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COMPUTER SCIENCE

LEARNING
HAS NEVER BEEN SO EASY
OR SO MUCH FUN

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

In these pages you’ll meet Charles Babbage and his analyti-
cal engine, which was never built, and Ada Augusta, Lady
Lovelace, who programmed it nevertheless. You'll also meet
George Boole, whose algebra underlies the design of circuit-
ry. You'll learn about binary numbers, computer components
and architecture, software, programming languages from
machine language to Basic, and special computer applica-
tions—cryptography, artificial intelligence, and others you
may not have heard of.
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(o NEUWMN CROPOSED TO WAKE OMPUTERS Do Ligwise:

i o A wN To ENCODE Te wsructions

INTo A PORM WHICH CouLD BE STORED I
THe COMPUTER'S MEMORY. VoN NeuMmwy Su6éeSTeD
USING STRINGS OF OMES AWD ZEROS. .

\otiolo A ET

oolliioo(ol e

10HDoo{o0(

ol00ii0l0 1B :
1010

o SToRe THE NSTRUCTIONS | MEMORY, ALONG
W WATEVER OTHER |NPORMATION (NUMBERS,
GTC) 1S NEEDED To Do THE PARTIGULAR JoB.

THE
ALENT

?U@“(,)INO To

Wep Sciool. !

3, WreN RUWNING The PROGRAM, FETCH THE
INSTRUCTIONS STRAIGKT FROM MEMORY, RATHER ThAp
READIVD A NOW PUNTHCIRD AT EMH  STep.

= THS IS THE ONCERT OF Th€

STORED
PROGRAM.




The aﬁlvantfag_q_s_j?_ %

0 LIKE Tie
0 SURGED,

Tre ComeUTeR DS IT

MUCH FASTER TO W2,
INSTRUCTIONS FPROM *BRAY -
T "ONGERS” THAY To

"RETURN T0 Tie ToxTBOOK™

APR ExecuTiVD EAu STeR,

VERSATILTY:

i SR et e
KT o6, Tuey CLAMPING,
Fgl To O ANOWR STITCHING,
gwl NGO m Comsmmw BILUING...
ACTOALLY

SUGk A COM?JINAT(OP

SELE-NBIEICATION:

If SToReD EWCTROM rwr
?«oeams MY EASILY BE |
A%Tw{ﬂcéﬂsc&”vz'gopw
C&S TURNS 0UT To o
MCALLY \MfoRTANT'

Y




T0 MAE HIS SOINT, Vou NEUMANN WRTE SoMe (0D,
PROGRAM CALLED: b TR A

(175 A SIMBLE JOB To DESCRIBE -
OWeN Two LISTS

AARDVARK, A.

OF NAMES (R ALABAMA, s,
EXAMELE ) - ALLGITOR, A.
y ANTEATER, ©.
ALABAMA, S. || TARDIGRADE, C- AVTEATER, J.
ANTEATER, J. |f BEAVER, M. BEAVER, M.
ANTEATER, 6. |} oL, M. oWk, H.
AARDVARK, A. JJ ALUGATER, A TARDIRADE, C.
\___AE Ve LIGT I ACAABOTCAL ofDGR. )

TAIS SEOMINGLY SIMPLE PRoCESS BECOMES RORRIBLY TIME-
ONSUMING WHED TRE LISTS ME LoNG. PREY T
0

WARCS ANOTieR
\(%AL COMUTER Y8
THAT (ONTAINS
ESSENTIMLY VO
MATH. You cAN
SEE fow TH1S OvE
MHT AfPedl 0
SoMeoNE CoMRILING
A Teliove
Difectory 0% A
MALING LiSTY




| 0T LIKE

CTUALLY, TRERE'S Wikl LI
S T el
Roke UP!

VAR (Upp )
NVENTED THE

l.ﬂveao PROGRAM. 0
ECkerT AV
MAVCRLY CLAMED
CREDIT, Too...

ND THE
ENIAC TR0lecT
pissoLved W

WELTER OF
CP‘WQUI'I'EQR OVR &

o
WT \D"E‘K..

~ SToRED PRo6RAMS
ARER WHAT SEPARATE
2 Tﬁggﬁ\ Cg{}% mﬁ@
" RE-EMAC.



¢ CoMPUTERS P REMANED fs BULKY ps ENJAC,
Tuey womegsp‘ BG WRRT THEY ARe !

ARE TODAY ... BOT
TAEY DIDN'T, pFD THEY ARE

e

Bl A e AT
STANRD \NVENTD e
TRARSIEIER (R
VSING CLEMENTS CAUGD PAT40!
SEMICONDUCTORS .

Like Toges TRANSGSTOMS
&
ceé# %M LHes,

g3



(" Tue ARST
TRANSISTORIZ
(oM elz?2 u(?;?e
v

. (4[4
st (i CodRLe OF
MILUDN DOLLARS)
WAs pPFORDABLE
BY LA
BUAINESSES AVD
\_ YNWERSIT(E5.

THEN THe TRANSIS T NN

T Te TRMETOR, SE0h ™0 e, WROELE
Yost came

INTEGRATED

CIRCUITS

A woly eoppdrL
OF TRANSISTORS
MAPUFACTURED AS

h SNOLG OMIT... T

INTEGRATION
(2 AWA:QLI}, W -
MK Mrtt)vsm of
o

P33 05 ComCONENTS QIRANK, THE JNDUSTRY ExfLopep!
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w T (05, THE f INTRE ‘To5 CAME THe

COMPUT ER ¢ MICRO, wen cmee

pPrE T w% Tue 5 AS SMALL AS YU LIKE.
Si2€ of F\ pesk! :

NG T N
@ 5 MYST@‘WS /ll ) ) A N%\x—e‘—

' SoMeHsw! 4 Disposale?

..........................................................

p?v Twds Tme B (’oM\’uTeps AuD TINALLY THE EXOTIC

/WAle’RAMES  + SUPEICONPUTERS,

5 A Mlbuoﬁ TIMES fksweg Tw

: *idigs LokTNG BT oAb,
¢ Yer Secoup.
g5



TWERE'S WO END (N
SIOHT.... Now WE |UME
MICROS WITH THE
Yower oF Mipis,
HSORERMINIS | THAT
RyM. MANEEAMES,
MINS ON MGl
AMD THGRES THMAC OF
ReDucnpy ComMQoNENTS
To MoLecyLMe Size
VSN RECOMBINANT
DNA Teuworoey ...

r

~\
THERE SEEMS T0 B NO SucH Trive As A COMPUTER WITH
T00 MUCA COMPUTING PowiR. N0 MATTER THE

oR
CMPAUUTY, (DMRUT Wps wIND Jobs To DO... AND
NO WOMDBR: Tmsqaf; %ke AGE OF BXCESS | VEDRMATIo !







p Cowermue
CALCUATOR ¢

MAoe
SwnTCHEs‘

OMPUTERS
ARE LIKE
ELE? ANT‘J:

LoT OF w»
DESCRIBE THEM -

\T

© 000002000000 00700000'0 00704000 I R RN YN IR TR EI TP RY 2

HOW DOES ONE GET T0 THE HEART OF THE MATTER ?




\e TReReS ome
IDEA We'vE TRD
0, DRUM (N,
(TS TUAT THE
(oMUTER 18
ESSENTIALLY WY

INFORMATIOV
PROCESSOR.
EhkT THe

—

T e T 0
w o : / 4
S0 STeP INTD GRANDMOTHER BMBBAZE'S KiTCuEN, AS su'ge

CRECARES BASIC SPASRETTL...
You CPN'T
ENT
R\ G5 |NPORMATION!




HERES THE WORLD FAMOUS RECIPE:

INo A KETTLE .
gg SALTED WATER @

To BoIL.

ADD B OZ. of RAW
SAGNETT!.

SPAGH
-'\l\ls A ?A';'ﬁ o
TRAD EATEN !

al



\15 NOT WARD To DISTINGUISH A Faw COMPONENTS
IN TS ¢ROCESS:

s 2 T R

0% lNPUT SRMET WATER SAT

NEXT, THE EQUIPMENT WHCH DOES THE CooKING: HANDS,
KETTLE STOVE, SAUTSHAKER, sneve \’LATe

g CQ@V

T ©R1 e DROCESSING  UNIT.

B T
0 7/
&&“ss‘”(#’ﬁ‘;ﬁf gy

D
DIRECTS Tue Step- &EV

““W'"ﬁe.,%ié% AS The CONTROL UN'T

Mo oe
| COMVLETzv DA,

OUTPUT,

9%




0F CoURsE, SPAGHETT) 1S
NOTRING SFEUAL ARY

REGPE CoULD BB YRoEED
BY THE SAME BASIC ‘

STRUCTURE : -
NOREDIENT: SING
S = R s oo
CoNTROL )

v o T

CONTRoL
il
WHVT = ?ROCEUSNSl:yG = OUTPUT

e Meas () me THe Flow of F0p

ORRY MRow () 15 THE BLOW OF |FORMA
BLACK W((-')) 1 Tie flaw OF meTw
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WITH COMPUTERs, The DIAGRAM |5 SLIGHTYY DIFrEReNT:

THERE PRE TWO ReASONS
R THIS: ONE IS The
YACT THAT INQUT AMD
OUTPUT ARE INFORMATION,
NOT fo0p — So THE
(ORAY ARROW |5 THE
SAME AS THE WiiTe
OVES.

The OTHeR 15 THE 6REAT IMPORTANGG OF D2
WHCH FORMS Tie TiFTH AND AL 2 K
CONROENT. |V CoMPUTERS, ALL INFORMATION

5ES INTD MEMORY ARsT! HERE'S Tue DINGRAM:

CoNTRoL S FRSANG

{7
INPUT = MEMGRY=> OurPoT

» \WEORMATOM  wp - (pRTROL
:$ fww mw




\V THE CASE OF

cowsuregs, T [NPUT

(ONSISTS OF ALL Tie

"w" DATA To BE PROCESSED —

SRS Ko
OR CROGRAM,

WCH SPEC\FiEs WHAT'S

To PE DONE (U(TH THEM.

e MEMORY Sofes
THe wwﬂa D

PRoCESSING UMT .

L.

RESULTS FromM THe WeuT =)

CONTROL,  peros

TI'“EI»‘I,TRO@P«RAM 32”? TRANSLATES
0
MACH(VE OYSCfg

[covmar

MeMoRy

f..

Tae PRocEsS|N6 ONIT
oRMS THE ACTUAL P«Dorrom
“”“%ka:‘s%‘?rc ‘%"»"’}m AT
) ,
&ﬂ NED FRoM MEMoRY FM o

Tie OUTPOT comsists

TG FROCESSING UNITS

oF
RESULTS, STORED IV MEMoRY
AND TRANSM \TTUD To AN

MeMoR

ouTRT Delice




(" WERES THE REAL TNG (AW IBM PERSOVAL CoMRUTER), )

JUST. To GIVE ONE EXAMPLE OF How THESE CoMPoNENTS
May ACTUALLY LooK:

N oVTVT
%%‘Rm 3 DIEVLP«YEO

. e
i S

\ =
. of r~, ~ \‘
Y= Y VOINAC
I)‘ g 1 (XA
'h\\ w =R =
‘\; - 4 P \ -
WRUT (S ENTRRED DISK DRIES
(9, A
FROM Kby POARD. mow e

OW COMMON INOUT/00TPuUT DEVICES QVoT CicTubep) PR
A MODEM . FOR SENDING PMD RECEWING SIOGNMLS
OVER ‘TG PUoNE, AND A PRINTER, TR [RoDUC

LOUT(’UT oY PAPER. /D
%




LeTS START N Tie MIDDLE, WATH THE

PROCESSING i
1 BUNIT <

("IN Te KiTchgw, B CleF MAY DISPLAY A RIcH )
REPERTOIRE OF PROCESSING (0SSIBILITIES:

¢
BUT, AS THE GREAT ESCoFFIER Tees
HMSELE HAS REMARKED, ALL Ay
CoOKING TECUNIQUES ARE

QMBINKTIONS OF SIMPLER

STERS: TRE PPPLICATION OF

MORE OR LESS HEAT, WeT

Ok DR, gTcC...

I]]h LIKGWISE, ALL THE POWER OF THE CoMPUTER
DEPERDS 00 A COURLE OF ELEMENTARY

RVAL oferamions. |
L .




0.K... 0K-. No MORE
BEATING PROUND THE
FUSH WITH CULINARY
METAPHORS....

THE COMPUTERS ELEMENTARY OPERATIONS ARE

‘ ~

rwaafe A LooicAL
ORERATION , You ASK?

A LOGICAL QUESTION,
CoNSIDERING oW MUCH
EASIER \T 18 To THIMK
OF |LLOGICAL OPERATIONS,
U6 AMCUTATION OF

THE TRUMES (R
@ETTING OUT OF BeD
ON MONDAYS. ..

NOTAWG |5
LopIch- oV
MONDAYS .-

\_ | ),
%



[ﬁ BVERYoVE'S (90D TORTUME , LOGIC \SV'T pS HARD As IT \
USED To FE. IV ARISTOTLES TIME, TRE SUBVECT WAS ,
DVIDED \NTo [NOUCTIVE AUD DEDVCTWE BRANCAES,

INDUCTIVE LOGIC PEMNG THE MRT OF INFERRING TRUTHS BY
0BSERVING NATURE, WHLE DEDUCTIVE LOGIC DEDYCED

TRUTHS FROM OTHER TRUTHS :

L You ARE A Maw.
9. pLL MEN ARE MORTAL,

How DO You

Ay

MORTAL??

—EPIEVA

LOGILMNS  CoMROVDED

THe COORISION

Wik SIX "MODES":

A T‘;’*Tgemgg whs

4

FMSE VLB,

%"scﬁag N{s‘z THEIR REASQUING GRAD

( | N

[M{0SSIRLE. S0 MINDLESS
Tugr lfﬁ‘”%?A T
Care e ey
\MMORTALIZED (p
THE WoRD
"DUNCE

9



b SUBSECT whs SRercrey fj7 \
&P«ﬁvﬁo LENDTHS ;

’/' P N\
CARROBL: /,/ p
(@ Ggﬂ'ﬂws / 0
HAve No :
ORJECTION

T WRK.

2 Ny e TR /
EVW R 2 i

oS s,

e 7 )
@ iy »,.-.1

Kiow5 HeqRaw.
) "
s

NO
To forie, pomiRes |
TWRNSTILES,

(%) Vo Jaw 15
{uPORANT
O¢ Negraw.

READS D66
YoEMS, » ¥ —:

CLEARLY, IT s
TME T SIMPLIFY
e SUBJECT...

* PROM SYM@oLi(. Lepic

100




T#AISKgmé Vwas
@E
=0

AN ENOUSH MATHEMATICAV
WHo BULT AV

"ALGEBRA" OUT™ O

Loble -

THAT 1S, He MpPE
LObIC FULLY

SYMBO i, dosT

Ugf& AT, vas

VD couv T
PLGEERAIC o —-Ap
IDEA éon BhU< To

LEIBN{Z, Wo KD DReAME)

(F “JuSTICE B ALGEBRA .-
(" we CWT DSSIBRLY DESRIBE Boole's ALGEGRA

CEVTIRETY. WE'le- LIMT oURSELVES To 7%,‘?55 M';'D'&‘

| Boow 00KED AT
Mvecwe TISSve

bUAGE
Tue woaos. ',

"OR", D “NoT*

~




SUPFoSE © 1S ANy STATEMENT... fOR EXAMPLE,

P = The g has Spots. i%‘eff%e%;e’
TRUE (T
R FRSE (P). wo
OTeeR OFTlOH I
MAGWED !+

r\;low LeT 0 FE ANOTIER STRTENENT— LIEWISE TRUE oR

Q = "The ?ig 18 g\ad,’
T c ' F

(oW RM Te OMAUND SGNTENTES:

P AND Q = The f16 15 Sforrep AND The Pl i 6LAO.
P OR Q=T % sspred OR e 06 1s 6Lap.

ey MRE THESE SENTENTZS TRUE!

j

+\N Some VERSIONE OF Locic y MokE TWAN TWO ‘Wﬂt mves KRE
RermissigLe,
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7Z

THERE PRE
Mhrme

10 .
OF RUTH AVD ¢ TRE, @ TRE @ FSE @ TRue
YALSEfoOD FOR

P D Q- ﬁ%ﬂﬁil ;25:::”

? TRUE, @ PALE P FALSE, @ FALSE

F—MD “TePo 15 GLAD AND #AS Spots” )

Y Q PmpgQ

A
|- 4
| 4

| @%I “THE P16 16 GLAD OR WAS SPOTS! )

i B R C § R

03



EXRT YOR Tie ONE
WaRD EQUATION

| @] =1, These Look
Like ORDINARY
PRITAMETIC ... WITH
‘M0 ?LN(U% THE RoOLE
oF “TIMES™ AMD “OR

IV THE RoLE OF “PLus

AMD NOT'
\N TWE RoLg

\.

P QUPADe P QPR P INOT-P

P | B ||o
@ i ofl o Lol 1 o)

o1l o o 1

00 (o) OO0\l o

(e'ke FoleR GG D Ve T SBs - e v )
CAV FORGET ABOUT THEM - FvT VaING | AVD O To
REPRESENT TRVE AMD FALSE 5 VERY USERUL...So fRom
NOW OV WELL WRITE TRUTH TABLES LINE Tiis:

fRoM THESe RELATION®TS , BoolE BUILT UP AN ENTIRE

Wﬁh UsiNG OULY Tie NUMBERS O AND L. TOONY Tis
FOOLEAN ALGEFRA \S vsep ML THE TiMg BY COMRUTER

ENOINEERS — OWLY THEY EXPRESS IT S ELECTRICAL CIRCUITS..

— i

105'




(1 ke 15 TE AUTOMATIC SWITCH, WHCA IS ﬂ
EIHER. OFPER OR CLOSED, PS A LOGICAL PROFOSITION
¢ BITHeR TRUE R TMLsE.

A AUTOMATIC
SWKTCR HAS
Tho WIRES
COMING N AND
HNE GOING ovT*

s 1S THE INPET TS WIRE
Wike, wﬂ‘m |OMALS Rc;ri segwugév
THE SWITCA To CwseE. e
Tiis 16 THe
| OUTPRUT
\2i6MoRING THe GRAWD WiRE! WIRE. y

WheN MO CURRENT flaws
THROUOH THE [NRUT WIRE,
The SWITCH REMMNS

ofeN, ps CICTORED

S agRies. foupe
THE ELECTRONIC EQUIVALEMNT

A

OF A MIMIKTURE BoXiNG T

GLOVE “UNGES™ THE

SWITER  CLosep, vy LIOKT
RESUTING v gy g BB
OVTPUT SIONAL.

100



WHAT (5 Tie OUTRUT WHEN Two SwiTeHes (A, B) aRe
ARRANGED N SERIES, ONE APTER The OTHER Y [ IR
DINGRAM , PLEASE NoTe THE REARRANGEMENT OF WIRES, MADE
R COWENIENCE OF ILLUSTRATION.]

THE CURRENT CAN

YLow ONwy i€ BOTH
SWITCHEs ARE CLOSED—
V-, WHEN NPUT SIBNALS
ARRNE SIMULTANEOUSLY

ATA mwpB.
WRIMNG L FOR CURREAT AND
O R Vo WERENT, WE p B ouThuT
CAD THEN WRYTE THIS — |
INPUT-OUTPU'T nécs. Lol o
FAMILIART 1T SpoulD! o I O
115 IDENTICAL To THe 0O o

TRUTR TABLE FOR AND!

Tl

THATS (WHY
Teie ARRANGEMENT oF
SWITCHES 15 CALLED AV

AND-GATE =1 )=

AND vt MAs s
= Ry OWN SYMeoL

107




Tup SWITCAES COMNECTED IV PARALLEL gEiAve Like
LOGICAL (O 5 CURRENT CAV PASS FROM POWER To oUTPUT

E\TAER SWITq A, B 15 CLOSED (YR \F BoTH ARE).

IRUT
A

ouTPUT

s ’g %

AVD 1TS SYMEOL 1S

|5 NOT any MoRe DIFACULT.. 1T uses A 2PadAL
SWITGH TWAT REMAINS CLoSED UNTIL PN INPUT SIGNAL
OPENS IT — JUST THe REVERSE OF AN ORDINARY SWITQ :

Powel¥ :
kwf“ s 0 A [jovTRUT
o o
Weore Ceur wer  IpT é f
Tis ¥ivo OF Swite( 1S CALD

MIWWER "A D NoT-A

M \T HAS A SyMBoL, Too:
108



(" AN EVERYDRY EXAMPLE SHOWS M THESE SIMPLE
GATES CAN MAKE LopICAL DECISIONS.

You Knvow

TKOSE BUZZERS TWAT °‘ \, -
gTo Ag:FYWHEN Yov ZﬁE g
AND YouR SeAT
BELT ISN‘T FASTENED?
THE KIVD THATS
SPECIALLY DESIHNED
o feVET] ATe,

HumaN Bobg 1

WeLL, TuAT's BECAUSE THE SEAT BELT AND [6MITioN
ARE CONNECTED BY AV AMD-GATE LIKE So:

\bNITIoN
> BuZzep
SEAT
FeLt

T 15, |F e lommon 15 o8 'A(;lv Tog SEAT BELT
16 NOT THE BUZZER SWNDS! YRETTY LoéicAt, ¥o?

~

(¢ Yov TIPK OF

MY EXAMPUES OF NoT AT THE
orz @Mrae {0 paiLY M"ME”,T n

woW PEUT Kk SMO P«L RM
( oo peree |<6 A TRIGGERED BY piTrieR OF TWO




o

7 &

cJd

V.

< VERE ARE P PEW (WARM-UP BxeRe)
< FOR CHASING THROUGH Locic méefms:

l

®

A

® =D

©

- (voTe: oy ove weur)
(7) WHAT 15 ouTeuT WHew A

A=1, =0, C=1 2

(8) CoMPLETE The Yo TRBLE:

()

AT 1T C
._[ﬁ):)
. E

F

lo)
(olﬂ

Do THE [MPvT-0uTPUT (3/0) TABLES:

) jj)'—' @)

@ =Dy
(orrro!)

e

ABllcpDETF
N N Neo¥o¥s)
I 0
oI
o0

DESIGN Lobic DIAGRAMS WITH THESe T/O TABLES.




(LOGIG GATES WMVE ONLY ONE DR TWD INPUTS AND A SINGE
OUTPUT —BUT (pMPUTER COMPONENTS HIVE MANY IWPUTG
PND QUTRVTS Witk CoMRLICATED WEVT/ouTeor  BEHAVIOR:

THE WowperpuL FALT IS TWAT ANV IN6ut| 00TRUT TABLE
CAV BE PRoDUCED BY A ww%wu oF Lo6IC GATES !

10 00 I, You veeD MULTIRLE-INPUT Lowic GATES.
HERES A 4-INPUT AND- 6ATE

THIS MEANS
C e,
THE GATE CAN BE MPODE

e
T

BCD|E
AR Kl T Socies
: é? 8} ALY < A B C D
: P 0s c
(ol o N <N i)

SIMILARLY, THeREs A MULTIPLE - IWPLUT OR -6ATE :

onwP
m

\T eM ACTUALLY Ke MpE
AN PWD- AND
ggf% lNVE?ZNTZﬁGb: T

pBecoD|E

TN , A

b e !}Auls 8 E
0001 || ¢

00 00| 0 D



AS AN ExAMELE OF KOW T Ffzoouce A GIVEN \WRUT/ouTPur
TABLE, LETS SoLve (RoBLEM

N our
A B C
b o) BEGL By
1 O ( ANpING AU Rows
fo B | ( W“EFE C =1
o O (@)

THE TPBLE SAYS (=1 \F A=1 AND B=O OR A-0 ANp B-I.
C=0 OTHERUISE,

WRMNO K Fop NOT-A, THis AMOUNTS To SKYING

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

IN OTHeR WORDS,
C= (A AW B) OR (A AND B)

T0_DRAW THE (RCUIT, RW The INPUT WIRES AND THEIR

NEOATIVES 1N ONE DIRECTION —

AT ~
s = KTTACH THE
B OATES TO THE
NPPROPRIATE
WIRES.




EXACTLY THE SAME METHDD WORKS FOR MORE INPUTS.
fOR OXAMELE -

AGMN, FIND
ALL ROWS WITH
OUTVT =1,

O==0=00 | ©

00=-00-=|®
0-0-—0"0" o

©0Q0=—~=|>

NOTE AL C05SIBLE
NEUT CoMguATIONS!

IN “THIS CASE,

D=(AANP B ANDC) OR (A ANDE AND C) OR
(RANDB AND T) OR (A AND B AND ().

RUN THE INYUTS AND THEIR NEGATIVES ACROSS THE PAGE,
ATTACK AND-OATES, THEN RUM THEM TiRouon AN OR- oATE!

TO RePEAT: BY ThE
SaMe METHOD,
You CAN PRODUCE

INRUT/OUTPUT
TrBLE/
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RERE 5
ke g ™

\T} oNE

ENCODED INSIDE COMUTERS
AS STRINGS ofF {9
%gmoz ‘RMwek%m %ge

N
NXY uE LIKe é*[( THE
RIGKT COMBINKTION oF
ONTES.

Loole
\_

—_c
=
[ By 1w YU MAY ~
e ‘@Eﬁ&;ﬂb THE 1DEA
TUAT INFORMATION 15 o




Thﬁ quelsﬁth:

GS THeRe SOME
NATURAL WAY

To RePRESENT

NUMBERS USIvG

Oy 05 AwD I's ¢

Cav Tue OFERATIONS

OF PRITAMETIC

BE BUILT oVUT oF

Loole

The answer
(Wrick Gogs BAK To
OWR aLp AL LEIBMIZ)S

TReE SLoTws ALiays |

OUR DECIMAL $YSTEM, PASED
ON TEN, WAS A RESULT

OF OUR WAVING TeN
FINGERS— AN ACCIDENT OF
NATURE!  BINARY NUMBERS
Are WRAT WoulD HAve
olVED ¢ weD BeeN
FORN WITR Two YINGERS,
Like WE TRee SLOTR.

COUNT IV BIvkRY ! .
o 1)



LOOK AT Tie SYMBoOL
“10" — “ONE-Z€RD" kaée]
TOAT 1T USVALLY MEANs
Tev! PORGET 1! Sypp
CALLING ¥T TuaT! 15
Tiere ANYTHING TRERE
THAT épYc “Tenl”
NOY s JusT A oN6
OLLOWD Y A 2eR0 —
IV AND OF VTSELE, IT
KAS NOTHING 10 DO
WTH Tev//

THo SYMBoL DMLYy MAYES “TeN" FLASH THROUGH YoUR
VIND FECAUSE Youve ALWAYS CMAED T TuAT... \T'S
L€ A RiTupl: FERFORM \T OVER AND OVER AMD (7
FECOMES AUTOMAT(C !

IN ACTUALLTY, 10" MEANS -

| ) wameu®  mo
O (erd) NGers Lot iR

FREMeMBER — OV €. 24 ) We A6REED ,
To CALL Tew (IVEERs, NoT AVE, A HUMAY WAMDRUL!

[



SINCE WG HUMANS HVE )
TEN AINGERS, OUR “I0

|5 TEN.-BUT To AN
ORGANIGM Wiy, SAY,
VIoHT AINGERS, 10
Woulp MEN gronT! J
IV Tue (ast
AT RAND,
WITh Just
TWo ANeers
iV A RAAMDRUL ...
10 MEANS

TWoY

‘o&nm - ZDEC:MAL

WIANT note: Do NOT Red Tis &S “Ten bQuALs Two."
TN 00es NOT g L ey
IV A3 G085, X Two™ “obeacko w G

Tw ‘
4 e Tz
Tuo . Two 70

17



[

IV THE COMEUTER
AOE, VERYOME (L
g6 Requird By

L\ OF,
Two, VP To 2"
VemF NoT wAIT!

Mop SN AVD
DO \T Mow!

ug

LIKEuheE, 100 — Oue -
2200" = MghNS -

1 PAMDRL ofF APMDFULS.

IN DEGMAL, TWATS 10x 10
op A HWDRED WG, (¥
gmNz’( \TS 10x10 MSo—

TAAT
4 Fg OM Mounts
000 5
10x ’Q"’O :Qx2x] =@
AND GENERMLY,
| PoLLowed By N Zegoss 15
2k X2 = QN
(S A Y
N Times
(“Two To e N™ foweR "),

1=2°

\0=2'2 2

100=2* =4

1000-2=¢

(oooo-a‘ 6
10000000 - ,'), 128
100000000 = z =256
1000000000+ :L =512

10000000000= 2"~ 024



AL OTHER BINARY
] { “%o pD e"v)éf'(mfmaz
= A\ 4 AvD s}
P ‘ 1 RN OF 05 MWD

(L | loiowo® B 116 A SUM oF Suck
fowerRS oF Two!
ITs COMETELY ANMO-
&ovs 10 DECIMAL,

W Decmhi:_ ) W BINMRY:
497 = | 1111000}
‘ .
o0 y 100000000 256
4—490 | + 10000000 128
' + 1000000 64
+ 7 | + l00000 32
: + 10000 \&
1 4 I |
} 497
ANSLATE A BINMRY NUMBER INTO THE DECMAL
o L 1 fokegs OF Tub ey me“cigga; )
vonowé PLAEB, AND ADD THOSE LYIVo OVER A 4
.. 2° 9% 2.’,212.‘1;2:'1’2‘2_!_
1o oo | lolo
256 +

6+§ +2 =282 /
Now You DO AT CoWVERT 1o ppoyMAL: |
@uw @10 @ mi & noioroiotiol

19




(- D MG TS Bir )
E -
HéREéo Rl To Couwt o
VP FRom 4 IV Bivagy,
\trs Just L

QUNTING (Vv DEGMAL, OWLY
EASIER . I DECIMAL,

To (OUNT TAST A 9

Yov WRTE O Akp
0l e

v T ¥ 1
BveRY OTHER NuMBer I

AR RRUIRNUR SR

A erd!

A5, You MM HME NOTICED, BINARY pumEees
*" LEONNNNNNRE

VERY TAST!

Jﬁgbm 65 U;me’m
To USE Wiy s
TS
THW%E IPEAL ”l;ek‘s
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B"JAPY CN«CULA"HO‘) IS SMPLE. TN g S \
THERE ARE DMLY 7VE Rules
To REMEMBER!
0+ 0 =0
o+1 =1 S oftosep 1o
100 SUMS Jp
1+0 =1 DEAMM. : 90,
745, 9+¢3, 8+4,
L+ 1 =10 4+6, e ETC
AVD THE WAVDY pIFT RuLe: el
[+ 1+1=11
)

T ADD Tulo BINARY NUMBERS, PROCAED TLACE BY TLACE
PROM RIGHT TO LEFT CARRYING A 1 (Uhep NECESSARY.
WERES A STER-BY-STOR EXAMPLE:

[ (' i
o 1o 1o WMo ( ek
1 N ] 1
| ol o~ ool

ooooooooooooooooooooooooooooooooooooooooooooooo

p W SIMS To FRACTICE oM

100. 11 j{ool 1ol EARANARY]
+ | + 1 ¢ (1oo +1ol fphlnigy

) YT 1o THE ResULT OF PODUL N BIAPY NOMEER-To T5eL?
|21




MoTher. WoweRk EheT AT Giupey.

THE METHOD 15 (ALLED UsiNG
PR
0
WETRACTED, 50 TAT pLL 175 ~ltoo
I5 BeoMe 05 AND VIE yepp.
TREN ADD THE T puMBERS Hol
AVD MDD | 0 Tag SUM. lbNoRe 0011 & wheeres
The AN Cagpy AND Taprs | 7 WY
ThE. ANS{UER | 10000  sum
+ . 1 0t /.
100 | g
mg’n' 5"'
N .
L 00 0| «Awbs
Biv MULTIPLICATION — MWD AN -
MUTRLCNTON o Lo s o NNOR 1L =
BY REfEATD P(DDTDN: To MuLTIPLY IHo
A% B JusT ADD A To ITSELF +l|o§" Times
B TiMes.  LIKEWISE, DIVISION CAN 4110
P& DONE BY REPATID SUBTRACTIOP. 1001

The computer can do g
Arithmetic by adding /



RE SHOWING
tk\%% TOGCOQEWE
061C G
IND A BINMRY

LT ¢ IS MY ABBREVIATION 0F * Bluppy OleiT "
A\ B’T T REFERS To A SINGLE O o 1,

% IT
Bl ARy ol

v/
\ Bivrey o6l T?

(=

o
v

5 VERY COMMON To GROUP

y BITS EIGHT AT A TIME, AND =
W STRIVG OF EIGKT BITS 1S 2 m ﬂ =
%‘,meo Ao =" ) ) =X

Toefe MRe 2% 0R 256, foss(pLe ByTES, FRo
00000000 To \IHIf-
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e

NOw LETS SeE . THis > Aooee Looks LIKE
WHAT AN ADDER T soﬂousnose )

MIGHT LooK Like.

To SNVE DRMOING, WELL MME IT A
0F MDDING TWp 4-BIT MUMBERS,

OR “MigBLes.” (fes, Therte |,
W CALLED TAT!)

2
£ :
il
&

.- e INPYT or oug pover st
{lo CONSIST OF EIGHT BiITS. foUR TR EACH

B 1011 VIBELE. Te OUTPBT musr
00| BE CWE BITS, AT 15, A VIBBLE
Il s opE BIT' R A PSSIBLE CARRY.
Like S
A —
;_——_—-___——-3 A+
B
Ay n OMBER mﬁ{g‘ce%
| ﬁft‘)ﬂm 2eR0 To

To feocaa)? OVE WRY 1S TO MAKE A GIAMT TRUTH TARLE,
MAT VG EVeRY AS%S%“& r%%ﬂﬁ” OF INPUTS WITH THE
“*““T UTpu, 6€ oF AN
D NOTs To YoReg A SOLUTION. Wi(u 13 ST oF Aup:
l(“ l% e %ﬂmw OF THE TASK Mibkr
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(" NeTERD, RECALL HOW oI )
ADDITION WORKS %}UULD &

W PRACTICE - 0

CoLumy

COLUMN, WITH

A CARR

i e

COLUMN AND
INTD THE NEXT:

I*goelé%s'r HAVE oMby
TREE INPUTS — d
ONE DR ENCH of

ThE TWD SMMAN A z
8BTS OND ONg 2 SuM
THE BT CrRReD BiT

(N—PNVD To
oM 7 WD -
g:‘,? ChRRY-OUT oAy IV

fouR OF TRESE CAN THEN BE HODKED R TO PRODIKE A
4-BiT xbpep:

A 85 A8, A3 NOTE:

AB
art) o 8 ,
) d T i
CARY, ARy ¢ TR, AS
| . PRoMiSep!
Sum

CPRRY  Sum Sum Sum
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THE WeuT|ouTeuT CARRY | CARRY Sum
PoLE Fgorf’z THE A B Wl oar Bt
\-BIT ADDER: | ( I | |
1 1 O | O
| O | I O
| O o o I
o 1 | 10
o | 0 o |
O 0 | o |
o 0 O O O

- e e e n - e e o - o ar T - - n - ———— ——— = e %> ==

NpW THERES NOTWNG To vT! REMEMBER, LOGIC GATES (MW BE
RlbpED UP To PRODUCE ANY (NOUT/OUTRUT TABLE. IV TS
CASE, JUST TREAT EAth OUTPUT CoLUMN SEPRATELY:

A
B ﬂ
CrRRY

A w —L—Drf

Cregy
o

You CAV MDD Td WMBERS of ANY LENTTH By HooKiNg TOGETiER
ENOUGH \-8IT MODERS, it




THe WMeLICATiON OF Tie Lpe

00 SECTONS 15 THAT BIN

16 THE “NRTURAL® SYSTEM TOR

ENCODING NUMBERS 1N A

MACKNE MIDE OF op/0FF

e R AppATeRS
1ONG

o TRe BAGIC IDEA.

IR i,

U —

LP‘REEeg‘ AR\EFgUCODED (¥
STRNGKT BIRRY. DR NSTNE,

|85
WouLD BetoME

L{0jL]L]1]0]0}

FLOATING POINT ggaecef

TioN 15 R LMCE
% NKL NUMBERS . TOR
EXAMYLE, 19, To0, 030.2

WoULD Be evcoDep
"QUINENT Of
MEAING (47 x 105,

fLONTING PONT REPRESENTRT 0N
OFTEN [WOWES R%ua:ll)me OFF.

K THE BINNY

)

“EINARY CODED DECIMAL

E‘Z"Sﬁﬁ”&‘w‘* w“%‘ EA’CHWDIC')IT
{ |
ENCODED IV BINMY. 967

FoR INSTANCE, WOULD BeroME

oot Oll0 Olil
N~
3 & 7
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AND WHAT mBOUT AN -NUMERICAL INFORMATION — THE NRHABET,
g%r&(g;ﬁ;rn?ow MARKS , OTRER SYMBOLS, AND BVEN THE BLANK

ooooooooooooo 900000 0000000000000000000000000000000000000000000°008c0cswose
»
.

%‘:1? K;\FHBFEA s ¥IRST THREE BITS
L H
To g"wDEWT:\,%E g olololofv ]I |t}
NTO g5 MWD \S, V1611512161
mg%ﬁyg"wwqé hf’g&(T oooo{wLinelse |0 [@|P | |¢P
ADORTED A BITE oool fsonjpet| ! L1 AR fA )4
%w%\tlonwﬂﬁ : oowo sl "z |[B|R|bL]|Fr
,;{gm, ooi |ex|ocs|# |3 [c|s|c|s
: owoolerloc| ¢ |4 |D[T|d |t
II : olor [ewg|wk| % |5 |E U |e|u
: ono fpek|sw [& |6 |E (v ]|€|v
THG MENCP‘N E ol |BeLfers| ' | 7 6w 9 iw
; ooo|gs|ecm| (JB8IHIX Th|x
ﬁM Tioy 'DWMN@G; ool {prlem| Doz |Y]i ]y
! 1010 |LF |SB| *| ¢ j
(ACTUN,W ASCY |6 tovi |vr gsc +1; i ? i ;
veeD By EVqZYOVE UT ; 24 <’ LINpt1 ]!
IBN, W, fe 115 Moo | FFIFS | !
o OODE\C : not [cRles{-1=[M|1m]}
DIC.) : wolsoles|. >IN |Aln]|~
: (ijstjus{/)12Jo|—]ofoeL

ﬁTws THE LETTER “T' 1S ENCOOED AS
: lol 0100... ETC!

sf}rTHe ARST TWD CoLUMNS CONTMN SYMBoLS
SUCH THINGS S “START of
g ne IVo* (SOH) AD OTHER TokTAL

DIRECTIONS.

\28



0 BNCODE AND DECODE DATA, COMRUTERS USE LOBIC DEVICES
CALLED, NPTURALLY ENOVOR, ENCODERS MWD PECOPERS.

M CINCODER

USUALLY HAS MANY

%Tgu#'&?ré A

iy o
oD

PA ¢

A
COMPUTER BOARD
15 ATTACAED To AN
e g
QINGLE KeYSTROKE
NTD \T5 ASCI\
COpE - |

WDEEORER
WORKS THE OTHeR WhY
AROUND, TRANSLATING
R Z oot
SIoNAL.  ONE DEoDER
QUVERTS & BINMRY
NIBBLE IND A DELiML
DIOT. ANOTHER
TRANSIORMS A SPaifeD
LocKTioP , OF ADDRESS,
\N MEMORY INTO A
SioNAL TO THAT
MEMORY .

(sze ¢. 199.)

ASCIl  ENCODER

07———"

|

oj —
| 3 >
O — 4
' 77—
gl

2>

BIVARY TO DECIMAL
DECOD ,
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once ALPUANUMERIC INFORMATION (S ENCODED IN BINARY
TRINGS, |T 15 READY TO BE PROCESSED BY THE COMPUTER'S
M06T ELMBORATE comemknou OF LObIC 6ATES, THE

ARETIC (06
‘[r (o= ALV, = Sm)P?)

DATA I ppcmmm DATA oot

jsne CﬁeRlErY
1
] wTPUr
BYTE
Brre \
¥

UNCTION SELECT

e IS THE MACHINES CENTRAL PROCES50R, WHICH CAN
ADD, SUBTRACT, MULTIPLY, COMPARE, SH1FT, AND
?WFDFM A WEP\LTA OF OTHER LOGICAL PUNCTIONS -
THE DRAWING MBOVE REPRESENTS PW 8-BIT ALY, BVT
THeY CAU RANGE (ROM TOUR TO SIXTY BIT CARABILITY,
DEFENDING O THE™ COMPUTER -
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The FuncTioN - s
SELECT INRUTS , :

DETERMING  WHICH >

MRITHMETIC OR <

LOGICKL WNCTION =

Te ALY 150 g 7

FER@RM'] 6W o o

e :
' (2]

PR m\wrua, & g

000/ MeUD To o

FUNCTION SglecT e

MIEHT memv ADD
W WHicH Cpse __—)"’ ocoo |

ANOTAER UNCTION
(0l0\, SAY) MIGHT
COMPARE

WO By Tes, BIT
i*«%@{é%; ggvr?ur
TWY AGREE.
(MEANWHILE, THE
ADDER ThEs A NI

-0-0---0 0-Q0--00-

@ 0000-00Q ©

You CAN GET PN IDER OF A FANKY ALUS
Lcp((’lxewma: FROM ThE LIST ON OAGE 18L. .

13)




e ALV WouLD

B2 A (OMLETE

CENTRAL. QRoCEEAING UNIT, €
EXCAPT FOR ONE TAING: %‘Pg !
IT'S UNRBLE vsuAL!

To STORE ResuLTS.
ReTURNING Tg\ e
ot e
TE AU LAKS
"COUNTER SPACE"
WHeRe WouLD
N
SomepLace o Ser b

%ﬂ%l ?

ALTROVOH THE ALV CAD
M MiRxues OF
NOVT/ouTPuT, 1T

&MM"T ReM \
VTAING — AND THATS
(WHeRe fL/P-ﬂOPs
(oMg |M...
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[ VERSATIE PAS THEY MAY BE, THE LOGICAL ComBINATIONS
WEVE PEEN SKETCANG STILL WAVE ND MeMoRY, THEIR
OUTPUT COPTINOES ONLY S LOMG AS THE (NBUT 1S APPLIED.

%NWETE’ THERE IS A WA To va« THESE

LoGICAL VT SeMe GATES TOGETHER INTD A ORDGET
AT HOLDS AN OUTRUT |NDERNMITELY : The FLIP-FLAP,
STARE AT TWS N MINUTE If

5 ¢

ol
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0 pEsiDEs THE STRWGE WAY A BLIP-FLop
b EATS \TS Ownv TML, PLEASE NOTE
§ TAE UNFAMILIAR GATE USED IN THE

v

R 15 THE SAME AS

) SSo

R MY

WRCH 16 MgRAKX PN
ABBREUATION OF k\pm. AVD S

P

8 || NkwD /
(S ()
IC‘) Il
Qo

Now FoR THE ELIP-FLOP (N ACTION:

SUPPOSE TE IMUT 15 S+I,R-0 | MWD 1€ S20, R=1 2
1 WeLL, TURTS "JusT Tie

S ‘%—:— ] ?%Sa/tovs DIAGRAM TURMD
UPSIDE DOWN -
I 5 f
g2 @ 155 R
TN § MUST BE 1, PECASE R { e &

NVANVD OUTPUTS | IF EiTHER
INOUT 1S 0. CouPLING TS
BMK To THE VPPER BKTE
oWes Q=0

S 3 € o
1 .
R © R

- o . ——— —— — — —— e g S —— R A — —
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WHEN THE IVPUT 1

—_— »>?
CHANGES 2 S =
SUPPOSING WE BEGIV WiTh
He INPUT (5-1, RO} _
WHAT DOES CHANGING ] =3 @
AL

- S

L oo“rw'r.[?

(" Now WHAT HAPPENS )
Q

v,

e nswer - [NCTTONGE e Lover

NAND- BATES |NpuT BewoMes (0, 1), So ITs
WTPUT @ (5 STILL 1, SO Q@ REMMINS O.

{ o q —a o
g = ﬁ:
o ' 1 !
But PRECISALY THE SAME LINg OF REASoVING Sitows NO CHANGG

IV OUTPUT WHEN INPUT CHANGES TO (S=1,R=1) fRom
(S:o'g‘—' | )',

o |
_>
1 (o]

A LICTLE WEIRD, ISV'T 177
THE SAME |WUT ($=R-1) cAV
PRODUCE TWo DIFFERENT

WV, DEFENDING ON
ReMOUs INPUTI e




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

g L

p L

-

i
o
| o

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_.1:[: Ly B
] 20 1
P -—49——_’

-a

i

IN BTUER CASE,
AS LONG PS

(1,1) Keexs

CoMiNG IN, THE

fip-flop witl
MAINTAIN 1TS

OUTPUT UNTIL

T'S CHAN Ty
‘Blomevz Woomag
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THg oMLY INEUT COMBINRTION W AWVENT Checked 15 (R-S>0).
(TS EASY To VERIPY THAT I PRODUCEE OUTROT oF Q=R-1 °

%ﬁ a)’ua-r Mfrews o2t 127
HEW THE

{ 152

. o S e

: o (1,1) ? =

6 AVSWER 15 NOT SO CLEAR : |T DEPENDS ON WHIH OUTRUT

UAPPENS To FLop ARST Y (016 OF ThEM MUST.)

Q15 ARST 0 |
cuA?ee, We eer: We vfet:fs ARST,

gi 'Q ' OQ
F' 0@ t ‘Q

SIE THERE S 0F KNoING Wik oF THESE
Wil ACTUMLY {APPEN, AMD WE DOMT WAMT OUF
HiE-F0Ps W RANDoM ' STRTES, THE VPUT (520,R=0) I8

) DISALLOWED.

WE (W SUMMARIZE THE BASIC “RS FLIP-FLOP LIKE §0:

e SR|QA
- I | NO CHANGE

_ Lollon

R— Q o1 |l o
00 [l peaume!

FLIP-FLOP INPUTS ARE ALWAY/S ARRANGED TO MAKE CERTAIV
THE DISALLOWED STATE CANNOT ARRIVE.
|37



7

» urne EXERCISE: ?WP"

M
_4
==
p MOR-obE ) P A Bl
15 A SHORTAAVD whY, I ,B “ZP
O? WRITING “VOT oR- ) n o
“ D 369
O O\l
A BASIC RS RUP-ELOP 1 AT 1€ Tie 00
MAY ALSO BE MADE WHEN R=0, §=1
OUT OF NOR-GATES: WHEw S=p, R=1 ?
2. WHAAT HAfrens WHew
R ®R EACH OF TheSE |VPUT
(éo»Dl'no»s (A ANGES TO
] WAT §5
§ v gl Se l@em«r{‘mm
WREN 1“"5 CHANGES To
, 4. wm‘n' Mur ConﬂﬂAToN
WsT Be pALLoWeD?
5. ¥ R=0,5=0, fow Do Yy
| @mwmy
(1€ MaE Q=1)2 How
L Do You Reser T
Br THE WAY, A ap-flof 1s
S0 GALLW
960056 T

“loCtcs 19" DATA.
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TEGTSTERSS,

171 INT10 10
@ b LI //, ""
(¥ THE FUP-FLOC 15 A DEVICE FOR STORING OVE BIT, A ﬁ
RBGISTER S™ReS SeVERAL BITS SIMULTAMEOUSLY

\T's uKe A ROW OF BoXes, EACA WOLDING ONE BIT.

e (TR VoL &9
A ROW OF FLIP-FLORS SHOULD Do THE J0B:...
§i L@L@L@ L@L@’E‘@

... SORT of"
\€ You TRY AND
MAKE 11“8 Woung

gYoM INWTS To

RS FLK- \’LOPS
w W ANp’

PURSELF HROWING
CopFUsep! j

1%




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

| e,
b D I R o

ENABLE. VOTE

. TUAT THE OATING

R QI NETWORK MMKES

E— IT IMESSIBLE PR

RADS 10 BE
ZERO  SIMULTANGOUSLY,

IS STOR®D AT Q
1 IV OTHeR WORDS,
E - & QFp B ENABLES
Te BIT D To
BE LOMED INTO
The fLIP- FLO¥.
lsp}fuuDEEO,
BECONE 1%
S R~  Tee fup-aoe
DOES NOT CANéE.
THAT 1S, E=O

- BLOKS The

0 1 L MRV OF M
¢ e D O MR

D (NoT-p). HeNce,
b—= DOLS RIP The VALUE OF D
D

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



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

o 1 TR worianss
THe |
ONCE THEY'RE UNDERSTOD
[oR EVEN WITHOUT BVER
UMDERSTAMDING THEM],
WE INORPORATE Tue
GATING NETWORK

IND TUE BoX AMD DRAW
gﬂE GATED (ATGH LIKE /
0

(" Trev heres p DARAULEL REBISTER* Vot The omly
XiMp OF ReblsTeR, BUT M GENUINE MEMBER of THE, BREED !
YOUR BITS
ARE SIMUL-
TANEDUSLY
LorpED
Wl Tye
LATCHES
DATA 00T
Luou) WUAT CoNTROLS Tite ‘ENRGLE' (NpuT? J



S So0N AS You BEGIN

DRING DATA, QUESTIONS
oF TIMING AR!SE HDV’ Love
Do Yov STORE 117 K_JD
D0 Yov Movg vT?2 HOW Do
Yov SiNcHRONIZE SIGNMLS 2

THESE 16Sugs ARE So CRITieat
TAAT LoGlc WITH MEN()R‘(

6 crued SERUENTIAL, T DisTNoUsH T fRom Tre
Pureuy (mou Al Losic 0F MeMORY-LESS
NETWORKS. To WEEF The SEQUENTIAL LoéiC (b STEF,

) ALL COMPUTERS HAVE CLOCKS:

THE CLoCi('S PULSE 1S THE OMPUTER'S HEARTBEAT —ppL
INSTEAD o€ A WARM RAGGED HUMAN HEATI“FBERT L\ke va___

TE COMPUTER' TULSE 13 SQUARE AVD (DLD-
|
UTRJUULLNL LT
OlE PULSE ° e~

ve CL SE 14 THE BUF"JT OP ovleBNT WHEN CLOK
guWUTo—c’f %egc;‘/a IS THe INTERIAL FROM TE BeoINPING

0 <€ € BELIWING OF THE NBXT. DEPENDING oN
’ A o TOHTGRCLg (’ﬁ’z’eQ ENCY mMY BE PUNDRES OF

Hovemps 1 B BILLIONS OF ACUES PER SECOND/

- B ‘__—l__r_

4—--—‘-——- 5%-—-——)

1000000
g e, T e
COMPUTER -

142




&

1€ |DEA OF VSING A CLOCK 1S TUAT THE COMPUTERS Loacuj
CTATE SHOULD CHAMGE GINPYY ov THE CLOKK PVLSE |
IDEALLY, WHEN THe CLOCK RiTS 1, ALL SIONALS Move, Taep
STOP oV CLOCK=0. THEN @0... TV S'mf Tk G-

A TYPICAL EXAMPLE )

ls T0 ATTACH THE THEN A MW
CLOCK To Tue “ENNBLE
|MPUT OF & GATED LATCH, LOADED AT

¥ WG CASe THE LATGH oo
« _J

PECOMES KNOWN AS A
“f@, UNFORTUNATELY, TiINGS ARE RARELY 10BAL! (T TAKES A

k ‘D FLIP-FLOP."

NON-ZeRo TIMG 'TOR A SIGNAL To PASS ALONG A WIRE, So
Tuvps AMRE PEVER VERPECTLY SYNCHRON(zED. foR
p(P«Mﬂ,e. SU(’fose AT W AMD GKTE, ONE weur IS CHANGING

oM 1 o Oy WD Tee OTRER FROM O T

p 1oy oor  \F A Chawees APTER
B, THE QUTRUT Wil HWE p»

N FY OMWANTED. YoLSE:
CLotke | L
s T T puse s A BLITCH,
S NVD BRIEF AS T IS, IT CAW
B A RR-fLoP o FLOP!

/gg
D % Mﬁvo/omf !



e G DEFEATED By THE
FMAQTEI? SLAVE FUIP-FLop: \

DATA —‘—_fD P ) Q

E F HE_Q
A
cwa‘_L—‘b’—F/'&

THE [WVERTED CLOCK SIGWM To THE SLAVE FLIP-FLop
e e
UNTIL TRE END OF A CLOCK PULSE, AFTER ALL 6LITCHES
WWE DIED ogT. FOR EXAMPLE, SUPFOSE WE WANT T
LoAD THe BIT 1 INTo THE FLIP-FLoP.

o« T\ [
CLotK r
: REASON/

SLAVE @

AS USURL, g
DRAW THE WHOLE
TND AS A
SivéLe BoxX!

_
44




[ STRINGING P NUMB@R OF WASTER-SLAVE m? FLOPS

TObeTr\erz MAKES A mﬁ

CLotk

DNTR ENTER A SHIPT REGISTER ONE BIT AT A TIME,

SAIPTING TD TRE RIGHT WITH EAGA NEW CLOCK PuLsE .

—

our

fOR EXAMPLE, THE
NIBBLE 1101 WouLD \{ 1

ENTeR THE SHIFT

REGISTER LIKE THS:

o 40
BEFQ%S kO?VKeu}? BlT

L
I-\E
BiT TRAVEL m THE ‘Nﬁ

WY TUROUGK ON

o
1

1

ue PULSE 7 BECMISE ‘
195 Tue MASTER -SLAVE \§ ]
-FLops 1)

SHETS ouT ONG BT

Lixawise, The VIBBLE \(
MT A TIME. A

1

o

@ SHIFT. REGISTERS ARG USEFUL WrEN |

ATON (S 777

BE TRANSMITTED SERIALLY, OR oVE BIT AT A TIME.

|‘+5



ngbw A SPEGAL KIND OF

EGISTER: THE COUNTEB.

L

A COUNTER S JuST WHAT CoonT IV
IT S0UNDS LIKE: SOMETHING

THAT COUNTS. IN OTHER ololeloklolels:]
WORDS, IT'S A REGISTER
THAT INCREMENTS \TSELE — ololo K

AoDS 1 To TS CONTENTS —

o e

cre!

(" DESCRIBED IN THAT WAY, A QQUNTER SIUNDS EASY To MAKE: JuST
CoMBINE AV ADDER WITh A REHISTER! TAIS WouLD Iv FACT
B T NS T s et O B oTheR
-ALOP. (5 MASTER- .
coovwbéwx oM ITSeLE: " o SLUE P TLeR,




NE=1, @ Goes IN AT p: | (W E=0, D PASSES To Q,
: i MD THE OUTPUTS REVERSE.
1y g o i
1 e QU : o @ !
'oo E Qo0
]
]

THEN @ REVERSES ONCG FOR BACH CYCLE OF E—I) |

OTHER WORDS, JUST HALF As
OFTEN PAS E: & TOG6LES 3

- L
¥ — |
AS USUAL, (UG PBBREVIATE THE Ui
C[TOF By s SmiER Box. Tie T 1o RondT
T 1 To WDIEATE TRAT THE PLP-FLOP Tosol6s (HENAE
P‘—Fto?

T=(. THEU Heges OUR COUNTER: EAH
p?sé(a&lgr AT HALF The RATE OF T oM

A B ¢ o Ty g
J o) 000 0O

| o000

TQ TQ 2 ool e

s [ ool |
4 llotoo
5llo101
6 llolrvo
teom 7ot
0000 i 8 It 1 ooe
9{lyo01I



p FEW 1TEMS OF NoOTE:

’ TS COUNTER 15 CALLED
AR “ASYNCHRONOUS RIPPLE

COUNTER," FECAUSE Tue 2 H{

gmvT RIPFLES TUROULH

Tf\gMp oue F%\P- Flop Tp
. Tng cppses T

|

COUNTER RETURMS

O 1 60

WOHER TUAN 15,

A

TWS H-BIT (UNTER (AN 60 FROM O To 91 - 16,383

e N™ aup-eLop Iv A RIPPLE COUNTE
PIVIDES THE (NCOMING PULSE BY ’F This Is
THE PRINCIPLE ON WHICK DIGITAL WATCHES ARE
BASED: A HIoH-TREQUENCY INTERNAL CLOCK
PULSE 1S DWviDgD “go A RATE OF PREGAELY

o (Yae FeR Seco
WIERWAL  &odc: SUUTU IS A nnuuuiyuy
OVTPUT: — 1 ]
i€—— 1 sezopp >
: Conr
ALL lTs’smvC@rA eously, coowT §

AND COUNTERS WMCH ReTuRN 1
0O N MY PREASSIONED
%geoRN' }«N SOMJNCA%’ 1220 J@ST
ANOTHeR BLACK Ts%lx f
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3. Cyow THAT

1. SHOW THAT

A S

A 18 THE / 18 THE SAME AS
s D smeps D
A IS THE
B:g;ih)— e ps I
CoNCLUDE THAT = ALL LOGIC CAV B¢
=:>s, oo fron Tig | BEpRAL TIE FORE
MAvS 1 o NAND: 6ATES,

2. CA THE SpMe BE DoNe WiTn NoR?

(4. GIUEN A 4-BiT SHFT REGISTIR, 5. HOW WAULD Yoy ATTACK)
,/ ' A BU22eR TO A GUNTER
d To SoWNp WHEN THE

SN TS

4o o7
7 % -

;//'//_//// 7 COUNT H1TS ‘”E

ibae | Clioot 1n BIoARY)?
Skol TS CONTENTS APTER EAH KIVT:  LoOK AT THE SEAT
OF FOUR CLOXK PULSES Ps THE PeT BUZZER OV 9. 109.

VIBBLE OO\l IS ENTERED.

“ g s
(o)
THE OUTPUTS MAKES A

L COUNTER COUNT BACKWARDS, J




("Now IN CASE You'RE FEELING STRANGLED By SPAGHETTI— )

THE TANGLED DIAGRAMS
OV THE PRECEDING
€S WERE NeveR
R
THE
giocin o
THey ARE MEANT To
ONSTRATE How
AE COMPUTER'S
ESSENTIAL FUNCTIONG —
MATA, CoMPARISHN,
DECODING, DATA
QELECTION AMD STORACE —
g‘b&bléﬂ’éﬂo ON
Whisdll 2262 C

NOW TAAT You PRESUMABLY
BELIEVE IN Tie ColER OF
Lopic, N0 MORE WIRING
DIAGRAMS ARE NEEDED!




FiE

R
<y 'y

A N
coMECk\A

MAL

PYNAMTE




X |V THE INFANCY
OF ELECTROMIC
COMPUTING, MEMORY
WAS ALWAYS MORE
EXPENSIVE THAN SHEER SMALL
COMPUTING FOWER. MEMORIES !
PLENTY OF PROCESSING -
Could BE Dovg WITH
RELATNELY £v ()MPONENE,
BUT EVERY |NCREASE IN
MEMORY SIMPLY MEANT

IMCIRIB = More AcTurt,
PHYSICAL PLACES To STORE
Towos !

SINCE THEN, ReSEPRCH INTo MEMORY TE(HNOLOGY HAS
- FROVOHT DOWN THE COST CONSIDERABLY. FIR A W
R R e 2 el
T %s  MeMo,
OF ABoUT (00 NUMGERS® — AT A c@‘%@ ?mcuovg ”

AMD A
JoMAs
ILLIONS oF

*ENIAC DID NoT
(OMPUTE IV
- BIvARY,
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(-THE SAME RESEARCH EFFORT, )
HOWEVER, HAS ngODUCa) A
PEWILDERING PARRAY OF MEMORY

TYPES AND TECWVOLOGIES ¥

CAeD MeMoRies, RN
TAPE MEMORIES, C e
DRUM, DISK , BulBLe, NGRS
OPTICAL, CORE, CAPRGE- AR
(UeLED DEVIcG, A0 (S
SeMi CONDUCTOR  MEMORIES; N
VOLATILE VD NOM-VoLATILE, R
DYVAMIC Pwp STATIC, e
DESTRUCTIVE AMD
NON-DESTRYCTWE, RePD- §
WRITE, READ-ONLY, S
TROGRAMMABLE REPD-00LY, KORE
ERASABLE  TROGRAMMABLE VTN
\‘EPQ—qog‘fY..;.vAw.f L
- Koty <

\_UewL, OV WS To Fecly SOMEUHERE ! SEIssssii—)
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IMCORTANT
(STINCTION EXISTS
petweeny

ELECTRON

ELECTRO-
MECHANICAL :

MEMORY Devices.

§
[
'
[]
[}
[
L]

c000Pe® Potovoc0voos o®

ELECTRONIC G\EMOFIES, WiTH
6 BRST S The RoT

A OF
Tre CoMPUTER.

ELECTROMECAANICAL meMOoRIES
HAVE MOVING TARTS, LIKE
DISKS OR REELS OF TAPE.
TG MAKES THEM SLOW —
HOW SLOW PEYENDING

Onv THE TYPe OF MeMoRY.

ELECTRONIC MEMORIES' SPeb
MAKES THEM \DEAL PR THE
COMPUTERS MKIN, 0& INTERWAL
MEMORY, WHILE ELECTRO-
gggw%lékk ;TEMOR'%S ARE
UNILIARY STORM
OLTSIDE THE MMAINE, kg

\ E)IECIPOMMA!&M MEMORIES

WCENSKTE FOR THEIR SLOWNESS
WITH A GI6ANTIC m&cm
onNe RAED DK CAN STORE
VP o TeN MILLION BYTes,
COMPARED WITH A TYPICAL MicRpS
(MXIN MEMORY OF 6553¢

(=2') Byres.



(" INTERNAL MEMORY

CAV BE THOUGHT OF AS

B SIMPLE LRID, WITA A
CELL AT EACH | NTERSECTION:
DESENDING oM THE
COMPUTER, EACH CEL CW

WD ONE' B/ TE. Tiwo
e AN

\.

1 ’1
H——— o
mMmi 1
T —Or
M an il an|
g l.—-t. [REEER T
N
-

),

BVERY CEL HAS A UN|
WHERE IT S5 IV THE GRID

Qgﬁ ,ADDRESS, SPECIND

COLUMN
% 9%9¢
8 5 L18" Ef;
T TR ISR S
flow  oooo FF-H3 E_h_; ita! i
ooo  f-RH-HHPIATE
4 4 1 [ S —
00-,'“ =m:cgi fﬁ‘\——/ o cobom
[ |V PRACTIE, THERE
. THERE MAY g APDRESS w
%/\Ahg %{g\p‘%%l 3 |: é»ezhfcrt oO\01 100) !LLD/
AES e Ay
Tie GRID VUMBER | A6 e, KL oo
AS THE Row AND COLUMM
WITHW 1. floYeis ,
iisen LB MV1ETC”
E 2

\_

\Ts CoNTeNTS |

Do oT Cowrvse A CelL's MODREES WITH

S
Is5



WHAT (S THE MAXYMUM NUMBER
0F CELLs THE CoMPUTER CAN

MODRESS?  THIS DE\”eNDs ov The

HE ‘Wo
EXANQLE, f 3’2 BiT
QMCH"E MAY NTERPRET
ARST 8 BIT5 AS AN

INSTRUCTION...
8-hit
wmucnon
t-—"*'—'“'\ .
1 ]olela i]i [l 1]o]dT Cel]
24-B17 PODRESS
... AND THE REMAINING 24 BiTS

v THT CASE, ADDRESSES CAP
BE AVYTHING GETWEEN

00000 ----0

 MD a4

\||l~--- | =27~
GMM f’oss:ew MeEMORY
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AN 8-BIT MiCRO, ON THE
OTHER HMD MIGHT

ThREE BYTES
IN SUCCESSION

|a[o[( [cloft]i]r]

AN [NSTRUCTION,

|||0]o|||||o|-|o'[
THE TIRST NALF
OF AN l;«rogﬁggs,

|0|O|Oll|0|I |o|o|

AND THE SECOND
HALF of AN ADDRESS.

HERE THe ADDREGQ
15 16 BITS Lo

ONING 939,465%
(’OSSIB’LE ADDREASES.

16 acr WorDs ARe
OPTEN SPLAT LIKE
Eglva '?\% HZ(gvHER-
LeveL Wrss eR

|00‘g”0[ 000{3%!0



To MAKE PDORESSES SHORTER AND MORE READASLE,
THEY'RE OPTEN EXPRESSED [N

HEXADECIAL,

Of BASE -16, MMERALS.

H@m * |Cocamme
u@@uex = Iéa"?.%
ﬂ,ex = |63’4'096

o
L4
.

{

gTe.

(" WST AS BASE-(0 NUMBERS REQUIRE THE DIGITS 0-9, So \
HEXADEUMAL NEEDS DIGITS oM O To FIFTEEN . THE
EXTRAS ARE REPRESENTED BY THE LETTERS A-F:

DG(IMALIOl 23494956789 1001IL (31415

HEX |o|zz496199ABCDE'F
for :xm? Le: To CoWERT BIVARY To HEX:
o) = GROUP THE BINARY NUMBER |
AOD e VIBBLES , STARTING FROM ﬂem
4x|c? Ktbu'r. Coémﬁ'tT ERCH MIEBLE To
+10xl6* M?OD‘ WQ olol (ol
+ Ol 1L ger ol
+ I13x 1 5 ¢ 5 B
LS ey To CONVERT HEX To PINARY, JST
K '8r957osam REVERSE THE PROCES. J

o7



FROM THE HARDISARE FOINT OF VIEW, THERE PRE THREE g
MMN TYPES OF INTERNAL MEMog% !

MeMoRiES USE
L\TTLE MAGNETIC "
POVANUTS -~
EEA Etecgfwfw\’
MAONETIZED N ONE
OFf Two DIRECTIONS,
Rev&eswnub

p i.

- R W, T S i e S D I S e WS SRR @ g e = A

N'O TWO SEMICONPUCTDE MEMOR(ES:
(7 AM

= ‘oioinininingg

(vAameL) P.Ebisrggl

2y

(CATES A | OR
65694

N
Recerte &

%‘vemm CoNNgAION
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ETANDS FoR

“RANDOM ACCESS ME/M?Y
MEM/INb TAAT ANY CELL -
cw % ACCESQEI\I; avo\";%sm
0
?Ro\%gg RANDOM
B §$, BUT FOR SOME
Fa«so» RAM HooGep Te

\_ FoR “ReAD-OMLY MEMmzv Wors J

a8 Tae RACTICAL
DIFfERENCE

BETWEEN THeM 15
TRAT YoV CAN oLy
M '

\nrzma 'meM IN
WiTH BQUAL €

WHEN YoV LoD ?Ro@eAm
INTO THE COMPUTER, IT (S

STORED IN RAM.
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T YoReETS EVERYTHING WHEN THE o
@ 1S TUENGD OfF. foueR

(" YOR EXAMELE, | OWP A BATTERY-POWERED Focker )
COMPUTER WITA 1680 BYTES oF RMN. IT (AW STORE P
To Ted SROGRAMS EVEN WHEN ! TRV IT OFF.

BECAUSE [T KEEPS SoME ELECTRICITY RUUNING THRoUGH
MEMORY.

1y
PR |pppoooo0 |meoeess
%‘%%. DO 0000 | @22 B i
fRooRMMS! Wl o DD O O | 2 epwiem B

OO0 | »eeanwom

BAM VOLATIATY IS oME
REASON TUAT THE

CoMRUTER 15 W’fuemw AN
0 Tue VAGMR(ES OF X ¢
QUTMODED, ERRATIC FoWER 715

[Tl

-~

GENERMING ETATIONS !




R . .
M — ReAD-ONLY MEMORY —
(V7

(15 CONTENTS ARE ENTERDD,

O‘ZDWP‘F(U{’ Rom 1S PROGRAMMED %{fﬁaﬂl‘ .6_

AT THE FACTORY BUT THERE ARE s Le
Now ALSo PIRBNS —CRocRAMMBLE  Boh—suT ve
foms — WHICGH oY BE CUSTOM- (PTo Tuar!
CROOGRAMMED To THE USER'S .

SCECIACATIONS. <

| m—m——— ———— —_—
UNL|G RAM, ROM %

1§ Wl ATV0E 2 WJ N
T Keeps \1$
CQONTENTS N
WITHOUT PoweR.
SOTFTEFbNg&r‘f

(N -
e o 5,

(CAL
COVNECToNS AT SomE L
[NTERSECTIONS,
Tag CONNECTIONS
REMMY, REGMDLESS VD WHEN | Sy

OF GLECTRIC CURRENT et | Mew




SoMe TyPIeAL USES OF Rom:

MosT ViDeD
@ame CARTRIDGES

?RO@RAM Mep
IV ROM.
JUST

IT v %o s //‘\7\\
REMY To 60! 1\({
BUT OF

COURSE, \T )
CAN'T BE

REPROGRAMMED
E(THER .-

You (WANT To RLAY
MOTr\EK GAME, Yov
BuY Avomerz @P«ME

A RATI
CoMPAVY

(

MN)"Y PERSONAL COM?UTERS
Oﬂ%sh%R%FTﬂe &

0
(oRN“ WHICH \P TURN
Llows THE mmme
To "UNDERSTAND" THE
LANGUASE CMAED

BASIC.

i ,
- y

AND NS WELL SEE, Rom

AV {MEORTANT ROLE IN pLaes
TRE COMPUTER'S CONTROL
SECTION.

lo1

. \T’5

CNAGD
e
Basic!




COMTOVENTS PER
RAM AUD CHie HAS BEEN

BEHIND THE €

TCHED 0N §iLICON c@
EXPLOSWE )
GROWTA OF I%\ THE DENGITY OF

M is... » _
SO NCREOIALE R PEURAING
TeEcHNoLoGy =

ThE STAUDARD MEASIRE OF CHIP STORAGE IS THE
, SHORT PR “Kito™ ("ChiLo” 15 BReEK DR 100),
IN COMPUTERESE IT MEANS 2 The ToweR of
Two CLOSEST To (000

T ARST RAM
CH® (Wi 1K
BITS OF STORAGE
wps A
S

\

4K 1S

K |

COMMON, AND Tue
29(0‘( c |? %
WAS ARRIED!
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SOMETIMES 1T 1S NOT THE ANSWER To
EVERY TRAYER / |

(” DESPITE THE GROWTH OF RAM CAGRGTY, )

Swow S
The WY To
STORE

MORE
TOAN |NTERNAL

LIBAARY OF
NTLY




PiguM (
The ANSwer ¢ VoBISuM-

mass storaae. s -

S THE NAME |MPLIES, A
MASS STORAEE |S MEMO}IY Ak
TAAT CAN STORE A LOT !
ALMOST ALL MASS STorAsE L
DEVICES PRE NON-VOLATILE
B eDDT i MK e
T H
MUCA swweR*\T AN ELECTRONIC
 RANDOM RCCESS MEMORIES. _J

TR EXAMPLE [PMW@H @

2 e epRos oF | BAGINE,
d AV t(gzDLERITH wsmw 0sel

5AMg IDEn AS WNGHCARDS: A HOLE REPRESENTS
1, A NON-fOLE O. !

= VARG THEE

SIHRES BITS As SMML MAEN E6I0NG, WHGH MAY
B MAGKETIZED N OVE OF Tolo &aecndus, u
REPRESENTING | OR O.
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FASTER, LESS BULKY, AND TUE CURRENT STORAGE O
CrOICG 1S THE

MABKTIC g

VP To

By
msK!

A Blo COMPUTER SYSTEM USUALLY WS MULTIPLE Drsk

DRIVES, WHTH DHONDGRAPH-ARMLIKE Fero/WRre Hefps
DARTING BMK AV formt ACRDSS THE WHIRLING

OTHER, MORE EXOTIC MASS STORPGE TE(HNOLOGIES INCLUDE
BVBBLE MeMoRiES, CHARGE -COUPLED DEVICES,
Wo QPTICAL DISKS Rebo 6y LASERS.

b




(Uike INTERVAL MEMORY, MASS
OR ‘FORMATTED." TAKE THE

T Access A OPRTICULAR
BLOCK 0F DNTR, You

YV THE RWD MUMBER
AND SECTOR NUMBER. Tvey
Tee DISK DRIvE

1) 5010 Tie Dok
OMTIL THAT SECTOR
LIES UNDER Tie
READ/WRITE HEAD

2) MOVES THE HEAD

IV OR ouT
THE PROPER RING.

D=l

ROCEH
TosP«? CoMPL

STORAGE MUST BB ORGANIZED,
flovpy Disk foR ExAMPLE:

FLoPPES ARE CORMATIRD
A
i oot o
'SM’L\FleD DISK.

(7S MoRE LIKE 26

SECTORS AND 17 RINGS
N A EVIVE DISK.)

7,

=%

T'fgg‘fﬁ MiLLSecoups — M ETERATY
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SOME THPICAL Oks
OF g‘r%g@g g

P GERBIL RANCHER,
DSING A MICRoCOMPRUTER
To IMPROVE PRODUCT |V TY)
oerAS e GERBYTE
we.) stoReb o GYTE,
YLoPPIEs.

AND BUERYEODYs ) A GOUGRNMENT

ON TS LIST... Asely (TAKe

/ YoUR Picke)
MAINTAINS FILES

ON TRE CITIZENRY. SToRep
ON WD pisK... !

TRE THore COMPANY

STORES | BupBLE s
MEMORYy THE MESSAGE: '
“THE NUMBER YOU HNE

fercuep \s NoT W

SERVICE ...

WeW, You GET Tite PICTURE ...
Now \T' TIME To MOVE Q...
168



' )

GETTING EVERY'THING
UNDER (R ET45.

W WHICH aLL

THE BLACK BOXES
ARe AMALLY SEEN
To FIT TDGETHER -




(" pLove WITH WRVT/ovTeur
M;goﬁv, ”Ayro ng né;EM;im'
I UM N ColTRoL
Tig (OMPUTERS FIVAL, CRITCA
INGREDIENT. (VR oLD
5CHEMATIC DIRGRAM SHOWS

Ay

Twe Aow OF

OVTRUT

COVTROL (wp) Ap [ WRUT ) MEMORY
meorzmmép (2.

IT HELPS To REDRAW

TS DIRGRAM |y A T (NPUT
WAY TUAT BETTER

REFLECTS A

EZNUINE COMPUTER S
Dg/%le KNoWN AS

“BU5 ARCAITECTVRE.

Tie BYUSES. B

ACCORDING TO SIGNALS

0ASED ALOMG THE Aw KA

CONTROL  BUS, ADDRESSES
D
BUs, Witk e R
FE reluecr: o
RI0E Tie BUS AT To oUTUT
A TIME,

T AWAY ROM The (ONTROL BECTION.

Tg VERTICAL PRROWS, W
ea_(;Rﬁ)%s{N'nxbg%gchm pm\/s
A 5 ADDRES
gff\moae wipe, PR A W

To wevr

Bus

"%

To oVipur

m’ NOTE TWAT ALL TRE ARROWS 0N THE ConTROL BUS
Oy M o
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How ARE WE To IMAGINE TKIS CONTROL, FROM WHICH AL
DARK ARROWS YOINT AWAY 27 pLL

|- MysST-
MAINTAIN - (ONTROL:
AT- AUL- ST -

oot TR DT
WAT

KEEP 5 ELECTRONIC Fiveers G LY
OUT OF ANYTHING ¢ :C‘

[ & wise RULER
WHD JUDICIovsLY
CHOOSES Tie

Wielos A

LS o e
REGE(LIOVS
6UTCHES 2

wew, At
LeMT THE

eusoes guN
on Thie
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FL\K& ANYONE ELSE, COVTROL REVEALS \T6 (WARACTER )
BY \TS BEHAVIOR ... SO LET'S FOLLOW WHAT HAPPENS
W TS OVERSIMPLIFIED COMPUTER, WGt FLESHES
OUT THe DIAGRAM OF Two PAGES BAK WITH SOME
ESSENTIAL CoUNTERS AND REGISTERS.

(

CONTROL —__¢€ c&
/ PROGRAM
COUNTER
M WS TRUC Tioy }
MEMORY SSoner ‘3'&’5 e
ADDRESS |m01q>“ ALU ﬁCﬁMULATdZ
HELISTER B RISTER
C REDGISTER
) : lOOKOON\o — 1020\ 0|

B CO0Yool 2! Y AL
!
=

TAe 16 A MINIMAL CoLLeLTion oF
@:WMEW A TYPICAL COMPUTER
HAS MORE REPISTERS AMD COUNTERS,
BuT ML COMATERS HAVE TiE

B,

K ONES SKOWN HERE.
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HERES WIMT TheY'RE FDR:

PROGRAM (OUNTER: 7, WRLTON ot ceneper
TG OPF e .t | RBETR: | Sl e
MTacron Cofmee A\ 2R
OVE BY O\E. %q‘ezc,l‘%gi .

0
o
CerroRMED.

ADDRESS ACOUMULATOR: oDV

RewISTeR GETME | THE ALU'S s%wfz 1+S

VOLDS THE Bye MAIN 5%61’@| WATHOUT 17
MODRE=S OF ¥olol! ING A

wprrm NNING TOTM
15 To ENTER OF A

OR LeME OPERATIONS.

MEMORY .

: MOTE

%n Rg)é)‘(gtllékfl‘z\’ e s

REASTER To A

foLp NUMBERS MICRoS oD’

oV TheaR (WAY

T ALY

-

b PACT. CONTROL SPENDS MOST OF 5 TiMe
ST MOVING THE (DNTENTS OF THESE
REGISTERS KROUND !
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To SEE WOW CONTROL WORNS, LETS FoLlow WHAT HACPEAS

T o o DS THO NUHEES -

OVR VERY ARST PRoGRAM !

LIKE EVERYTHING ABOUT COMPUTERS, PROGRAMS CAN BE
DESCRIBED AT VARIODS LEVELS. We pesN WATH

ASSEMBLY L ANGUAGE,

WHIGH SPECIFIES Tie CoMPUTER'S ACTUAL MOVES, guT
gmn‘s THe FINE DETALS. AT TS Lem HERES How To
0D Two NvMBeRs -

O. LOL*:DBE;FKEN;I RST
r:cwMUL A*lrpgo, THe

1. ADD_TwE SECovp
ccuMw!l\ToR%‘6

2. OUTUT Tre CONTENTS
OF THE ACCUMVULATOR.

3. HALT.




70 EXPRES Titls W PROVER ASSEMBLY (ANGUACE, WE MUST
SPETIPY THE PRECISE LOCATION IN MEMORY OF THE TwoO
NVMBERS To BE AMOED, AVD CONDENSG THE WORDY
STATEMENTS INTD MNEMONMIC* NEBREMATIONS. SUPPOSE, ‘
COR BXAMPLE, THAT THE NUMBERS PRE STORED AT PDIRESER
\E AVD IF  (WEXADEQIMAL). OUR TROGRAM GEComes:

‘LokD ACCUMULA
. LDAIE (R CONTIENTS o I€")

PRoORAM! 1. ADD IF (CMD Cowvents of |F")

2.0UT (“ovTPuT CONTEN of
: ACCUMUAATOR ™ )
A5 ,

X MUEMONIC = MGMORY - MDING

\V GENERAL, ASSEMBLY-LANGUAGE STATEMENTS
HAVE TWo €ARTG:

\Tpag C? \Q R4 Tw“fu k%ﬁ%
Ster To ge PEFFOWKD %Tuémcu The OFeRFIOR

SLDA E

[ NoTe oweveR! SOME oPERATORS DON'T NGED AN EXPLICIT OFERAD.
“OVUT", OR INSTAVEE, 1S UNDERSTDOD To MLY TO The ACCUMULATIR.
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LANGVAGE TROGRAM, gw D0 WE

FEED \T To Twe MACH(VE — WIICH

(& ‘l% NOW TAAT G WAVE: AN ASSEMBLY-
OULY UNDZRSTANDS 05 MD |5 2

N Tic AVSUER 19 CLEAR: WITAW Te MACH(E,
ENN OPERATOR \o ENCODED S A STRING OF
Br1S CALLED '8 "OP-Cope: SoME SIMPLE
SpmPLes:

¢

THEN N MAGKIE INSTRUCTIOR (OWSISTS OF AN OF CODE
SEOMENT, oR "PELD," FOLLOWED BY PN MDRESS FIELD 6|VInG
Tie OfERAMD IV BIVARY:

LDA [E - oo\,| RENERE

\/'V\A_/’\/'\—/
og’écgge popRess FIELD

|76



f S0 HERES OUR PRoGRPM TRANSLATED (Vo MACHINE LANGUAGE. )

o LDA e ool IO
{. MDD IF 010 I
2. VT HO XXX D w5 Bire pee ok
3. WMLT (11 XKXKKX § PR These popRoss

HELDs, hs THEY UL &
{oNoRED

. : )
“slm (ASsumIvz AV [VAUT Device)

THE PROGRAM STEPS MRE REMD INTD ConSECUTIE
MEMORY . ADDRESSES, BEGINING T O Tve
(oNTENTS OF MEMORY ARE THEN

ADDRESS CONTENTS

NOTE TRAT THE

o ool \I11O PROLRAM STEP
| 010 V111 | s (N
2 | 1O 00000

3 | v 00000

AND WE MSo NegD To ENTER TG TA=1HE.Tw. -
WMEBges To Be MDDED. A«gf Tiwo w%e% WA 80, SAY
5 MWD 12 Tier 6o (V MDDRESES 1B AVD {F-
ie 0000010 |
IF o100} .
Mow CAN THE fo»gm DISTNGUSH DATA. oM
INSTRUCTIONS? ASSUMING EVERYTHING S AN
INSTRUCTION, \Mé@_s INSTRUCTED To DO OTieRW)E I
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ONE T OH6RAM
1 s*rofz‘gofpcopm%
CAN BEGIN EXECOTOM,

N A Serigs of
weEN MORE PRIMITIVE
STEPS Calep
MICROINSTRUCTINS,
oNg MicRo| nsmo(,w
DCCVRRING WITH €
Cotk YULIE. ARe
You RerDY (OR THE
CORY DETAILS ©
(CovTROL BEOINS BY FETCHING THE FARST INGTRUCTIOP- IT— )
0.0. MOVES (ONTENTS NODRESS
OF PROORAM 4
CONTeR (oomoo REOTER o oo
To Bewlv wiTh)
A Moves CONTENTS INSTRUCTIOR .
0 OF ToAT MgMopy gqalsrqé X "]
MDDRESS 22

{
THE INSTRUCTION REGISTER NOW HOLDS THE ARST
WNSTRUCTION.  (ONTROL "READS” \T AND—
0.2. MDugs TE ADDRESS
IN%WS%% To %DgFSTaz 0x mﬁfg
RESS FAD ( ’

3. MoVEs CONTENTS CCOMIATR |
03 N0 Peaow ©
PPDREES

1O o1
T 03

H

ine

e ACCUMULATOR |5 NOW LOMED Witk TiE TIRST figte of DATA.
ONE MICRO(NSTRUCTION REMANS:

AVD :
0.4 \NCREMENT PROGRAM | s
\_ COUNTER ) STER O
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NEXT STep, ADD .
AOMIN CONTROL BeolNS WITH A “FeTcH THAGE™:

(A BT CONFUSED 9 LET'S 6O THROUGR 1T AGAIN (WITH Tﬂﬂ

1.0 MoVe (DNTENTS ADDRESS
X PROGRAM ™  REGISTER (20000001 |
COUNTER (NOW [ oyiiL
00000001) |
1 0009
11 MoVE (ONTENTE  To  \NSTRUCTIp AE

OF TURT PODRESS REGISTER

THE INSTRUCTION N THE INSTRICTION ResisTeR, O10 Lt
ChVUSes CONTROL TO -

1.2 Move RDDRESS

e T R
1.3 Move CONTCNE T B RE6BTR TN .
or Tm M +4 O \
ADDRESS / =
14 SIGNAL THe =TS
AU A IV AcuATR [Eiioor] 7-‘

AND 3
M0 T T
AOMN, ThereS OMG MoRG
S

|5 |NeREMENT
YROGRAM
COUNTER




ANDIEINATLYE

Weld, WOKILY THE LAST Twp INSTRICTIONS ARE EASIER :

2 AVD 2.1 ARE =1
Te SAME FETCA ﬂf?%'

\»61}2267%% N%s
WSTRICON 2 (‘o)
W THe INSTRUCTION
ReAiSTER - /,

Ths oP-cobe (10) CAUSEs CovTRol To —
2.2. Move (OVIATS C RepAsTR OO

0F NCCUMULATIR 2-2 -
3. |NCREMENT 2 fountic S
’ ity ot

VALY CONTROL FETUAES THE NS (11 (HACTY),
WHCH Crxses CoNTROL w-I" TTROGTIP (

3.2 Do NOTNG
( pRe You_Beoiilt, ~
T See WAAT '
C\gmvo OFRZW |: %gx IT
1597 ! e T oM |

0B/

- J

1)




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 ...

8t



W ReAL LIFE THE SITUATION 18 MORE COMRLICATED IM
DETAL BUT THE SAME IV PRINCIPLE. THERE PRE MORE
REGISTERS, AND OF-CODES PRE LONGER TAAN ThREE BiT5,
ALLOWING CoNTROL TO ResPoMD TO A MUGH (PRGER

SET OF INSTRUCTIONS. WeRe's THE INSTRuCTioN SET
OF A GENUINE PROCESSOR, THE MOTOROLA &80.

ARITHMETIC
ADD
ADD WITH CARRY
33%531 WITH CARE
Pt ITK CREEY
DECREMENT

COMEARE
NELATE

LooGICAL
ok
exctusive oR
oT )

AFT RIGKT
SHFT LEPT
SHIFT RIGHT AMATRMENC

TATE RIGAT
ATE ueéfT
T65T
DATA TRANSFER
$ore
Ve
%M%#kg CaReY
CLEMR OVERALOW

6T CMRRY
6ET OVERPLOW

8L

BRAMH (F EQUAL
BRANCH ¥ ugrog vkl

2A
Vi (F
P e A T F e

(F L6 THAN OR EQuAL
BRANCA (P HioHER

- BRANGH (F NoT Hlonep

GRANCH (F Weﬂ-
BRANTI tF NOT LOWER

SUGRWTINE CML

CALL SUBROUT(NE

QuerovTive ReTuen

L oo A

MISCELLANEOUS

0 N
g repte




Ve OROUP_OF THESE [NSTRUCTIONS DESERVES SPECIAL
MENTION: THE BRANCH, 0R JUMP, \NSTRUCTIONS.

As wew Seg,
THESE GWVE

THE CoMPUTER A
LOT OF 115
"INTELLIGENTE."
TheR EFRALT 16 To

CoN

0 m@@% of

Jre frooam. T
MPLEST JuMP

WSTRUCTION o JusT

TN DUM* RS IN:

_-7>> ‘;)thg 123" CAUSES QN TRoL To ENTER 123 | THE

AM
o ,f i B@%ﬂ{rﬁ AD PRoCERD WiTh THE PROGRAM

m ugmmu

PRE COVDITIONM OTHERIKSE,
WMPS. THeY WIT !
TRANSRR CONTROL |

P Some
COVDYTION 1S
SpTSAED: FOR
INSTANTE, “JuMP
\F 280" MEANS
JuMe (F THE
KCCUMULATOR
KotDs 0.




ONLY D
WAAT 175 ToLD—

@rvwww
oMATIcALLY !

e Yo ReMUy WANT To MAGIME Te CoNTRa CECTIONS
PERSONAATY, THPK OF A PERAECTLY EFFICIENT
ﬁt/ﬁfﬁ(/ckﬂr ACTING N STRICT OBepteN® O THE

(OMPUTERS 'REAL BOSS: Tie PE%@@V

NV
Wlooipiouloy0 1oMe0







IF PROGRAMS REALLY RULE
THg COMPUTER, THEY DESERVE
A PROPER SCIENTIAIC NAME...
SOMETRING N GREEK OR
LATIV, PREFERPBLY...

TEMCALCULS !
Reap RutioNocgRas?
Qﬂ’ﬁ ALOMEURALGIAY

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

- BuT THATS NOT How IT IS 1N COMRUTER SCIENTE...
\NSTEAD, PROORPMS IN GENCRAL PRE CALLED ETWA@B»

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

\TeMS oF CoMRUTER [ ARDIWARE .




WHATS REALLY
FUUNY ABOUT Te
VAME S TRAT
SOFTWARE 15 OME
OF THE HARPEST
THINGS  PBOVUT

- CoMPuTING!

ng,e HARDWARE HA
OROWING IN POWER,
HORRENDOVALY Com

Koo
K

—

S BEEN DROPANG (v PRICE AVD )
é&?{u}%& ONLY GETS MORE

YRR G o
7/ Beeer < ek vaw

(Ts 0PN
MBoSSIBeE To
ESTIMATE How Mug
s
oPTwiRe oy

198
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(" LIKWISE THERE'S P DIFFERENCE BETWEEN THE IMAGE OF |
RARDWARE AND SOFTWARE WORKERS —
|

MRDWARE TYPES PRE
» NANEERS... INTD GRDGETS...
A hg= MOSTLY MEM... BoUND
NG BY THE LAWS OF

! PHYSICS...

,

PROORAMMERS WAVE NO TOOL BUT THEIR BRANS.. TigYRE |
MORE OFTeN WOMEN... SURP0SED To BE SOLITARY o |
DREAMERS  WpoSe IDEAS HAVE NOTHING To DO WiTH

e LMWS oF eysics!

g%obllms HESE DAYS ARE
CoM?téI o)
ONE ERSONTE’\RZ y

TESe LoveRS HNe To
s
gﬂ(? Wééﬁ IMpOINATION...




Wiite koA
LOBLATE ks
THE ORIGINAL
PROORAMMER,
TE FIRST PgRson
WLE%YEE{I eF

0 0
SoFIUUMl

TUK’NG

(412 -1954)

TRIvG, o ENoYeD Lons: DléTNJ(‘E RUNNING Bk
WHEN TAKT WAS (ONSIDERED WHRD, PROBMBLY WENT
\WT0 COMRUTERS TO SURINK THE SIZE OF WS
JoOLING CLOCK.

IV 19%6

1.2

R THE
TURING
MACH/NE...




TURING MACHINES

PREN'T ReML MACHINES...
THEYRE ABSTRALT
MACAINES, BXISTING OMLY
W THeORY.-

—
Rovouty SPepins, A
0RO MACAIE B AN

i

HAT Repops

SERUENTG oF O5 A 15.

Te ot ¢
DEfgNDS oMLY oM THE
CR&S@NT INCUT (0 of 1)

AD THE Previous OVTPUT.

Ta RE_ O
& B &
UNIMEORTANT.

—
—— o~ -

S

N\ -
gﬁg?gg ThE NEXT
NI e
Colen '

TRANG T
RULES.

N
Tue Redsol TURiD

MACHINGS ARE [MEORTANT

|5 THAT THEY AR A '

& WM OF TMNKING

WBICMAYy  MBouT Lodic.

m/v WL - DEFINGD, STEP-BY-STEP
Ol PRoCADURE .

ChN BE EMPopip

W Some TURNG MAKND:

Teres A N
TRWE MACHINE
TUAT CAV

ApD!

FeoR L5, SE6 - WEIZENBMM'S  CoMPurel [overt.
% A% 5,8 [ova Mo poman AeAsop,

19)



WAAT TURING fRoveD:
ITS THepleTichLy
0SSIBLE To
CONSTRUCT A
SINGLE TURING —a
Mpcmue THe S TR i

Wrich ¢an \MlTATE
Tufi’c»e mAGA sl

. l_—ar-ax-zur)“mm
o R Z2Z R N L N 2

THE TRICK \S TUAT THE UNIERSAL TRIWG MACAINE Chw...

)| voad instruckions! ...

TAAT (S T0 MAKE Ziodaaih)

MveRspL TvrzmT'o\fwue ek

) ACT LiKG MACAINE T, 2=
You ENCODE TS

TRANSITION RULER ONTD

Vs TAFE P«T EAA . <Sti

?r%’ SERVES 175 D: "

& w TIONTES% O °a
WAT TO Dp. aaaaa%

=D W OTier Wok0s, V 16 TRospampguel
192



(" THE |\ MPLICATIONS

PRE STAGRGRIWG: )
p SINGLE,
PROGRAMMABLE

MRCRINE CAN
CorHoRn ANY
\ELL - DEFINED,
STEP - BY- STEY

SMA THIS TEN YEARS

BEFORE P REXL — —
| COMRUTER rs. B0L7) -~

Jonk VoN NEUMANN CARRIED TURINGS IDEPS
FURTHER- VON NEUMANN Remg‘a; TUAT ovehm=

W guILD5
MA CHINES
oM PLANS

ENCODED ON
N

Fer X Tie
PLANG TO
ITSELF/

Dﬂlﬁ-kﬁrnovuane
MACHINES e eossibie

93




—
THe DioiTAL COMPUTER |5

A FANCY UNIVERSAL TURING

MACKIVE COME Tp LiFe-

\€ You cple
THAT “Lige..
=7

\_

TeREFDRe, NS TURING PRV, 1T (AW

o AWFTANG (ok, MRE AURKTAN,
SIMULATE NIYTHNG). The ovly LIMIT
15 TE AMOVUT OF TIME AT THE USEF's
Dls'z;sp.(,... Sy, Eeom Wow DML THE
DEATH oF THE QLML SYSTEM--

Ughr KIND OF
AN AL CAN

A
T,
CO0M|0-Fr“0‘ﬂ\eﬁ
QUALIRCATIONS oN TRAT
"ANTHNG §




IV & WoRD,
CoMSUTERS Do

pALGORITUM "“]
fv S"C‘»‘é» TQEﬂNzD k
. QTW /] L STEP ‘W‘ ST 53

ey - NVG eMp STR
SRoleDiRe: A BMCE‘:‘AMTWP%HEFWB
m"'ﬁ‘ (¥ You l t Thc VEXT 1S BEBUN,

WELL DEFINED,
MEANING EACH STEP
15 COMRLETELY
DETERMINED By
CURRENT |NPuT fMD
AE l?ECgLEST e%e
N0 AMBIOUITY ALLOWED!
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EXPMPLES OF ALGORITAMS :

“IF NCLeAR

%JP@RENB ARE
ALLING LIKE

e
)

oy
OTHERISE | |
WILL Go To WoRk
¥ Lsum ¥

1. ek T
MEEC“:'AL& :;ge & WhPHEADS

9. IF Y&, Ue Dowd + ENdoy!
3. [F M, (° To WORK.

(" Ligwse, )
ALEERMC (1) \WRVT p NUMBER %
f%‘e@ﬁr (2) MLTILY & TIMES ITSELF
ﬁw.m MS (3) MULTIPLY X TiMes 2
Y=atr 26410 MEMB= (4 pp THE FESUTS o

@) A (3)
(5) KD 1‘? To THe ReSWT
- of (#)

& You UNDERSTAMD,
VE DOWN AVD
ENOy  YnRses!

_ & )




examaes of [NON)e ALooriTims

“IF WCLEPR

WARAEADS ARE
FALLING LIKE
HAILSTONES,

L\E DowN pND
‘Tsy To EVYY
T.

TR PAS To Tetd You WuAT To Do W No
\__ & FALLING-.- So 1T WpT el Deﬁpepy WkbHE O W,

ANOTHERR o
fow AEUT ¢ | \MPRoter-
=Lt -lo 1 < ‘ ‘

TS 6 N0 MEOR THM

g%me rr"s NOT
REQSQ) N WO@R

“M.EERMC GRAMMAR."

WEe ASSIEN YO MEANING To

The SYMBoLS "++".

\¢ You TRY To MAKE A ComPUTER Do
A NoM-ALLORITIW, |T WILL ﬁr

T 'XMZE ALASKIN ERROR
MessABes!

I
o

?
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Some Sriwp \ @ 4? \
S‘(MBO_% @ TRERE ARE {’ogglexuﬂés
vseo 0
FEGIN oR END
AL@ORITAMS C:D
ERSIgR TO
PoLLOW- EAH
I URE (MDD,
%ﬁgsem SMTﬁEETg )
SPey MLy
E,““:f? 66113,5_6-2-— 4 %%F:\%ONRL
g\ox. THE 0
peE
b
W
OF SP 1 Z:j IWeUT 0R TPUT
To BE
e e: L

Tr\ekz%%w OF THE PLOHORITAM :Ns REPRESENTED
ws —--> N WEN ML THE
SMenLs e CoMele. \T's A D H

H@W CHART




HERE PRE THE
FLOW CAARTS

0F The
CUPLE OF TAGES
BRCK:

W BOTK ALpopiTaMs, Tie Agw PROCEDS
W ‘ovg pmte(gfog. PROM START T TINISH.

T S T T . e = e - T T G Ccc e - e .. c e, - —— > - -

ITS LSO PoSSIBLE PR Tie FLoW of
ALOORITAMS To JuMe FORWARD
OF CAOKWARD. R CXAMPLE,
LeTs RewRiTe TWAT €RST
MLOOR(TyM :

1. \¢ Bomgs e PALIND,
0 To STP 2. OTHERWISE,
@© To ST 4

2.LIE Dowv BWp ENJoY!

3. 6o To ST (. :

4. LEMD N NORMML IFE
R 24 HouRs

5.60 To step |

6.END

You MM QUD Tie Flow CAPSDT
e 1o Cele Wy ae
' MM CoNTINVE WDeﬂmnsz!,f
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FLow CHARTS ARE USERUL FeeD Me

v HELPING To DESION ALGORITHMS!
AL OORTUAME —SIMPLE ONES, »
ANY WAY— AND DESIONING
ALOORITUMS |6 WHAT
COMPUTER PROGRAMMING
o ALL XBouT !l

Tae FIRST STEP I8 WRITING AVY SROGRAM 1S To
g ANALYZE Tie JoB TO 88 DONE, AND Se€

Yow To 0o T ALGORITAMICALLY !

FAILURE To

T /1.
ALGORTAMICAUY THAT \NEORMATTO)
HAS Chu3ep StobLp 60 ING
hiedy ' M%M"'rﬁ?
0 ’ M "o [
M@“!r’m%'l vice ?ﬂet‘x’rowﬂs He B
(wooT ST 6 GOOD...
SOPTWIRE ok MMBe The

| TREASURERS...




LETS TRY A COUPE MORE EXAMPLES...
A LITTLE MORE [WE WART A CoMPUTER
MIGKT ACTUALLY BE ASKED To Do..

WRONWWNATIE  TWo RoomATes, LKA mp SoRHiE,
AN SHARE THEIR MEALS. Ty
RﬁEtEI?T; BOTh Sof OR 00D PD e

THeIR RELAPTS. AT ThE €MD OF
THe MOUR, THEY WANT To
fKhow o oues WO e

TS oNe foke Tie
T e
BX‘?REQIION

i 2X+ 10
NOT JusT AT 0M6
VALVE OF X, Bur
fOR MANY VALYES,
NAMELY

X=0, o4, 0.1,03,
...AND S0 oW...
Ue To 2.0.

101



("R ROOMMATE ReceieTs” I
We REASN Like $o:

LET S=SOPHES EYQENSES
L=L15Ns EXCENSES

THEN THE TOTAL EXPENSE
15 StL, AND EACH
ROOMMATES SHARE |5

L(s+L).

\€ LisA 0UT‘5?ENT SORHE,
So L>S¥ TheM
SORAIE OWES LISA

3sH) -8, OF QMuTe | | CoMbuTe
L(L-9). L(L—s) L (5-1)

OTnerwISE (wreY SzL¥)
L15k owes SoTHE

z(s-L). OulES usA" “” e
THe ALLORITUMS OVTRIT VD L(L5). wo —L\

IS 0 TEW VS wHO

ES (oM AND
MUCH. )
@ @O
> MEMS 1S SRR TWW'; 2 MEANS ‘is GRENTER TUAW OR EQUAL TO" 5

L < MEANS 15 LB55 TAAN'y < MEAMS s LESS THAW OR BQUAL To". D
101




(W “WLTRLE FLUGMS," Wg WANT To EVAUATE ASTNGE
EXPRESSION, X*+ 2X+ 10, REPEATEDLY AT DIFFERENT
VWVES OF X (MMMeY oo, o4, 0.2, .... 1.9, 2.0)
g CoRE OF THE
ALOORITAM wiLL
BE TS LooP:

1. Plue THe a}wr
v LUETOF INTO
X x2x«lo
2. ?P-INT THE RGSULT
3. NOXT X
4. RETURN To Step |.
we Aso HME To
SteUlY WKAT X To ouxTPur
mng"g%, 2410
PO How To Couty | _
“WEXT X. ADD O
T X
% @
No




Now THE €738 GUESTION:
($64 AFTER INRLATION):

HOW 00 You WRITE
A ALOORITHM

TRATS
NTELL(GIBLE TO

WHAT LANN@

L UNDERSTA

006 HE ComeuT
A "




AT THE VERY BEGIVNING, PROGRAMMERS WROTE DIRECTLY
IN "MACAINE LANWA@E" —BINpNRY CODE. TS WAS
DBVIOVSLY A READACHE!

loo/ooo//oo /
000100104/ 4

e
ASSEMBLY LAMUAGE
see 0. 174), ppeD

WK TRANBLATED
ASSEMBLY LANGUNEE
MNCMOMLS INTO
[Lorry mn%oﬁew MoRe
WkS NeeDep

M meuen LGVEL T e

RE (WEATED. THESE (p
flxM\leﬂ ENOGUSH - LIKE CoM AWSr
SoukCe e AS -PRINT," “RpAD," AND "Do,"

wmcﬂ MRE TRANSLATED INTD MACHILE
(Co e oF LANGUALE BY Come V&éfl/\MS
INTERPRETER LD CoM?lteRS ﬂze-r@;‘
E\:)bHeF Lover t &

0BIET (ope AND THE MMW LANBU mmw
\6 CMAED *OBleLT Cope
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THE ARST MAER-LAVEL
LANGUAGE v%g
%RTRM (“FORMULA )

NSLATOR"), WHIH MADE <
\ts DEBUT IV THE EARLY
1950%. SINCE THE,
LATERALLY uuvvgevs oF
LANGUAGES WAVE Beep
T B

oF . D

DEVOTE i

—

WERE GOWG To TAKE A QUICK LooK AT BASIC — a

NWeR's /\LL-RRFOSE: GyMeoLIC [INsTRCTION (50DE-
BASIC I8 EASY TO LEPRV wloeLg VSED ’gzsgre

CRITICIOM (eSpeqaLy By PASCAL
“BMD PROGRAMMING HNBITS." ouikees)

\T_CAN'T
WO Lok Mr
v Go0ste !

ALD
60 To' 15 M
DgA ALlgV

€
Yeroee!

]

/ T0
HomAy

2006

"BAT IT PROMOTES

wgz Aﬁ(’ow(ol% I
X Llﬁcem@;iszléﬁf.es



THeRe MRE Two
WA To WRITE A
BASIC PROGRAM:

Wi CENCIL AVD
CACER, OoR DiReCTLY
AT The CompuTer.

175 Go0D PRACTICLE To PLAW PROGRAMS ON Pifer fiRsT,
WORK OUT Tile ESSENTIAL- 1DEAS AWD STRUCTVRE, BUT
BVENTUMLLY OV MUST SIT DowN BT TRAT (<egygoARp!/

SomMe MACHNGS
peE; of
BASIC AS
SO0N S YOU
TURN THEM OD.
OTHERS ON
BRiVG \T v
ON COMMAD.
\€ (N DoVET,
ASK!

207



WHeN The

COMRUTER 15 READY
T GEs Yov A “PRoMeT
OF SoMe KiNp: The
WORD “RerDY" OR
JUST THE SI6N > ",

[ The coMpUTER KeyBoARD RESEMBLES A STANDARD TyPe- ‘

HE

WRITER'S "‘SWEFTY“ KeYgoxRo ... ExCefT TuaT AS Y
TYPE, CHALACTERS MPEPR OV THE CRT (CATHODE
e L e
0 T TH v prd .
HERES A SIMPLE BASIC CROGIAM ke

g

0 Rem BASIC MULTIRLICATION
20ReMD Ay B

30 DATA B.@, 11
40 LET C=A%B
B0 PRINT “The ProDuCT 15", C
60 EvD

BASIC MATH-

AtE
B % AS USURL

AxB. A TIMG €
MB... h DVipeD
8y 8

AB...A To TAE
g™ %owd’—

Tae PROGRAM 1S Now STORED N
MEMORY. To RUN AT, TYyPE “RuN",
LLOWED BY TAe RETURN KEY.
Tae SCRreeN DISPLAYS:

Runv
I TE PRODUCT 15 6.16
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>£sz¥ LINE BEGING WITH f

LINE NUMBER (0,20,-).
EVERY LINE OF A BASIC
TROORAM  MUST pave A
NUMBER! IS |uge To Coupr By
TeNs, S0 You CAN (NSepT
(Nes LATER.

> 'éue ARST Ku,ve (10) 18 A
EMARK. Rempeks ExpLap

THE PROGRAM BUT PRENT
PXEUTeD BY TuE COMRVIER. The

REAX “ReEM" [DENTIAES
g“eenéécpgs WEe MedT INRT DM

20 Fem A\B
26 REM Tiee M€ Tig #5 To BE MuLTh
%0 DATA B.p, 1\

> (rosram STATEMENTS cosst

oF INSTRUCTIONS (“ceT” erc),
NUMBERS (5.6, 1), VARIABLES
(MBC), TERT (“Te provoct
1s"), M PUNCTUATION

Bo PRINT "Tve PropucT 15"+ C

QOTEs  SENCES  sgacaloN

EACH OF S
MeMw@guese RAS A PResiSE

209




A NUMERICAL VARIABLE IV

BMSIC 6 LIKE A VARIABLE

!,

ELED BOX A NOMegr! :

\anmeMofys MM VARY  (Bur T HAS
LY ONE yaLye AT A TIMED).

QUW THESE SYMBOLS (AN

€ USED AS VARIABLES:

A BcCoD,... o F

,40,50‘... AND Zo
A, BI... BEYIS 7

!N Y
BeTween!

Aé/ &9, ... 29

TheRe PRE SEVERAL WM To ASSIN A VALUE T A VARIABLE:
oM \S THE w;m STATEMGNT -

20 REMD AB CoMMAS ARE
%0 DATA 5.6, 1.1 ok BSSENTIALY

THS INSTRUCTS THE QMSUTER T0 ASSIHN THE NUMERKAL VALVES
W The %éi;? STATEMENT ~ N ORDER — T0 THE VARIABLES

W Tie O STRTEMENT.

20 REMD A, B, C f
' 30 DATA 5.0, L1 ﬁ:’ The 15 A we%

20




ANOTHER WY To ASSIGN VALUES To VMEIABLES 1S WITH

=N |

20 LET R=2%®

%0 LET S=QT2+R+10

MAKES S=
6%z 140
= 65.25

THe LET STATEMENT ASSIoNS THE VALUE ON THE

OF THE EQUALITY SI6N =] To THE VARIABLE gu‘é%

LEFT. Tie RIGHT-HAND SipE MAY 8E A WUMBER, BR Soe

X?TMMMM PXPRESSIOMN |NVOLVING OTiER VIMMABLES —
LonT AS THEY MAREAOY HNE VALES !

lo LET @Q:6.5
20 LET Q=O-5%R
30LET 5= @2+R+ 10

E STATEMENT 20 DOES NOT ASSIGN ANY VALUE TO
, BECAUSE R IS NOT ON THE LEFT SIDE OF “=". |0 FACT,
If R NASV'T BEEN ASSILNED SOME VALUE EARLIER IV
THE PROGRAM, THEN STATEMENT 20 6INES R} AN
INDETERMINATE VALUE! BUT—

0 LET M=0
20 LET M = M¢A
30 LET M= M+ |

 THESE STRANTE -LOOKING STATEMENTS ARE PEFECTLY 0.K!
“CET M>M+4* NGANS “ASSIGh To Tie \MRGLE M A VALUE
BQuiL To ITS CURRENT VALUE PLUG 1."

21



TAS 15 AN OUTPUT COMMAMD, MEANING *DISFLAY on THE
SCREEP,” NOT “PRINT ON PppeR.” |

WHAT CAN BE
PRI 5= DL

You AN PRINT AVY TEXT:
10 PRINT “ANY NUKES Topay?"

UN
?w WKes ToDAY?

TION MARKS
Movep

PRINT A VARIPBLE AND YOU GET
\TSP VALUE -

lo LET X=77001 |
20 PRINT X
RUN

BUT—

1o LET X=T700\
[220 PRINT “X"

QUOTATION MARKS MM
2 I‘W CoMPUTER TREAT X
5 A TEXT.

10 LBT Z={5
20 PRINT Z12Z +2%Z +10

BECASE

0s)Y raxis+10
=225 +30 +10 =15.25




o

A SEMCOLON AFTER A PRIMT STATEMENT CAUSES Tue
NEIT PRINT STATEMENT To DISPLAY [TS oureur oN THe
GAME LINE PAND DIRECTLY AFTER THE FIRST ONE's

0 LET A=1

20 PRINT “INFINITY 15 MORE THAN" j e mees
30 PRINT A

RUN

INFINCTY 15 MORE THAN 1

1T 0.4<. To MBREVINTE Tiis -

lo LET A=1
20 PRINT “INFINITY 15 MORE 'nwu A

RUN
NFW\TY IS MORE TUAN 1

FOR BXAMILE, WE COULD RGVNTE THE PROGRAM oW e 208.
10 REM BASIC MULTIPLICATIOP
10 ReMD AB

30 DATA 5.0, 1A

40 LET C= A-&B

50 PRINT "THE PRODUCT OF *y A3 "MD" 1 B 16" €4"."
60 EMD

BUN
THe PRODUCT OF 5.6 AND 11 15 6.l6.

Thepe ME MSo OMe MFTy TRICKS USIND me@m
> ANZ&E PRINT, BUT We wopr (JERT INTD \T...
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K \NTERKTIE )/
Yz
7

TG STATEMENT ALLOWS THE
USER To ASSION VALUES To
VMHABLES WHMLE THE
PROGRAM (S RUVNAVT -

TRE FORM OF THE STATEMENT:

l INVT A [

WHEN THE PROGRAM RUNG AND REALHES AN [NPUT
STATEMENT, THE SCRECN DIQPLstA:CH Ve

I? )

WG INDICATES THAT THE PRoGRAM WA HALTED, MONTIVG [upoT.
YU TYPE SOME NUMBER (FoLLswgp BY "RETURM' As ALWAys!):

BN

ot TS SR i
CAN BE USED [N COMBINATION To
KNoW  WHAT SoRT of INPUT (5 EXPELTED: LT 1w

10 BRSIL DWISION

20 PRINT "TYPE THE MUMERATOR."

%o WPUT N T X
40 PRINT “TYPE THE NON-2ERD DENOMINATOR.
so WAT D .

o0 PRINT N3'/75 0y "=y N/p

70 EM

UM Tyeen B
JYFETHE NUMERATOE. e bsen
TYPE THE NON-Z6R0 DENOMINATOR.
? 8
5/8 = 0.625
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TAIS 13 THE
UNCONDCTION AL
BRANTHING  (NSTRUCTION.

“(oo T ( Lme NUMBER)" TRANSFERS COMTROL To A
UNE oTHER TRAN TRE NEXT. THE PROGRAM TheN
CONTINVES PROM  THERE, AS /N TilS ENDLESS LoOP:

20 LET A=A +1
40 60 To 20

16 THE "“SMART,'
coquo ua
JUMP.

IT UAS THE GENERAL FORM
IF (cov0imion) THEN (LIME WUMBER)
THE COUDITIOY  AS THE TORM:

0 LET A=0

* 20 LET A=A+t
=<‘- 40 IF A<=2 THeN 20
mm = NUMERICAL
HrESSION > EXPRESSION
\ <>

AS W 1e p<-B They 30 |

TS AWMS (NCWDEs THE UNSTATED
Lug;lftucnou “OTHERWISE, €0 To THE

* { LE5S THAN, <= LEsS THAW op ALTo, > GRENERTHAN, D=
ok ERUN. To, <> DpoéEs meﬁn v 1 7 chehret T
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TRIS 5 ENoua TO NRITE BASIC PRoGRAMS €
MLOORITHMS FROM €. 20 : F FRTHE Tho

The FLOW CHART: __THE PROGRAM:

0 PRINT "LISA SPENT"
20INPUT L
30 PRINT "SOPHIE SPENT"
40 INPUT S
50 IF L.2S THEN 80
60 PRINT “LISA owes Sope™; (S-L)/2
70 60 To 90
80 PRINT “Sofe owes LIsA"; (L-9)/2
90 END

SEG (;\ow "(F-THeN" AMD "0 To* ARE
USED? IF LSS, TWEN LINES 60
AM 7o PRE NoT BXECVTED.
OTHERWISE, THEY ARE ExecuTeD, AVD
LINE To ENSURES THAT LINE go 1S
SKiePep.

\¢_THE PRo6RAM 15 RUN

RuN

LioA SPENT

2 93.75

SOPHIE SPENT

? 71.28

SOPHIE OWES LISA 8185

26



~THE_PROGRAM:

1o REM LINE 20 PRINTS A HEADING
20 PF'NT ||x Y"

2 LT x=0 R (5 e
40 LET Y= X12 yasmxt10

60 PRlpT *,)u ||i Y

60 LET X=X+O

7o |\F X<=2 THeN 90
EN

3 SPACES

8 eNp
RUV
X Y
o
3,, ! lo.2i APs A
g en Vel
J 0.
0.4 .0.32 Ve AL
0.5 (125 OF BASIC's
ge .56 FORMATAING
0.8 e MBILITES ¢ 4
y A ;
N 13
VN
. ' ,
16 d‘f -4 4.
o 5 15.25
*’ Lo 5.
10 M -7 16,
“8 l‘us
1.9 17.41
5 2 18

You COULD DRMU A
“?.ﬂ WITHDQWS INFORM KTipN!
F'T":;i“" ﬁ:;i x
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THE_"MULTPLE TLUG-INS
LooP 18 SO TYPIcAL
TAAT ALL PROGRAMMING
LANGUAGES HAVE
SPECIAL ComMANDS JUST
FOR Sucp REPETITIONS,
\v BASIC, \T's

THIS RePLACES ThesSE WITH THESE
HREE LIVES: WO

20 LET X=O

& LET X=X+O.d
70 1F X<=2 THEN 20

THE STATEMENT |NITIMUM SETS THE VARIABLE EQUM To Te
LOWER LIMIT, EXECUTES THE LINES UP To "WEXT,” (NCREMENTS
Toe VAMABLE 6Y Tie AMoUMT "STep AMD REPEATS THE
LooP UNTIL THE UPPER LIMIT IS EXcaDep.

A SIMRLE EXAMPLE :

FOR %A%T?Aﬁ%c;«ﬁ?“

lo I=1 T 0

R FHNED R A
30 NEXT I :
40 EVD

™ T

]

3



1. WHAT DOES Titls PROGRAM 007

o INPUT N

20 FOR 1= To N
30 PRINT IxI
40NEXT T

50 END

. REWRITE, THE “MULTRLE
LUO-INS' PROGRAM USING
THE “FOR NEXT" STATEMENT.

. WRITE A PROGRAM WHICH
ADDS THE INTEGERS
(NHoLe NUMBERSY FROM
{ To 1,000,000.

KWD FRoM 1 To N, R

- IN Tie €BoNACC Segxu'w
0 1,1,2,3 5,8 13,21, 34,..

Ehcu NUMBe% 16 THE SUM OF
THE TREVIOUS TWD NUMBERS.
R'Te A PROGRAM WHICH
©ENERATES THS seQueNCe

. Repo ENou(au OF A B
TEXTBOOK To u,EFlTE Pflc
“ROOMMKTE RECEIPTS" PROGRAM
&l) pVY NUMBeR of
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THERE PRE PLENTY OF OTHER BASIC FEATURES, ENOUGH
To FILL ENTIRE BoOKS — AND IN AT TONS OF Books
ON BASIC HAVE BEenv CUBLISHED.

"M SOoRAY...

AT
fodhiETy
UNIVERS\TY
foLCY.. -

80..\¢ YoURE |NTERESTED N pvp
va@m& gTRINé VARIABLES, OTHERWIce®
SUBROUTINGS, AUNCTIONS, ARRAYS,

NESTED LooPS, Wow To DEAL
WITA DIsKS AND AVOID BUGS, etc
eTC o, THES @O D Yo

LOCAL LIBRMY Ofk BoOISTORE
pD Gﬂggﬁzﬂ% T

—
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eREED~

E EM
IV The YEARS SINCE ENIAC...

SCAMERE
SSURVEY

OF SOFTWARE WHICH WAV

QeveRAL  IMEORTANT AREAS

U



PROORAMS

COMMONLY DIVIDRD

INTD SoFTwhkRE
AMD MPLICATION®
SOPTWARE .

MTLICATONS SOFTWMIE DORS “REM. WORLD" JoBS, WikiE

SYSTEMS SOFTIONRE EX(SrS P
CAROIER SHSTEM Wrogie ™~ VURAY To REGULATG THE

TEAMWAL TEdMuh

A SysTEM TP

wnﬁgg é)? ffé% OK

MORE WKUT/ guteur

PRoRs. oD Rekcers,  ( qenuse

D S '

CDMMuNtdﬂ%Né 0RT5), Capos!

TROCEELORS, MEMORY

%l\xlg(éw(r«k&l\/ NZD M),
Ho Kwvow A

WRAT el<e.

SOMCTHIND  WAS <0

CoORDINME 1T ALY

121




T PRoGRAM
THAT po€sS 1T
ls CALLED ThE

OPERAING
ISTEM

Y
IF Yov THINK oF THE
COMAUTER'S (ORE AS A
GIANT ELECTRONIC
AUNVD CraiveT (Wil
A CALCLATOR MTAGIED)
THED TAE OPERATWG !
SYSTE

CREATES THE STRO
#OFTHGFIEZS TRoRe

e
CILes w»}%e
IND BAY OTHER

RELULATES A
T ™E A V)]
The Moy

INOLMATION TC ?\‘:D Aom
OTeGR. OMTS oF Tt @E%
CTEM. .. E
&4
(" 8651065 THe AN YT,

e A L L wese ) )

INCLVOGS OTHHAL PROGRAMS
v TG M s% AS
LOMDORS (WicH Loko PROGLAMS
Mo MEMORYY AMD [DMRILRSS
(Wit TRANY, Ave. W OHe-LaveL
\_ ANBUMOG (NTO MALKINE (ooe),

1,
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BATA ANAGEAE L

» DATA BASE
IS ST A Blo PILE
OF INFORMATION
A uemg% BKNZD
(%NNO@, NKS
LANBACTION  RECORDS
AWD AcCoulT BALANTES,
AN MRLINES RUAGHT
SerepuLes AVD
VATIONS, CoLICE
y STOCK EXCAANGE

S d) & DTA BASE MAUAGEMENT PROGRAM ORGAMIES,

UPDNTES, MWD PROVIDES ACCE To THE DATA BASE-

IV The CASE OF fW
AIRLING, TR examtle, S g€
Tie OoMeUTeR  HAS A SUGtT Bve

T Book ReSepVATols, | v THe s
R TS, \ Sultgorin f S
SN )
Mie REASSIOUMENTE (A3 S AN

¥ A PUGHT I8 4 /. __
cavcalep, tr e (A4 Xz

Tloke, MiD PRoVDE (Lo |

ALL THe ALIHT QX3
(PDLMATON TO 2
&Na hgeNe — ‘

0RO Wipe !
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WoRD (RoCHRING
SOPTWARE ALLOWS oV
To WRITE, EDIT, AW
YORMAT Texr— ML
ROM THE SWME
KevBonRD. You CAN
%oﬂgﬁahgr%%Twm -
{
g [
RRuTIo Tk woto.

V

TheRe MY Moo
?RoaeeeRAMS To
CoRRECT SPELLING —

BE Ny
MASTERClECES!

MALL COMPUTER WiTh WoRD FRocEesiNG CAX 86 gate

AS
\NEXPENSIVE ... Tue CATl 1S THAT A “LETTER QUAUT

PRNTER CAV (08T TgN TIMES THE PRICG OF A TyPewRirer !

AN TwéENnoe
(omoureq. CRIME'
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e

s

e

i INES .

3 THe FAsTﬁT‘ Mosr

- COWERPUL.  coMRUTERS

: PRE MMVLY PepLIgD
T SUENTIAC
YROBLEMS,

I

I

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

Tuese “Seercomputers’ Excet A STMLEYITEIN,
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,

L . e y, =2 2
o &

Thig SONE }%'Wﬂ»' A

CoMYUTER CAN GUIpE P CRAFT
T0 The Moo, BECAVSE \T
CAN INTERVALLY SIMULATE
Tee ENTIRE FL(GHT U

126



[
!

COMPUTERS (AW QUMULATE:

THE EVOLUTION oF
AN ECOSYSTEM._—=

CUMATE

(ALTHOUGH @ =7 1
e
T vﬂepy:Tr e WEATIR).




"

oM. THE SIMELGST

'CONG* SCREEN |
o THE MOST
;g?msnmeo

OHT
SIMVLATOR Tve —
IDEA IS THE
SAME :

DWIDE THE SCREEN

MREN INTO P LARGE 1= 22
NUMBER OF TINY =
RECTANGLES (“PIXELS')
:prpb«os‘g%oem ONE ot TERE ARE
S A% ALEORITUMS
BREATHES FOR. SMoOTHIND
toeners!
\_ - )
U pPoRTUN ATy, AT
™ES ' oF
oy REE
SMALL M?uTeméZ' M- RIES--

MostLy Do Tkings
&\fe MXKE I6
MPTS...

228



-
Ve

=

.
/

CoRUpsGLEION

THE BIGLEAT ComPUTER SYSTEM
OUTBIDE GOVERNMENT
BELONGS TO THE

CONPARY. '
M voice (0R N\;Y OTHER 01000 IO oV

SIGNALY CAV BE DIGHMLY
EnCODED, TRANSMATTED,
Ecp J

\ A  DECODED.
CoMPuTERS MSO CONTROL TE Roumivg AMD SWITCHUNG OF
Crls nmomne NETWORK —
AMD keep oF
BVERYONES BILL!

(OMQUTERS CAN BB

| Do e Ty

z | = ; \

g CIAGLATY NoT CONTANING

g L0ST o THe A

f \WTuLLicece : .. JAR
CoMMUMITY.. 7 T ————| 0ONT WANT
- — QUL A | T ge




TR e e

MRE LOUSY AT PATTERM REOONITON,
LLIGENCE: st
CARIBET DN e

CPN A MACHING BE
(?WéRAMMED T0 Trie?

—

ACTUMLY, wE KNow
Very UTTLE
MNOUT How
THNGNG WORKS... .

%
T ¥ .
iz Y .
)
12/l
15 i

ALAN TURING SUOBESTED TWS TesT:
?q%e@ﬁgvfé How SUPPOSE You COULD COMMUMCATE Wt
CMWN You Tl |f SOMETAINT, 0R SOMEONE, CONCEMAD
b ARG (6 FROM VieW. [F, oV e BASIS OF Tie
TANVKING 2

COWVERSKTION, You COLOMT Spy WHETHE
T WAe MACUIVE OR HUMAP, oL
NE To Sk \T WS T 0

\\

ARRA A e
g Ill-"l‘l‘l\:' g‘,\

Al

S~

\ PERSONMAN DISLIKE THIS CRITERION, ON T GRS THAT A
SIMULATION GNT The REAL THING...

2%0



Tis CHILOSORICAL MUDDLE)
WASN'T STORFED PeokLe
- RoM TRYING TO MM
| e e
H
SUCLEES WITH So CAULED

EXPERT SYSTENS,

W MIC HUMAN
el let vkv A

%(QZ%T; ARV J

WOW DD YoV CREATE AN EXPERT SYSTEM?
BT, | Iew
BV 0

AVD BRPMNSTORMS .

r Tuen LOAD THE COMRUTER'S MEMORY Wi & HumMpNS'
NOWLEDGE BASE - T THE HMpvs )

M TG RESULT,
IS (SoMeTIMES)
A PROGRAM Witicy

AN UTPERFORM
NY dumani




(RIP

Tu& ARE STAVDAMD
6)) Like ASCIL
(0. 128) foR
(OWERTING WRITTEN
TEXT (NTo BINARY...
BUT WHAT ABOY USIb6
%WUFBRG foR
ECRET

Cobes 27

SecRer 3)065 USED To BE STRICTLY MILITARY AMD
SPY STUFF, BUT MW MORE AND Q QGNGI‘%!JE
WEORMATION [& STORED IN CoMEUTER SYSTEMS ¢

MEDCM. RECORDS,
BAVK ReLoRDS,
CEvvs DATA
\WOME T

it 2=
u‘w W EDT%’ET(.E.,t ’

WA sc2AMBUNG DATA UPS BECOME AN IMEORTANT
WHY OF CROTECTING PRWACLY Ul

a

152



ORDINARILY, \NFORMATION (6 STORED AS A BINARY

JRENG K0y CoMpUTER (PN ReAD - THE PLAINTEXT,
\N CRYPTOORAPHIC IpRoph. To ENCRYRT \T Yov APPLY
SoME ALGORITHM &  WAIGH CONVBRTS T To A SRAMELED
MESSAGE CALLED Tue CYPHERTEXT.

et | —S> [erknerren |

TREORETICALLY, 175 IMQSSIBLE To RECONSTRUCT THE

LAMNTEXT fRom THE CYPPERTEXT WITHIVT KNOWING
METHING ABOUT S ... loWEER, A POTENTIAL. CODE -

BREM®ER COULD QuT A CoMQUTER To Wolk Serlciint o S

To B SEURE,

§ RAS T BE So
ComPUCATED THAT
EVEN Tie PPSTEST

CoMEUTeR WouLp

TG, SHY, A
MILLIOV YEARS
O o

%ECENT LY, THE NATIONAL

VeEM oF STANDARDS
AEPROVED P FAMILY 0F
EL@O?'THMS AS A’ DATA
NCRYPTION STAN

F@Tﬂe NITION.

SeveppL SCieNTisTs Sukerr
‘lﬂug‘r TS STANDMED 5

JUST COMELEX ENOUGH

g)) STYMIE ORDIN peY

MeUTERS, BUT NOT T00

ogg;k thoJm“e M'gfo(

T NRTONN Sea)grry AGENOY!




‘ 0 COMPUTER-AIDED MANVFACTURE

US(N6 A CoMBIVATION
OF SPeepy CALLULATION
AVD  PiG- ReSOLVTION
ORAPMCS, COMPUTERS
s
fROM JETS-To LENSES
To e sTYLes To
OTHER ComPUTERS-

00 0N To CONTROL MUTOMATIC MAMUFACTUR(VG

Ten
Q%E!?S% b WELL - Yes, ARE PLREPDY -

=
<
o
Z




THE MILIT CAN VSE JUsT ABoUT
E@%ﬁ*rr T or SoRWARE. WEVE
MENTIONED — AVD THEN SoMe(

?OR PLIGHT SIMULAToRS cpw
WAC whs BULT Yeies TRAIN PiLoTs
%ﬁ%ﬁ%&eg&t\eﬂo TE GRovup.., TOHT o¥

(V\\QSILEQ!
S

Sk
]

SuPEROMRUTERS  HeLp
DESION NUKES -~ S

..NOT To MENTION DATA
YROCESSING AMD CRYPTOORMMY...

S0 GREAT 1S THe DEFENSE
DEPARTMENTS SoPTIl) ARE

Lﬁ(o\/ﬁ@& A NAMED

PPRR THE UNFORTUNATE
LADY LOVELACE.



TS LITTLE SURVEY ONLY BEGINS To SVGGEST THE
RANGE, OF SOFTWARE CURREMTLY AVAILABLE. EVERY DAY
THERES MORE... 30ME PROGRAMS MOVE |NTo New
PREAS, WHLE OTHERS INTEGRATE EXISTING RoUTINES
WTo , MORe POWERPUL PAGKAGES.

Doge WORD PROCESSING,
MANRGES A CERBIL
RANCA, AVD DESIENS
R-BomMgo ! EVERY
G4RaIL GE Ty
OWN DETERRENT "

TY '
e o !
THIS: THE Tomlam !
CONSUMPTION OF SOFTWARE, '
L Ay e

(0]

MaNY TIMEs THe Ve
AMOUNT SPENT OV Y

PAeOW, THE
NEKT 700 Dechos!

o ]l‘léo N'G"‘ 2000



FEw WoRpS
RGOUT THS FAMILIAR
SevTeEVCE ¢

CoMPUTERS
ONLY Do (WMAT

feoPle Tell
Teem To po!

WHICK 1S WIAT
%orlft‘%'res Sa&nfﬁ;"srr
SAY WHeN THey
TOY BE REASSURING...)

_) .

37




'ﬂicuch,w ITS TRUE, IV THE SENSE
THAT SOFTWARE (oNTROLS (OMRUTERS,
AVD PEOPLE WRITE SOFTWARE ...

BuT (Wi
CoNTROLS
RepRLe M

\_

FOR EXAMOLE, SUPTDSE

A NATION'S STRATEAIC
VLANNQRS DecpeD
To YROORAM TgIR

\ WhS

QLT ONLY
A
T ( Ut
wpslpmge WT




MY CALLLATOR
SMS :

9" - (5,530. 00|
(RepLLY!)

ANCTHER (ROBLEM (5 THAT
ALOORITUMS DONT ALWAYS
D0 EXACTLY WHAT THEY
PRE SUPPOSED To-

LARGE SOFTWARE SYSTEMS PRE WRITTEN BY TEAMS
( oF TRoORAMMERS. LIKE The EL&’{’«AW NO ONE \
\NDERSTANDS THE WHOLE THING !

&y
A 2 l ®

S

T

7

Wy
L/

'

oo )

COMRUTERS ROVTIVELY Do BlzARRe uﬁ«”?; - tin cermNe To
€

UNEX(ECTED THINGS, ESPECIALY ANy
\ RuWNivg vew, um‘esrgo SOF'FWFFEf reTHoR J
239




FINALLY, CONSIDER THS OMINOUS AL GORITAM:

WHILE NO COMPUTER |5 INTELLIGENT, MOBILE, OR WWELL
wer;v ENOUGH —YET— To EXEWTE THESE INSTRUCTIONS,
MACAINE REMAINS P THEORETICAL foSSIBILITY.

THS PROGRAM LD MMG (T SoMET:
A COM%WN@ L\Fe @Mgp‘ i T HIVG VERY MGy LIKE




AND 1§ You TNNK TART
BECAUSE “ITS ONLY A

MACAINE, " YoU CAV ALWAYS

TURN \T OFF, PONDER

Tee WORDS OF NOFBeﬁT
WIENER, A SGENTIST WiHo
Tovair DeepLy KBouT
THESE THINGS:

MUST BE (¥
F0SSESSIOY OF
INFDRMM'!ON AS To
WHETHER THE DANGER
POINT WAS CDME.

The MERE FACT TuaT
we HAVE MADE THe
(Ne DoES NOT
(7" NTEE TUXT WE
SUALL HAVE THE PROPER
[‘UFDFMP:'rHON To 00

we v
0F... Mopern %m
MACNNGS STANDS (¥
Jnd rﬁ%&é’c'éwe
L
%o TN THRO
€& THE WchATnoNs

oF DANGER. *
\_

& GRPETICS,
WD EDITION,
" 176

So WELLOME To THE INFORMATION Aee AVD Hpepy )

ComeuTING !




é’omg FURTHER READING -

W“s:/”p FAR?;
EUROCE.

W MM‘/ﬂi JF

mw
MFMS oF OLD

= ADDING MACHINES
/11 /// J1N \\\\\\\\\\
léraﬂr oF Mmmmc
HTTIEMM. Doy

'Sffne}'g o
EhEEy, "fve

THE COMPUTER PRom PASCAL To Vo NEumaun
g; 2 mm»e THE DERNTIVE ACCOUVT

?Il MBJA&E
R

p

ms a o
NOIMES , BD. BY 4
P4E. SSON . |
S owV WORDs!

SYmgoLIC_LosIC Abp THE

BAME OF LosIc BY
LewsS CARROLL . MiLLiows
OF SILLy Sytloslsms

THE MATHEMATICAL
wmr OF COMANICATIOV
BY C. SKAUNON. COMTAINS
Two RS, v W'Tf\ A0

WITHIUT MA
CW&WETICS (i 2-"’&711/0»
?{GOFY OF AUTOMWL

CONTROL

WDEKSTMM DI6ITAL ELECTROMLS, By
MoWHoRTER. BOOLEAN CIRCOITS

Um#smﬁomb OGTAL COMPUTERS,
ov@%'g {Q s?mm FAVORITE, avr Look

INTRODYCTION To MICROCONATERS ,
G T oy G beraweo

UNDERSTANDING COMIVTER SCIENCE
RS, WALKEF. MORE AOVAGED To #fs'

RLUSTRATING BAsic By O. ALcolk. A
QUIK COURSE, USING QUAS| - CARTDONS

USING BASIC, BY R.D R. PASE:
8 oy L s

PASCAL PRImER BY D. fox ¢ M. WATE.
\7 uews To Know BASIc aeFmi REAOWG

Fo'ﬂmﬂu COLORING 800K By R. KAUFMAW.
WITTY, BORDERING oM CORNY

a%tnfﬁ%k BY §. wumﬂ
ATING wsm BNLN'W

QA6E BLOSS
w‘ggﬂl« CFA Bobﬂgl

0
SR
— 1A




NBES?

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

I-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, 30-3t
Alphabetical order, 31
Alphanumeric information, 130
ALU (arithmetic logic unit), 130-132
American Standard Code for Information

Interchange (ASCII), 128

Analysis, 200
Analytical Engine, 5355
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
Atrtificial 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, 11§
adding two, 121
counting in, 120
multiplying, 122
subtracting, 122
translated into decimal numbers,
19
Binary strings, 130
Bits, 123
carry, 125
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, 125
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
“smart,” 21§
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, 11§
binary numbers translated into, 119
Decoders, 129
Deductive logic, 99
“Difference Engine, The,” 5152 '
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, 3-5, 86
external storage of, 20
forms of, 8-9
power of, 12
stored, 10
Information flow, 9394
Information processing, I
understanding, 9o
Information theory, 7

Input, 48, 92, 95
card-reading device, 54
disallowed, 137
flip-flop, 137
Input box, 198
Input-output (I/0) tables, 10, 112-113
Input statement, 214
Input wire, 106
Instruction register, 173
Instruction set, Motorola 6800, 182

Instructions, 48

branch or jump, 183
8-bit, 156
encoding, 79
fetching, 178
machine, 176
microinstructions, 178
to mill, 53
Integers, 127
Integrated circuits, 84
Integration, large-scale and very
large-scale, 84
Intelligence, artificial, 230231
Internal memory, 155
Interpreters, 205
Inverters, 108
170 (input-output) tables, 10, 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, m
Logic unit, arithmetic (ALU), 130-132
Logical operations, 98
Logical operators, 103-104
Logical spaghetti, 87-184
Loom, Jacquard, so
Looping, value of, 57
Lovelace, Ada, 56-58

Machine instruction, 176
Machine language, 177
Magnetic disks, 166
Magnetic tape, 165
Mainfrrames, 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, 210-21

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

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

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

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



Pictograms, 30-31
Pictures, 8
Pixels, 228
Plaintext, 233
Powers of two, 118
Print statement, 212
Printer, 96
Procedure box, 198
Processing unit, 92, 95, 97
Program counter, 173
Programmable ROMs (PROMS), 161
Programmer, first, §7
Programming languages, higher-level,
205
Programs, see also Software
microprogram, 181
for multiple plug-ins, 217
for roommate receipts, 216
self-modification by, 80
sort and merge, 81
stored, 7880, 82
Prompts, 208
PROMS (programmable ROMSs), 161
Punched cards, 4950, 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, 232-233
Sectors on floppy disks, 167
Self-modification, program, 8o
Self-reproducing machines, 193
Semicolons, 213
Semiconductors, 83
Senses, 15
Sensory impressions, 15
Sequential logic, 142
Shannon, Claude, 7
Shift register, 145
Signals, 8-9

recorded, 10
Simulations, 226-227
Software, 185-236

applications, 222

defined, 187

growth of, 236

military, 235

range of, 236

survey of, 221-236

systems, 222
Sort and merge program, 81
Source code, 205
Spaghetti, logical, 87-184
Statements, 209
Storage

external, of information, 20

mass, see Mass storage
Store, memory, 54
Stored information, 10
Stored programs, 78-80, 82
Subroutines, 57
Subtraction, binary, 122
Sumerians, 21-22
Supercomputers, 85
Superminicomputers, 86
Swan-pan, Chinese arithmetic table, 29
Switchboard, 68
Switches, 66-68

automatic, 106-109
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" 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, u8

“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
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