oF
—> NSISTS A
ope=3) W 3 oL SEQUENCE
B g SIENALS To
HE RELISTERS,
b 1 EMORY.

THE “MICROPROGRAM," WHICK CONNECTS THE INPUTS To THE
OUTPUT COMBINATIONS, 15 STORED IN A REMD-
LOIJU( MEMORY DEDICATED STRICTLY To Tiis PURPOSE.

THe FRST CouPle OF CLOCK PULSES cmySe CONTROL To
FETCH PN [NSTRUCTION ...

|t



W ReAL LIFE THE SITUATION 15 MORE COMRLICATED IV
DETANL BUT THE SAME IV PRINCIPLE. THERE PRE MORE
REOISTERS, AND OF-CODES PRE LONGER TRAN TRREE 8iTo,
ALLOWING CONTROL TO RESFOND To A MUGH LARGER

SET OF INSTRUCTIONS. WERE'S THE INSTRUCTION SET
OF A GENUINE PROCESSOR, THE MOTOROLA 6800.

ARITHMETIC
ADD
ADD WATA CARRY
gggTT?kAccTT WITA CARRY
INCREMENT
DECREMENT
COMEARE.
NEOATE
LOOGICAL
oK
EXCLUSIVE OR
%IOT .
AFT RIGRT
SHP'T LEPT
SHIFT RIGRT MATRMETC

TATE RIGAT
b L

DAIQ *;RANSFER,
5

Siom ommer

eLEM OVERRLOW

$eT CMRRY

6ET OVERALOW

182

wRANTH

GRrA W@ﬂ»
PPA% tF NoT LowegR

SUBRIWTINE CML

cALL SUBROVTINE

SueRovTing RETURN

R svg €
FETED o T

MSCELLANEDVS

0 oN
e




OVE GROUP OF THESE INSTRUCTIONS DESERVES SPRCIAL
MENTION: THE BRANCH, oR JUMP, INSTRUCTIONS.

Ps Wew Seg,
THESE 6WE

The CoMPUTER A
LT OF TS
"INTELLIGENTE. "
TheR EFFALT 16 To

TRANSFER

o
o NUWTF@WT oF
é;re PROGRAM, THE
MPLEST JumMp
WSTRUGTION |6 JUsT
TMN JUME ™ RS IN:

:7>> ‘;)ang 123" CAUSES QN TRoL To ENTER 123 IV Tre

AM .. WD
R rf ! He@%{rqz PRoC&D wiTh THE PROGRAM

Biow ShpTA OTHERISE
MRe CoVpITIONML '

TRANSFER  COMTROL
I Some
CONDYTION 1S
SATISAEp: FoR
NSTANGE, “JuMP
\F26R0 MEANS
JuMP |F THE
KCCUMULATOR:
koLDs 0.




ONLY 00
WWAT 75 ToLD—

%ﬁﬁlg erey
OMATICALLY !

\e You ReMAUyy WANT To WMAGIME Tye CoNTRaL SECTIONS
?eRsoNMATY TR OF A PERFECTLY EFFICIENT
REAUC RAT ACTING W STRICT OBepieNW TO THE

A
(OMPUTERS REAL BDSS: THe P&%@@ \7

VEXT.

W
Woo{pIoUOUOI1ONOO







IF PROGRAMS REALLY RULE
THE COMPUTER, THEY DESERVE
A PROPER SCIENTIFIC NAME...
SOMETAING N GREEK (R
LATIN, PReFERABLY...

TEHICALCULYS !
Reap RATioNocgRas!
Qﬂﬁ ALONEVRALGIAY

T I TR R BRI
- BuT TRATSS NOT HOW IT IS (N COMRUTER SCIENTE...
\NSTEAD, PROGRAMS I GENCRML PRE

i gﬁWAﬁ%@»
To DisTINGUSH THEM FROM Twe CIRCUIT BOP

FDS, CATHODE
RAY MOMTORS, DISK DRIVES, KeyBoARDS, AAD OTHER
\TEMS oF oMy

TR HARDWARE .




-

LEHWWPFE HAS BEEN DROPPING (v Fﬁlﬁgﬁgm N
VOWER, SOPTWARE QULY GETS M
HORRENDOUALY CavRLEX ! '

s

ALLER CAIPS WITH
-?>§ln}é£$ SEiee Hmktj’)




LIKEWISE THERE'S P DIFFERENCE BETWEEN THE IMAGE OF
HARDWARE AND SOFTWARE WORKERS —

PROORAMMERS WWE NO TOOL BUT THEIR BRAINS...
MoRe OFTEN WOMEN... SURPOSED To BE Somfﬁv worke

D WHOSE IDBAS HAVE NOTMWE
T LAWS oF pysicat e p i
oy

THAT NO
e

Eaallms SE DAYS PRE
OME
N

TMESE LoNERS HME T
Wokk [N TEAMS — A

T Rekvet's Tncimon. (WA

|




WhiLe kDA
LOELKLE i3
THE ORIGINAL
PROGRAMMER,
THe FIRsT PRsoM
T0 PRoVE e
YULL PoWeR ofF

RN

(4121954

TRIvG, Wro ENJOYED Long: DISTANCE RuuNiNG BAtk
WREN TANT WAS (ONSIDERED WHRD, PROBABLY WENT
\NTo COMUTERS TO SHRIVK THE SIZE OF WS
JOGLING CLOCK.

IV 19%6

12

K THE
TURING
MACH/NE...
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TURIVG MACAINES

PRENT ReM MACAINES...
THEY'RE PBSTRACT
MACUINES, BXISTING ONLY
N THeoRY.-

(" Rouope SPEmtnG, A
TURING MACAIVE 18 AV
N T
(9) H DS
SEQUENTG oF O5 MWD 15

T ouTeuT %
DEAENDS ONLY OM THE

PRESENT (NEUT (0 0 1)
\ A THE PRavious OUTRUT.

Th RE 0
e Motreor %
UNIMEORTANT. |

i

)
TE MMN T (S
TUAT TRE CUANEES
fRoM ONE QUTPUT
STATE To e NEXT
ARE GIVER BY
DEFINITE RULES,
xUeD

G
A
RULES.

.
Tue REASON TURIVG

MACKINES ARE [MEORTANT

& THAT THEY PRo A .

h WHY OF TMNKING

ousicMAy  MBout LooiC.

%’Y WelL, - DEFINED, STER-BY- STEP
olep PRoCADURE |

e FE EMEODIY

N Somé TURING MANE-

Teres A N
TRWO MACHINE
TUAT CAN

ApD!

TR DE(NLS, SEE J- WEIZEMBIUM'S COMPUTER. [l po poMAn REASON,

CAPTER 2.
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WRAT TURING RRoVED:
\TS THepReTicALLY
P0SSIBLE To
CONSTRUCT A
SINGLE TURING £ RO m==="" 3}
MACH ki TH€ o ALY G
: Y = Vg

TURING MAcst 9

WHICH CAN \MrrATE
Tu&w@ MAGAINESI

‘-'-'4‘-2 ur-)“
= B 722 E L 7. B

THE TRICK 15 TAP\T THE UNIVERSIXL TWW@ MACANE CA...
ey read insrucions!

AT 8 T0 MAGE Tie AILLIIA

ONversy. TVFIN’@TMM’(W@ Rt

(U) ACT Like MACHINE T, =%
You BNCODE TS

TRANSITION RULER ONTO
U's Tape. a1 ENH A

V bgserves :
grﬁj lu?ur THEN ) dﬂy
°daaﬂaaa
“7@

Wﬂou ane To
SGE WHAT To Dp.

=) W Tie 0Rs, U 16 Frospammpgug
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(" THE | MPLICATIONS ﬁ
PRE STAGGERING:

 SINGLE,
PROGRAMMABLE
N\Méoléje CAN
PERFORM ANY
WELL - DEFINED,
STeER - BY - STEP
LObICK PROCEDURE.
(REMEMBER, TURING
SMA TS TEN YEMRS

LCOM?W&K “ﬁ&‘; BonT) | y

JouN Vo NEUMANN CARRIED TURINGS 1DEMS A CTEP
FURTHER: VoM NEUMANN REALIZED TUAT ONE QULD:

BuiLo A

MA (HINES

oM PLANS

eNcopED ON
TE...

e X e
PLANS TO
ITSELF/

DSEI-F-REPRODMNG
MACHINES wee cossibie

Y3




~
T e Foewe
MACKIVE COMe Tp LiFe-

¥ You CaLe =
TAKT “Lie.. ==
> | g

=
Sl |

\_

TEREDRe, A TURING PRoved, 17 (AW

D0 AVYTANG (of, MRE ACCURKTRLY
SIMVLATE NIYTHWG). The oWy LiMiT
1S THE AMWNT OF TIME AT THE USER'S
DispoSAL.. S, From Wow DUTIL THE
DEATH oF THe CoM SYSTEM.--

\

tT\guBeg ﬁ‘-21"2‘éeqzcem(p«ze A
7,
CovM'of“om
QUALIACATIOWS ol TRoT
ANYTING
Ught KD oF
“ANYTRND" CAN
A CoMRUTER
po?
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W K WORD,
CoMSUTERS Do

Wt W% o ——  sTePHy-sTEE

MEANING eMU STR
SoCDIRe: A S CoMNCTID BFRE
m\’fr, (€ you l 1 \ Te vexT 1S BepUM

WELL DEFINED,

MEANle enc STep
COM?LETEW
eyermep

ENT lNer fPWD
r\e REcuus ",

NO AM oww Acwweo‘
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EXPMPLES OF ALGORITAMS :

“IF NoleMR

QP‘H\EP‘DS ARE
ALLING LIKE

HILSTONES, |

e
ENYOY AT,
OTHERINEE | |
WLl Go To WoRk
% Leua X

. ek Te ¢
e € e

1. I¥ Yes, L6 Down ¥ Epioy!
3. F Mo, 60 To WORK.

(" Likgwet, )
ALEEBEMC (1) WPUT p NUMBER X
EDRMULAE)T (2) WLTIfLY % TiMBs ITSELF

L@ogitTH MS (3) MULTIPLY % TiMES 2
«bm’wzxﬂo MEANS = (4) MDD THE RESWTS oF
@) AWD (3)

W Yoo UMERSTAMD,
VE DoWN AND
gNdoy  YoRseut!

_ & .

(5 10p 1‘? To THE RSUT
CofF (#)




l#:&{iiﬂé LKE
HNILSTOMES,

Tiis FALS To Tell You WekT To Do W No WAPHEADS
\__ ARG TALLING-- SO ITS WoT WELL DERIFD. J

RNGTHERR MosT
w Mﬂﬂ _ﬁ._ . EHFM'EF'
= P rrdx-lo !

TS 16 MO MLEORTHM
BMSE TS MOT
Etraes'sa} v PROFER

"pLEEFRMC CRAMMAR."
&tfﬁaﬂﬁﬂ iﬁa ﬂmm& T
Te SMBOLS "++".

o TRY To MPKE A CopfUTER Do
f ,Lp.m@ ITAM, [T WILL JusT
ST THERE TLASKIN; ERROR
Messhdes!

la7




(;mgo E;‘Mﬂ @Tmze Wé‘j; ?oS%lBJL\TID

Usep 0
v % - Cj Peei o END
ERSIgR TO

15

URE (MO0,

%?(PRESENT@ | gmf%g )
sreUMLyY
ﬁﬁ?{gg_ Y2 CoNDiTIoVAL
fox 5 % W BRANTH
SPAL
" 5&%‘\ e
W
0
et kL

TM FLow' OF THE PLOORITAM 15 REPRESEMTED

Y ARROwWS —--> ND WHEN THE
MeoLs Me CDMBJN&). 1T A AD- W TR




o pe e (owr) . (e D)

‘FLO\A) CARRTS

OF THE
ML COEITHNG T
IR oF s it
BNCK-

END

\ BOTH PLoopiTaMS, The Pgw PROCEED
‘V oNg p,éé’gfoﬂ PROM START T FIISH.

r—y . o G i S . - WS S e s AP s T G WS I ma T G G W R e am— W S we

ITS M50 PoSSIBLE R The FLoW of
ALOORITAMS To JUMR FDRwP@D

o MD. DR EXAMPLE
(6T REWRITE TRAT AIRST |
MOORITYM :

1. ¥ Bomge ME PMLIND,
@0 To ST 2 ameﬁuxse
@0 To STEY 4.

2. LIE Dowv Pwo endoy !

3. 60 To STEP O

4. LEKD A NORMAL L|F6

5.6

b-€

R 24 HOURS
o To step |

evo Yov e auo p T fuu P T
B Booopin e,
'r MM CoNTINUE WDEﬂm-nzLyI{
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FLowW SHARTS ARE UsE
Edbﬁvmﬂﬁ'ﬂ';& et ’-.": M :""
IMPLE OMES,

WY WAY NEW pﬁg&#m&

g
Eu LJF_:?F#F-P-MMU‘E

Tue FIRST STEP 10 DRITING Ay (RosRAM
ANALYZE e i o T, N A

Wow To oo It pLEORITAMICALLY !




LETS TRY A COUPLE MORE EXAMPLES...
A LITTLE MORE LWE WHAT A COMPUTER
MIGRT ACTUPLLY BE ASKED To Do..

W RUJMMATE TWo RooMATEs, LISA D SORHE,
ANMNVWVLEE o0 SWARE THEIR MEBALS.
RELCEI ICEN:Y GhcF TR 00D P S
THEIR RECATTS. AT THE EMD OF
THe MoNTR, THEY WANT TO
\m%) WD owes WHOM eW

TS oNg Peke THE
(OMPUTER To

EVALUATE TuE
EX?RES;r:op

X+ 2%+ 10
NOT JusT AT 0V
VALUE oF X, Bur
foR MAVY yALUgs,
NAMELY

X=0, 04, 0.1,03
...AD S0 op...
e To 2.0.
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("t0R ‘RODMMATE RECEIPTS”
We REASON LiKg 30

LET S=SOPHES EYGENSES
L= L15Ns EXEENSES

THEN THE TOTAL EXPeENSE
15 SeL, AND EAG)
ROOMMATES SHARE |5

L(s+L).

\F LISA QUTSPENT SOfHIE,
S0 L>S* TueN Yes
SovHiE OWES LISH :

L(s+) -5, OF

No

éE%

| COMPUTE CoMPuTE
L(L-9), L(L-9) h(s-L)

OTARWSE (€Y S2L*) -

LI5h owes SoYWE oUTOUT vTpUT

_ OWES L19A ?
THe ALGORITHMS OVTRIT MO L(L9). 1/ [aup h(s-L).
IS 0 el US WHD
OWES wpom AND
Youw much.

(e ) (aw

L < MEANS T(5 LESS TAMy & MEANS 'is LESS TRAW OR BRUAL "

\\So "
Jz‘ (s - L) . FHe " SOL‘slénw

¥ > MEWS 15 SREFTER TW ;2 MEANS “Is GRENTER ThMW o EQUAL To"

-y
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(W "WLTIRLE TLUGHs, WE WANT To EVALUATE A SIW6LE
EXPRESSION, X*+ 2X+ 10, REPEATEDLY AT DIFPERENT
VALVES OF X (MMMEY 00, 0.4,0.2,.... 1.9, 2.0)

ThE CoRE 0F TRE

ALOORITAM  WILL m

BE Tws LoofP:

1. fLlue Tee [ [
VALE 0F X (Mo !
X 2x«lo

2. PRINT THE ResulT

3. NOXT X TEVALWATE

4, RETURN To Step 1. X:+2x+10

we Mso g To

SteueY WRAT X To

STAET WITH,

WWEN TO STOP,

PO fow To COMRITE | |

“WexXT X. ADD O

T X
U @
No




NoW THE 8728 QUESTION:
($04 AFTER INFLATIONY:

AN _P%\(%%\ZITHM
]
NTELLIGIBLE TO

(" UNFORTUNATELY,
You RNVE o
SPEAK_ THE
(oMgUTeRS

. [ANBUNGE —
gscmAuse,m‘es
sm«i T'oo]
STURID To
UNDERSTAMD
YouRs !

T _LANGppGE .0066 T CoMPUTER
L WD&P%TANDU{

J




AT TUE VERY BEGIVNING, PROGRAMMERS WROTE DIRECTLY
IV "MAGAINE LANGUAGE" — BIkpRY CODB. TS WAS
pevivsly A RerpAcie!

A coM?UTBF
JUET To AGRE
R ASPIRIN
gLt

e o
ASSEMBLY LA%UA(aE

se€ 0. 174), mDeD

ASSEMBL uwwm
MNCMOMCS INTO
MACNE CopE.
STILL SOMETAIND MoRE
(WAS NegDED !

AND
AMMIAG
LEIS meHEn-uVEI. P
— RE (WENTED. TRESE (o
ﬁxmukﬂ ENGUISH- LIKE coM Aws,
o o] o s )
INTD 17
LANGUKGE BY (oMY ?&@RAMs
AL CoM?«ceRs ?Fer@c
B e oL &
AND TAE MAUNING- LMEUE% TRAMWwN
6 CMAED OBl Cope !

20%



THE FARST MR- LeveL
LANGUAGE [7&5
!:RA RTRAN ("FORMULA
NSLATOR' ) WHICH MADE 88
\16 DEB’UT IV Tr\E EARLY
1050'. SINCE THEM,
NTERALLY HUN g
LANGUAGES WAV
wemew EM\ wm\ lTS
Dué’& szy oF  RABID

% ‘f-ﬁ
WERE E0ING To TAKE A Quick Look AT BASIC —

[REGNVERS J\LL-RPOSE QyMBoLic [INsTRUCTION (FO0E.

BASIC 18 EASY TD LEPRN WippLy VSED, DESPite

Cfimc\sm (€SeeumLy By PASCAL ADMIRERS) TAAT IT PP.DMOTES
8D PROGRAMM|NG MMBITS.

wP:T.E N@?ow@leé- 13
X rfwm@,’dszc

2006



THeRe PRE TWO

WhSE TO WRITE A
BASIC PROGRAM :
Witk CENCIL AVD
CAPER, OR DIRECTLY
AT The ComPuTER.

s 600D PRALTILE To PLAN PROGRAMS ON PAPER RST, o
WORK OUT THE ESSENTIAL 1DEAS AWD STRUCTVRE, BUT
BVENTUMLLY YOV MUST SIT DowN BT TAAT Keveorrp !

v, MAGHNGs
ko

pPE RePpY
BASIC AS
SO0N A6 YOU
TURN TAEM Ob.
OTHERS OM
BRING \T ¥
ON COMMAD.
\€ (N DOVBT,
ASK!
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WHEN THE

COMRVTER 16 REMDY
T GMES Yov A “PRoMpT
OF SoMe KIMD: THE
WoRD “Reppy” og
JUST THE Si6m “>",

%hjﬂm KEYEOARD RESEMBLES p STAMDARD 1}#54
"TERS QWERTY" KeYBor®o... excefT TuaT As
TWPE, CAMLACTERS MRPePR OV THE CRT (CATiODE
%’g Eﬁ]jw 1_!#?25;05_;@;!’”%&?@} To G To
IT T v o ] KEY.
HERSs A SIMPLE BASIC PRoSRAM . d

0 ReEM BASIC MuLTipLICATION

20 REPD -""] B

30 DATA B, I FASIC MATH-
40 LET C=AxE arﬁ'EH —
0 PRINT “THe ProvcT 18" C s
€0 Evp

AsB. A TiMES 8
MB_. b DNIDED
By &

TB..A To THE
Ate B‘“;nwﬂ-

The PRoBRAM 15 Now Sorep |p
MEMoRY. To RUN YT, TyPE “Run”
PLLOWED By THe RETVRN KeY.
THE SCREEN DISPLAYS:

Run
e PRODUCT 15 6.16

209



S Every LINE BEGING WITH F

LINE NUMBER (0,20,
aun:'r LINE h Eﬁsri-

ﬁﬂmﬁﬁ WIEE- To -‘JﬂUH‘r’ By
NS gp fw CAN \NSERT
LINgS LATER.

> THE FRST LINE (10) 18 A

REMARKS EXpLAR

REMARK, fowess ¢
R
KS. WE Mt INSERT DM

- FEH? !"‘\E
25 REM ThSE ME Tig #5 To B muth
30 DATA B, H

NTS copsest

RAM
> frookies STATZMERTS o
FLE&ERE l'.'i{li_ I '{ VARIABLES
[ IE}( "THe PRODULT
, AVD PUNCTUATION .

lﬁn Fﬂwﬂtﬁﬁr 15 i C I
QUi SPNES wal-od
E
> hmﬁfﬁﬂlﬁﬁ HAS A PREcse

09




A NUMERKCAL UARIABLE |
BASic |6 LIKE A VARIABLE

IN ALGEBRA . 1T ASSUMES
A NUMERICM. VALUE, Wiici
MM UARY (BT T HAS
ILY ONE yalye AT A TIMEY).
guw THESE SYMBOLS (AN

E USED AS VARIABLES:

TRINK oF

VKEIABLE &4 A
LMBELED BOX
IN MEMOoRY!

TAeRE PRE SEVERAL WMS Tp ASsin A YALUE T A VARIABLE:
LA T READLI DA T AL ELE

20 READ AB Commas ARE
%0 DATA 5.6, 1.1 - | EeseNTIALY

THS INSTRUCTS THE CoMFUTER D ASSIbN THE NUMERIAL UALWES
W THE LLXPN STATEMENT — [N ORDER — T0 THE VAR
W THe ;32N STRTEMEMT, N VinleBLEs

20 READ A, B, C !
' 30 DATA 50, L1 ﬁ:' s B we%

20




ANOTHER WY To ASSIpN YALLES To VKGIABLES 1S WITK
A

0 LET {=6.5 ‘»
%0 LET 5=QT2+R+10 (65 ¢ 13140

=65.25

THE LET STATEMENT ASSIoNS THE VMLUE ON Tie
OF TG EQUALITY SIEN *=". To THE VARIABLE gplé%

FT. Tic RGHT- AAND SIDE MAY BE A MUMBER, AR S
Ko Lo AS TAEY MRSy AN VALUES |

\o LET Q=65
20 LET & =O.5%R
30LET S=@24+R+ 10

HERE STATEMENT 20 DOES NOT ASSIEN ANY, VALUE T
R 1S NOT ON THE LEFT SIDE OF “=". | FACT,

R, BECAMUSE
If R WASV'T BEEN ASSILNED SOME VALUE EARLIER IV
THE PROGRAM, THEN STATEMENT 20 6IWES R AN

INDETERMIVATE VALUE! BUT—
om0 | L)
8 20 LET M= M¢H '
B 30 LET M= M+ 1
THESE STRANGE - LOOKIND STATEMENTS ARE CEFECTLY 0.K!

YLET M=MaAY MBANS “ASSIEN To Te VMUAGLE M A VALUE
QUM TO 1TS CURRENT VMLUE LG 1."

21



TG 15 A OUTRUT COMMAMD, MEANING "DISFLAY ov THE
SCREEP,” NOT “PRINT ON PR

You cpv PRINT AMY TEXT:
10 PRINT “ANY NUKES Toory 2"

RUN
ANY MUKes ToDAY?

QUOTATION MAﬂkS
ESSENTIAL!

TioN MARKS
Movep

FF T A VMRPBLE AVD YOU @,er
VALUE -

I0 LET X= 77001
20 PRINT X

FUN
77001

BUT—

jo LET X=T7700\
20 PRINT “X*
Rup
X

QUOTATION MARKS MM®
& CoMPUTER TREAT X
S A TEXT.

~ PRINT A MATREMATICM. EXPRESSION AND You (BT (15 VAWE:-

\0 LET Z=|5

20 PRINT ZTZ+2%Z +10 BECAISE

RUN (18 +axis+ 10
15.25 =225 +3.0 +10 =15.25

112



e

A SEMCOLON AFTER A PRIMY STATEMENT CAVSES Tue
NEXT PRINT STATEMEANT To DISCLAY _ITS OUTPUT ON Tie
SAME LINE AND DIRECTLY AFTER THE FIRST ONE's :

o LET A=1

20 PRINT “INFINITY 15 MORE THAN"
30 PRINT A

RUN

INFINITY 15 MORE THAN 1

<

| \1’50{< To AFBREVIATE lel‘.»

o LET A= 1 .
20 FRINT “INFINITY 15 MORE THAM' A

RUN
INFINITY 1S MORE THAN 1

FOR BXAMOLE, WE CAULD REVRITE THE PROLRAM oM @ 208.
10 REM BASIC MULTIPLICATIOY
20 REMD A B

30 DATA 5.0, 1A

40 LET C=AxB
50 PRINT "THE PRODUCT OF ) M; "MD"y B3 167 ¢3"."
60 EMD

RUN
The PRODICT oF 5.6 AMD 14 15 6.16. [

Tiepe ME MSo oMe MFTy TRICKS USIND me@m
> AND PRINT; BUT W Wop' cgen} INTD \'r

203



TG STATEMENT ALLOWS THE
USER To ASSIGN VALUES To
VMRIABLES WWILE THE

PROGRAM |3 RUNNINTD-

TRE FORM OF THE STATEMENT:

I INOUT A l

WHEN THE PROGRAM RUNG AND REACHES AN |NPUT
STATEMENT, THE SCREEN DISPLAYS :

I? )

TS NDICATES TUAT THE PRopRAM WAs HALTED, MUNTING [upor.
You TYPE SoME MUMBER (FoLLowep BY "RETURK, AS ALWMgs!):

e’

D TRE PROEAM CopTiWES ROV B
INPUT" AVD PRINT™ CAN BE USED IN COMBINATION To LET Yo
KNow  WHAT SoRT of (NPUT (5 BXPELTED:

0 @MsIC piSioN

20 PRINT “TYPE THE NUMERATOR.

%0 WfUT N .
40 PRINT “TYPE THE NON-ZERD DENOMINATOR.
so WAT D “

60 PRINT N37775 05 =74 N/p

Jo EM ‘
RN TypED B
JVFE_TIE BUNGRATAR e Dsen

;we THE NON-ZERO DENOMINATOR.
) 8
5/8 = 0.625
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TS 18 THE
UNCOMDVTION AL
BRANTHING (NSTRUCTION.

"60 To (LINE NUMBER)" TRANSFERS COMNTROL To A
LNE oTHeR TWAN THE NEXT. THE PROGRAM TheN
CONTINVES PRoM THERE, AS [V TS ENDLESS LoOP:

20 LET A=A +1
40 GO To 20

15 THE "SMART,
COMDITIO P
WU MP.

IT UAS THE GENERAL FORM

IF (covDimios) THEN (LinE %MB&)' ; lz?o IL:ZITNTAZO
THE COUDITION WAS THE TORM: 20 LET A=A+

z * 40 IF AC=2 THEN 20
M = NUMERICAL
Ewgé:o» <> EXPRESSION
L J.

AS N I IF A<=B THEN 30 I

TS AWMG INCLUDES Tie UNSTATED
INSTRUCTION, | “"OTKERWISE, €0 To THE
NexT LiNE.*

* L LS TAAN) <2 Leps THAW OREQUAL To, ¥ GRENTER TRAN, D= GREATER THAN
oR-EQUN. To, <Y DOES NOT EQUAL.

215



TRIE 6 ENVG TO WRITE BASIC PROGRMS R THE T
PLOORITAMS FRoM €. 20/ - P "o

THE PROGRAM:
{0 PRINT "LISA SPENT"
20INPUT L

20 PRINT "SOPHiE SPENT"

40 INPUT S

50 IFLYS THEN B0

60 PRINT "LISA owes SOPHE"; (S-L)/2
70 60 To 90

80 PRINT “somue owgs LIsk"; (L-5)/2
% END

566 Wow “IF-THEN" MWD "60 o ARE
Usep? IF LS, THEN LINES 60
AW To pRE NOT BXECUTED.
OThepWISE, THEY ARE ExECWTeD, AMD

Live To ENSURES THAT LINE go 15
SKeeep.

¢ The PROGRAM 15 RUN:
RuN

LI5A SPENT

2 9375

SOPHIE SPENT

? 77.38

SOPHIE OWES LISA 8.185

yi



ADD 0.\

THE PROGRAM:
lo REM LINE 20 PRINTS A HEADING
20 PRINT "X

30 LET X=0O
40 LET Y= X2 +anXti0
Bo PRINT X;3" '3 Y
60 LET X=X+0O.

7o \F X<=2 THEN 40
g0 END

SR SNRoIR =

e — 0000008 GQ
Nsow;go\n-kmp- A §

MU A
eﬁ‘ﬁm wml 'nhs INFORMNTION !

e '*'1

X
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THE "MULTPLE TLUG-IVS
Loo® 18 SO TYPICAL
TAAT ALL PROGRAMMING
LANGUAGES HAVE
SPECIpL ComMANDS JUST
TOR Such REPETITIONS,
\N BASIC, \T'S

THIS RePLACES THESE
HREE LINES:

20 LET X=0

@ LET X=XtO.d
70 IF X<=2 THEN 3p

THE STATEMENT INITIMAM SETS THE VARIABLE BQUM. Tp THE
LoWeR LIMIT, EXECUTES THE LINES P To we%‘ IN&EWMTS
The VARIABLE BY Tue AMOUMT "STEP AMD REPEATS THE
LooP UNTIL THE UPPER CIMiT IS EXCaeDep.

A SIMPLE EXAMPLE :

oMITTING “STEP"
NOTOMATICALLY

e a4 MNES INCREMENT RO
=1, ‘ .

%0 PRINT IxI
30 NEXT I
40 EVD

RUN

i

4

9
o




1- WHAAT DOES THis PROGRAM Do”

lo INPUT N
2o FOR 1= To M
30 PRIMT Ix=I

4OMNEXT T
s0 END

2. REWRME, THE "MULTRLE
TLUG-INS PROGRAM USING
THE "FOR NEXT™ STRTEMENT.

4. WRITE A ﬁmw (e
ADDS THE \NTEGERS
(MHoLe WUMBERSY FROM
{ T0 \,000,000.

m}t’ fRoM | To N, AR

4. 10T ﬂﬂﬂuﬁmwzfﬂw
fﬁl‘iﬁﬁl%

E.'m HUMEF 16 THe
The FREVIDUS Tap mm

AM Wik
E‘ETE p %-ﬁf% BQ'IJEH':E
S. EEPO ENpuGt oF P BASIC

TEXTEOOR To WRITE A
“FWHMME RECEIPTS' PROGLAM

ey et of

13



TUERE PRE CLENTY OF OTHER BASIC FEATURES, ENOUGH
To FILL ENTIRE BooKs — AND IN FCT ToN5 OF Books

ON BASIC HAVE BEEN CUBLISHED.

'M SORAY...

0.-\F YoURe INTERESTED W pwD
rso—lswv‘éleé 'Q-rglﬁ% VARIABLES, OTHerwige? ?cé%ggl |'stYr
UNIVERSITY

SUBROUTINGS, FUNCTIONS, ARRAYS

NESTED LooPS, Wow To DEAL
WITR D\6KS AND AVOID BUG5, ETC

eic ot THEN @@ D) YOK

LOCAL LIBRARY Of BOOKSTORE
A AN —

\— =g

2.0

foL\CY.. -




QEVeRAL IMPORTANT
OF SOFTWARE WHIGH
M The YEMRS SINCE

-

i




STSTEMS soema

PROGRAMS  ARE
COMMONLY DIVIDRD

INTD SoFTUARE
AN MPLICATIONS
SOPTWARE -

PROLICATIONS SOFTWARE Does “REM- WORLD™ JofS, Wiie

SHSTEMS mz\e Eé(?rs PURELY To REGULIXTE THE

SOF T
CoMOITER SYSTEM
PN OMPUTER

TERMVAL  TEdpwhe ‘ pisic DRWE
—
p—0 mu'”‘t
s\=e)

A SyeTEM TVl
sz}gg (9*’ {Je oE
MORe WEUT/ guTouT
DS (TERMIVMS,
PRINTERS, CKRD Rehoers, ([ QMERWISE,
CoMNONCKTIONG F0RTS ), Capost
ROCELORS, MEMORY
(m)réw(nk&/v M? Mreh),
Ho KNow P - [
WRRT else. ;
SOMECTHIND WS D
CoORDINME T ALY
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GANT
g S ek
A TAGHED),

HSTE
WG S

g}v MANAGES MEMARY
So THPT
FILES DOMT BuMP

(" gesioes e AT

m STEM SOTTWME

OTHEL TROGRAMS
0 THE ST e Sk N
LOMDERS (wikcH PRoGLAMS
¥To MEMORYY AMD (DMPILERS

(uacs %ﬁﬂm W Goige - Ly
\ LAVBUMOG (NTO MpLive {oDE).




AT [EASE AR

» DATA BASE

Lleﬂfﬂﬁs ggm
P«TNO@ NK'S
MBPCT{ON ReECORDS
AD ACCOUNT BALANTES,
AV NRLNES FaGHT
SedepuLes AVD
VATIONS, foLICE
, STOCK EXCAANGE

DTA
DATh s ¢

RN & DHTA BASE MAUACEMENT PROGRAM ORGAMIZES,

UPDNTES, MWD PRoVIDES AcCt To THe DATA BASE.

IV Tie CASE OF PN
AIRLIVE, TOR expndic S 7o BE
FEP i (bl s

0 S - .
ASSIoN sekrsEFm VeG4 %
RESERVATIONS WieN \ g

THE QUSTOMER CANCELS,

/A
MpE REASSIOMMENTS (3 @ (
P e A Q
CPICEED, TRINT Tie
e, NWD PROVIDE $

e

Au, Tie' fb((aHT
AMATIOV TO

_ }’
i e
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ARY

WoRD PRoCaHNING
SOPTWARE ALLOWS You
To WRITE, EDIT, AW
YORMAT Texr— ML
YOM THE S\wE
\eEoneD. Yo CAV

%ONFFO& wlpsT 0
A

ps -
NPT pUecTlonxas,
ﬂltm% Ef Woto.

TeeRe MRE Moo
PROGRAMS To
CORRECT SPELLIND —

NTAK A
GRAMMAR- SooMN
ILUTORATEE Wikl

INY
MisTeRPlEeces!

A SMALL LoMPuTER WiTh WoRp TRoCESSING CAN BE QuiTe
(VEXCENSIVE ... THE CATcH (S THAT A “LETTER QONATC$ g

PRNTER (MY (08T TN TiMEs THE PRICE OF A TYPEWRITER !

AN _erENnoe
(oMeUTER CAIME'
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i
e
CN T A
A INES .
e FP«sTaT' MoSr
OWERFUL. COMPUTERS
PRE MXIVLY PPeLIcD
™ SUENTIFC
YROBLEMS.

CRAY-1 CoMQUTER, CARABLE
OF \0p MILLIOV OPZRATIONS
Xeg seconp ! :

Tuese “Svpereompurers” Bxeer AT STTVIASIEIN,
THE (DEA BERIND SIMULATION 1S TO FEED THE CMPUTER
THE EQUATIONS CABRNING A IYSICAL S{6TEM aMD Thew
MATHEMATCALLY “MNE™ THE SesTem ACCORDING To THOSE LAwS,

<% = L T

TMiE SONCE TRAVEL: A
COMEUTER CAN GUIDE P CRAFT
10 TAE MoOw, BECAVSE \T
CAN INTERNALLY SIMULATE
THE ENTIRE FLIORT 4
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COMRUTERS (W MUl ATE:




"

RoM THE SIMPLEST . _
*CONG" SCREEN 1711
To THE MDST
SOPRISTICATED
PodT
SIMULATOR, THe —
\DEN 1S THE
SAME :

il

DNIDE TRE SCREEN
oo T E
ReCTANOLES (“PIXELS") =

SSIEY

:ND COEO@ (t?\l\'DEMH 0L 80T THERE ARE

BHERTNESS. AL% ALEORITUMS
R SMpOTIIND
COBNERS!

— .

UNFORTUN hrey, T

THMES 'oF

@iz e £ g ey

20 FP«N% ORMH S . ¢

SMALL COMPUTERS

MoSTLY Do TiINGS
&ce MMCE 06
MRTS. .
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GoNEAeAEN

Tue BIGHEAT CoMRUIER SYSTEM
OUTSIDE GOVERNMENT

BELONGS TO THE
A Voice (OR N;t( OTHER 1000 HIoION

S6NALY CAM BE DIGTALLY
e»caoe&omnsmwm

L MO DECODED. J
CoMQUTERS ALSO CONTROL Tie RouTING AMD SWITCHING oF

CMAS THRoVAH The NETWORK —
AMD ke Tﬁz« oF
BVERYONES BILL]

B (oMRUTERS CAN BB

j g%%"?m%w
: ' =

B WoRDS 0% GRPS B

# OF Woeos —A

g COOABLATY NoT

B L03T oV ThE




AN D SR
W%GWE TI’!HEWI? WHF'I"-’

A MACHING BE _'\1
éﬁﬁhﬁﬂm ™ W’ 5 g

ACTUMLY, E KU

%L‘.Tﬂﬁ
P

| THMaNG WORKS..

ALAN TURING SUGRESTED THS TesT:
SUPFOSE You COULD COMMUMICATE bATH
SOMETWINT, OR SOMEOME, CONCEMED
PROV VIEW. |F, oN Te BASIS OF TRE

;ﬁﬂﬂi wﬁmﬁfpr i WOULD

N HUMAQ,

llT.'l-'E T M 1T WAS mmm-w

\ PERSONMAN DISLIKE THIS CRITERION, ON Tie GROUMDS THAT A
smmn-::m BNT The REAL THIND ...
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Tiis PHILoSORMEAL MUDDLE)
%#;HT Suffer FeofLe

ELD®

oW DD YU CRENTE PN EXPERT SYSTEM?
BST,

Buuth. ¥
bED|oA

MO TAE RESULT
1S (SoMeTINES)

X Wi
%P“ UTPERFORM
NY HUMANI




CRIP

Tug ARE STAMDAMLD

6)) LIKE ASCIL

(P 12¢) PR

OWERTING WRITTEN

TEXT (NTo DINARY...

BUT WHAT AT USIMG
CUTERS

SECRET

CobEs 77

SCCRET £ USED To BE STRICTLY MILITARY AMD
SYY STUFQ,D BUT MW MORE AND g QGNSI‘%UE
WEORMATION |6 STORED (N CoMRUTER SYSTEMS ¢

MEDKM. REDRDS,
BAIKC RECORDS,
CENSOS DATA,
\N%M? TAK

O,
ORMDE TENERRTS |
coﬁg;%kre MEMDS,

E-rcE.r‘

WPY OF CRoTecTING PRWACY U

." SCLAMBLING DRTA WPS BECOME AN IMORTANT
|4
152



ORDINARILY. \NFORMATION (6 STORED AS A BINARY

STRING N\i/"( COMPUTER (PN READ : THE PLAINTEXT,
\N CRYPTOGRAPHIC JARGpL. To ENCRYPT \T Yov APPLY
SOME ALGORITHM & WHIGH CONVERTS \T To A SCRAMBLED
MESSAOE CALLED ThE CYPHERTEXT.

et | —2—> [euerred [

TheoRETICALLY, 115 IMQSSIBLE To RECOMSTRICT THE
LANTEXT BRom THE CyPHERTEXT WITHIUT \KNoWING
gOMETHINCa BoUT S ... JlpWeVeR, A POTENTIAL CODE-
BREMZR COULD QT A CoMRUTER 0 Wolk SePRCHIVT o s

To B SEwRe,

S KAS T BE So
CoMPUCATED THAT
EVEN Tie TPSTEST

CoMEUTeR WouLp
W&«.ﬁ% Avms
F%”ﬂwfze IT vt

Efceww. THE NOTIONAL

VEEN oF STANDARDS

DEPROVED A FPMILY of
MLOORITHMS AS A DATA

ENCRPTION STAN

F@Tﬂe NFTION.

SeverAL SCieNTisTs Suker

TRAT Tits STANDARD 15

JUST COMELEX ENOUGH

&0) STYMIE ORDIN MY

MPUTERS, BUT NOT T00

AN A0

T NDTIONM SEQURiTy AGENOr!




DS
0 COMPUTER-AIDED MANURACTRE

USe A COMBINATION
OF SPeepy CALLULATION
AND PiGH- RESOLUTION
GRIPAICS, COMPUTERS
e e -

! —
ROM JeTS To LENSES
To TP STyLes To
OTHER ComPUTERS.

TEEN THEY CAN 00 0N To CONTROL MUTOMATIC MANUFACTURIVG
ESSEs WEL. . 1D
uweﬂe ; hs Yes, ME PLREADY )




THE MILIT: CAL USE JUST ABoUT
E\Eﬁ’ OF SoFWPRE WEVE
ME NTIONED — AVD THEN SOMES

- FOR
EVAC whs BULT (STICS -
TR s
fﬁi.%‘&h'.-E";.'

.. MOT To MEMTION DATA
VRECESSING PMD CRYPTDGRARHY. .
S0 &E%&E \S THE DEFEN

NTS
THAT SOPTWAES

CE
P
NEED ME
m:mﬂﬂ Mint>
ACE: ADA NAMED



TAIS LITTLE SVRVEY ONLY FEOINS To SVOGEST THE
RANGE, OF SOFTWARE (WRRENTLY AVAILABLE. EVERY DAY
S Ve TR NTROPTE BT Fo
MREAS S N TE TING INES
WTo New, MORE POWERFUL. PACKAGES. T

. A,
D s
MpNAGES A CGERBIL
RANCA, AVD DESIONS
W-BomMgs! EVERY

e e

TY

IN TAE CoMPUTER

BUSINESS, CoN§IDER

TAIS: ThE ToTAL

CONSUMPTION OF SOFPTWPRE,

WHICK BERAN AS A '

SAMALL PRACTION 0F '§
)

MaY TiMes Tue ,’4‘ |

AMOUNT SPENT ON A

RAROW THE
Next % %ngFADBS!

'

1450 Now 2000
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P PEW WORDS
PEOUT TS FAMILIAR
SeNTenCe !

CoMPUTERS
ONLY Do WAAT

WHICK [S WIAT

(coM%\R)Tal SUENTETS
SAY WHEN THEY WANT
TO BE REASSURING...)

- _
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ﬁecumcmw, ITS TRUE, 'V The SENSE
TAAT SoFTWARE (ONTROLS COMRUTERS,
AVD PEOPLE WRITE SOFTWARE ...

BuT Wi
CONTROLS
Revfe M

\_

ForR EXAMELE, SUPfDsE
A NATION'S STRATEHIC
PLANNERS  Decipeo

To VROORAM ThgiR \whs
O)M?UTQKS TO ONLY
T |
T ( TRUCT, R
CONSIDERING TUAT
oo m"sseswuo
SNERNL TSE MAEMS

(P -



WLATOR
I g |

Q,w = 66,536‘ o/o]]
(RepLLy!)

AVOTHER ROBLEM {5 TUAT
ALOORITUMS DON'T ALWAYS
D0 EXACTLY WHAT THEY
ME SUPPOSED To-

MRGE SOFTWARE SYSTEMS PRE WRITTEN BY TEAMS
( l(;F ?FO@RAKM@RS. LIKE The EL&’“M”: NO ONE
\UNDERSTANDS THE WHODLE THING!

4 UIp
d 4 ] 7 . o>
=\ -
= v
e )
COMPUTERS ROVTINGLY Do BizARRE PND: i cernve To

\__KuWNivg_New, UNTEsTED SoPTwitE! -
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FINALLY, CONSIDER TS OMINIVUS AL GORITAM:

A TRING
STAND WV YOV
Why?

WHILE NO COMQUTER |S INTELLIGENT, MOBILE, OR \WELL
mf’f’ﬁev ENOUGH — YET— TO EXEQWTE THESE INSTRUCTIDNS,
MACAINE REMAINS A THEDRETICML foSSIBILITY.

THS PROGRAM WeuLD MMG (T SOMET,
N COMEETNG LTS g e VERY A Ui




AND IF You TRINIS TART
BECAUSE “ITS ONLY A
NN ooDe
vgeN \T 0
Tae WORDS O NORBERT
WIENER, A SCIENTIST WHO
THovAT DeepLy AEoOUT
THESE THINGS-

%1”." THNK THROUOH
€ THE INDICATIONS
| OF DANEER" ¥

ey,

MUST BE N
PoSSESSIoN OF
INFORMATION AS TO
WHETHER THE DaNGER
POINT HAS COME.
THE MERE TACT TUAT
We HAVE MADE THE
macdiNe DogsS NOT
i hAve e PReReR
INFORMATION To 00
Tes.... Tve VEBY Steep
0F... AODERN DIGITAL
MACRINES STANDS (N
The WAY oF QUR
MBILITY TO SERCEIVE

* CYOERPETICS,
SECOND EDITION,
¢ i76

COMRUTING !
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examples of non-algorithms, 07

firw of, 198 %

Al-Ehwarismi, 40

Alphabet, 30-31

Alphabetical order, 31

Alphanumeric imformation, 130

AL (arithmetic Ingsc undt), 130132

American Standard Code for
Interchange (ASCIT), 128

Analysis, 200

Analytical Englne, §3-15

AMD-gate, 107

multiphe-input,

aeatbelt buzzer in, wg .

AND logical operator, 103

Applications software, 123

Arabe, 4043

Arikmetic logic unit (ALU), ne-t32

Arithmetic on paper, 13

Arithmetic table, Chiness, 29

Artificial intelligence, 230-231

ASCII (American Standard Code for
Information Interchange), 128

143



Calculation, 34
binary, 121
Calculators, 36
mechanical, 59
" Calculus, 34
Cards, punched, see Punched cards
Carroll, Lewis, 100
Carry bit, 12§
Cash registers, 59
Census tabulators, 60
Charge-coupled devices, 166
Chinese arithmetic table, 29
Chinese number system, 27-29
Chinese writing, 22
Circuits
electrical, completing, 62
integrated, 84
Clocks, 142-143
Codes, secret, 232-233
Combinational logic, 142
Communication, 229
Compilers, 205, 223
Computer-aided design/computer-aided
manufacture, 234 .
Computers, 5-6
clocks and, 142-143
control of, 237-241
Cray-1, 226
describing, 8¢
evolution of, 14
IBM Personal, 96
information and, 6
problems with, 237-241
research in, 153
size of, 152
Conditional branch box, 198
Conditional jumps, 57, 183
“smart,” 215
Control, 170
transfer of, 183
Control bus, 170
Control flow, 9394
Control unit, 92
Core memories, 158
Counters, 146-148
asynchronous ripple, 148
synchronous, 148
Counting
binary and decimal, 120
digital, 19

244

Cray-1 computer, 226
Crusaders, 44
Cryptography, 232-233
Cycles, 142
Cyphertext, 233

Data base management, 224
Data bases, 224
Data processing, 63
Decimal system, 1§
binary numbers translated into, 119
Decoders, 129
Deductive logic, 99
“Difference Engine, The,” §1-52 )
Digital counting, 19
Disallowed input, 137
Disks, magnetic and floppy, 166-167
DNA, 12
DNA-protein system, 13
DNA technology, recombinant, 86
Duns Scotus, 99

EBCDIC, 128

Eckert, J. Presper, 74

Egyptian number system, 26

Egyptians, 22

Electric “mouse,” 7

Electrical circuits, completing, 62

Electricity, 65

Electromechanical memories, 154

Electromechanical switches, 71

Electronic memories, 154

Electronic Numerical Integrator and
Calculator (ENIAC), 7576

Encoders, 129

Encoding instructions, 79

End box, 198

ENIAC (Electronic Numerical Integrator
and Calculator), 75-76

EPROM, 161

Expert systems, 231

External storage of information, 20

Facts, 7 _
Fetching instructions, 178
Fibonacci sequence, 219
Fields, 176

Fives, counting by, 23
Flight simulators, 235
Flip-flop inputs, 137



Flip-flops, 133137

master-slave, 144
Floating point representation, 127
Floppy disks, 166-167
Flow charts, 198200

examples of, 199

for multiple plug-ins, 203

for roommate receipts, 202
For-next commands, 218
FORTRAN, 206

Gating network, 140

Gene, 12

Glitches, 143

Go-to statement, 21§
Grammar, laws of, 18
Graphics, 228

Gravitation, theory of, 45-46
Greek mathematicians, 33

Handfuls, counting by, 24-25

Hardware, 187

Hertz (one cycle per second), 142

Hexadecimal numerals, 157

"Higher-level programming languages,
205

Hindus, 3738

Hollerith, Herman, 60, 64

IBM, 64
IBM Personal Compauter, 96
If-then statement, 215
Incas, 22
Increments, 146
Inductive logic, 99
Industrial Revolution, 49
Information
ages of, 1-86
alphanumeric, 130
computers and, 6
defined, 7-8
excess, 35, 86
external storage of, 20
forms of, 8¢
power of, 12
stored, 10 -
Information flow, 9394
Information processing, It
understanding, 9o
Information theory, 7

Input, 48, 92, 95
card-reading device, 54
disallowed, 137
flip-flop, 137
Input box, 198
Input-output (I1/0) tables, 110, 112-113
Input statement, 214
Input wire, 106
Instruction register, 173
Instruction set, Motorola 6800, 182

Instructions, 48

branch or jump, 183
8-bit, 156
encoding, 79
fetching, 178
machine, 176
microinstructions, 178
to mill, 53
Integers, 127
Integrated circuits, 84
Integration, large-scale and very
large-scale, 84
Intelligence, artificial, 230-231
Internal memory, 155
Interpreters, 205
Inverters, 108
170 (input-output) tables, no, m2-113

Jacquard, Joseph Marie, 50
Japanese calculation of pi, 29

Jump, conditional, see Conditional jumps

Jump instructions, 183
K (kilo), 163

Language
assembly, see Assembly language
entries
BASIC, see BASIC language
expressive, 17
higher-level programming, 205
machine, 177
Large-scale integration (LSI), 84
Latches, 138
gated, 140
Leibniz, Gottfried Wilhelm, 47
Let statement, 211
Life form, 13
competing, 240
Line numbers, 209

248



Loaders, 223
Logic, 99

combinational, 142

laws of, 18

sequential, 142

simple, 150

symbolic, 101
Logic gates, multiple-input, 11
Logic unit, arithmetic (ALU), 130-132
Logical operations, 98
Logical operators, 103-104
Logical spaghetti, 87-184
Loom, Jacquard, 50
Looping, value of, 57
Lovelace, Ada, 5658

Machine instruction, 176
Machine language, 177
Magnetic disks, 166
Magnetic tape, 165
Mainframes, 85
Mark I, 72
Mass storage, 165
uses of, 168
Master-slave flip-flop, 144
‘Mauchly, John, 74
Mechanical caiculators, 59
Megaflops, 85
Memory, 94, 95
bubble, 166
core, 148
electromechanical, 154
electronic, 154
internal, 155
random access (RAM), 159
read-only, see Read-only memory
Memory unit, 54 '
Merge program, 81
Messages, form of, 16
Messenger RNA, 12
“Method of the Celestial Element, The,”
29
Microcomputer, 85
Microinstructions, 178
Microprogram, 181
Military software, 235
Mill of the Analytical Engine, 5355 -
Minicomputer, 85
Mnemonic abbreviations, 175
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Modem, 96

Motorola 6800 instruction set, 182
“Mouse,” electric, 7
Multiple-input logic gates, 1
Multiplication, binary, 122

Music, 9

NAND-gate, 134
Napier, John, 47
“Napier’s bones,” 47
Newton, Isaac, 45
Nibbles, 124
NOR-gate, 138
NOT logical operator, 104
Nucleotide pairs, 12
Number system
Chinese, 27-29
Egyptian, 26
Numbers, 18
binary, see Binary numbers
hexadecimal, 157
Numerical variables, 210-211

Object code, 205
Op-code, 176
Operand, 175
Operating system, 223
Operations, logical, 98
Operator, 175

logical, 103-104
Optic nerve, 8
Optical disks, 166
OR-gate, 108

multiple-input, m
OR logical operator, 103
Order, alphabetical, 31
Output, 54, 92, 95
Output box, 198
Output wire, 106

Paper, 37
arithmetic on, 39
Paper tape, 165
Papermaking, 43
Parallel registers, 141
Pascal, 206
Pascal, Blaise, 47
Personal Computer, IBM, 96
Pi, Japanese calculation of, 29



Pictograms, 3031
Pictures, 8
Pixels, 228
Plaintext, 233
Powers of two, 118
Print statement, 212
Printer, 96
Procedure box, 198 _
Processing unit, 92, 95, 97
Program counter, 173
Programmable ROMs (PROMS), 161
Programmer, first, 57
Programming languages, higher-level,
20§
Programs, see also Software
microprogram, 181
for multiple plug-ins, 217
for roommate receipts, 216
self-modification by, 8o
sort and merge, 81
stored, 78-80, 82
Prompts, 208
PROMS (programmable ROMs), 161
Punched cards, 49-50, 165
functions of, 55
input device for, 54
responses on, 61
Punctuation, 209
Pushbutton switches, 67

Random access memory (RAM), 158-160

Read-data statement, 210

Read-only memory (ROM), 158-159, 161

programmable (PROMS), 161
uses of, 162
Recombinant DNA technology, 86
Recorded signals, 10
Registers, 139
parallel, 141
shift, 144
Relay
telephone, 69
Relay, automatic, 68 -
Remarks, 209
Renaissance, 44
Return key, 208
Rings on floppy disks, 167
Ripple counter, asynchronous, 148
RNA, messenger, 12

Robots, 234 .

ROM, see Read-only memory
Romans, 34-35

Rotary switches, 67

Run statement, 208

Schickard, Wilhelm, 47
Scientific problems, 226—227
Secret codes, 232233
Sectors on floppy disks, 167
Self-modification, program, 80
Self-reproducing machines, 193
Semicolons, 213
Semiconductors, 83
Senses, 15
Sensory impressions, 15§
Sequential logic, 142
Shannon, Claude, 7
Shift register, 145
Signals, 89 -
recorded, 10
Simulations, 226-227
Software, 185-236
applications, 222
defined, 187
growth of, 236
military, 235
range of, 236
survey of, 221-236
systems, 222
Sort and merge program, 81
Source code, 205
Spaghetti, logical, 87-184
Statements, 209
Storage
external, of information, 20
mass, see Mass storage
Store, memory, 54
Stored information, 10
Stored programs, 78-80, 82
Subroutines, 57

- Subtraction, binary, 122

Sumerians, 21-22
Supercomputers, 85
Superminicomputers, 86
Swan-pan, Chinese arithmetic table, 29
Switchboard, 68
Switches, 66-68

automatic, 106-109
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World War 1, 72
Writing, z1-22

Chimese, 22
Writhen zero, 17-38
I:m_ 7=

writtem, 1738
Dase, Konrad, 71



