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PECAUSE \T WAS
T0 eNsy T0 FALSIFY
WEY SND .. ‘

You CAD TURN THS

CAUGRT ON

oMLY SLOWLY Yo" INTo 6 R 9..
MERGIANTS Lke 8, ere-
DisLIkeD IT
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.. WD BVERYONE AGREED |T WAS A TRIN
T0 MEMORIZE MULTRUICATION TRBLES -
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HRST RA, AVD LATeR
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Vou (AT COMBUTE
- ON TAGER WITHoUT

HAViNG  PAPER, S0
THE GUROTEANS
g
ROM The MADS,
WHO HAD LEARVED

= 1T TRoM ThE =
’ q“”%ev WHO N\D Z /I

INVENTED ¥T.

P

IV EXCAANGE, THE
Crlbese ToOK

e A(?ACUS
0D KAPIDLY
MADE T TeR

NO- L CALCULATOR.

R Tai

s
SPREM) To JeAY,
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WRILE BUROPEAN

(MRS (VERE
WRANSLATING THe CLASSICS
IN MRA® (IBRARIES,

e (ROSADERS

et
T To 0
|sLAMIC cwwm\%w

("5 DovBLE-TRoNGED ACTON OF TRANSLATION AYD pesTRICTOP |
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MILITARY POVANCES OFTEN
G0 HAND IN AAND WITA
MATHEMATICAL ONES.

IN THE 1500, Niccolo TARTAGLIA (1494 - UTED
THE PATAS OF CANNONBALLS (AW nMvo(zreaisZ?;scog'fu IN THE
LATER RISTORY OF COMPUTERS, AS WE'LL SEE)-

- ..
5T A WeVeR, :
GAC NEWTON INTROPUCED

ONIfiED Tke éwor’s Some ‘
OF CANNONBM.LS REAL
AND ;L F1o WITH Comev- |
Eﬁaﬁm%f VG TFIONL |
oF e hok «f% . offoRs.. |
TeNUIL AND TRORS :
CROWN(N(» GLORITS. :
L )
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( Tac WORST whS ThE
THREE BODY PROBLEM,
WAICH ASKS FOR A
MATHEMATICAL  DESCRICTION
0F Tie MOTIONS OF TiRee
BODIES — SUN, BPRTR, AND

OF GRNITY. TS TURNS oV
To & WRgDIBLY PYAALT
AND TeDious!

MODN, foR EXAMELE — :
ACTING UNDER TRE WRALUENGE

D ke REAGING RO
e UMITS OF EX°
oAFER !

g0 A NUMBER OF
SCIENTISTS BEOAN
TN KNG KDoMN MBOUT
CALCULATION 8Y
MAC”/NE':r /
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NART
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@R (155014 7),

D SCOT MOsT
FOB LOGARITHMS,

DEVISED ’M\quzs Bopa,

Toe ﬂr’:T REAL MACRwF WS
wuiLT BY
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T COULD MDD, <V BT[KM«T
L B
%0-YEARs WAR. e

Blaiss

[PA$@A@, (1623166t

USOLLY Gers CREDIT
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we ARST
CWLATog

"Yf\écnwe .
ColLD MY S
D AD f8Sh
SUBTRACT. "

§offEried Wilbelm

&EH [HNUZ (1ete-vTe)
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¢ DURIG THE V7005,
MORE SUCH MAGUNES
Were BVILT, BUT
ALL PellL FAR
SWORT (F BEWG
P\WTNUG LIKE

A CEVERAL- PURPosE
COMPUTER .

YOR EXAMPLE: IN EVERY CASe, THE USER ENTERED
NUMBERS 8 SETTING A Rold OF [HEELS oR KNog5s ...

( . WD Thed
[ /(T LD  fmm i
APPRoFRINTE
—— CRAVK To ADD
N R MULTIPLY,
N
WOTHER Tee

OF Shy o The

SAME TG - CONISTED oMLY oF THE

NUMBERS To BE CoMpINgD.

AS Wit SE?LAIN

NLPYUFYDG?‘ w’e\p eﬁ
T ALSO BE

VO MRE IT Must KEAV

INSTRUCTIONS

ABOUT WHAT Jo DO
WITH TROSE NUMeeRs I
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/'THE GERM OF THIS \DEA CAME NOT FRoM THE LAB OR \
A SC\ENTISTS STUDY, BT THE SOOTY fACTORIF,S OF The

Yov MAY NEVER
WAVE THOUOWT Of
A Wfﬂl/ilﬁs Lo%// .
AS AV INFORMATIO

RO FOF AND
\ET: \T TKApe-LATes
AN PBSTRACT
DESION o A
CATTERN OF COLORS,

REATED Y
Loo?leo OVER BAH

L cA)wRED THREPD

MPPROPRIATE TLACE.

IV Tie MID-\Togs, A SYSTEM WAS INVENTED FOR
REFRESGNTING THESE FPATTERNS oM WN@HE@

CARDS.

o ool
1 A:—_::? 00
N (
T YT 00 0
AN 4
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Witk AN OLD-FASNIONED
- HADLOOM, THE WeAwER

READ TRE CARDS,
BUT IV 1801, JoSepn MARIE

JAGQUARD

WeNTED A PoWER
LooM WITH AN

AVTOMATIC CARD READER-

Tae JACQUARD LOOM WORHED S0 WELL THAT TuQd)
OF UNEMPLOYED WEAVERS RIOTED AND NEARLY f?ﬁ”fp
THE INVENTOR.
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ACROSS THe ENGLISH,
CHANNEL, JACQUARDS
\DEA SET OFF A
CHAIN REACTION IV THe

BRAIN OF

CHARLES
PABSACE

(\792.-187v),

0
THE COMPUTER."

\N?{ﬁ #“0 /4
FRESEMBlﬂ’Ce !

( FOR SEVERAL YEARS BABBAGE, A CAMBRIDGE MATH PROFESSOR, |
HAD BEEN WORKING oM A LARGE MECHANICAL CALCULATOR HE
CALLED “THe DIFFERENCE ENOGINE."

MY oRIGINML
PRAINSTORM....

\T WoULD HAVE
CoMpPUTED MATHEMATICAL
TABLES, IF THE
IWENTOR HAD EVER
BEEN ABLE To FINISH |T.

/
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[ He WRED & MSTER
MACAINIST AND
WEeNT To WORK...

BUT BppBhet
COULON'T BESIST
TUNKING UP New
IMPROVEMENTS |V
THe MDsT OF
PRODUCTION!

L

MeavwRILE, HiS
WEERACTIVE MIND
\EPT TURNING TO
New PROJECTS:

 LiFe WSURANGE TheLes,
UGKTHOUSE SINALS,
GLASS CUTTING, D
WeN VoLCNOBS,
(1 MKED INTO A
LVE ovEY)

ol Qe

TRY \T AoV,
ACCORDING To
The New Specs!
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e P

rTum's Holw MATTERS >
SO |Witey JACQUARDS
PUNCRED CARDS SET

OFF BABBAGES NOW

BRAINSTORM , A

MACKINE KE CALLED: o
Ny _T,‘;—‘? ,

[

The 3
ALYTICAL

BECAUSE |T S0 CLOSELY RESEMBLED A COMPUTER, LETS )
TAKE A CLOSER LOOK AT THE ANALYTICAL ENGINE, AS
BPAPBAGE IMAGINED \T- 1TSS COMCONENTS INCLUDED —

THE L

AT THE ENGING N ;
il ’
- Crycuer, AN popwe < ;

MACAINE ACCURATE
T0 50 DEC\MAL
YLACES. BABBAGE
CALED T THE MiILL.

\_ Y,

X

a1 1ONS T e ML
i S TRLCTIONS o e !

TUAT 15, THE FUNCACARDS CORVEYED NOT OPLY THE PUMBERS
0 BE CRUNCHED BUT ALSO THE PATTERN OF CRUNCHING !
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S0 THE MACAINE WOULD NEED A SPECIAL
CARD-READING INPUT DEVICE.

(1o RETA® NUMBERS R FUTURE REFERENCE, BABBAGE
ENVISIONED A MEMORY UNVT, OR p
TAIS WAS To
BE A PAVK -
OF \000 [ W“kr e - W
‘E'RB@I?KR% HAPPENOD P Y]
10 T
I !
CAPABLE OF
$TORI
%b’ﬁ OéD\@lT
UMEER.
THESE NUMBERS ; -
CULD EVTIER 2 .
BE WNT FROM fled &
Tve CARDS o G
OR Tae ResuLt 3
OF COMUTATIONS . J
LIV THE MILL.
ANPLLY, THE
“CRTPET;
BABBAGE
DESIENED THE
WORLD'S FIRST
AUTOMATED
WPE SETTER
To PRINT THE
ReSuLTS of
CoMPUTATIONS.
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(b PONCHCARD CouLd Do ONE OF THE FoLLOWING THNGS:
INPUT A NUMBER INCUT A VUMB
To THE STORE - T The N\lu,e'z

Mmoye A NUMBER MOVE A NUMBER
(57 ] foM e i To £1] tom e STRe

THE STORE ' To THE MILL
\NSTR\’CT THe MILL 57} OUTPUT A MMBER
ﬂ mgA Rt JKM : : ] FROM F\THEF STORE
N

WhCH MAY BE SUMMARIZED W THIS DIAGRAM:

CErrrreres

w PARTICULAR, A RESULT €ROM THE MiLL COULD BE STO
ngﬂe REFERENCE, THEP RETURVED To THE M'EiD

AS bmf\ee
SoALcie
ENGIVG couw
“eAT \15

OWN TAIL

VERY fexiowe! -
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(" o TR, THESE 1DEAS WERE STILL ON THE DEAWING \
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NoT 8PD FoR A MACAINE
TUAT NEVER gNISTED..
THE GOVERNMENT
ReFUSED To SUPPORT 1T,
N VIEW OF BABBAGE S
TRACK RECORD WiTA
TE DIFFERENCE ENGINE.
Hey CALLED VT

DESperATE R FUNDS, BABBAG
RACETRACK BETTING SCHEME —
FORTUVE.
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ﬁne ILL-STARRED \WVENTORS
WERE MHEAD OF THER TIME.
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(o) THE OTHER PAND WERE
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THE JACQUARD LOOM, HoLLERT
~ INveNTeD A MACRINE PURELY
ACCUMULATIpC MND
kC YING | Tiov.

MDN‘)rflEe E‘&w%k A\»m ms ogaero TDSA&“““!JG&F
fen—
LET'S TooK & CLoSeR LooK. i

Tuis 1s
A LITTLE LIk

?}“EEO%&LLEFWN
AL DAY 07
HAD.... SLoluLy.
The 1880
CAS TooK
Z'/z YerRs
D ANAVZE!

6o




WG Mo, THE CaiSvs FRM CoNSISTED OF A QoIS
&wmoLTpfi’wL'e ehorce QUESTIONS.
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a)0-2 W37 ¢ 8-20 s
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The CARDS WERE “READ
gy A DEVICE (ONBISTING
OF A ORID OF LITTLE
PINS MOUNTED OM
KRINGS puD WIRED
ELECTRICALLY.

WhEN BROVOPT WTD
CONTACT WITR THE CARD,
OV TroSe fINS I,IWb Vg
N WOLE WOULD PASS TR,
ENA OF THESE DIFPED

INTo & SMALL CuR OF
MEROWRY. (OMPLETING AV
gLecTRIcAL CIRCUIT,

>

e~

EACH CUP WAS
WikeD To A CUNTER,
WicH  ADVANCED
EACH TIME AV ELECRIC
PuLse MRRWED.

igsedetnwe e
v P S0
PN X (o0 O

)

MO So e
RUINING TOTALS
OF EVERY P0SSIBLE
ResponSe WERE
CONTINUOVSLY
DIspLAYED !

\

62




e TABULATOR ALSO HEALPED
q};%a uES%ONS Sucp AS:

“fow MANY froPLE WHO
a“k?amev 7-a ALSo MSWERED
3-¢ ¢"

MILITANT
RNDUS LIVE
IN KANSAST

TS CReATeS
A STA

(K
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The WOLLERITR TABULATOR
CVT THE DATA-SROCESSING
TIME FoR THE [B90 Cendus

B TI0 THIRDS, ©
oY YEARS. THIS SOUNDS
LoNG Now, VT AT THE
TIME, AT WAS IMPRESSIVE!

(THOLLER'TH FOUNDED A CoMPANY To MANUFACTURE HIS
DE TAKERS:

N RALROMD Comemvy
USED TRE TABULATOR
R ADITING
PREIHT STATISTICS .
A Topt MANWFACTURER
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SALESMEY, (WSTOMERS,
€TCc e1C EC...
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SWITR 15 THe
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ColNECTIoN Be T VR
PHoNE WD Tue ove \bvve
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oy WD —

e
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N
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[ THE Teeiiole ReLAY CouLo SWITGA MUGH FASTER T w
THE HUMAY WAWD — KooUT B TiMES TER SECOND ! |T MPDE
THE SWITCHBOARD OTERATOR OBSOLETE...

6vE5s (LL
peeLY FoR A
JoB AT THE
RELAY WORKS...

8T \T COULDN'T

YLD A CANDLE
TO ANOTHER

€ o SWIT
Wév(r)g) %»aékﬂua?

* ‘SWM

. THE TuBe CAM MSo BE FLIFfep oW
AND OFF LiKkg A SWITCH, So ehsT

- Yov (W' pven Seg \T PLICKER :

- AT dosT QLows... BT 1T A
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© 1000,000 &

Tines r@f( secow I %
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NOT LoNG NPTER THESE SWITCHES
WeRE |WENTED, PeofLe ReAUZED
TAAT THEY (ouLD BE CoMBIND
\NTO CoMEUTER CoMRoNENTS !

PTTERNS OF
SWITCHES CAN
BE MRRANZED

AD,D
PSTRE, [

AND BN
To EMpopy

LoEIGAL
RELATIONSHIPS

(haTaER Tt mems ).
DETMIS [ ATeg!
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qesema THe Tubes TANTASTIC ReMDs M€ oF \

SWITCRING SPEED, THE TIRST MY £x-RUSBALD..
ELECTRONIC COMRUTING MAGHNES rad
USED ELECTROMETHANICAL SIWITCHES

LKE RELAYS, FECNSE Twey
WERE MORE RELIABLE.

_

Who puilt

TE ARST ELECTROMEGAMAL
COMQUTER? THE VER

YIRST WhS TZNERAD

ZU;E (o~ ).

BUILT IV 1436,

WS Z-1,

CALGNATED WITR REAY5
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PONGHED CILM.
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%L Tae 71 To WS
GOVERVMENT TR (AR WORK.
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RN wvwefze
“STALINGRND™ {
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N’D \’osslew CRANGD
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W THE @gﬁ, The
NAVY  COLLABORATED (MTH
NARVARD AND 1BM To
CONSTROCT THE WE

AN ELECTROMAGNETIC GIANT
LANCRED W B4d: oik

f e COMUTER WhS BEALLY )

DESIEMED wﬂwmzo PROF HOWARD MKEN, o MODELED VT
OV BABBAGE'S ANALYTICAL ENGINE, MARK T OCCUPIED SoME
oo GBIC FEET AND CONTMMED ThOUSANDS oF RELMS.
Wied 1T CRANKED U, Thgy Spy T SowDeD Like A MiLLION
KMTTING NEEDLESY

MK T OouLp MULTIOLY
WO (0 DIAT NUMBERS
(A convenienT MeAsupe OF
QMfUTER EPEED) 1N ABoUT

2 SECONDS.
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rum;ekwwwst 10 Tae NNV
T ARMY WAS ALSo FWDING

A CoMfoTER PROJECT —paLy

TREIRS WouLD USE TUBEs !

THEIR MM WAS THE SAME AS TARTAGLIAS IN THE 15005 :

To COMTE [L[LD Sﬂcg MoRE Acwmaf.

TMTAGUA

WD eRRD . .
IN 58IV <. e
TAKT CANNON- =, T
PAULS Py I

PARABOLI SRTHS.

IN REALYTY,

AR RESISTANCE

MR 'RESISTACE
DIiNISes AT
HHER

W CAON "Blo FERTHA” GHOT 94 MiLEs—
OVERSIMPUAED CALCKATIONS |
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GUNNERS AND
BOMBAEDIERS
THCREFORE NEEDED

S‘]T[l@

LcucATeo
0N e Ly!

BALLISTIC TABLES VSED To FE CALCULATED Y ROOMAULS OF
“HIRLS" WITH ADDING MACKINES —AND BVEN Tikts WAS SLap .
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THe RESULT OF THEIR [ABORS tUAS THE BARK-Si12ep

o Tie ErecTRoNic NumeRicAL
O |WTEGRATOR AKD CALLUATOR.
Wik 18,000 Tokes, ENIAC WAS FAST :

I MSo NEEPD ITS
(OT»N M- CONDITIONING
SY5TEM!

<~ SIEN T
\Ts BABRA%S

[ W § THe oy
)

PROBLEM
B 4 e

WAS THAT IT WASV'T

COMELETED UNTIL

1940, SEVERAL
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EN/A“CE %Mu”/oR&WOP

W VEXT (AR, DOING
CALCULATIONS R THe
VUCLEAR WErops
RoGRAM...

ENIAC MAY WNE BEER FAST, BUT IN SoMe Y5 IT WAS
(RETTY DUMB.
:”TS’ NEMoRY
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A e

g#WLM'IOﬂ
i

[

LaNeE

of
WIRIVE,
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W 000 TORES

Fu \N(\oo (% "
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ENIAC WD To

Pﬁﬁ M FA% Mofe




AT

ey

M M
ROPFESSOR

510?\6 TV A“&{“Spe
TS CREDIT YR
TURMING ELECTROMC
CALCUL ATORS

INTO "ELECTRONIC
BRAING.

VON_NeuMMIN CONDERED THE CoMPUTER'S LOGICAL STRUCTURE
v The mﬁ)zm; ROW IT CONTROLS (TSELF MUCH
MEGMORY 1T NEEDS WD wm\-;R R, ’enc ‘w“%w e ASkep
NMSELE HOW CoMPUTERS CouLD BE MADE MORE LIKE

HUMAY “WIRING," 16.,THE CBNTRAL NERVOLS SYSTEM.

Y
CONNECTR) TO THE
WeoR Bope 3




CONSIDER oW A Humap OUNG “Rune P PROGRAM:

ey A SURGEON
STARTS TO (LT,

T SHOULDN'T

¢ VECePRY

D keer

REPERRING BAK
T T TEXTBOOK
PR INSTRICTIONS.

SCHoOL, READS
The PROCEDURSS,
AND CoMMITS
“THeM To
MEMORY.

Xgutz BRNP 15 fulL
TRESE "STORED
PROGRAMS" :

You KNOW HOW
T0 Tig YouR
SHOELACES, How TO
FOED YOURSEL povd
To MLTIPLY

04 TIMES 16,

oW To TALK,

HW 1O WALK...




(ow NEUMMN EROPOSED TO MAKE (IMPUTERS Do LIKEWISE: \

i Ep A W To EN@@@E Tde [NSTRUCTIONS

INTO B FORM WHICH COULD BE STORED IP
Toe COMPURTER'S MEMORY. VoN Neumawy SuodeSTeD
UsING STRINGS OF 0MES AWD ZEROS. .

\ollollle =222
ololifioo(ot -
10M000loD( 3
oloouolo
j010

o SToRE The WSTRUCTIONS [P MEMORY, ALONG
WITH_ WAATEVER OTHER INFURMATION (NUMBERS,
BTC) 1S NEEDED To Do THE PARTIGWLAR JoB.

g %) W UMNING TG PROGRAM, FETCH THE
? \N“‘ﬁl,‘ CTIONS STRAGHT PROM MEMORY, RATHER ThAW
READIVD A NOW PUNTHCIRD T EMH Ster.

e —= THS IS THe CONCERT OF THE

_ e STORED
| L MY PRO GRAM.J




The aplvantrag_qg‘?_ %

0 LIKG Te
0 SURGEDN,

The ComeVTeR EIDS IT

MUCH PASTER To WwiZ
INGTRUCTIONS FROM “BRAN .-
i *ONGERS” THAY To

“RETRN T0 Te ToxrBooK”

APRR EXECUTING €A STEP,

VERSATILTY:

ANAESTHETIC,
WTTING

&\ﬂgeme \’Ro@ﬂam«.;

e G
0 { )

mz T hoT: BILLING...

gv NG m Comammoﬂ
ACTOALLY
SUG A coM?:lNAT(OP

SELE-NBIEICATION:

If SToReD EWCTROM crwr
\’Ro@%@ﬁ V\m{ ecAﬂle ge
ADJUST TemseLves. DIFY

C&S TURNS 0UT To 6
MCALLY \MfoRTANT {

Y




To MACE IS ROINT, Vou NEUMANN WRoTE SoMe (0DE YOR A
PROGRAM CALLED

(175 & SIMRLE JoB To DESCRIBE:
HWEN TWo LISTS

o NAMES (FoR
EXMMELE ) :

ALABAMA, S.

AARDVARK, A.
ALABAMA, .

ALUIGKTOR, A.
ANTEATER, ©.
AVTEATER, J.

TARDIGRADE, C-

MT@EAI}rTEB,J. g&ﬁveg. M. @ gue)tvip, M.
ANTEATER, B. : )
2o M wiuibare A TARDIGRIDE, €.

ARRDVARK, A-

| FE 06 LT IW ARABGTLAL ODCR. )

TAS SEMGLY SIMPLE PRoCESS BECOMES RORRIBLY Time-
CONSUMING WH ) THe LIST5 ME Lovo.
0

WERES AVOTHER

\D%‘AL COMUTER B
TAAT (ONTAINS
essENTIMLY VO
MATH. You CAV
SEE (o THIS OME
MOHT MPefL T0
SOMEONE COMEILING
A TeioMe

: DiRecTopy 0% A

MAILING LASTY




’ MG LIKE
CTUALLY, TRERE'S ‘:-orT AGNY OMTIL
MG PRGUMENT
VR Wio

BEATLES
WVENTED e ’ foi '
NTED

K U
STORED  PROGRAM. ° .

ECKeRT AV
MAVCRLY CLAMED
CREDIT, Too..

ND THE
2}1[}!5“ PROJECT
pIssoLved v

WELTER OF
'CN»SUITEQB OVR

ol
WT \p"?i..

~ SToRED PRo6RAMS

ARE (WHAT SEPARATE
o JRE (OMUUTERS

fROM BVERYTHING
~ fRe 'ENMEE‘Y.



- TODAY ...

Qav
X®
—\

TeY wow,ov‘

\N 1447, ™ME veMR
P\F'rEF énmc WAS
ANGHED, B TEAM AT
swmzo wvexreo T

! } Jues
9

NTe- CAHUZD P oo\
SEM‘CO%DUCTORG

Le Tueeé TpM«asraM

SW(.T & ﬁ
SMN/ (

g3



F00 sneo‘ NOT
BMEN-SI2ED AND Tegr

5T (& CoORE OF
Mlbuoﬁ ooLLARs)
(DAs AFFORDABLE

BY LA |
BUAINESSES AMD /.05274
\_ UNWERSITIES. =

THeN THE TRANSISTOR BEGAN. TO AN INCREDIBLE
N\L\J(HETOR@RRINKFm Gl’iu& Mmiw

(NTEGRATED

CIRCUI'E"

OF ‘mms-r
MANUFACTURED AS

P« Womr TMI

VERY LARGE Ak ﬁ
'&% EQ)N i we

g o
‘TF’-,#NE-\STOM ON A

P23 s CoMPONENTs SiRank; THE JNDUSTRY Extiope!
8¢



\W THe 405, THE P \NTRE 'To5 CaMe THe

%@C MPUT ER ¢ MICRO, wwen oo ee

T w% Tue ; A SMALL AS Yo LIKE-

3!26 ofF N Desk! -
WRATS
AHES IT 3 NEXTQ
5 009
& &) 4§

ev Twts Tme Blo CoMPUTERS, 5 PwD FAINMLY THE EXOTIC

Ml f‘“R MES, wo ,SUPERCOMPUT ERS,

: M
ee«me mmeuswr PowerL. Wiy CRLMTE b7 B0TES

: l\ mwuo» TIMES FAS‘MZ T,wo

@“@

ar?wuoﬂ fbokrmb Tolst ofAXTINS
g5




TMERE'S Wo END (N
SIOHT.... Now WE Rave
MICROS WITH THE
Yower oF Mipis,
HERMINIS THAT
RVAM. MPNFEAMES,
MINS ON M ae...
AMD THERE'S THUAC oF
ReDuany CoMQoNENTS
T e
M
Dna Tr(r,zavowbr...

(" WGRE SEEMS To Be NO SucH THING AS A COMPOTER WITH |

T00 MUCH (COMPUTING Powef, N0 MATTER THE oR

%W%TY (omeuTERS AUNMYS PIND JoBs TO DO ... AND
0 NbBR

. TS IS TR AGE OF BXCESS |VEDRMATION!







p Cowerant
CALCULATOR

MADE
of
QWITCHES!

OMPUTERS
ARE LIKE
ELE? AMTs

LoT OF WP«
DESCRIBE THEM

\T




\¢ Thepes ove
\DF,I weve Trep
T, DRUM (N,
(T TUAT THE
QMUTER 15
ESSEATIALY W

INFORMATI
\’ROCESSOR?N
GeeT e

—

B o NORE. FANLIAR. Phocese: CODRM
(oM OCES '
So ?S're? INTO GRANDMOTHER BPEBAZE'S KITCHEN, AS gﬂee

CRECARES BASIC SPASRETTL...
You CPNT
EAT
) “/“ |NPORMATION!




HERES THE WORLD FAMOUS RECIPE:

B OL. of RMY
KETTLE ‘ ADD -
gg‘%ﬁu?eo WATER % SAONETT

To BoIL.

SPAGH
-'\l\ls A ?A';'ﬁ "
TRAD EATEN !

a9l



\T5 NOT WAED To DISTINGUISH A FBW COMEONENTS
IN TS (ROCESS:

oF ‘NPUT, srfgt’ém W ATER SAT

NEXT, THE EQURMENT WHICH DOES THE COOKING: RANDS,
KETTLE, STOVE, SALTSHAKER, SIEVE, YLATE,

"é’ Stoo - |
J‘Ag ="
wee 6en e DOOCEGSING  UNIT.

T LESs OBVIOVSLY, Tefc 1S A
PART OF THE CooK'S BRAW
e nip
DIRECTS The sre\’T-ogv-s

WOMEee e S CONTROL UNIT.

a—

&’)’&ig Tue Wich ALso

f

: CoMeLeTeD Dﬁ“l %\EESE!‘C"\)BL 5
OR BRMN

OUTPUT.
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0F CoURsE, SPAGHETT) 1S

NOTHING SPEUAL! MY

REGFE CoULD BE YRoCe%D

BY THE SAME BASIC ~

STRUCTURE : -
WGREDIENTS I 5\” rgﬁgycgsegpo _5> ouTRUT
o CoNTRoL 0%’

R,
VT = ?ROCEUSNS‘:QJG => QUTPUT

B T
15 THE ELoW OF [PPDRMA
BLACK Mg80 (o) 15 Tie flw OF covTRoc.m)




WITH COMPUTERS, THE DIAGRAM 15 SLIGKTVY DIFFERENT’

THERE ARE TWO REASONS
@R THIS: OVE 1S The
TACT TUAT INQUT AND
OUTAUT ARE INFORMATION,
NOT fooD — So THE
ORAY ARROW 15 THE
SAME AS THE WiiTe
OVES.

T | o
L
(OMRONENT. [N CoMPUTERS, ALL INFORMATION
AS5ES INTD MEMORY fiRsT HERE'S THe DIAGRAM:
&=, PROCECSING
CoNTRoL = PRICE
2%
INPUT => MEMORY => OUTPoT

. \WEORMATIO .
= o ¥ - ok




Vo NEUMANN'S
IDEA -

WV THE CASE OF
ConeuTers, Tie [NPU
(oNSISTS OF ALL%PE T

"RM0" DATA To BE PROCESSED —
AS WELL As ¢

ENTIRE "RECIPE," DR PROGRAM,

WHCH SPEC\Fies whAT'S
To BE DONE (0(TH THEM.

Tee MEMORY Sroses
THe ww#‘ A’S!
M THE

RESULTS
PRoCESSING UM T

Cas

LU

CONTROL
T ?ﬂoe%m!' AND TRANSLATES
\T Mo h SeQueNte OF
MAGKINE CRERATIONS,

[covpar

..

MeMoRy

Tie PROCESSING UNIT

fERroRMs THE ACTUAL ADDIHTIONS,

T we
M )

§”eceweo Chon” Moy T

Tie OUTPUT comsists
OF Tie TROCESSING UNITS
RESULTS, STORED IV MEMORY

MeMoR

AVD TRANBMITTED N
OVTRVT Delice. oA



May ACTUALLY LooK:

é HERES THE REAL TMNG (AN 1BM PERSONAL CoMRUTER), \
JUST, To GIVE ONE EXAMPLE OF How THESE CoMPoNEATS

NTROL
%owcabe
ONIT, AVD

MeMopy ARE
s

goX.

" outT

|6 DisPLAY e
N A
Vioeo SCREW.

Z

\

\WPUT (S ENTERED
PROM Koy PoARD.

ouT N VAPER.
\_° PuT oM PAPER

Disk DRNES
YROVIDE PXTRA
MEMORY STORAGE

omﬂz COMMON INEUT/ooTPuT DENICES (ot TlcTubed) pee
p MODEM  FOR SENDING BMD RECEWING SIONMS
OVER THE PHONE, WD A PRINTER, ToR FﬂoDOC/D

%



LeTs START W Tie MIDDLE, WWTK TH

PROCESSING i
| UNIT e

("IN The KiTchew, A CHeF MY DISPLAY A RICH )
REPERTOIRE OF PROCESSING (0SSIBILITIES:

BUT, AS THE GREAT ESQOFFIER Tigse @
HIMSELF HAS REMARKED, ALL uime
COOKING TECUNIQUES PRE

COMBINNTIONS OF GIMPLER

STERS: TAE APPLICATION OF

MORE OR LESS HEAT, WET

OR , ETC...

mh\ﬂ LIKEWISE, ALL THE PWER oF The @Mvweﬁ
| DEPENDS 0N A CDURLE
LW D Veﬁ% A fL QF ELEMENTARY

- J

9




0K.-. K- No MORE \
BEATING PROUND. THE

FUSH WITH CULINARY
MeT APHoRs...C

THE COMPUTERS ELEMENTARY OPERATIONS ARE

L OGICALx

~ <~ a

([ wnats A Lo
OPERATION , You ASK?

P LOGICAL QUESTION,
CoNSIDERING oW Muc
EASIER 1T 1S o THINK
OF |LLOGICAL OPERATIONS,
LKE AMQUTATION oF
TRE TRUMBS OR

@TTING OUT OF Bep

OV MONDAYS...

\ J
%8

NOTAWNG 15
LopICAL o
MONDAYS ...




/"o GVERYoNES GooD FIRTUME  LOGIC \SHT p5 WARD M IT j
USED To FE. N ARISTOTLES TIME, THE SUBJECT WAS

DWVIDED INTo INDUCTIVE AMD DEDUCTWE BRANCHES,
[NDUCTWE LopIC PENG THE MRT OF INFERRING TRUTHS BY
0856RVING NMTURE, WHLe DEDUCTIVE LOGC DeDuceD
TRUTHS FROM OTHER TRUTHS:

L You ARE A MaN.
1. ALL MEN ARE MORTAL,
3. THEREFDRE, You ARE
MORTAL.

How D0 you
Relhpee

mon%??

—EPIBVAL

LOGIGMNS COMROUNDED

THe COORISION

Witk SIX "MODES":

A T?*TmMeng whs

EITHER TRU

EMSE, NECEARY,

og}agp&z A m

! THEIR REASOUING

Inossigre. S0 MINDLESS TAPT
Te MeDi "
LOGICIAN DUNS
Scotvs Geen
\MMORTALIZED (p
THE WoRD
*‘DUNCE !

9



THE SUBJECT WAS SRETCHED '

To AfEVRD (BNDTHS ///‘ . ‘\
B 1EMS K \
CARROLL S P\

(0 G‘f»ﬂw‘,
WAV NO
ORIECTION
% WRK.

(2) Nopoy wito
IRes o5TIES

To Yorke, pomiRes |
TURNSTILES.

(%) Vo Jaw 15
{oPORANT
O¢ NegRew-

MAVDARIN Ngep
READS Hp06's
foEMS, * %

CLEARLY, IT RS
TiMe T SIMPLIFY
THE SVBJECT...

¥ PROM SYméoLic Leorc

100



T#AISKgmé Vwas
@E
:gf'o),

AN ENOUSH MATHEMATICAY
Wito Buu:r AN

"WLCEBRA" VT 0

Lol -

TAT 1S He MpgE
LobIC ULLY

SYMBO iC, st

L‘Zze NeTh. SCHTENCES

% (w‘) s

LeTIZRS v
s

DE
g
aweemc sols — A®
IDEA dois BRI« To
LEIBNIZ, Wo  hD DReAMG
F “JuSTE B ALGEBRA .

V

(we CWT SSIBRLY DESRIBE Boole'S ALGESRA
CVTIRETY. We'le- LIMT OURSELVES To n%f m%'}s )

Boow J?Ym AT
Couvecwe TiSsug
GUAGE

Tue woaos. "'
"Ry MWD “NoT".

10}



CUProse © 1S ANy STRTEMENT... fOR EXRMPLE,

P: “The pig has spots’ %"‘é’?efr%ﬁ‘%&"’ffw

EITHER TRVE (T)
R FMSE (). wo

f :g om OPTION Is

Nou) LeT @ e ANOTER Sm'cMWF- LIEWISE TRUE oR

= "The pig 18 g\ad

Q@@

NOW FORM THE QOMIWMD SENTENTES j
P AND Q - T P10 15 totrep AND e Pio i5 6LA0.

P OR Q-=Tie % sspred OR Te Pi6 (s 6Lpp.
| eV HE THESE Sewtaitss TRoe! @

+\N Some VERSIONB OF Locic y Moke TuAN TWo TWTk VAUES ARE
TEEMISSIGLE.

02

~




THere PRE

fnantons ¢
1 e -

OF TRUTH AND ? TRE, @ TRE P FASE Q@ TRUE

FALSEfooD FOR

? A Q-

¢ ue, FaLse P FALSE, @ FALSE

oo p @
",———) —

)

r‘m% R 15 0LAD AND HAS SpoTs.”

4

&2
-§‘§§
Thle

B




GXRT TOR The ONe

WARD EQUATION AMD NOT
|®| =1, These [ook \N THe RoLe
LIKe ORDINARY

RITUMETIC ... WITH
e‘wo" LAV THE RoLE
OF “TIMES™ AMD “OR"
IV THE RoLE oF "fLws.

(" We'Re NeVeR GOING T USE THe SYMBALS © AMD @..You )
CAV ORCEr ABOUT THEM - PUT sING | AVD O To
REPRESENT TRUE AMD FALSE 15 VERY USERUL...So fRom
NOW ON WELL WRITE TRUTR TABLES LING Tis:

Qeme P QlPrg P |NOT-P

¢
Pl i | I“O
| © oll 1
01
00

X D
FROM THESe RELATIONBIMGS | Boole BUILT UP AN ENTIRE
ALOEERA, USING OULY The MUMBERS O AMD L. TOONY Tis

JOOLEAN ALGEBRA \S usep ML THE TiMg
ENGINEZRS — ONLY ThEY EXPRESS IT S ELEcrgLA@M%/rsm

el

105

0
o
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( To6 K&y 15 THE AUTOMATIC SWITCH, WHICA 1S w
EITHER OFER OR CLOSED, PS N LOGICAL PROFOSITION
¥ BITHER TRUE OR TMLSE.

- -

MV AUTOMATIC
SWITCH HAS fuer

Tho WIRES
COMING IN AND
ONE GOING OuT*

s 15 The | PIT TS WIRE
Wige, wﬂ‘m |OMALS gg&; seouwr
THE SWITCA To CLsE. sumy,‘w

Tuis 16 e

OUTPUT

\HI6H0RING THE GRAUVD WiKE! WIRE. )

WAEN MO CURRENT flaws
THROUOA THE [NPUT WIRE,
The SWITCH REMAINS
obeN, ps CICTURED
ABOVE. WHEN AV (NUT
SIGUAL ARRIVES, HOWEVER,
THE ELECTRONIC EQUIALEMN
OF M MIDIRTURE BoXiNo
GLOVE “RUNCHES” THE
SWETCH  CLOSED,
RESULTING |0 NP
OUTPUT SIGNAL.
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WHAT |5 THE OUTRUT WHEN TWo swnrmes (M, B) aRe

e v A Lo A M
oTe THE REARRANGEMENT oF WIR

R OWENIEACE OF ILLUSTRATION.] I, Mhoc

mzuT INgUT THE CURRENT CAN

8 ourpor  FLOW ONLY f BOTH
Rower. SWITcHes ARe CLoSeD—
VE-) HEN IWPUT SIbNALS
ARRVE SIMULTANEOUSLY
| ATA MDB

WRMNG L FOR CURRENT AND
O R VO WERENT, WE
CAN THEN WRITE THIS

“N PUT-OVTPUT TABw
FAMILIARY 1T SHouLD!

\16 IDENTICAL To Tie

TRUTR TABLE FOR AND!

P

THATS (WHY
TS ARRANGEMENT OF
SWITCHES 15 CALLED AV

Aoem )

AND '\ BAs I1s
= \GRy OWn SiveoL
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Two SWITCHES CoNNECTED IN TARALLEL FEHAVE Like
LoGICAL By 5 CURRET CAW PASS RoM PAWER To oUTPUT

ETAER SWITG A, B 15 CLOSED (R |F BoTH ARE).

IRUT
A

N!D ITs s'YM@OL |$:

|S NOT aly MoRe DIFFICULT.. 1T uses A SPaaAL
SWITGA TWAT REMAIWS CloSep UNTIL PN INPUT SIGNAL

OPENS IT — JUST THe REVERSE OF AN ORDINARY SWITCH :

Powet¥ :
L"” A [l ovTr
mevr . w\’ur é ‘1’

Ts ip OF Switgy 15 (ALWD

" INVERIER, D=

AND VT s A SyMEoL, Too:
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(" Evaz»(oay EXAWILE SHOWS Mo THESE SIMPLE )
GATES CAN MAKE LOGICAL DECISIONS.

You Kvow

TROSE BUZZERS TRAT
go Ngifywuen Yov

U oUR

AND YouR  SeAT
BELT ISN‘T FASTENED!
THE KIND TUATS
SPECIALLY DESIONED
To PevET] ATe

WeLl, TuAT's BECAVSE THE SEAT BELT AND [6NITiON
ARE (ONNECTED BY AN AND-GATE| LiKg So:

16NITION
e
SEAT |
geLt

T 15, I Te lenmon 1s o (\Gw THg SEAT BELT
15 NOT, Te BUZZER SUNDs! YRETTY Lodleat, ¥o?

(AN Yov THIRK OF

ANY EXAMPLES OF NOT AT THE
MoMENT... M
ﬁz Feén’ae 0 pmLy "W,

woW PEWT k SMO P«L M
( oo Dee I@ AR TRIGGERED BY iTriER- OF TWO




WERE ARE A PEW (WARM-UP EXERCICES
FOR CHASING THROUGK LOGIC DIRGPAMS:

D0 THe IMPUT-00TPUT (1/0) TABLES: -
(] ﬂ)— @) :@)—_
@ — DD @ :@f::D_
®
—LD->— e =D

~(MoTE: QLY oVe iveuT) DITTo!)

(7) WHAT 15 OUTPUT WHEN A
p=1, B#0, C»1 2 4
c

(8) CoMELETE THE */o TABLE:

. o)< ABICDEF
L%:D_D 1 jl1loO0oo

IO

E oI

o
F© |

DESIGN LOGIC DIAGRAMS WITH THESE 1/c_> TABLES.




(LOLIG 6ATES WMWE ONLY ONVE OR TWO INPUTS AND A SiNGe
OVTPUT — BUT (DMRUTER COMPONENTS WUNVE MANY WPUTS
AND QUTVTS WITh CoMRLICATED \WRUT/ouTpur  BEHAVIOR:

THe WwowerruL FALT 15 TuAT ANV beur/ ooTRUT TABLE
\ LA BE PRoDUCED BY A Q)MG%ION OF LOGIC GATES! J

To 0o \T, You vEED MULTIRLE-INPVT LoplC GATES.
HERES A 4-INPUT AND- KT

g — . TH5 MEANS
€=l If A=B=C-D-f

C
4 AND E=0 OTHERW|SE!
w FOUR SWITCHES |N
[ I R T | \ 165: ‘
VoS 8} nw A B CD
: {05 -
o0 OO0}] o
SIMILARLY, TreRes A MULTIPLE - INPUT OR - 6ATE :

Q@-—)E 1T eal ACTUALLY 26 MIOE
D %zm AN Mn-@ﬁ% D
A

0 NV 5
Bepl|E Some INERTeR
oot \ A
llzlo !}Au‘s 7] E
: : ’ Cc
000 | )
00 00| 0



AS AN BxAMOLE OF HOW To PRODUCE A GIVEN \MRuT/ouT
TABLE, LETS SoLve CROBLEM #12 - fooTeor

N our
A B C
P @) BEAN gY
) 0 NpiNe AL Rows
o I [ WRere C=1.
o 0 0]

THE TPBLE SAYS (=1 \¢ A=1 AND B=0 (R A-0 Alp g-f.
C=0 OTHERINSE,

WRIMMO K Fop NOT-A, This AMOUNTS To SNYIND

C=1 & A=A ANDB=-{ OR A={ AND B-I.
C~0 OTHERWISE.

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

TO0 DRAW THE GRCUIT, RW INPUT WIREs AND
NEDATIVES \quwe D'IFECT‘grie — R

A .
A -
— AND
B
-2 B ATTACH THE
B o GATES To THe
KPPROPRIATE
WIREs.



EXACTLY THE SAME METHDD WORKS
R iz D FOR MORE |NPUTS.

AGAIN, FIND
ALL ROWS WITH
OUTVT =1.

00=-00—=|®
0-0'—0"0_ o
Qem=(O=00~| ©

0000 =——=|>

NOTE ALL R0SSIBLG
NUT CoM@NATIONS !

IN TS CASE,

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

RN THE INPUTS AND THEIR NEGATIVES ACROSS Tl EA
ATTACK AND-ORTES, THEN RUV THEM TrRoUGH auﬂo,ggi%e!

A ——

To RePEAT: BY THE
SaMe METROD,
You CAN PROpUCE

INEUT/OUTPUT
TrBLE/

I3



\Th ol

gy o You MAY
Gﬁ ‘&Tﬁ)ﬂb THE \DEA
TAAT INFORMATION 15
ENCODED INSIDE COMRUTERS
AS STRINGS of (2
%sz?\ % ‘RMwé“Dm C‘KLEE
W50 N
A uE LIKe é{ THE
RIGKT COMBINATION oF
uo@tc ONTES.




The questions:

{18 Teere some
NATURAML. (WAY

To REPRESENT

NUMBERS ysIv6

Ny Os D I's?

géungue fglveeTRAnons

| I
Be WIZ‘}H OuVT OF
Loele 1

le? answer
m BAUC T0
(‘6{;9 OL%L LAECI‘;)JIZ”

Therpe
BASED OV
Twe’s

QUR DECIMAL 3YSTEM, BASeD
ON TEN, WAS A RESULT

OF OUR HAVING TN
FINGERS— AN ACCIDENT OF
NATURE!  BINARY NUMBERS
APE WHAT WoucD HAVE
eVoLVED ¢ WeD BEEN
FoRrN WITA Two Yiv6eRS,
Lik6é W TRee SLOTH.

TReE 0TS ALUAYS

CoUNT IS BINARY ! |
o ns



( i Look AT Tie SYMEOL
. > Lo R ulou — “ONE’Z@O.“ i
TOAT | T USVALLY MEANS
Tew! OREGET T Sop
CALLING T TUAT! 15
Tiere AMYTHNG THERE
TH&T 8y “Tenl”
NOY s JusT A 0M6
OLLOWD By N 2eR0 —
IV AND OF VTSELF, IT
RAS NOTHING To DO
Wt Tew 2/

THg SYMBOL DMLY MAWES “TeN FLASH THROUGH YouR

MIND FECAWSE You've N/WW5 CMAED T THAT... \T'S
LWE A RITUAL: PERFORM \T OVER AND OVER MWD it
Feomes AUTOMATIC !

Tm \ 3 ( M TE’ “EN
T%ﬂ 1%; ‘[’eg;‘
s Tev Tov

~ _/

v ACTOALLTY, 10" MEANS:
| oo vampu*
O (xewd) Aoers LT o

K ReMeMBER — OV €. 24 ) We KEREED ,
To CALL Tew (NGRS, NOT AVE, A MMAY WANDRUL!

o



SINCE WG HUMANS HivE )
TeN CINGERS, OUR 10
5 TEN.- BUT To AN
ORGANIGM W, SAY,
AT ANGERS, 1o
WoulD MeAv El6HT?

IV TuE (ase€
AT RAND,

Wk JusT
TWQ NGRS
iV A RAMDRUL ...
|0 MeANS

‘o&nm: Z DECIMAL

|111\ oTe: D0 NOT RoPD T4ts S “Tou puies Two "

Wh(l’ Aege.?w g"”TEW TwWol! “ONe-zeRo IN BINARY”

‘fn/a T‘W
Tivo 0

7



Likewnée, \00— “one-2epo-
ZeR0" — MEANS

1 nampfL oF AMDIULS.
IV DECIMAL, TWATS 10% 10
O N HUMDRED. WEIL, (¥
BINKRY \T'S 1Ox10 MSO—

BUT TWAT QY MounTs
T FOUR/

000 5
0% [0%0 = 4x2%1 = @
AND GENERMLLY,
| PoLLowd By N Zeroes 15
2%k --- X1 = 2’1
A Y
N Times
(“Two To Te N™ fower”),

IV Tie COMPUTER
g, DVERYOME (ILL
fe D B

LW 0 MeMogize
Tae RweRs of ,
Two, VP To 2.
germR Vot wiT!

Mop e AVD
DO \T Mow!

ug

1= 20 =1

10=2' =2

100=2* = 4

1000-2 =&

10000=-2*= &

100000>2> 32

‘000000 :Q_b’“
10000000 27> 128
100000000 =28 =256
1000000000=2 = 512

10000000000=2"= {024



ALL OTiER BinARY

| 4 ﬁuo'cﬂao M e'%f'(mfmaz

- A\ 2 AvD é

y A 1 £ OF 05 AMD

i_ \olomo* \s s A SUM of Suck

POWERS OF TO !

IT's COMRLETElY ANMo-

o005 T0 DECIMAL.,

N DecimAL:_ LW gy
497 = | 11111000]
! .
00 100000000 2%6
+490 E + 10000000 128
'+ 1000000 64
+ 7 ' + 100000 7
by 10000 \6
r | l
l _
|

497

TRANSLATE A BINMRY NUMBER (NTO THE DECIMAL ﬂ
T6M LT THE FOWQZS OF TWO OVER THE CORRES-
vonowé PLACEE, AND ADD mose wen% OVeR ﬁgi

2° 0 A7 L
10 0o 1 olo
256 +

6+§ +2 =282 g
Now You Do \T-  CoWVERT 1o ppemAL: |
@u @00 @ mi @ pororoloniol

9



(o Mae TS A Bir
VORE CONRETE —
HERE'S Hol To CounT
0P FRom 4 IV BIVARY,
s Just Line
QUNTING (N DECIMAL, OWLY
EASIER . v DECIMAL
T QUMT TAST A 9,
yov Wpite O Ap
CARRY 1. IN BiwakY,
You WWE To CARRY |
gvery OTHER NumBeR

]
£ J

CAYNH R AN —O

.m%)
AS You MM HWE NOTICED, BINPRY MuMEERS

y 7 LeNNNNNNRG

VERY TAST!

ER AT

To USE WITHOUT

9&'%’& o tae

TueY'Re [DEAL If
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BIUARY CALCULATION 1S SpLp. “ANREBI Ly
THERE ME OILY AVE RuLes il I :
To REMEMBER:
Ox0 =0 -
o+ 1 =1 RS OPFoSED o
100 SUMS /0
| +0 = | DEYMM. + 940,
745, 9¢3, 8+4,
1+ 1 =10 4+6, e,-rcen
AVD THE RAWDY AIFTk RULE: Erell
l+1+1=1
)

D ADD TWo BINARY NUNBERS, PROED TLACE BY TLACE
PROM RIGHT To LEFT, CARRYING A 1 (UHep NECESSARY .
WeRES A STep-BY-STER EXAMPLE:

THE
| (|9 CARRIES

111

| Ol

4 I\
o o 1O
|l N
|0l

N w ome ® AT o

\o0 11 1{ool 1ol ILARRRNARY
+ 7 4+t ¢ ttoo +Hotl +nbrbvighy

w WAT 1o THE RESULT OF PODING A BIUNRY NOMPER-To (TseLd
| 2




PhoTher WomerPL EhoT AEOVT Biwary-

j«e f\Emoo 1S cAULED UsinG 1
TWo's CoMPLEMEAT." ﬁpsfe\{w

be 110}

INVERT Tie WMGER To B
SUBTRACTED, 50 TWAT ALL ITs —ltoo
Is BEGME 05 AND VIE yepsp.
THEN ADD THE Two WMBERS ol
AVD MOD 1 TO THE SUM. IbNoRE 2011
T (A GxERy AND TUATS | ol S WHETE
The. AnSueR ! \0po0 swm |
+ . 1 o0t n
(000 | '
mg’le' e
0001 < AVSUER.
e,

BINARY MULTIPLICATION — bip_ANY -
WULTICLICATION — MpY ALSO BE DONE HOX I =

BY REPEATE) ADDITION: To MULTIPLY 1o

Ax B, JUsT MDD A O ITSELF +1O g 1 Times
B TIMES.  L\WEWISE, DWISION CAN 410

g6 DoME By REFeATEy SUBTRACTION. 1001 O

The computer can do g
Arithnetic by adding



Before SHOWIND
fow To ComBive
Loble GAtes
IND A BINMRY
MDDER. WE
NEeD A BIT

OF TeRMNOLOKY.

LT ¢ 1S AV NBBREVIATION oF * Blnpy OIeiT."
B’T \T REFERS To P SINGLE O oR 1.

% IT
@l ARy ool

v/
\ Bivrey o6l T?

) Y |

o315 15 VERY COMMON To GROP 5

“Wbrrs Beur bR Tg?es, AVD =
WY STRING OF EIGHT BITS 15 2 m ﬂ =
%NLED poc =Y @ =59

Tuere PRe 22 0R 256, fossipLe pyTES, FROM
00000000 To \INIH{IY-
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. THS Lookcs LIKE
 1ET8 S P,

WIGHT o0 LIkE. (o

To SWE DRMING, WEL MME \T P FOUR -BIT MODER, CARABLE
ARl S

; M oy
REAUY CALLED AT!) S

| A
A= \llo CONSIST OF EIGHT BiTs, fouR R EMA

g= 1014 NIBBLE. The OUTIPOT Musr
ool BE CWE BITS, THAT 15, p VIBBE
\jool WS opE BIT DR A PossiBLe CARRY.

Like So:
A S—
——3 AP

v

s o e

oM 26R0 To TMRTY

g7

“Wow To fRoCEED? obE WAY 1S TO MAKE A GIAMT TRVTH TARLE,
MATCHING EVERY ToSSIBLE COMBINATION OF INPUTS WITH Tie
CoRRECT OUTPUT, AND CONSTRUCTNG A JluGE STAW OF ANDs
%25%6&1? ?ﬁ'%’(%ﬁ o;» -T“gi« fmf bkt

M 0 K M
MAKE Yo THROW UP YoUR HAADS .
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%WAD\ RecaLL How
ADDITION WORKS
W PRACTICE -

o
COLUMN AND
INTD THE NEXT:

Te {-aT

NDDER MUST PWVE
THREE INQUTS —
ONE TOR EACA of
TRE TNO SIMMAN
BiT5 OND ONg
THE BT CMRRIED
[N— PVD TWo
WTRUTS — ONE
GUM- BT AVD
ONE CARRY-OUT
BiT-

foUR OF TRESE CAN THEw BE HOOKED UF TO PRODICE A
4-87 xbpeg:

P‘;is M8 AB  pg WE

l 1: o 8 MU
. pND &
CAr] Loy ¢ WTVB, AS
| . PRoMiSep!
Sum

CARRY  Sum Sum Sum
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THe \WeUT]OUTPUT CrRRY | CARRY SuM
TheLe F0|IZ THE A B W wT - BiT
\-BiT ADDER: Loy P
I I O | O
| o | | O
| O o o 1
o 1 1 10
O | 0 o |
o 0 | o |
0o 0 © O O

- - e e s S A e - —— - - A —— - R ————————— - "> V> =" -

Now THERES NOTHING To tT! ReEMEMBER, LOOIC GATES (W BE
RlogED U To PROUCE ANY (WRUT/oUTRUT ThBLE. W TS
CASE, JUST TREAT EAh 0UTPUT CoLuMN SEgPRATELY:

A
B T
CrRRY

A w —L—Drf

CreRy
ot

You ¢ MDD T WMBERS of NOY LENUTH By ook TOGETHER
BNOUGH \-8IT ADDERS, i




THE WeLicATiON OF The LA&
W0 SECTIONS 15 THAT BIN

15 THE "NRTURAL" SYSTEM TOR
ENCODING NUMBERS 1N A
MACHNE MMDE OF op/0fFf
SWITCHES . EVEN Sp, CoMRUTERS
USE SEVERAL VARIATIONS

o0 The BASIC IDEA.

INTE@ERS , OR WrOLE

MBERS — PREN'T To0
SR S o
STRMEKT HIVRRY. (DR INSTNE,

|85
WOULD Betome

LjofvjL]tl{0]of})

FLOATING POINT Fertesen
Toh e Tlibess. %o
EXAMYLE, 19,700, 030.2

WOULD B eviobep A6 TiE BINY
SQUINENT OF
MegAING 14T x10°.

fLOATING PO(NT REPRESENTRTION
ORTEN [IWOWES R%S‘:ll)me OFF.

BINARY CODED DECIMAL
REPRESENTS A WUMBER ¥
DECIMAL, BUT WITh eAgd DIGT
ENCODED IV BINMY. 967
FoR INSTANCE, WOULD Beome

loot Oll0 Olil
R
9 & 7
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AND WHAT ABOUT £10N
SUNCTUORTIOR MAR

.SYNZE ?

QN THeRe 15 No
NATURAL WAY

T0 ENCODE THESE
INTD 05 PND VS,
COMQUTER  LIENTETS

[VENTED AND

ADORTED A

GTP«NDP«?D cope

MUTvn
REEMENT:

ASCIL

Tne Meﬂcpw

ﬁm Tioy mremw

(Acuniur, pseil |-s
08eD By EVERYoVE BUT

&\WE pe 1715

IBM Wi
oooe‘
DIC

128

NUMERICAL INFORMPTION — THE NRHABET,
OTRER SYMEBOLS, AVD BVEN The BLANVK

.
.
.
.
L4
.

vesove

..M»Q.OQ [T XXX AR N S A4 N1

seesacvcenavesataps

0000000000000 0qavce

¥IRST THRee BITS

%
0
0

0
0
|

o
|
o

46——_

NEXT [o
fou 000

: an'g oco!

oo\o
oo
0100
010!

outl
1000
oot
1010
10V
\1oo
fiot
o
1y

0o |

WL
SOH
STx
Enx
goT
eng
pok
Bel
gs
BT
LF
VT
FF
R
$0
S|

DLE
i
L&}
0c3
DeH
MK
W
ET8
4y
M
S
Esc
Fs

65
RS

U§

se
!

/

I RV -2°°\§-Ui-ﬂ:

o) V “ /\ LY T ¥

©O ™Y & M BUN - O|l-—90

OZTZTINMAURITEGETMTMI O®P»RIod—

I SDSu/ MN<LCXESCC A ®BRNRD V-0O—

0SS T — X & 5O Ho o0 D

tﬁJ‘—’HN\LXE<£d'U;1.&—v—__

DEL

ﬁ)sze THG LETTER “T" 15 ENCODED AS

1ol 0100... ETC!

sQrTue fgst

DIRECTI ON

WO ColuMs c%«» \%YMBOlﬁ
Hempe (50H) AND OTHER TEXTUAL

5.

SUCK TRINGS AS *




T0 aleDE AND DECOPE DATA, COMRUTERS USE LOGIC DEVICES
CALLED, NATURALLY EN0VOR, ENCODERS MWD DECOPERS.

SYENCODERe
USUALLY HAS MARY
T A A
SINGLE WRUT SIGNAL
PRODUCES B
EXAMPLE, A
COMPUTER

QINGLE  KeYSTROKE
INTD T AscI\
COopE- |

» PECOPER
WORKS The OTHeR WAY
PROUND, TRANSLATING
TR
SIoNAL.  ONE DEtoDER
CONVERTS P BINARY
NIBBLE INTO A DEUMM.
DIotT. ANOTHER
TRANSFORMS A SPELiAed
LockTioP , OF ADDRESS,
\WN MEMORY INTO A
SIoNAL O THAT
MEMoeY

(5% %. 195.)

ASCIl ENcOoDER

o—
|
o:j 4
| 3 >
O— 4
| —4 27--—9%
- 7—>
8 —>
9L—
BIUARY TO DECIMAL
DECODER ,
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ONCf;) &LP&:AN&M?;%D ‘r/ﬂl;or?@ém%& cés% encogeo IN BINARY
T ) 0(G55ED BY THE C(OMPUTER'S
MOST ELMBORATE COMBINPrnoN OF LOGIC eATES, THE *

ARTRRETIC (o€

:[r ((0(2 ALY, o Sm)m)

S R — DATA ouF

wtPIr

BfTeE

Brre |
¥

uNCTION SELECT

Tme ts THE MACHINES CENTRAL PROCE50R, WHICH CAN
SUBTRACT, MULTIPLY, COMPARE, smFT, AND
ﬁZFDFM A UEALTA OF OTHER LOGICAL TUNCTIONS -
B e e i
il IXTY BIT CACABILIT
DEPEMDING O THE COMPUTER. i BT,
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@ FUNCTION
SELECT INRUTS
DETERMINE  WHICH
MRUTHMETC OR
LOGICKL. WNCTION
The ALV 1 TO
PORFORM, gt
UNGTION WMING 1 T5
OWN BINMRY (0DEs.
TR EXAMPLE,

000/ KU To
F()NCTWN SEWCT S T
MibtT memv ADD, TTT1
WV WK A P ooo!

00-00-00 0900-00-

ANOTHER FUNCTION
(0101, SAY) MIGHT
COMPARE

TWo gYTes, BIT
b
WY AoRee.
(MEANWHILE, THE
AODER TRiES A NME)

\ou CAU GET BN IDER OF A FANOY ALUS
CpORBILITIES FROM TE LIST ON ?P;@e i81.

0Q--0-0— 9 e-‘éJ

@ 0000-09% O

13)




e ALU WOULD

B A (NELLTE
SENTRML, PRCEEAPO UM, LTE
EXCEPT e O TG RS

I7'S UNNBLE
To STORE RESULTS.
ReTURMING T(& THE
COOKING PNMLoGY o
WE MIORT Sy ' &
Te AU LAKS
"COUNTER SPACE.
Wrere WouLD
o e
SomepLhce o ST ¢
]

Douw R
SPRGRETTI ¢

ALTROUGH THE ALY CAD
RERFORM MGZKCW': of

i
%\WTNN?—— ND TAN
whege
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[ VERSATILE AS THEY MAY BE, THE LOGICAL ComBINATIONS
WE'VE BEEN SKETCAING STILL WAVE ND MEMORY, THEIR
OUTPUT CONTINOES ONLY 7S LOMG AS ThE NBUT 1S APPLIED.

LoOICAL VT SeMLe GATES TOGETHER INTD A OGRDGET
AT HOLDS AN OUTRUT |NDEAMITELY: The FLIP-FLAP,
STARE AT TS A MINUTE I

5 ¢

ol
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T peoies THE STRANGE WAY A FLIP-FLOP
\d EATS 1S OwN TML, PLEASE NOTE

b e UNPAMILIAR GATE USED IV THE
/§ COVSTRUCTION. TS CALLED A

R

KO 1S MeRANY AN
?x"oammoﬁ OF k\pm. AVD S

BARY NS Y

Now FoR THE ELIP-FLOP (N ACTION:

SUPPOSE THE IVAUT s S-,R-0 , MWD I S=0,R=17
| b lett, TANTS | ST Tae

s Q | TRevIOUs DIAGRAM TURMED
UPSIDE DoWN -
1 - {
e @ R !'55 % : @
{

W § MUST BE 1, FECNISE | o
VAVD OTPUTS | IF EITHER

INPUT (8 0. CouPLING TiS
BMK To THE VPPER BATE
oV Q=0

o
L Q

1
R 0 &

o

&

. o e e e - —— — — o — T———— R A

>4



(" Now WHAT WAPPENS
WHEN THE INPUT

IANGES 2 § L, 027

SUPPOSING WE BEOIV WiITh

THE INPUT (S=1, R-0),

WHAT DOES CUANGING R
IT 70 (521, R=1)

S gg ("ro The aue-flofs

e nswer s [NCTTONGE e Love

NAND- GATES NoUT BewoMes (O, 1), So ITs
WTPUT @ 15 STILL 1, S0 REMAINS O.

S

But PRECISALY THE SAME LINE OF REASOMING Stows N CHANGG

\& OUT\’UT) WHEN INPUT CHANGES TO (S=1, R=1) fRoM
40 =

0o —i '
==
i (o]
A UTTLE WERD, ISV'T |17
TUE SAME [VAUT (S=R-1) cA
(’Pooute' Two DIFFGRENT

ENDING ON
REMOUS DESWTI L

e

Al
O->1




THe wM A FLIP-FLOP |5 USED (S TS \T BEGINS BY
SITTING TRERE WITR A CONSTANT |NPUT OF (S=1,R-1)
AND AN OUTPUT OF GOD-KNOWS- WHAT :

S
R

]

Q
a

i@y

You SET]\ THe ALPALOP [1E, MMe Q=1 BY FLASHING

A O MOMENTARILY DowN Tue S-WIRE , AMD THEN

RETVRNING IT To It
s LU}
pl -

i
o -
| 2

L
A

,—-‘

1

1

o

on- yov cad [RESIET 11 [make @-0) By Fastine
A O DOWN Tag R-WIRE, THEN RETURNING IT To 1:

g 1 |

o L]

) o
F ol
o] J

-a

1

IN BTUER CASE,
AS LONG PS
(1,1) Kegxs

ComMING 1N, ThE

fip-flop witl
MAINTAIN 1TS

OUTPUT UNTIL

T'S CHAN Ty
‘Blomevz Woomag
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THE ONLY WNRUT COMBIVKTION W NENT (leckeD 15 (R=S-0).
TS EAY o VERIPY THAT IT PRODUCEE OUTPUT oF Q-Q-1 -

o 1 WuAT pfrens ot 127
O e B e
o o> :
. A e

T ANSUER (S MOT S0 CLER + (T DEPENDS ON WHICH OUTRUT
WAPPENS To FLop ARST I (MG OF TheM MUsT.)

\FQ 15 ARST TO
cm?ee, Wg éer ‘ m\,@‘gf S ARST,

¢ A 'Q ' OQ
F‘l 0@ { 1&

SNeE THERE: (S I&:}? OF KNoING Wit OF THESE

Wi, ACTUALLY BAPpeN, AND WE DOMT WANT OUR
b rovs v RANJoM STATEs, TAE IVPUT (5-0,R=0) I$

B) DISALLOWED.

WE QW SUMMARIZE THE BASIC RS FLIP-FLOP LIKE SO:

§— @ i RIQR R
- I NO CHANGE

- follo

R, Q o1 || o
0 0 || paLLowen!

FLIP-ELOP INPUTS ARE ALWAYS ARRANGED TO MAKE CERTAIN
THE DISALLOWED STATE CAVNOT ARRIVE.
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hLITTE EXERCISE @

p MOR-OME )P
15 A SHORTHAND whY,
0f WRIMING "MOT oR:

e =PDPo—
A BASIC RS RUP-GLOP 1. VAAT 15 Tie ouTyLT
MAY ALSo Be MADE WHEN R=0,S=1 ? ;
OUT OF NOR-GATES: WHew S=p) R=1
2. WHAT HAPFENS WHEN
R ® EACH OF THESE IVAUT
%ox(t)omo»s CAANGES TO
@ 5. \WAT 15 TR OUTPUT WheW
§ v g 21,5+ lw?ewm HAPPENS

wue» THs CiAREES T

| 4. wﬂ&r Mur (omwAToY
WsT BE plbALLOWED 7

5. ¥ R=0,570, ffo Do Y

SeT TS pup-Fiof
' (1€ MM Q=1)7 How
L Do You RESET (17
Br THE WK, A FLIP-Flof IS
so eplied A
| PENSE IT
“Lock, 1% DATP.

3%



IL / I’li’/hll 7'/:’:’"
BLITHES Wodon
(¢ The PuIpP-FLof 15 A DEVICE R STORING ONE BIT, A

RBGISTER STORES SEVERAL BITS SIMULTAKEOUSLY,
\TS Like A ROW OF BoXes, EACA ROLDING OME BIT.

[efaTi T TR -2

PR a2 Ll B A s7

A oW OF FLIC-FLORS SHOULD Do THE J0B:...

L*@L@L@L@L@L@‘EL@

Soar oF @W

it
mmﬁe e WOBK
\Wigty's At
YA

m MY Asp’
DURSELF - GROWING
(oNUsen! j

1%




THE SOLUTION S To ADD A “GATING NETWORK™ TO THE
BASIC R-S FLIP-FLOP.

R i N
D——os e g oe

ENABLE. VOTE

. TUAT Tee CATING

R A NETWORK MMKES

E— IT IMEOSSIBLE FOR

— R ADS To BE
20R0 SIMULTAVEOUSLY.

............... P RPIC0 000 000000000290 000000000000000ndstepcavsssnsisnse

bien €=(, Thed
R=D AND S:D
(NoT-DY. HeNCe,
The VALVE OF D
IS STORD AT Q.
IV OTHeR WORDS

ol

e BT D To
BE LOMED WTO
The FLIP- FLOX.
\é’ﬁ}lo(:‘,;o,
D—T) A g Ar‘f?ff?gr?
v -
S Does NOT CHANGE.

TAT 1S, E20

0 L K-S B OF noge
2 Q- DATA.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



COMRUTERS ARE
BLALK Boxes MADE
OF BLAK Boxes
MADE of BLIK Boxes--

So- ¥ THE SPIRIT OF
[OVORING Tie INNER WoRIANGS
ONCE THEY'Re UNDERSTOD
[oR EVEN WITHOUT BVER
(MERSTANDING THEM],

WE INORPORATE Tue

GATING NETWORK
INTD TWE BOX, AMD DRMY
THE ONTED (ATCH LIKE
So
(" Ted hekes A PARALLEL g NOT THg OMLY
KIMD OF REDISTER, BUT A GEMUNE MEMBER of THE, BREED!
UR BITS
ARE GIMUL-
TANEOUSLY
Lorpep
Wl Tite
LATCHES !
DATA 0VT '
Lmu) WHAT CoNTROLS Tike ‘ENMGLE' (NPuT J

|4



313' 00N AS You BEGIN

DRING DATA, QUESTIONS

OF 77ING ARISE: HOW Lovo
Do You SToRE 177 [DieN

D0 Yov Movg vT?2 HOw Do
Yov SiNcRoNIZE SIGMALS
THESE 16SUEs ARE SO CRITicAL
TUAT LoGIC WITH MEMORY

& couen SERUBNTIAL, T DisTNeuisH 1T eRom The
forevr COMBINETIONAD Lobic OF MeMoRY-LEsS
NETWORKS. To KEEF Tie SEQUENTIAL Loéic [b STep,

9 ALL COMPUTERS HAVE CLOGKS!

THE CLoCK'S PULSE 1S THE OMPUTER'S HEARTBEAT —oML
WSTEAD 0F A WPRM, RAGGED HUMAY HEN!“FBEM, Like Tmsv-—-

Te CoMPUTER TULSE 1S SQUARE AND (COLD:

l _MW
0 . ,
: ovg ¢

g PULSE % O,

)

L 5 TAE BURST OF (URRENT wpew CLodK
&%&LQ—C/{ %gEC}‘/CLE |S THE INTERVAL FROM TvE BeoINPING

0 LSE ¢ BELIWING OF THE NEXT. DEPENDING oM
’ #AQ%UTBFTOTHTGRCL&? FIEJEQOEW MAY BE WNDRS oF
KOUSANDS To BILLIONS OF Cieues PR Sexonp/

s~ N I R B

! +
i€ Gososo FFC >,

o UL Lo
COMPUTER -
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(" TiE 106R OF USING A CLOCK 15 TAAT THE COMPUTERS LoacALj
CTATE SKOULD CAPNGE GRIBYY ov THE CLOCK TVLSE. |

IDEALLY, WHEN THe CLOCK TS 1, ALL SIoNALS Move, Thew
STOP oV CLOCK 20. THEN GO... TN STOR... TP G- -

_g}; STk Co STK---

A TYPICAL EXAMPLE .

15 TO ATTACH THE '&te» A New

CLOCK T0 Tue “ENnBLE
INEUT OF & GATED LATCH, LOADED AT

IN WHCH CASE THE LATCH
Heg J

PECOMES KNOWN AS A
“*@ UNFORTUNATELY, TRINGS ARE RARELY 10BALT (T TAKES A
A_WIRE, So

D AUP-FLop.”
NON-ZERD TIMG TOR A SIONAL To PASS ALONG

e TNNbésugge NBAVBF \’Z;&Vl’gcgu( SYNCHRON(2ED. R
MeLe 0SE AT aN KO, ONG (MPUT (S CHANGI

ROM "TOOMWTREOTHEF onﬁaorg?h HAnig

MIZEN or IE A Cumwes APTER
F — B, THE QUTRUT WiLL HAVE AN
o=l UNWANTED  FoLSE: _

Lotk | |

— 1 LATe! THAT PUSE 15 A GDTC"a

A - AD BRIEF AS (T IS, IT CAV
| CAUSE A FL-FLop' To PLOP!

B
' WERE
0T F‘L@ UNAVOIDABLE!

mmee—
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THe OLITCH is DEFEATED BY THE
(MAQT«%’ SLAVE we-pop: * w

DATA D Q D Q
|

E § E R
Lotk __‘L__{>,._F /,);f'
THE |WeRTED CLOCK S To THE SLAVE FLIP-FL0P
DELAYS The DATA INFUT FROM ARRIVING pT TUE SLAVE
UNTIL THE END OF A CloCK PULSE AFTER ALL 6LITCHES
WWE DIgD pUT. TOR EXAMPLE, SUPPOCE WE WANT T

LoK THe BIT 1 INTo TRE FLIP-FHoOP.

WE (EReE
BRW EQUAL,
oy P

OSITION MMES

A
Msfme (

GLITCH, 'OR

WAATEVER
REASOV!

OATA

MASTER Q

SLAVE @

AS USUAL, We

ORAMW THE WHOLE

TND AS A

SiveLe BoX !

\_
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(" STRINGING P NUMBER of MASTER-SLAVE FLIP-FLOPS

TObeTH?ﬁ MpKEs A g{mﬁ REGIS'T E R

~

CLotk

our

DNTR ENTER A SHIPT REGISTER ONE BIT AT fA TIME,
SKIFTING TO THE RIGHT WITR EAG NEW CLock FuLSE .

R EXAMPLE, THE
NIBBLE 1101 WouLD

1

ENTeR THE SWIFT
REGISTER LIKE THiS:

40

EAch CLOCK FuLSE

]

BRINGS A New BIT

Vo THe REGISTER.
(WHY DOBBN'T The

E

BT TRAVEL M4 THE
MY THROVGH ON

gue PULSE 2 BECMUSE
ng THE MASTER -SLAVE
P-FLoes!)

{1

1

Ol1

Lixguisg, The NIBBLE
SHF TS UT ONE BT

N

1

1o

AT A TIME.

&

SHIFT REGISTERS ARE USERUL WrEN
BE TRANSMITTED SERIALLY, OR oVE

| ATION (S T2
O ON . T0 )
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(GINALLY A SPEGAL KIND OF
EGISTER: THE COUNTEB. T

[

L vl

A COUNTER S JUST WHAT ConT [N

IT S0UNDS LiKE: SOMETHING

TUAT COUNTS. IN OTHER [o[olololeTolals]
WORDS, IT'S A REGISTER

THRT INCREMENTS \TSeLE - ololololololol i ]

A o
g:fmv ?RRN% : 1!

(" DESCRIBED IN TAAT WAY, A QQUNTER SOUNDS EASY TO MAKE  JusST
CoMBINE AN ADDER WITH A REOISTER! TS wsguw IV FACT
gm;, gg ;r&epses CoAuNG ‘g/gg $ua<m6 WAYéLBAQBD ON ANOTHER
-AL0P. (5 MASTER- .
(puPLed ékt« oM 1TSeLe: WS MASTER SLUE e TLof,




ONE=1, 7 Goes IN AT p. 1 (N E=0, D PASSES To @,
, 3 MD THE OUTRUTS REVERSE.
1lslp o i
1 8 : o @ 1
E P31 ( —
U o—=€ Q-0
E‘ -r— : € 1_

e o - e e - . - .- s o - A - o an =

) THEN @ REVERSES ON(E FOR EACH CYllE OF E —IN

OTHER WORDS, Q “TO6 JUST RALF As

E J L
& T .

AS USUML, (WE MEBREVIATE THE WHOLE CJRCUI
QF BY Tws SImPLER Box. THE “T* \%R 7'0661;6,
—T 1) To WOKKTE TWAT THe PLp 0P Toseles K
T={. THOW HERES OUR COUNTER: EACH FLIP-flo
??Sé(a&lgr AT HALF The RATE OF THE oM TO

¢ o OuTlp g
J o000 0O




b FEW 1TMS OF NOTE:

’ TS COUNTER 1& CALLED
AL “ASYNCHRONOUS RIPPLE
COUNTER," BECAVSE TWE )
gouvT RIPPLES TRROULH
FONORE T (0o

CouN REGISTERED. KRAves. THE
COUNTER RETURNS

T O 1 60
e
- S

ARE MEEDED.

TS 4-B1T COUNTER (AN 00 GROM O To 291 - 16,383

e N™ @up-eLor Iv A RIPPLE COUNTE
DIVIDES The (NCoMivG PULSE BY 2. THis IS
TAE PRINCIPLE OV WHICKA DIGITAL WATCHES AGE

BASED: A Hion-TReueEncy IWTERNAL CLOCK
ULSE 1S DIVIDED To A RATE OF
T s Digen o » Rire oF PREUtEY

WTERMAL o U UL uUTHguY
OVUTPuT: - 1 [
{e— 1 sEopp —
TueRe ARE ALSO SYNCHRONVS
cov REGISTER

5, wmq; A
ALL BITS SIMULTANEDUSLY,
AND COUNTERS WIMCH ReTurM
0O N MY PREASSIONED
G oot oS
i
NOTHER BLAGE. X T
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A s —Do—

A

g S

A 15 THE
B:gg:ﬁ)’ S s )

]
713 Al

2. CAW THE $AME BE DoNE WiTu MoR?

3. Chow THAT

1$ THE SAME AS

A Tie AppeR
ON P.12% UsIVG pwly
NAND- 6ATES,

(4. GuEN A 4-BiT SHIFT REGISTR,

St r L 2P S
doFioF

MO IOMO K =
Y o, V27

Sitol 1 TS CONTENTS APTER EACH
OF FOUR CLOCK PULSES S THE
VIBBLE DOl 1S ENTERED:

g ne T
(o
THE OUTPUTS MN‘TE?R

COUNTER COUNT BACKVWARDS,
\__ | .

5. HOW WOULD Yov ATTACA)
A BU22ErR TO A QOUNTER
To As’_rwﬂmo WHEN THE

TS PIVE
Glool v B/AyAﬁﬂz

KOT: LOOK AT THE SEAT
BT BUZZER OV P, 109.
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onw IN CASE YouRE FEELING STRANGLED BY S\’A@nem-ﬁ

THE TANGLED DIAGRAMS
OV THE PRECEDING
PAGES WERE NevER
(VTENDED To TRACE
e CoMOLETE WIRING
R e
THey ARE MEANT To
ONSTRATE How
AE COMPUTER'S

ESSENTIAL FUNCTIONS —
SELECTION AMD STORAGE —
gm,LgE%ND ON
L 206G

NOW TAAT You PRESUMABLY
BELIEVE IV Tie PoweR OF
Lobic, Mo MORE WIRING
DIAGRAMS ARE NEEDED!




omeq\AMW-
PYNAMTE




X |V THE INFANCY
OF ELECTROMIC
COMPUTING, MEMORY

D e SiceR
CoMPUTING CoWER- SmaLL

!
PLENTY OF PROCESSING I i
Coutd BE Dove WITH &
RELATELY Fes) (JMRONENT,
BUT EVERY [NCREAGE IV
MEMORY SIMPLY MEANT

IMCIRIB = More AcTurt,
PHYSICAL PLACES To STORE
Towos !

- GINCE THEN, ReSEPRCH INTo MEMORY TE(HNOLOGY HAS
- FROVOHT DOWN THE COST CONSIDERABLY. FIR A W
R S Ve o o T O
T %s  MeMo,
OF ABoUT (00 NUMGERS® — AT A c@‘%@ ?mcuovg ”

AMD A
éWM NS
ILLIONS oF

*ENIAC DID NoT
(OMPUTE IV
- BIvARY,
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(T SAME RESEARGH BFFORT, )
HOWEVER, HAS PRoDUCED A

PEWILDERING PRRAY OF MEMORY

TYPES AND TECKNOLOGIES ¥

Caep Memories, IR
TAPE MeMORIES, AT
DRUM, DISK , BUBBLE, GRS
OFTICAL, CORE, CAPRGE- AN
(oulleD DEVicG, MO  Laas
SEMICONDUCTOR  MEMOR(ES; W
VOLATILE VD NON-VOLATILE, R
DYNAMIC AWp STATIC, o
DESTRUCTNE ANMD
NON-DESTRUCTWE: REPD-
WRITE, READ-ONLY, T
TROGRAMMABLE READ-ONLY, KRS
ERASABLE  PROGRAMMAGLE AN
\zepq—(ong..;.vms s
-Luer <

me, OV WAS To BECIY SOMEWHERE ! SSSssssmmmm—n J
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'

T :

(STINGIOM EXISTS ¢
(229

El[-?TRo-
MECHANICAL :

MEMORY DEVICES.

PP INE T T EA L R4 LN 4d

ELECTK°N|<E

ELeCTRONIC (;\EMOPIES, WITH
N0 MNING VARTS, ARE

AS FAST _AS THE REST OF
THe CoMPUTER.

" ELECTROMECAANICAL MeMORIES

HAVE MOVING (ARTS, LIKE
DIBK5 OR REELS 0F TAPE.
ThS MAKES THEM SLOW—
HOW SLow PEVENDING

Onv THE TYPe OF MEMORY.

ELecTRONIC MeMORIES' SPeeb
MAKES THEM IDEAL DR THE
(OMPUTERS MAIN, 0 INTERNAL
MEMORY WHILE ELBCTRO-
MECHANILAL MEMORiES ARE
USED FIR AVXILIARY SToRAGE
OUTSIDE TRE MACHINE,

ELECTROMMONETIC MEMORIES

" COMCENSATE DR Trt%\ SLOWNESS

WITh A GI6ANTIC CAPACITY.
one WD DiSK CAN STORE
UP To TeN MILLON BYTEs,
COMPARED WITK A TYPICAL MicRpS
MAIN MBMORY OF 65536

(=2") BYTes.



(" INTERNAL MEMORY

CAV BE THOUGHT OF PS
R SIMPLE pRID, WITH A
CELL AT EAGH |NTERSECTION.
DeESENDING ov THE
CoMPUTER, BACH CaLL CAN

PoLD ONE BYTE, Two
e AN

\

gl Ul

FLTr-

= TR
'—3 E_) 3 U
|-

T

Een! \"1'1 jmal
mrnrha

-

Bip?y CeU HAs A UMRUE ADDRESS, sPecifyivt,

WHERE IT SITS IV THE GRID.
caougAD

(e}
[Selad ¢

o
ol
(o)

- Q0
o—0

AR Ay

flow o000

mron -—
ju i}

—1
ooo « {3
ooto

m

g

Tmnrn
SpuRgpagEa
HmmmmIm

D1

00\! 3

[

>

DORESS 0010 001
AN A~
ROW  CobumV

r ~
N PRACTICE, THERE MpY gE
MAVY SUCK ’@m&s, IV WHICH
CASE ThE ADDRESS SPECIAES
The GRID VUMBER | A wel(
Ao Tre Row AND COLUMN
WITAW IT.

\_

o101 100 MO
o

Do WoT CowrvSE A CeLLS RODREGS Wi
m \Ts CoNTENTS i w & )




WHAT (S THE MAXYMUM NyMEER
0F THe CoMRUTER CAN
PODRESS?  TIS DEFENDS ON Tie
€ 5 “WoRDS.
gk
ET
THE FARST 8 BIT5 AS AN

INSTRUCTION...

g-9ir

WSTRUCTION
r-—"‘“'—'ﬂ
[ el fo]r]

14-B17 PDDRESS

... AND THE REMAINING 24 BIiTs
1 I poaa e 24 ¥

Iy TupT CASE, ADDRESSES CAN
B6 ANYTHING BETWEEY

150

AN 8-Bir MiCRO, ON THE
OTHER HAND, MIGHT
TROCESS THREE BYTES
IN SUCCESSION:
lelo[ [{ol i)
AN [NSTRUCTION,

Lelefi[ilo]r lo]
THE FRST UALF
OF AN ADDRESS,

|:|O|O|l |o|| IOIOI

AND THE SECOND
HALF oF AN ADDRESS.

B HEE THe ADDRESs
15 16 BITS LoNb,
ONING 2'%-(5,53¢
foss|eLe APDRESSES.

l6-BIT WoRDS ARE
OPTEN SPLIT LIKE
it
LEVEL 5YT6$.

|00‘g”0[ 000{3%!0



To MAKE ADORESSES SHORTEZR AND MORE READAGLE
THEY RE OProe» EXPRESSED N !

HEXADECIAL

0k BASE -16, MMERALS.

(G ey 16ccns
ﬂ©@uex 2 [6=256

9

gTe!

(" ST AS BASE-lp NUMBERS REQUIRE THE DIG(TS 09, S0 )
HEXADEIMAL NEEDS DIGITS eRoM O 1o FIFTEEN . THE
EXTRAS ARE REPRESENTED BY THE (ETTERS A-F -

DEUMAL | 01 2 3486785101012 (3 14 15
X |o12345c790ABcDETF
fo gxamtLe: To CoWerT BIVARY Tp HEX:
AODy, = GROUP THE BIWARY yomBER IVTD
NIBBLEs, STARTING FROM THE
94x16° RIGHT. (OMVERT ENCH NIBHLE To
F10% |62 A Hex pfety! o
+ Oxlo 101 o o10 Lory
+ I13x 1 5 ¢ 5 &g '
—_— To CONVERT HEX To BINARY, JusT
\_ 18,957l> - REVERSE THe ﬂetxocés? " )
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GRoM THE HARDWARE FOINT OF VIEW, THERE PRE THREE |
MMN TYFES OF (NTERNAL MeMop( !

oRIES USE
'f\gr@rw MAGHETIC

aisl
€ TRIC
B,

€D N
Of Two DlFecT’O”é/

RWRESWHM(?
O Mp 1

‘D\ﬂﬂﬂﬂﬂﬂﬂ

%AMLLEL aeusrmt

RN’
JmlcP«Tas A{ OR

fovt 6’1 Tue
K%Eesﬁceww v
ELECTRIC CoNNgcAiON
THERE.
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' STANDS FOR

“RANDOM ACCESS MEIVWY
MEAVING TAAT ANy Cetl -
CAl BE ACCESSED MRECTLY.

ROM AND CORE MEMORIES
ALSD PROVIDE RANDOM
P‘ §8, BVT FOR SOME

okt !«SON RAM HooGep THe

:T_A_NDS\ \zom A
\ PR “REMD-ONLY MgNORY.” iber |

' " Tae PRACTICAL
, DIAERENCE

BETWEEN THEM |s
TAAT YoV CA AV Op

o ke &“.‘ZE?,J:%
T et

€ TRE
\Nmeq'g*({“\lﬁ

WHEN Yo LOMD R Rp6RAM
WT0 THE COMPUTER, IT 15
STORED IN RAM.

159



ONPORTUNATELY,

VELATILE,

T foR6ETS EVERYTHING WREN TRE [
@‘b s Tuﬁuev OfF. foneR

(" YOR EXAMELE, | oWl A GATTORY- POUERED FOCkEr )
COMPUTER WITA (680 BYTES OF RM. IT (AW SToRe 0P
To Ted PROORAMS EVEN WHEN! TRV IT OFF,
%f“éﬁ E IT KEEPS SoMe ELECTRCITY RUINING ThRouAH
OrY.

%V‘E WHeEY s opoDoo

BTN |ppoooo0 |(meceam |
%‘566%. pooOoog 0 |22z B
YRoRAMS! Wi o D OO0 O "

Moo ocooan

RAM VOLATIATY IS ONE
REASON TUAT THE

MRONIACENT, INFALLIBLE = Nl
CoMRUTER 15 \WLLERABLE (7 adh ()

T0 Tue VAGIRIES OF A ¢

oUT
0% nggoeo ERRATIC foweR

ARG STATIONS!




KO M — "ReAD-OIY MEMORY —

ONCE (TS CONTENTS ARE ENTERDD,

ORDINARILY, Rom 1S PROGRAMMED Ereon

AT THE FACTORY BUT THERE ARE s Le
Now ALSo DRGNS —PRocRAMMABLE  FoM—BuT vE

foms — WHICA ¢opy BE CUSTOM-
ROORAMMED To THE (SER'S

SEECIACATIONS.
't’-E‘I‘,'?V 4 ,.

UULIE RAM, ROM

IS MW VoL A0S 5
T Keeps \TS
QONTENTS AN
WTHOUT PoweR.
SOTFTEFbNg&r‘f

(M —_

(AL

COVNECToNS AT SomE L
[NTERSECTIONS,
TE CONNECTIONS
REMMY, REDARDLESS AVD WIEN | Shy

OF GLECTRIC CURRENT et | Mew




SOMe TYPIeAL USES OF Rom:

MosT ViDeo
@Me CARTRIDGES

?RO@RAMMED
IV Rom.
JOST PLUG

IT [V AND 175 //'\T\\
REMDY TO (60! 1\({
BUT OF

CQURSE, \T )
CAN'T BE

REPROGRAMMED
EITHER...

You WANT To VLAY
MOTMZ GAME, You
Uy Avome? @Ame

A RATI
CompANY

MN)"Y PERSONAL COM?UTERS
ont}x)rga SA%R%FTHET%
(9 RAM (UHICA (v TURw
LOWS THE MACKINE
To ONDERSTAND" THE
LANGUAGE CALLED

BASIC.

\_

AND S WEIL SEE, ROM PLAYS
AW {MPORTANT ROLE IN

TRE COMPUTER'S CONTROL

SeCTioN.

lol

(’




(" BedinD The ETCHED ON SILICON (RS,
EXPLOSE THE DENGITY OF
GROWTH Of COM{OVENTS BER

RAM AVD CHP UNS BEEN

Rom (5. A\ oCIING
VR EUERY FEAR!

TECHNOLOGY? T

TRE STAWDPRD MEASIRE OF CHIP STORAGE 1S THE

, SHORT FOR “KiLo™ (chiLo™ 15 GReEK @R 1000),
IN CoMPUTERESE IT MEANS 2 ThE ToweR of
Two CLOSEST To (000

B e
BITS OF STORAGE
WhS A

o p
7\

KIS
CoMMON, AND Tue
250K CHiP
WAS ARRIVED!
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€ DESPITE THE GROWTH OF RAM CAPRGTY, )
JomeTIMES 1T 1S NOT THE ANSWER To
BVERY TRAVER |

Swow S
The WY To
e

TOAN |NTERNAL
@P{{‘é CAV

LIBAARY OF
NTLY




voBust

THe ANSWER 7

Mmass 9torage

AS THE NAME |MPLIES,
MASS STORAEE S MEMO}lY
TAAT CAV STORE A LOT
ALMOST ALL MASS STorASE U
DEVICES PRE NON-VOLATILE
R
T H
MUGA™ SLOWER t\T AN ELECTRONIC
\ RANDOM ACCESS MEMORES . J

TR EXAMPLE: FMW@H @

o Tie cpeoc o | pes; Bregce,
! LBRITH w S (v 0sé!

sw IDer s WNC{! CARDS: A HOLE REPRESENTS
, A NON-pOLE O

="NaNEThe TARE

SoRes BITS AS SMML MAbn c REGIONG, WRIGH MAY
e MAGNETIZED N ONE or—Two DIRECTIONS,
REPRESENTING 1 OR O. 1id
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FASTER, LESS BULKY, AND THE CURRENT STORAGE OF
CHOICg 1S THe

RAGRATIC  poc e

P To

DISK ?

A Blo CoMPUTER HSTEM USUALLY WAS MULTIPLE Disk
DRIVES, WiFH PHoNosRAPH-ARMLIKE Reo/Write Heps
DARTING BRK MID R ACRDSS THE WHIRLING TLATTERS.

OTHER, MORE. EXOTiC MASS STORAGE TE(HNoLOGIES INCLUDE
MeMORIES, CHARGE-COUPLED DEVices,
Mo QPTICAL DISKS Reto 6y (ASERS.

b




(TIKe NTERVAL MEMORY, MASS STORAGE MUST BE ORGANIZgy,
Ok “FoRMATTED." TAKE THE fLOPPY DIsK foR amme:\

7

FLoPPES ARE CORMATID
INTO RINGS AND
é&f—To(\S — Tiree
i e TP,
[ -
SIMCLIFIED DISK.

(7S MoRE LIKE 26
SECTORS AMND 77 RINGS
N A GENVIVE DISK.)

To Acoess A CARTICUAR
BLOK OF DATA, You 7,
SCEUY Tie RIWD WMBER

AND SECTOR NUMBER. THEN

e DISK DRivE

Qe
UES UNDER Tie

REMD/RITE HEAD |
2) MOVES THE HEAD
IV OR OUT TO

THE TROPER RING.

) ROCE5 TGS — M ETERVIT
D2 Y W ariss Mukiseous —N ETERATY
o7




SOME TYRIGAL O
% MASS STIRA8E ©

P GERBIL RANCHER,
DSING A MICROCOMPUTER
To IMPROVE PRODUCT|VITY)

BUYS THe APPROPRIATE
PROGRAMS (PROM GEREYTE,

mwe.) stoRep od
7 ~ND BUERYEODYs ) A GOUERNMENT
R e
, YAR Pick)

MAINTAINS wiLES
ON THE CITIZENRY. SToRep
ON_WARD DisK... !

TG THoNE COMPAVY
STORES | BUgBLE
MEMORY THE MESSAGE:
“THE NUMBER YOU HME
fergtep \s NOT W
SERVICE ... "

al}

Weld, You GeT Te PICTURE ...
Now (T'%s TIME To MOVE Q..
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— A
CETTING EVERYTHING
UNDER (7R850

W WHICH ALL
THE BLACK BOXES
ARe FAIVALLY SEEN

To FIT TDGETHER
O




(" ALove WITH [WRVT/ovTour

Meg\olz‘/, HA:D THe néngli‘m—
LOGIC DT, Cowv VTRoL
Tee wM?uT'eg)%Fﬂ VAL, CRITCAL Co

| ALv

NGREDIENT. (VR oLD
lécmmc DIAGRAM SHOWS O

L |
o () vo [T | o

OVTRVT

INFORMATION (=D).

A
M

WAY TUNT BETTER w ot
R LoMeuTeR Vs
DESION KNowN AS
“BUS ARCAITECTVURE.”

Tig VERTICAL ARROUS,

Fgﬁ&giwnxbgﬁfmm
5

g& MORE WIDE, PRe C%*(’,Tg‘”

Tee BUsSES.

PCLORDING TO SIGNALS
PAsseD ALone THE
(ONTROL BUS, M

D
BUs, Witk e o
ALy
RI0¢ Tue gus pt To oUTpUT
A TIME.

To wevr

DATN
ADDRESS
B

To ovipur

NOTE TRAT ALL THE ARROWS 0N THE CouTROL BUS

oA
Oy M8 OIVT AWAY ROM The ONTROL GECTIOP.
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tow ARE WE To IMAGINE TMS CONTROL, FROM WHICH pL
DARIK MZROwé YOINT AWAY 27 F AL

s A Me@ALoMAMACAu |- MUST-
Bor THAT MAINTAIN- CONTROL:
AT- AL - OSTS -

KEEP ITS ewcwomc Fweazs Can)
QUT OF AWTHW@ b :(‘

(( A
WHD JUDICIovsLY
CHOOSES THe

i e
PZVewous
oLITCHes 2
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FL\Ke AWYONE ELSE CONTROL REVEALS \To CWARACTER )

BY \TS BEPpAVIOR ... S0 LETS FOLLOW WHAT HAPPENS
\W TS OVERSIMPLIFIED COMPUTER, WiicH FLESHES
OUT TE DIAGRAM OF Two PAGES BACK WiTH SOME
ESSENTIM. CoUNTERS AND REGISTERS.

/
% PROGRAM
WSTRUC Tiop )

MEMoORY 000|°°“ Kffbrs're/g

ADDReSS 1000100, ALV ACCUMULATR

REGISTER B RevbTeR

C REDISTER

tesem 1001001110 — .

us B 000501 o1 Tilmmferrpes
)

TAS 15 A MINIMAL CoLLeLTioN OF
ECX‘\;\PMEMT. A TYRICAL (OMPUTER

URS MORE REPISTERS AMD COUNTERS,
BUT ML COMUTERS HME TiE

\ ONES SHOWN HERE.
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HERES WART They'Re FOR:

PROGRAM QDUNTR: T, \NSTRUCTION
Tlge OFF Te “Tin. | RETR; L mﬁg
\NSTRUCT(ONS en%

THe NgléTM‘ﬁoN

CeRPORMED.
ADDRES P«CWMULMD\? COMDNT
RevISTER GETME | THE ALU'S SOLE |+
YoLDS THe e | (N Rewrw,  \ime 1T
MODRESS 0OF ¥ojol ! {5@“
Wb TRVER NNING TOTM
(5 To ENTER OF AW .
OR LEME - OPER ATIONS.
MEMORY
B ReaisteR: L\TKe k# Moret
AN mxluf_(rl;\' umw’ E
foLp WMgeﬂS M.qz,,gm
OV Taea WAY
T ALV

v FACT CONTROL STENDS MOST OF \T5 TIME
JUST MOVING THE (DNTENTS OF THESE
ReGISTERS ARDUND !
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To S€e How CONTROL WORKS, LETS FoLlow WHAT HACPENS

ey e awerR DS T NUNEEES —

OVR VERY ARST PRoZRAM !

LAVBUAEES
VAGE L2

RO AR KRR O Y . ’
\\\\\\ NN A RTAAM N0
XK K )

URDCA/
\ SOCIAXASE
), S AN
X G L

‘e - D
POOAXOER
AP
RXRVFOA)

LIKE EVERYTHING MROUT COMPUTERS, PROGRAMS
DESCRIBED AT VARIOUS [EVELS. e pEeiN ww%M o

ASSEMBLY LANGUAGE,

WHIG! SPECIFIES Tue COMPUTERS ACTUAL MOVES, g
OMITS FINE DETAILS. AT TS LEVEL , BT
Aob TW-EHENUM Bore T Tt ) RERES pow T

O. kjowkge;rne FIRST
p\cwMULA-lmN‘]zb, THe

1. ADD Tut Secovp
P«CCUMULATORg.e

2. QUTVT THE CONTENB
OF Tie ACCUMVJA(:roF.

3. HALT.

I



To EAPRES IS IN PROPER ASSEMBLY (ANGUAGE, WE MUST
SPECIPY THe PRECISE LOCATION IN MEMORY OF THE TWoO
NUMBERS To BE ADDED, AND CONDENSe "e WORDY
STATEMENTS  INTD MNEMOMIC* MEBREVIATIONS. SUPPOSE, ‘
€OR PXAMTLE, THAT THE NUMBERS ARE STORED AT PODRES-6%
\E AVD IF  (MEXADECIMAL). OUR PROGRAM FECoMeS:

O. LDAIE (Lot MUwLATR
WATH OONTENTS OF (€ )

PROORAM! 1. ADD IF (MP Cowtewms oF |F")

2. VT ("ovreuT CONTENTS OF
. ACCUMULATOR ™ )
M 2. HALT ,

A MUEMONIC = MEMORY - NIDING

N GEverRM., ASSEMBLY-LANGUAGE STATEMENTS
HAVE TWo €ARTG:

e OPERATOR Tie GPERA N%
\S’,TQPCHTODESE Neee%rogmep 0“ WH‘CH THG ovm'rog

NLpA EX

AS N

gM AN
g _m%éCToMY
0F 5 %Iegr
STRE !

NOTE WOWEVER! SOME OPERATORS DON'T NGED AN EXPUUT OFERAND.
“out, axz INSTANTE, 15 UNDERSTOD To MUY TO The ACCUMULATDR.
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feed \l% NoW THAT WE NAVE AN ASSEMBLY-

Mme!
LANOVUAGE PROGRAM, How 00 WE
FEED \T To TE MACH VE — WHICH
ONLY UMDERSTAMDS ©5 MWD IS 9
N e AiSugR 18 CLEAR: W e MATHIME,
BN OPERATYR 1o ENCODED hS h STRING OF
BiTs CALLED 118 "OP-Cope. SoME SIMPLE
SAMPLES
OPRATOR | ¥-C00E
LpA o0\
ADD o0
ovT \10

¢

Tuen N MACHING INSTRUCTION (ONSISTS OF o,
SEHMENT, R *FIELD, FOLLOWED BY AN MDRESS FIELD 6|Vine

TEe OFERAMD IV BINARY:

LDP“E:OO\J,*‘“'O

v~ N~
oééczge popRess AELD
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(750 MeRcs (UR CROGRAM TRANSLATED (Vo MACHING LANGUAGE: )

o LDA e ool IO

1. D IF 010 It

2. 007 LHO XXXXX 9wy 5 Birs #E OK

3 WALT N1 Xxxxx § TF Teet ko,
\oNoReD !

. : )
@NZI; (ASSUMING AN [VRUT DevICE)

The PROORAM STEPS ARE REPD INTD (onSECUTIVE
MEMORY . ADDRESSES, BECINNING T O. THE
(oNTENTS OF MEMORY ARE THEY

ADDRESS CONTENTS NOTE THAT THE
1o, ool (11O
| o0\l
2 \ 1O 00000
3 | Vv 00000

AND W& MSo NEgD To ENTER TE DATA : THE TW
WMBErS To Be ADDED. P‘Ne‘rTwo w%e% Wil Do, spy
E MWD (2. TieY 6o (V MDRESES 1B AWD {F-
16 0000010 |
IF 0111100} .
Hou CAN THE COMPUTER DISTINGUISK DATA FROM
INGTRUCTIONST By ASSUMING EVERYTAING (S AN
IWSTRUCTION, UNLESS INSTRUCTED To DO oTheguce I
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ONE THE PROGRAM
1S STorrz‘go,mcopmoL
CAN BE6IN EXECUTION,

IN A Serigs of
WEN MORE PRIMITIVE
STers e
MICROINSTRVETIONS,
oNE MiCRo| NQTK%W
DCOVRRING WITH E
Cock YLSE. MRE
You ReADY DR TRE
GORY DETALS Q
(" CoNTROL. BEGINS BY FETCHING THE FIRST INGTRUCTIOP: IT—
0.0. MOVES (ONTENT® AODRESS
OF PROGRAM $
(ONTeR (00000 RearsTeR 0/ oo
To BeLlv wiTh)
ol Moves CONTENTS o WSTRUCTIOD [ ]
OF TWAT MEMo s g
MopREgs Ty REGISTER e

{
THE INSTRUCTION RELISTER NOW HOLDS THE GRST
WSTRUCTION.  (ONTROL "READS” \T AND—
0-2. Mpvgs THE ADDRESS 66000000

lNgI'O\FUéCTIO% TO' RE@lSTaz 0"L I
RESS FIALD | i
3. Moves CONTANTS COUMULATR e o3 2L
03 SP Tiar Mamopy © ACmTR e
MDRE=S

TE ACCUMULATOR |5 NOW LOMDED WiTk TE TIRST figte oF DATA.
ONE MICROINSTRUCTION REMANS:

AWD
0.4 \NCREMENT PROGRAM
L COUNTER D) 5TEp O J

\78




NexT STep, ADD .

AOMN CONTROL BewiNS WITK A “FETcd PUASE":

10 MoVe (ONTENTS — pooRezs
ggﬁ%@% T RlSTR ( ek

A BIT CONPUSED 2 LET'S GO THROVGH T AGAIN WITH THE \

00000001) ‘
101
4 MOVE (ONTENTE  To  \NSTRUCTIN B
! OF TART POPRESS REGISTER

TRE INSTRUCTION [N THE (NSTRUCTION ResisTeR, oo Lt
Cchuses CONTROL TO:

.2 Move PDDRESS )

! FleLp mom . To RE(%E?F%W 0000000k
INSTRUCTION. oo i
REDISTER {

3 Move CONTENTS 4 T -
'3 0P T Moy 10 B FEOETR
XDDRESS /

i T
G Fw .

AOMN, THERES OV MORG
Sp:

15 |NCREMENT
YR%RAM
COUNTER




ANDIEINATL Y

Weld, WOKILY THE LAST Twp INSTRUCTIONS ARE EASIER :

2 AD 21 ARE =1
THe SAME FETCH 20 e
\ne‘nzgc%# N%s

sRecton 2 (oord  [REERES

W THe INSTRUCTION

ReOISTER -

2.4
Ths oP-cope (110) CAUSes CovTRoL T —
PRI, = Cre g
Poioot )\ > __ T
' [eimniio

2.3, |NCREMENT
@W ou-“’u'(

CoUNTER

ﬁ”M/W w"TROLFET % (7 " Tn
A Orees Cosctor o e MeRactcp 11 (W )

3.2 DO NOTHMNG
(" Re Yo BeoiNpie
B

KVD OF BeAST
fg%],(zolf ReAuy




WITHOUXFToo MAMY DETAILS, v CAV ™)

THINK OF QONTROL RoUGALY LIKE THIS:
W) 0T
Lotk > SEQUENCER cgpsftg's OF.
! ChD op-Gpes
of —» @b gflSlST 3 A‘
S
cone=3| ‘Wh 3 oL SEQUENCE
': E aesga%gs T
TORS,
COUNTERS, AL
i A MEMoRY. "

THE "MICROPROGRAM,  WHICK CONNECTS THE INPUTS To THE
OUTPUT COMBINATIONS, 15 STORED IN A REMD-
Lopl«‘( MEMORY DEDICATED STRICTLY To Tis PURPOSE.

Tee FRST CoUPle OF CLOCK PULSES caysE CONTROL To
TETCH PN [NSTRUCTION ...

Bt



W ReAL LIFE THE SITUATION 18 MORE COMRLICATED IM
DETANL BUT -THE SAME IN PRINCIPLE. THERE PRE MORE
REGISTERS, AND OF-CODES PRE LONGER AN TRREE @I\TS
ALLOWING CONTROL TO RESPOMD T0 A MUCH LPRGER
SET OF INSTRUCTIONS. HERE'S THE INSTRUCTION SET
OF A GENUINE PROCESSOR, THE MOTOROLA G800.

ARITHMETIC
ADD
ADD WITH CARRY
gg?l%\% WITH CARP
INCREMENT TH CARRY
DECREMENT

COMEARE
NELATE

LooGICAL
o
exctusive oR

oT .

AFT RIGKT
SUPT LEPT
Sﬂ,lrﬁe ngw 1trxraTt«MEnc
B LA
T84T

OA‘{Q";RANSFEK
tmie
ClLem
CLEMR CARRY
CLEM OVeRFLOW

6T CMRRY
6ET OVERPLOW

182

pRANH

aﬁﬁml

FRANTH 1€ Z6R0
BRAVIH |F NOT 7€RO
BRANH (F EQUAL
BRANCH & NoT ge vkl

RANTH (¢ COSITIVE
RAMY (€ NEGATIVE

Ehica 1 (o OVERTLAY
i 7 SN
ANGH 1P Lé& {R\N" @

IF [695 THAN OR EQUAL
BRANCH [P HiGHET:

~ GRANGH (7 NOT Hibner

GRANCH (F Well
BRANTI IF NOT LOWER

SUBRWTINE CML

CALL SUBROVT(NE

QueravTine ReTyRN

RETUAN FROM SvB €
RET M INTER

MSCELLANGOUS

0 N
e




OVE GROUP OF TRESE INSTRUCTIONS DESERVES SPECIAL
MENTION: “THE BRANCH, or JUMP, \NSTRUCTIONS.

As Wwew See,
THESE G\VE

THE CoMPUTER A
LOT OF ITS
"INTELLIGENTE."
TeeR EFFALT 6 To

ety

© N'qu {PeT OF

The
&MPW:T JuMe
WSTRUGTION) o JusT
TLMN JUMP“ AS IN:

7) JMP 123" cAUSES CDNTFOL To EVTER 122 I Tue

AM
\’Ro/f waraz D PRoC2D WITh THE PROGRAM

By “SMARTER"

KR CONDITIONA Pl
WMPS. THEY

TRAMAZR COMTRoL ’

I Some
COVDYTiON |S
SATISAEp: FoR
I%TAMCe “JumP
\F 28r0" MéANS
JUMe IF THE
KCOUMULATOR
¥oLDs 0.




ONLY D
WHAT 175 ToLD—

%A]YWTW( |
OMATICALLY !

e Yov ReMUy WANT To WMAGIVG Tie CoNTRaL SECTIOMS
PERSONMITY, TWOIK OF A PeRRAETTLY EFACIENT

REAUCRAT, ACTING W STRICT 0BepeNW O THE

Y

VEXT.
W
\uom'f)\:omoumo«oo







\F PROGRAMS REALLY RULE
THe COMPUTER, THEY DESERVE
A PROPER SCIENTIAIC NAME...
SOMETHING N GREEK CR
LATIV, PReFERPBLY...

TEMCALCULS !
Reap RutioNocgRas?
Qﬂ’ﬁ ALOMEURALGIAY

¥ »* * ¥ %
*»b*# +*+*#*x—’: *"* * —#"* ***al—**ﬁ*—#’?;*#

- BuT THATS NOT How IT IS 1N COMRUTER SCIENTE...

\WSTEAD, PROGRAMS 1N GENCRAL RE CALLED §@ﬁ WA@Bv
A

To DisTINGUSH THEM PROM Tvg CiRCuUIT BORFDS, CATHODE
RAY MOWTDRS éu%K DRIVES, KeyBoaRDS, AMD OTHER

\TeMs oF CoMfuTer [ ARDIWARE.




WPATS REALLY
FUNVY AEOUT THE
VAME S TWAT
SOFTWPARE 16 OME
 OF ThE HARDEST
THINGS ABOVT
- CoMPuTING!

(" WHILE HARDWPARE HAS BEEN DROPPING v PRICE AVD )
OROWING IN POWER, SOPTWARE ONLY GETS MORE
HORRENDOUALY (COMRLEX !

)R Ciige i
\_ =/ Bibe « Biter vaw

Tew

F
Co?mﬂpa'

l'r's OPTEN
IM{OSS|BLE TO
ESTIMATE tow Moy

198



( LIKEWISE THERE'S P DIFFERENCE BETWEEN THE IMAGE OF )
RARDWARE AND SOFTWPRE WORKERS —

MDWPRE TYPES PRE

\ NANEERS... INTD GADGETS...

A\ Nz MOSTLY MEN... BoUMD
A BY THE LAWS OF

J

PROORAMMERS WAVE NO TOOL BUT TAEIR BRAINS... They

g\o?&mgga»{” r%%réeﬁ(‘.)..eguesos@ To 8¢ Souwr:av %€
ReA S HAE N6

T LIS oF prysical NOTHNG To DO Wi

TAAT NO
0 RSo)
Qa'\aes Mb%é‘%«; 20
Woekcl%kwembg@f\z
S A v

6RAMS THESE DAYS Age
%;%Mg w{a £ DAYS A




Wiite koA
LOELATE Wwis
TE ORiGINAL
PROGRAMMER,
THe VIRST PERson
T0 PRoVE TpE
YLL PoWER OF
SoPTME Whe

TORNG

(412 -1954

7 TRIVG, Wro ENJOYED Lone- DISTANCE RuNNING BAK
WHEN TAAT WAS (ONSIDERED WEARD, PROBABLY WENT
\NTo COMRUTERS To SHRINK THE SIZE OF WS
J0GbING CLOCK.

IV 19%6

1.2

K TuE
TURING
MACH/NE...

190



“TURING MACHINES

PRENT RePL MACHINES..
THEY' RE PBSTRALT
MACRINES, BXISTING ONLY
N TheoRy.-

_
Rovemy SPep¥nG, A
TORNG MACAE 1& AN

\N?UT—%U;(’%TA?%(EC& ) AA

pLAU BOX T DS

SEQUENTG OF O MWD 15.

" g Ao/ ne,

Toe OUTRUT ;

DEFZNDS oMLY ON Tre
PReSont (VEUT (0 ok 1)

uVD THE PReviovs OVTRUT.

TN\

T RE_ O
& e i€
UNIMEORTANT.

G NS
—_—

N\ <>
e MMN TuNg (S
THAT ThE CHANTZES
RoM ONE OUTPUT
STATE To The NEXT
ARE GIVEY BY
DEMINITE RULED,
aLLED

C
AN eITo
RULES.

Tue RepSod TVRING
MAGKNGS ARE [MEORTANT
15 TWAT THEY PRe A ~
& WY OF TMNKNG
wsicaly  KBout Looc.

MY WEl - DEFINED, STER-BY- STEP
s’

W S0ME TURING MMAING:

Teres A N
TORWG MACHINE
TUAT CAN

ApD!

F R DEMLS, SE& J- WEIZENBIIM'S COMPTER- [aeil. Mo guman REASON,
UAPTER 2.

19)



WRAT TURING fRoveD:
ITS TdepReTichuLy
POSSIBLE To
CONSTRUCT A
SINGLE TURING '
N\WUE Tue — o p g

TU&ING Mmuws

qu\ CoN \Mrrp:re
Tu(g»@ MAGLINESI

i ‘-"-'lz-ﬂ ur-—)“&\
~~~ 7 I 7227 IR B

THe TRICK 15 Tum THE UNIVERSAL Tvilw(a MACAINE CA...
Y road instruckions!

W 8 To MAE
Mversp Tv{im.%tma
(U) ACT Like Macavg T,
Yv\) ENaDE TS
TRANSITIoN RULES OMTD
s TAFE AT 6P<4l A

” gﬂu .
ml V.(FT THEN y TRUCTD})S
SngNu%‘ TK)NTES% K "’00

WAT T Dp aaaaa%

=) W otiee W0eos, U 16 Rospaumpgue|
192




(
THE | MPLICATIONS
PRE STAGGERWG : )

I%F%W@gmm ABLE
N\M&gé)e CAN
PERYORM ANY
WELL - DEFNED,
STER - BY- STEP

S THIS TEN YEARS

\_ COMRUTER rs. B0K7) -~

Jopn Vou NEUMANN CPRRIED TURINGS IDEMS
FURTHER: VON NEUMANN REP\H;‘ED TUAT ovehm=

UiLo p
%Mﬂhﬁ X

W BuiLDs
MA CHINES

TeE...

Fe X Tie

PLANS To
ITSELF/




~
Toe DioiTAL COMPUTER |5

|
A FANCY UNIVERSAL TURING
/\\M&wcé comlai% LiFe-

¥ You caLe
TUAT “Lige...
7

\_

TeeReroRe, NS TORING PRoved, 17 (W

Do AVFTHING (oK, MRE ACCURKTAN
SIMVLATE NIYTHNG). The ouly LT
15 THe AMOVUT OF TIME AT THE USER's
DiSpSAL ... SAY, Feom Low UMTIL THE
DEATH oF THE oML SYSTEM.--

\

\\%}JBEg Mﬁe@%ﬂ'g@e A
T,
CO*’\’W|0-Fr“01ReR
QUALIRCATIONS oM TRoT
“BNCTHNG
VAT KIND OF
“ANYTIND" AN
k CoMTUTER
po?
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¥ & WORD,
CoMSUTERS Do

het‘ &hb?vﬂmm '—3"]
¥ W"( bt - STEP-BY-STEP

NVG edp STR
RoCDIRE; A wer

IS CoMETID Berke
E’%ILFF‘ 1€ Yov ‘ t| Te VEXT 1S BEGUAL

WELL DEFINED,

MEANIN(: EACH STEP
COM LETEW
ERMINED B

0\) ENT lNPur FNJD

MECULTS Y

N0 M%www acLowep!
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EXDMPLES OF ALGORITAMS :

“If MCLEAR

g?@uews ARE
ALING LIKE

HXILSTONES,
;}BL LIE powW

OTHERISE | |
WLl Go To WoRk
¥ LSum !

1. Tc [
R p S € WhHERDs

1. IF Yes, Lle Down ¥ Ebdor!
3. F Mo, 6o To WORK.

(L, )
ALEEFEMC () WPUT p NMUMBER %
W&, (2) VLT % TIMES ITSELF

LOORITAMS (3) MULTIPLY % TiMes 2
%zx"-r 2% +10 MeMZ— (4 MD THE RESUTS ofF

@) AWD (3)
(5 K0 14; To The ReSur
- of (4)

W You UMDERSTAD,
VE DowN AND
ENdoY  YaRset!

_ & 5




examees of (NORNe ALoor TS

( "\f WUCLEPR
WARHEADS ARE

\’ALL\N@ LKE
AAILSTONES,

L\E DowN N!D
\TF*{ To ENYY
T.

Ths PARS To Tetd You WekT To Do ¢ No WARHEPDS
\__ PRE TALLING-.- So 1T NoT WELL DEFIVED

v,

AoTHeR®
fow AoUT \MPRofER®
2 4 ‘ =~ )

ﬂ&= Crrix-lo 1

TS 16 NO MCORTIM
BECMSE 115 NOT
EXPRESSED m ?@oﬂ%ﬁ
“pLEEERMC GRAMMAR."
we~ ASSI6EN »10 MEA»wb To
Te SYMBOLS "+,

\\\\\

i’ HGIZE AASKING ERROR

A~

{ To MME A Comfuter D
|‘A NoN LOORITIW | 1T WILL JusT
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T\

SYMBOLS a TAERE ARE Vosgwum@;
Lt 0 () mewore

N oR END
ALLORITAMS - _
EPSIgR TO
IS v ADD,

(s S(%f%é
SVEC{N«W
SuxPED Ves
35; % e < BRANTH
s
WHAT
OF STEP |15 D \NPUT OR WTPUT
To 8t L
EWTD: K

T\*E FLow' OF TAE PLEORITAM 15 REPRESENTED

Y ARRowS —--> ND WHEN ML THE
SyMeoLs Me CoMele. \T's A A H




HERE ARE THE
?O‘L?Ow CHARTS

W BOTK MLoopiTAMs, Tie g PROCEEDS
‘w 7 DllzechTI/ZoL. FROM START T FIVISH .

— . — — - - - - . e D W Gyt > an W On S D ey Em—— -

ITS M50 PoSSIBLE PR Tie FLow of
ALOORITAMS To JUMR FDKwP@O
Ok MRD. R EXPMOLE

LETS RAWRITE TART CRST
MOORITUM :

1. ¥ Bomgs MRC TMAUIND,
@0 To P 2. OTHERWISE,
©© To STEP 4.

2. LiE Douy Anp Endoy!

3. 6o To ST (.

4. LeMp A NogMAL Ln’e

R 24 HOURS

5.6o Tostep |

b-END Yov Mkf ?WD xq)ﬂow Gl T
EASIER F\IW Tha€
WF!TTZH ROGRAM.
Yr MM CoNTINVE IVDéﬂNIﬂEL‘/”
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FLow GPRTS ARE USeruL

IV RELPING To DESION
ALOORITAME —SIMPLE ohES,
ANY WY — AND DESIONING
ALOORITUMS |6 WHAT
COMPUTER PROCRAMMING
6 ALL MBouT !l

Tag FIRST STeP 18 WRITING AVY SROGRAM 1S To
g ANALYZE The JoB TO 8E DoNg, AND SeE

Yow To 0o T ALOORITUMICALLY !

FAILVRE TO
THNK /&
ALGORTAMICALLY ; THAT \N¢oRMATIoN
HAS ChuSep & Stoup 60 Vo
P ¥ Mf\rgeﬁ%'rm

. “e P
Mm\!r’m%ll VICE PResipent’s Me 8
MoST ST P GO0D...

R MMBe The

| TREASURERS...




LETS TRY A CouRe MORE EXAMPLES...
A LITTLE MORE (WE WHAT A COMPUTER
MIGKT ACTUALLY BE ASKED To Do..

v TWo RooMATEs, LISA MD SORIE
e oo,
ﬁ CENZ 9 THBIK RECAPTS. AT THE €MD OF

THe MovTR, THEY WANT TO

FAN%) Wio owes WHoM How

TS oNg Poks THE
To

COMRUTE
BVP«LUI%% Tve
SN
x‘+2x+1o
NOT JusT AT 0M6
VALUE OF X, Bur
FOF MAVY YALgs,

NAMEVY

X=0, 04,0.2,03
N’D %oo»
U\’ To 2.0.
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(" 10R ROOMMNTE RECEIRTS"
We REASN Like $0:

LET S=SOPHIES EYCENSES
L= L15Ns EXSENSES

THEN THE TOTAL EXPENSE
15 S+L, AND EACA
ROOMMATES SHARE |5

L(s+L).

S0 L>S¥, TheN
SoRAiE owES LIS

Ls+)—s, OR
L(L-9).

OTnerwisE (ke S=L¥),
Lish owes Sofhie

1(s-1).

THe ALLORITUMS  OVTRIT
I$ o TelL US WHo
OWES Wpom AND

Yow much.

\F LISA QUTSRENT SOfHEE,

COMRUTE |
L(L -<)

CoMPUTE
Y (5-1)

OUT\’U
OWCS usA
MO L(L-5). ‘\

TeuT
Lt%‘owes
—L\

END

> MEWS 15 SRMERTWW' ;2 ;
L < MERNS “I5 LESS TAN', < MEANS s LESS TRAW OR EQUAL To". )

MEANS “Is GRENTER TWAW R EQUAL To" 5

lo1




(W "WLTLe FLUG Mo, WE WANT Tp EVALUATE ASIGE
EXPRESSION, X*+ 2X+ 10, REFEATEDLY AT DIFFERENT
VALUES OF X (MAMELY 00, 0.4, 0.2,.... ,1.9,2.0)

Toe CoRE 0F TRE
ALOORITAM  WILL
BE TS LooP:

1. YLue The a)»gzwr
v;«we 0oF X INTo
X x2x«lo

2. PRINT THE ResuLT

3. NOXT X
4. ReTURN To STep |.

wg Mso HME T
SKeUeY WWAT X To
CTART WITH,

WREN TO STof,

PO How To CoMevTe | ,
WexT X. ADD O

T X
=&
No
(e )

BAMK, PLUGGEING IV
s%ce’se«ve VALYES
OF X uNTIL X

Exceers Z.




Now THE 6728 QUESTION:
(864 AFPTER INRLATION):

How D0 You WRITE
PN ALLORITHM

ThATS
NTELL(GIBLE To




AT THE VERY BEGINNING, PROGRAMMERS WROTE DIRECTLY
IN "MACAINE LANWA@E" —BINNRY CoDE. TS WAS
oevievsly P HerDACHE!

109/92001100 /
(0001001047 ¢

Wwetl Veed

A COMQUTER
JUET To AGURE
R ASPRIN
-{{W

B
ASSEMBLY LAVGUAGE
see ¢, 174), MDeD
; AurgMAT«q
Wi ANBLATED
hssé?v\gf LANGUAEE,
MNCMOMCS INTO
MACKINE CODE.
STILL SOMETAING MORE
WAS NegDep!
AND
AMM
; ANALLY, ; THE HIGHER'I-EVEI- m’gwe'ef
ERE (WENTED. TRESE (o
fAM\ukﬂ ENOLISH- LIKE CoM AWSr
SoUkCE (DDE S0ch &5 PRINT" “RgAD," AND "Do,"
w Mg TRANSLATED INTD MACHILE
o Lknwkbé BY Come ?&éfz/\ms
(a7 LML CoMRILERS
ot e
0BT (ope AND THE MACKNG- Lmufecg meﬂ

\6 CMLED “OBIELT Cobe !
20%



THE FRST m/aﬁgum
LANGUAGE W

ORTRAN  (*FORMULA

NSLATOR"), WHILR MADE

16 DEBUT IV THE EARLY
1950'%. SINCE THEN,
WTERALLY HUNDEEDS of
LANGUPGES WAVE gegy
DE\/OTeesY!

7/
‘ WERE CONG To TAKE R Quick Look AT BASIC — 3

[REGINVERS [\LL-PURPOSE QyMBoLIC [INsTRUCTION (G0DE.
BASIC 18 EASY TO LEARN WipgLy VSED, DESPiTe

CRITICSM (eSPeqaiLy By PASCAL ADMIRERS) THAT IT PROMOTES
M0 PROARAMM|NG UABITS.

\T opN'T
HMWDLE SUBRATy e,
Wi Lachy %
TR coospmg!
7 WME F?OTA s y.

wgé Aﬁ‘?ow(ol% [
X Llﬁwm?ﬂszlé?ﬁes
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TheRe PRE Two

Wrs TO WRITE A
BASIC PROGRAM
Wiy CENCIL AVD
RCeR, oR DIRecTLY
AT The CompuTER.

ITs Goop PRACTILE To fLAW S
WORK OUT Tie ESSENTIAL |D€A\1Q 0@?"31830",70%?8%‘;'“' e
BVENTUALLY YOU MUST ST DowN AT TRAT KefgorRp!

f\"p’ée MW%
BAsIC AS
S00N S YoU
TURN TAEM OD.
OTHERS O
BRiNG \T U
%u fSMMMID.
b DOVBT,
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WHEN Tue ( LETs éer Goua! )
COMPUTER (5 Rery P
'T Gvgs Yov A “PRoMeT =
OF SoMe KiMp: THE =
WoRD “RepDy™ or /
JUST THE SI6R >,

mﬂfr ER [KO(BOARD RESEMBLES A STANDARD T\r’f’—\Jl

HE
WRTER'S "QWERTY" KeYBoARD ... ExCelT TANT AS (v
TyPe, Wﬁﬁ*ﬁeﬁs MPePR ON THE CRT (CATHoDE
RAY TUBE) SCREEN, INSTEMD OF ON OMPER. To Co To
TE NOKT LINE, Wit THE RETURN (=) Key
HERES A SIMPLE BASIC PROGRAM -

10 Rem BASIC MULTIPLICATION
20Rerp A, B
30 DATA 56, i

GASIC MATH-
40 LET C=AxB MV% AS USOAL
B0 PRINT “The PRODUCT 15", ¢ ',\\fa‘ N s 6
60 EVD A/B.Zf'heguzaoev

AB..A To TAE
g™ Powel

Tie PROGRAM 1S Now SToRED j
MEMORY. To RUN 1T, TyPE "RuN",
PoLLOWED BY THE RETURN Kev.
The SCReeN DISPLAYS:

RuM -
e PRODCT 15 6.16
Y |
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>£sz¥ LINE BEGING WITH A
LINE NUMJ;ER (0, 20,--)-
EVERY LINE OF A BASIC
FROORAM  MYST PAvE A
NUMBER® ITS WSE To COUNT By
TeNs So You CAN INSERT
(ANgs LATER.

THE ERST LINE (10) 18 A

RIC. Remagks ExeLmp
THE TROGRAM BUT PREMT
EXECUTED BY THE COMIVIER. Tie
Reqax “Rem” IDENTIAES
F\@é@%ﬁ WE MHT INSERT DM

20 ReMD AB
26 REM THESE MRE Tig #5 To BE muLTd
%0 DATA B.b, I\

> trookm STATEMENTS consst

oF INSTRUCTIONS (“eeT”,exc),
NUMBERS (546, 1), VARIABLES
(MB,C), TERT (“Te prodocr
15"Y, MO PONCTUATION.

50 PRINT "Tne PRODUCT 16", C
QUOTEs  STMES  sEMwcoLoV

EACA OF THESE HAS A PRECISE

MEANING ¢

209




A NUMERICAL VARIABLE M

BASIC |5 LIKE A VARIABLE

TR

PBELED BOX A ; W

('N MEMongs MKy VARY (BW’ IT HAS
QLY ONE vaLye AT A TIME!).

QUW THESE SYMBOLS (AN

E USED AS VARIABLES:

ABcCoD,... A

; BeTween!

A9, 89) o 29
TeRe PRE SEVERAL WIS Tp ASSiw A VALVE TO A VARIABLE:
Mg 1S THE pr STATEMENT -
20 REMD A B CoMMAS ARE
20 DATA 5.6, 1.4 - ) ESSENTIALY

A
i

TS INSTRUCTS THE COMPUTER D ASSIGN THE NUMERIAL VALVES
W THE [LNPY STATEMENT — N ORDER — 1%' THE VAR
W Tke ([ IS STATEMENT, W VArkBLES

20 RefD A, B, C f
' 30 DATA 5.0, L1 ﬁ:’ Tis 15 A MG%

20




ANOTHER WY To ASSIpN YALUES To MBIABLES 1S WITH
' N\

N

0 LET R-6.5 ‘m
20 LET R=2%Q m‘rl(es 8=
%0 LET S=QT2+R+10 (65)* 13 140

= 65.25

Tug LET STATEMENT ASSIoNS THE VRLUE ON THE

OF TUB EQUALITY STEN “=", To Tug VARIABLE gu‘é%
LEFT. Tie RIGHT- RAND SipE MAY BE A MUMBER, AR Se
MATHEMATICAL BXPRESSION INVOLVING OTER VMU —_
A Lovl AS TUEY MARehOY ANE VAMES |

o LET @-65
20 LET @ =O.5%R
30LET S=2+Rr 10

HERE STATEMENT 20 DoEs NOT ASSIGN ANY VALUE TO
R, BECAUSE R 1S NOT ON THE LEFT SIDE OF “=". |0 FACT,
If R WASY'T BEEN ASSILNED SOME VALUE EARLIER IV

THE PROGRAM, THEN STATEMENT 20 6WES R AN

INDETERMINATE VALUE! BUT—
10 LET M=0 ‘m
B 20 LET M= Myt /
B 30 LET M= M+ |
THESE STRANGE -LOOKING STATEMENTS ARE CEFECTLY 0.K/

YLET M=M4AY MBANS “ASSION To Tue VMUAGBLE M A VALUE
BQUM. TO ITS CURRENT VALLE LG 1."

21



TG 5 AN OUTRUT COMMAND, MEANIAG "DISPLAY oM THE
SCREEr,” NOT “PRINT ON PAdeR.” |

WHAT CAN BE

PRIN =83

You AN PRINT AMY TEXT:
10 PRINT “ANY NUKES ToDAY?"

RUN
pNY MUKes ToDAY?

TioN MARKS
Movep

PRINT A VARUIABLE AVD You GET
\TSP VALVE -

lo LET %=77001 |
20 PRINT X
RUN

L quoTAmoy MARKS WM
F CoMPUTER TREAT X
S A TEXT.

10 LET X="77001\
20 PRINT “X*
Rup
X

PRINT A MATREMATICM. EXPRESSIOV AND Yo CET (75 VALUE-

10 LET Z=15

20 PRINT Z12Z +2A%xZ +10 BECMISE

RN 0s)Y raxis+ 1o
15.25 =225+3.0 +10 =15.25
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B

A SEMCOLON AFTER P PRINT STATEMENT CAVSES Tue
NE/T PRINT STATEMENT To DISeLAY ITS OUTPUT ON T
SAME LINE AND DIRECTLY AFTER THE FIRST ONE's :

10 LET pA=1
20 PRINT “INFINITY 15 MORE THAN"
30 PRINT A
RUN

IWFINITY 15 MORE THUAN 1

ITs 0K. To NBREVIATE Tiis -

lo LET A=1 .

éo PRINT “INFINITY 15 MORE 'nwu‘
UN

INFINITY 1S MORE TUAN 1

A

FOR BXAMELE, WE COULD REWRITE THE PROGRAM oM ©. 208.
10 REM BASIC MULTIPLICATIOP

20 RerD A, B

20 DATA 5.0, 1A

40 LET C=AxB

50 PRINT “THE PRODUCT OF ; A3 "AWD' 3 B3 1675 €5
60 EVD

RUN

THe PRODICT OF 5.6 AND 1.4 15 G.l6.

Tiepe ME MSo SoMe MFTY TRICKS USIND Tue@m
> AND PRINT, BUT We wop* (JERT INTD \lr
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. \NTERNCTIVE" /
\/_.;‘;:.
= /P

V¥ -

TS5 STATEMENT ALLOWS THE
USER To ASS|ON VALUES To

VMABLES WHILE THE
PROGRAM 1S RUNNIND -

TRE FORM OF THE STATEMENT:

I INVT A l

WHEN THE PROORAM RUNG AND REACHES AN
STATEMENT, THE SCREEP DiseL YSAfH il

I? )

TS INDICATES TUAT THE PROORAM HAs HALTED, NUA‘}‘H% INpoT.
You TYPE SoME MUMBER (foLLowep BY “RETURK, AS ALWAys!

_\/

LTSS S .
CAN BE USED [N COMBINATION Tt
KNoW WHAT SoRT of INUT (5 BXPELTED: 0 LET Y

10 @rsIC DisSIop
20 PRINT "TYPE THE MUMERATOR.
%0 [WPUT N i & .
40 PRINT “TyPe THE NON-2ERD DENOMINATOR.
Z %IWT D " "

NT Ny D: =" N
“0 EMD ) Y ) /D

R TypeD éy
YFE_THE MGRATIR, e vsen.
TYPE THE NON-ZERO DENOMINATOR.

? 8
5/8 = 0,625
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THIS 18 THE
UNCONDITIoN AL
BRANTHING (NSTRUCTION.

"(oo T ( Llﬂé NUMBER)" TRANSFERS CONTROL To A
LN OTheR TAAN THE NEXT. THE PROGRAM TheN
CoNTINUES PROM THERE, AS (N Tikis ENDLESS LOOP:

20 LET A=A +1
40 60 To 20

15 THE "SMART
%7 (WDtTo VM

IT KAS THE GENERAL FORM

IF (conpimion) THEN (LINE %MB@R\ s 1200 rL’:LTA;o
THe CouDImioy WS THe DR 20 LET A=A+

x 40 IF A<=2 THeN 20

<
ew M ) <= NUMERICAL
SION S EXPRESSION
' >

L <>
AS "‘l lF A<=B They 30 |

TS AWMS (NCLWDES Tie UNSTATED
meTKocnou HOTNERWISE, €0 To THE

* < L6 -rww < LEsS THAW OR eqUAL To, > GREMTER TRAN, D= GILEATER THAY
oR-EQUN. To, <> DOES NOT EQUAL. 7
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TS 5 ENoUGH To WRITE BASIC PROGRAMS FORTHE Ti
PLOORITHMS PROM €. 20 : "o

THE PROGRAM:

jo PRINT "LISA SPENT"
(20INPUT L )
30 PRINT “SOPHIE SPENT'
40 INPUT 8

50 \F LYS THEN 80
60 PRINT “LIsA owes Sopre”; (S-L)/2
7o 60 To 90

80 PRINT “SopMiE owgs LIsA"y (L-9)/2
9% END

SEE Wow "IF-TREN" AMD "60 To" ARE
Wep? IF LY S, THEN LINES 60
AM To PRE NOT EXECVTED.
OTHepWiSE, THEY ARE ExECUTeD, AMD
Live To ENSURES THAT LINE go 15
SKRPED.

I¢ THe PROGRAM 15 RUN

RuN

LI6A SPENT

2 9375

SOPHIE SPENT

? 77.28

SOPHiE OWES LISA 8,185

26



THE PROORMM:

1o REM LINE 20 PRINTS A HEADING
20 PRINT "X '

LT 120 RS__( 7 zm)
4o LET Y= X2 +2%X ¢ 0
bo PRINT X;"

ll., Y
60 LET X=X+O.
To \E X<=2 THEN 40

kDon-l

o RUY

X

B e,
o2
= 52
(Evp ) o5
9%
-

| )
I
I3
15 *‘f |4
o 5
» 1o
1o M I-7
.8

1.9

2

You COULD DRMU A
Gm’ﬂ thRDRTms INFORMNTION!
Jrrreet 1:.::4.4:14;;. X
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THE "MULTIOLE TLUG-INS
Loo® |8 SO TYPIcAL
TAAT ALL PROGRAMMING
LANGUAGES HAVE
SPECIAL CoMMANDS JUST
TOR Sucs REPETITIONS,
\V BASIC, \T'S

THIS RePLACES THESE
HREE LINES:

20 LET X=0

o LET X=Xt0O.
70 ¥ X$=2 THEN 30

THE STATEMENT [NITIMAM SETS THE VARIAB N T Tie
LOWER LIMIT, EXECUTES THE LINES P To Lfe? IJ&EMENTQ
The VARIABLE BY The AMOUMT "STEP MUD REPEATS THE
LooP UNTIL THE UPfer CIMT IS EXCeeDep.

A SIMPLE EXAMPLE :

oMITTING “STeEp”

0 R1I=1To4 NTOMATICALLY

20 PRINT IxI og@;«cs INCREMENT
30 NEXT I . _
40 EVND

RUN

|

3




A. WHAT poES Tils PROGRAM Do

lo INPVT N
20FOR 1=| To N
20 PRINT IxI

40 NEXT T
50 END

2. REWRITE, THE “MULTRLE
UG- INS PROGRAM VSING
THE “FOR NEXT" STATEMENT.

. WRITE A PROGRAM WHICH
ADDS THE NTEGERS
(WHoLg NUMBERS) ROM
b2 0, o

)
ARV RoM 1 To N,

. IN Tug €BoNAC Segxw
0, l,?,z,%, 5,8, 13,2, 34,..
EACH NUMBER 15 THE SUM OF
Te TREVIOUS TwD NUMBERS.
WRITE A PROGRAM WHICH
GENCRATES THS SEQUENCE-

. Repo ENouGtk oF A BASIC
TEXTBOOK To WRITE A
“ROOMMNTE RECEIOTS" PROGRAM
R ANMY MUMBER of
ROOMMATES.
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THERE PRE PLENTY OF OTHER BASIC FEATURES, ENOUGH
To FILL ENTIRE BooKs — AND IN FXCT TON5 oF Books
ON BASIC HAVE BEev PUBLISHED.

\;&ﬁgmﬂ.
STy,

UNIVERSITY
foLiCY.. -

80..\¢ YouRE |NTERESTED N pwp
(D-ISCOVEPWG QTRING VARABLES, OTHeRWIce®
SUBROUTINGS, FUNCTIONS, ARRAYs,
NESTED LooPS, How To DEAL
WITR DISKS AND AVOID BUGS, ETC
erc e, Thew @GO YR

LoCAL LIBRMRY OR BoOKSTORE
e e e 1°

\—
220




\—

QGVERAL IMEORTANT AREAS SN
OF SOFTWARE WHICH KNVE EMERGED

IV The YEARS SINCE ENIAC...




S e

P S

COMMOMLY DIVIDED

INTD SoFTWARE
AN MPPLICATIONG
SOPTWARE .

PROLICATIONS SOFTWMLE DoS “REM. WORLD" JOBS, whle

SHSTEMS SOFTWARE EX(STS PU
CARTER SESTEH (TS o T FEGULATE THE

TERMWAL  TERMA pisie DRWG

A SyeTem TcaLY
OONSIETS é)? VE (R
MORe WU/ guTeer
DRVICE> (TERMIUMS,
PRINERS, CheD Rekoers, | JTHERWISE,
CoMNONCATIONS $0RTS), CApost
ROCELORS, MEMORY

W
WRAT el<e.
SOMCTHIND WS sTD
CoORDINME 1T ALL!

122




Tic PROGRAM
TUAT poc€s IT
s CALLED Tue

OFERANG
IISTEN

Y

IF Yov THINK oF THE
CMQUTER'S (ORE A6 A
AANT ELECTRONIC

FUND CrBiveT (Wit

A CAOULATOR MTAGED),
THED THE OPERTING
SISTE

CREATES THE STRUCTRE
#OF Tue ﬂE:s

MPNAGES MEMRY

[ =
e N[—=

S NT d g
f?ug(swoogr BuMP @
%% INTD EMH OTHER
RELUATES NCHA
0 ™E A M

T weﬁ%?rr“or %

M
N A0
&%—W& TgF Amem 63& %@

4
(" 851065 THE RAATI RTT
SHOTOM gﬁ%ﬁ? SOPTWHRE To THE LSER! ﬁ

INGLOOGS 0T PROGRAMS
Y M %mM,“ SOk AS
LoMpRS (W Lodv PRoOLAMS
WTo MeMoRYY AMD (DKRILERS
(WGt TRANSLAre WlbHer-LVEL
LANDUMSG (NTO MAXUKNE  CODE).
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BATA NAGE!ZL

» DATA BASE
A
[} A
A uemzt\% BKNZD
(%P«TP‘LO@, NKS
RANBACTION  RECORDS
WD ACOUNT BALANTES,
AN NRLINES FUGHT
epuLes AVD
VATIONS, f0LICE
ae, Slta( &WP‘W
—ALL
DATA BASES.

.” f DATA BASE MANACEMENT PROGRAM OROAMIZES,
UPDATES, AWD PROVIDES ACCt To THE DATA BASE.

IN The CASE OF fW
AIRLIKE; PR gaile, S 7 g€
Tie CoMPUTER  WAS A SUGHT Bve

T 800 VATIONS IV THE o ;
oS s e\ bueton S

RESERINTOPS WHEH g O
T OSTNGR CNaas, {7V ’@ e i ))
MG RERSSIDMENTS (9 Sy / 2
Cnicaen, e we (L DEY
e i QT i
L
WEOLMKTOU O Tz
RACL el — o~
0BLo Wipe !
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-

WORD PRoCESING
SOPTWARE ALLOWS fou
el
ROM THE sgwe
KeVBoNRD . You CAV
60 FROM YIpsT o -
gﬂg}: DféJN’r GUTloas,
nTioh woto.

WY
MAsTERClECES"

A SMALL COMPUTER WITH WoRD PRocEsSING CAV BE QuiTE
\NEXCENSIVE ... TaE cm&“ (6 AT A “LETTER QONAT? "

PRINTER. CAV (0ST TgN TMES THE PRICE OF A TyPewRirer !

AN TwéENnoe
Conw?ep- CRIME
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IRTEAT ARG

e

= e e S

= 1 INES .

S Twe FP\sTaT‘ MoSr

- COWERPUL.  coMRUTERS

. PRE MMVLY PEPLIGD
™ SUENTIAC
YROBLEMS.

I

I

CRAY-1 CoMEUTER, CM0ABLE
OF 100 MILLIOV OFCRATIONS
Xeg seconp ! :

Tuese *Svpereomeuters’ Exeer A1 TSN
THE IDEA BEWIND SIMULATION 15 TO FEED THE (oMPUTER
THE EQUATIONS GARNING A PHSICAL SESTEM AND THEW
MATHEMATCALLY “MOVE™ THE SesTem ACCORDING To THOSE LAwS,

Thig SONE

mwa,: A
CoMYUTER CAN GUIpE P CRAFT
T0 The Moo, BECAVSE \T
CAN INTERVALLY SIMULATE
THE ENTIRE BL(GHT !

1126



/

COMPUTRRS  CAW QUMULATE:

THE (MTEUOR OF
TAR j‘!‘40 A ﬁﬁ)%ﬂf’—
XeLOSION...

ww

THe EVOLUTION oF
AN ECOSYSTEM.._—=

CUMATE

(A

i
T vﬂepy:Tr TWe WEATIR).




.

fRoM THE SIMRLEST
‘CONG" SCREEN )
To THE MOST
SOPMSTICATED
PHORT

f
S|MVLATOR, Tre =
\DEA IS THE
SAME :

DWIDE THE SCREEN 4
AREN INTO A LRGE —
%Tqﬁ’f@‘%z T(‘yé{:ms“) =
AVD ASSION EMCA ONE

A CoLoR AND 80T THERE ARE
€sS. Al ALEORITRMS
il FoR. SMoDTRIND
CopNERS!
Lu FoR —
NFORTUN kTAY, \T
™G A Lot of y
MPUTER PVER Te \F ONLY THE
C& me{ @%Weu\%e. VLD g‘“ﬁ
SMALL CoMPUTERS

MosTLy Do Tkngs
&\fe MNE \%16
MRS, .
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-
v
2

/

CoRERhETION

T BIGHEST ComRUTER SYSTEM
(UTSIDE GOVERNMENT
BELONGS T TRE

TELEPHONE .
COMPANY . OI000IO O
g‘ VoIcE (OR AMY OTHER

ONALY (AN BE DIGTMLY

kNVDD

NCoDED, TRANSMITTED,
7 oDED, |

»

ConqUTERS LSO CONTROL THE RoUTING AND SWITCAING OF
Cus Thpouct the NETWORK —~

AV keef of
BVERYONES BLL]

E WORDS OR oRoVCS
& OF Woeos — A
§ CIRABLATY NoT
g LOST ON THE
A \NTELLIGENCE

CoMMUMITY..

b — —— 1. 4. 4 BECW ,
07 A7 —=— T usvt




’ DESOTE THEIR INCREDIBLE SPEED
o ek, et

AR HEKM MRE LOUSY AT PATTERM RECOONITION,
ELLIGENCE Mot
[ s i

CON A MACHING BE
(?@éRAMM@ To T’

b

—

ACTUMLY, WE KNoW
Very UTTLE

MNoOUT HoW
THNKNG WORKS...

_J

ALAY TURING SUGRESTED TS TST:
SUPPOSE You COULD COMMUMCATE Witk
SOMETAIND, 0R SOMEONE, CONCEMAD

So A~ BETTER
qu%ﬂg»g S How

S p Eahe o e e ne
TNKING 2 TW MMttiE OR HUMAY, \ov WouLD

NE o SMY (T WS THIVIIVG !

\

AN 4
W L LTURE

z -
§ *
>
z
<
4
My
AW\e
WRRARRL e

Y
\

AN

s

\ PERSONALLY DISLIKE THIS CRITERION, ON THE EROUMS THAT A
SIMULATION 1oNT The REAL THIND ...

2%0



EXPERT SYSTENS,

%(QZEPDTg ARV J

V€ AND SOME
g‘*}&f%*‘wm <o CALLED

W MiC HUMAN
e let vkv A

WoW DO YU CREATE AN EXCERT SYSTEM?

BsT, | Iow
BVl 0

AD BRANNSTORMS .

NOWLEDGE BNSE -
M TAC RESWLT.
IS (SoMETIMES)
A PROORAM Wicy
%w UTPeRDORM
MY qUMANY

\_

r—Tue» LoD TiE COMCUTER'S MEMORY WiTi THE HUMANS' j




(RP

Tu& ARE STANDAMLD
6)) LIKE ASCIL

(¢ 128> PR
OWERTING WRITTEN
TEXT (NTo DINARY...
Bw(g)rm\'r MO USIM6

SeCRET £S USED To BE STRICTLY MILITARY AMD
SOY STUFF, BUT MW MORE AND € sengwe
WEORMATION |6 STORED IV COMEUTER SYSTEMS ¢

MEDUM RELORDS,
BMIK RecoRps,
CENWS DATA
\NC‘{M? TAK

o5,
(ORMDE %«Mm |
(ORPRATE MEMOS,

kil

"’ SORAMBUNG DATA S BECOME AN (W(ORTANT
| 4
152

c
E'rc.E.,t

WY OF PROTECTING PRWALY (I




ORDINPRILY \NPORMATION (6 STORED AS A BINARY

STRING A;'i/v COMPUTER (AN READ : THE PLAINTEXT,
\N CRYPTOGRAPHIC JARGN. TO ENCRYPT T You APPLY
SOME ALGORITHM & WAIGH CONVERTS \T To A SCRAMBLED
MESSAGE CALLED Te CYPHERTEXT.

e | —S—> [ertrerred |

TReORETCALLY, 115 IMQSSIBLE To RECONSTRICT THE
e R e T W CorumA. eove

NG ... fow \ M- -
BREM®ER COULD QT A ci?mmeﬂ o Wolk Sercive Tk S,

T B SeURE,

§ KAS T BE So
CoMPUCATED THAT
EVEN Tie OPSTEST

CoMEUTeR WouLp

e, SHY, A
MILLION TEARS
F%»ﬂwe IT ot

geczu‘rw‘ THE NPTIONAL
VEeM oF STANDARDS
e A pATA
ENCRYPTION STP«NDNQD
THE NPTION.
SeVerAL SCiENTIsTs SuRecT
‘lﬂug‘r TS STANDMD (S
JUST COMELEX, ENOUGR
g)) STYMIE ORDIN Py
MPUTERS, BUT NOT T00
ozg;k W%Or@terrg!zfo(
T UNTIoNM SE0)RTY AGENOr!




[ A D o COMPUTERAIDED DESIH/ |
‘ 0 COMPUTER-AIDED MANVEACTURE

U A CoMBIVATION
0F SPeepy CALLULATION
AND Wip- ReSOLVTION
ORIPMCS, COMPUTERS
o v

‘ —
ROM JeTS-To LENSES
To TRe sTyLes To
OTiteR ComMPUTERS -

TREN THEY CAW 00 ON To CoNTROL PUTOMATIC MANUFACTURIVG

Q?(ég(’éE{?SGS ps WELL - Ygs, MRE MLREPDY J
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THE MILIT CAN USE JusT ABouT
pegY T?kfpﬁy oF SofFfWPRE e VE
MENTIONED — AVD THEN SOME(

(T FOR FLIGHT SIMULAToRS opw

EMAC whs BULT Tee TRAIN PiLoTs

cwwbﬂ*{«,"eeé‘&t{\em TRE GROVVD... WEHT on
207

SupeROMPUTERS
DESION NUKﬁS-:.w S

.- NOT To MENTION DATA

YRocESSING AAD CRYPTOORMMY ..
S0 GREAT 1S THe DEFENSE
DEPARTMENTS QoPTit) MRE

NEYD TUAT T NE
T oy eﬁ% Wit

AGE: ADA NAMED
PPTRR THE UNPORTUNATE
LADY LOVELME,
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TS LITTLE SURVEY ONLY BEGINS To SVOGEST THE
RANGE, OF SOFTWARE CURREMTLY AVAILABLE. EVERY DAY
THERES MORE... 30ME PROGRAMS MOVE |NTo New
PREAS, WHLE OTHERS INTEGRATE EXISTING RouUTINES
WTo , MORe POWERPUL PAGKAGES.

A
RANCA, AVD DESIENS
R-BoMeo! EVERY
G4RaYL G Ty
OWN DETERRENT"

\¢ You'Re LOOKiING
OPPORTUMITY
IN THE CoMPUTER
BUSINESS, CoNSIDER
THS: The ToTAL |
CONSUMPTION OF SOPTWPRE, '
(0]
MaNY TIMEs THe Ve
AMOUNT SPENT ON (&

PAeOW, THE
NEKT 700 Dechos!

o ]l‘iéo Now 2000



P fEW WoRDS
PEOUT” Trhs PAMILIAR
SenNTenCe

(oMRUTERS
ONLY DO (WWAT
feofle Tell

Tem To po!

(WHICK [5 WHAT

COMPUTER SHENTETS
SAY WHEN THEY WANT
To BE REASSURING...)

_ _J

7



r"ECNHCN,W ITS TRUE, IV THE SENSE
THAT SOFTWPRE (ONTROLS (AMRUTERS,
AVD PEOPLE WRITE SOFTWARE ...

8uT (Wt
CovTROLS
ReobLe M

\_

o e, 200
I S

i I
o H
CDM?UT

(0]
o wef:%gsﬁemw
T MAT
“ON WPRN(ND.”
Consmeeur(o TUAT

\ WhS
oNY
@walr/b

INSTRUCTIONS




WLATOR
Wt GALLLPTOR

9" = ($,5%6. 00l
(REMLLY!)

ANOTHER (ROBLEM (5 TUAT
PLOORITUMS DONT ALWAYS
D0 EXACTLY WHAT THEY
pRE SUPPOSED To-

( LIMRGE SOFTWARE SYSTEMS ARE WRITTEN BY TEAMS
0F YROGRAMMERS. LIKE ThE ELEDUANT NO ONE
\\NDERSTANDS THE WHOLE ThivG !

&y
A 2 ' ®

S

e

7

(Y
,

-

g (((

o)

COMPUTERS ROVTINGLY Do BIzARRE PND- (' CETTING To
L v»exeeaeofz THNGS esemﬁff uﬁeu AN o y

RuUNING New, UNTESTED SOPTWARE!
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FINALLY, CONSIDER TS OMINVS AL GORITHM:

WHILE NO COMOUTER |S INTELLIGENT, MOBILE, OR WELL
;(merfv EVOUGH —YET— To EXEWUTE THESE [NSTRUCTOMS,
MACAINE REMAINS A THEORETICM foSS/BILITY,

THS PROGRAM WeuLD MM (T SOMET:
N NG LI apy T SOMETRUG VR ey Lice




AND 1F You TAINK TART
BECAUSE “IT'S ONLY A
"?Aé“w\e"(l)i’ ‘éou?(oiszegbwws
VRN \T
ThE WORDS OF NORBERT
WIENER A SCENTIST WHO
THovaiT DeepLy AEOUT
THESE THINGS:

; SMEUSSTOPBQ T
0SSESSIOP OF
INFORMATION AS TO
WHETHER THE DANGER

Yo
THe MeRE FACT TRAT
we HAve MADE THE
MACUINE DOES NOT
e o ot PRoteR
INFORMATION To 00
Ts.... Tve VESY Seeep
0F... MopERN DIGITAL
MACKINES STANDS (N
Tue WAy OF OUR
pBILITY To SERCEIVE

D THNK THROUGH

& THE INDICATIONS
oF DPNGER." *

* CYPERPETLCS,
SECoND EDITIoN,
CiT6

CompuTING !

(g0 WELLOME To THE INFORMATION AGE, AND HAPPY

~




«M@ FURTHER READING -

MEDIEVAL AND EARLY UNDERSTANDING DIGITAL ELECTRAVICS, By W
moaw SCIENCE BY D. McWHORTER. BOOLEAN CIRCOITS

A.C. CROMBIE. S oy
aﬂosﬁsrﬂﬂowe ACTAL COMPUTERS
|5LM'tzca éaéﬂfé Chme A iSO EAORITE, BvT Look

OOT FOF
MARING OF  urRonucTion T MICROCOMATERS , By ’
#'f ﬁ.’ué’é msom vow’ffs\ Very DeTAILED
DIRGEANS oF OLD UNDFFSTAW/ﬁ’é COMPuTeR .S‘C/E,Wﬁ
AODING MACHIVES RS WALKER. MoRe AOVAW &

C10 0771111 NS
o ﬂ/érm' ﬂfMlﬂIEMATI[(
GITTLEMAY. Doy

M|9‘: THE ST P'(

VAPIER'S
ChickEv! e

THE CoMpuTER PRoM PASCAL To Yo Nbymauy

g; 2 m%‘n»e THE pesviTIVE AccounT

RLUSTRATING BAS/c By D. ALe A
QUILK CouRSE, USING é(qu cAﬁcrl;o»s

umeﬁ usm BAS/c sv R-Dippay § R PheE.

Em UT WORDIER, APPRoACH
PASCAL P/?//nfp BY D. foX ¢ M. WATE.
ﬁ" 3;" HELPS To Kilow BASIC GEFIRE READIWG
VD HIS ‘
u'es.‘eo‘“%‘ v"’ FORTAAN Cosgemc GooK By @ ik
\}’"«S € % W 24 WITTY, BORDERING Ov CORNY

cf’//ﬂM ’ﬁﬂm BY S MuFTfM
ATiNG SYSTEM B(\’LNN@

SYRoLiC_Losic Aup Compyree Drctiowagy Fm
g 7 sai 5 L ARG
OF SiLty SYZtobISMs N 8eRey OF A BoOK /

THE MATHEMATICAL

THEORY o CORMMICATIOW
B ¢ SUAOR. (o q:
OWYW nﬁﬁw ik T ['E}

CW&WETICS 2 Epmon, ,
w’:’s wgf %Tomevc
CONThey — 11/

1
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BEYT

Abacus, 32-34, 43
Abbreviations, mnemonic, 175
Abstract symbol-manipulation, 42
Accumulator, 173
Ada programming language, 235
Adder, 123

1-bit, 125-126
Adding machines, 59
- Address register, 173
Addresses, 155

possible, 156
Aiken, Howard, 72
Algebra, 40

Boolean, 101-105
Algorism, 4142
Algorithms, 41, 195

examples of, 196

examples of non-algorithms, 197

flow of, 198 .
Al-Khwarismi, 40
Alphabet, 30-31
Alphabetical order, 31
Alphanumeric information, 130
ALU (arithmetic logic unit), 130-132
American Standard Code for Information

Interchange (ASCII), 128

Analysis, 200
Analytical Engine, 53-55
AND-gate, 107

multiple-input, m

seatbelt buzzer in, 109 . -
AND logical operator, 103
Applications software, 222
Arabs, 40-43
Arithmetic logic unit (ALU), 130-132
Arithmetic on paper, 39
Arithmetic table, Chinese, 29
Artificial intelligence, 230-231
ASCII (American Standard Code for

Information Interchange), 128

Assemblers, 205

Assembly language, 174-176
Assembly language statements, 175
Asynchronous ripple counter, 148
Automated type-setter, 54
Automatic switches, 106-109

B register, 173
Babbage, Charles, 51-56, 58
Babbage’s Law, 58
Ballistic tables, 74
Ballistics, 73
BASIC language, 162, 206
basic, 207-209
Begin box, 198
Binary calculation, 121
Binary code, 205
Binary coded decimal, 127
Binary numbers, 115
adding two, 121
counting in, 120 -
multiplying, 122
subtracting, 122
translated into decimal numbers,
g
Binary strings, 130
Bits, 123
carry, 12§
Bone, tally, 20, 23
Boole, George, 101
Boolean algebra, 101-105
Boxes, specially shaped, 198
Branch instructions, 183
Bubble memories, 166
Bugs, 210, 211
Bus architecture, 170
Bytes, 123

C register, 173
CAD/CAM, 234

243



Calculation, 34
binary, 121
Calculators, 36
mechanical, 59
" Calculus, 34
Cards, punched, see Punched cards
Carroll, Lewis, 100
Carry bit, 12§
Cash registers, §9
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, 89
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
“Sman," 2]5
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

214

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, 115
binary numbers translated into, 119
Decoders, 129
Deductive logic, 99
“Difference Engine, The,” 51-52
Digital counting, 19
Disallowed input, 137
Disks, magnetic and floppy, 166-167
DNA, 2
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), 75~76

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, 133-137

master-slave, 144
Floating point representation, 127
Floppy disks, 166-167
Flow charts, 198-200

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, 215
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, 37-38

Hollerith, Herman, 6o, 64

IBM, 64
IBM Personal Computer, 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, 89
power of, 12
stored, 10
Information flow, 93-94
Information processing, 11
understanding, 90
Information theory, 7

Input, 48, 92, 95
card-reading device, 54
disallowed, 137
flip-flop, 137
Input box, 198
Input-output (I/0) tables, 1o, m2-13
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, 230231
Internal memory, 155
Interpreters, 205
Inverters, 108
1/0 (input-output) tables, 110, 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
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Loaders, 223
Logic, 99

combinational, 142

laws of, 18

sequential, 142

simple, 150

symbolic, 101
Logic gates, multiple-input, mx
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, 56—58

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 calculators, 59
Megaflops, 85
Memory, 94, 95
bubble, 166
core, 158
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, 53-55
Minicomputer, 85
Mnemonic abbreviations, 175
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Modem, 96

Motorola 6800 instruction set, 182
“Mouse,” electric, 7
Multiple-input logic gates, m
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, 1
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, 30-31
Pictures, 8
Pixels, 228
Plaintext, 233
Powers of two, 18
Print statement, 212
Printer, 96
Procedure box, 198
Processing unit, 92, 95, 97
Program counter, 173
Programmable ROMs (PROMS), 161
Programmer, first, §7
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, 8o
Self-reproducing machines, 193
Semicolons, 213
Semiconductors, 83
Senses, 1§
Sensory impressions, 1§
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, 6668

automatic, 106-109
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" Switches (cont'd)
electromechanical, 71
patterns of, 70

Symbol-manipulation, abstract, 42

Symbolic logic, 100
Synchronous counters, 148
Systems, 222

expert, 231
* operating, 223
Systems software, 222

Tabulators, census, 60
Tally bone, 20, 23

Tape, paper and magnetic, 165
Tartaglia, Niccolo, 45
Telephone company, 229
Telephone relay, 69
Telephones, 68

Ten, n6-117

Tens, counting by, 23

- Three-body problem, 46
Timing, 142

Toggle switches, 67
Toggling, 147

Transfer of control, 183
Transistors, 83-84
Transition rules, 191
Truth-values, 102
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Tube, vacuum, 69

Turing, Alan, 190, 230

Turing machines, 191-192

Two, powers of, n8

“Two’s complement” method, 122
Type-setter, automated, 54

Unconditional branching statement, 215
Universal Turing machine, 192

Vacuum tube, 69
Variables, 210
numerical, 210-211
Very large-scale integration (VLSI), 84
von Neumann, John, 77, 193

Wiener, Norbert, 241

Word processing, 225

Words, 8

World War II, 72

Writing, 21-22
Chinese, 22

Written zero, 37-38

Zero, 27-28
written, 37-38
Zuse, Konrad, 71




