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�bfi<lfJ COfJ1"l<OL- �,µs WIT!-\ A u�,at Thl\Sft : 
1 .0 MOVE; CDtJT6�S 

Of ?�o�f\M To cou� OJOI)) 
00000001 ) 

1.1 Mov� c.oµmrr; To \µ5�vcnw 
Or Tt-l�T N>DRtss Re61STe:f< 

Tl-'e- (ijGT�lTJOµ it.I Ttle- l�S�i.C1i0� R�•�Tef, OIO l l l l  t, 
C�US05 CO�T�Oi TO : 
t.1 tAove P<DO�SS To Pc-DD� flat> fFOM · Rt(?)IS� ,�sr�c.,-,o,-,, 

Reb\�1� 
1.3 Move C.OtJTeATrs 10 s ��lf:1{ 

Of T�T MeMo�y pcDo�ss 
1-4 SlbN� THe I.U {\ca,y.,111).TOR �L.U TO A()f) 

�"'0 l'llf Ttt� 
SvM 

�bMfJ, T�S 0� M� 
Sl(f: 
l-5 l tJC,ftMW'f 

f�&�AM 
couNTeP-
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W�, l,ulK/t,y .\\� LA� 1WO \�S�UC.110� A� €Ast� : 

W AAIO �-\ ff� 
T1tt1 gAM� m� \��vcr,o� AS 

=�,s�1,�) 
\� Ttte ,�ulF?VGT,o� 
��� : 

Tt\\(: of. COD� (Ito) CAVS£S Q)�Ol TO -
'J.,'J.. MOV6 C.OUT�5 To C Fa;(�� �......., 

Of �M VI.-A-

�-�. tff" 
rpJWTef-

ftAJAU-YJ,��� fer� ilt� /��,,� t f 1  ("AAL-T'') , 
llMlc.t � CO�I.- Ttl -
�- 2. 00 NOftt(Alh 
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JZ 321 



184 



IB5 



DI 
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\15 Ml N .. �ITAA fftlVSe I P.t,,W"'(� t<w� WllP.T To f)o:  
1. c"� To Se6 \f w��,tcp; 

f\fl6 fNMtJl, 
1. \y '(�, '-1& POw� i' ��.\oy! 

. 3 .  If No, Go To wo�K. 

(i 1 \ ll\'Vr P. �LIM� X 

l' 

(1) �VL.1ift-Y t 17.M� 1rsar 
(3) MVL.iWL.Y X, TtMei; '2. 
(4) fcDl> T�r �ESUL� Of 

U-) A�P (3) 

(5) /<DP tQ To Tt\� Fe3ul,i 
Of (4) 



�lg�� 
\tOW �o(.)T 

°t� �-t-t ix- - lo � --

TtttS I� t'O M.e.?'9 Tt¼M 
Bel�G IT'S �OT' 
�1-F� l>J � 
"M,�F<lc G�M-'M� :· 
W P,.SStblJ JiO t,\E;°",lJUJb To 
•I'€ 9r'M6oL. s "-t-+ '' . 

\r VIN �1 To Mm- A C.Oit\fl.Jretz. oo 
A NotJ · fl.�C9of<tn\M , 11 WII.-L- J\151 
�1 Tl(�E- f'L.M�l-\1� b eRllO(Z. 
M��A0�� 

lq7 



SoM� SrN,Jo� '.-1 
fo9;/Bll .. \Tlt%'. Tl-\�€ � 

S'(M9{)L-S � 
05ro 1'"0 

J M� c rfbl� oR ti.JD 
A�TI\MS 
��leF, fO 
fOL..1.-0W· f� D �fo�M t' 

� 
I:, �(lDW}U�6 (f<t)D, � �tvftp VBT1'f't{,1, t51e ) BY "' 

£,f�P<U-'r' 

� 

�A\'�- COND\i/D,V�t... llM�T eise� - �('?./\� 
�O)'. 11\t 
Sj.\,\\'€-
\NDIC�ieS 
W��1 lYft 

L I \tJ�T O(<. oJ1lVf Of � I� 
To B� 
��; 



._.. -- - - -- - -- - - - - - -- -- - -- - - - - - - - - -- --- - - -
ITS Pt.So poSSl(.?L-B � Ti\� ft.wJ cf 
��boFITI-\M5 To JVM\' fV�Wf\120 
0� �J\(20. � BCAA\'L-6, 
L6T's ��IT6 Thl\i ftRST 
Pd-bDFtT�M : 

t .  \f eo� � �Nb, 
fl) ,o 5'1£f 2 .  crITt�uxse, 
(:;P To � 4-. 

J. .  Lit D�µ f\JJf) €"�Joy! 
3. Go To S� G,. 
4. t,.�.kD � k/o�MP<t- l-lft 

� 24 HOU� 
5. Go io 9-ftr 1 
" ·  Eµo 
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fO(Z •�M�Tt �ectl\>TS" 
LOO �tAS()J L/t<e S0 1 

Lf:T S " �otWtS �Ngts 
L � L \?�� exfB�S65 

1tlf� 1tte ,o�L exreN� 
1s S-t L l f-.AJD e"ct\ 
tlOOMMATE'S Sf{� 15 

½ cs + L-) . 
\f LIS" OUTG('t�T �1(16, 
So L .>5 'f, T�µ 
So\'Hlt OO)f;� l.l�f\ 
,hcs+t...1 -S , OfZ 

i{L-Sl 
OT��1�e (wt!£� S�L �), 
L.l?P. owes So�it� 

½ (s-L) .  
T\le N,.�rnv•1·s 0'1T{¾JT 
IS To TeU, us lllttV 
OIJ)e5 {.l)f%t).M /UJ 0 \tt)W MUat. 

OU"tYUT 
''SOfAle 
owes u-sAd 

t,lJO �(.L�) . 

CoMl\JT6 
�(6-L) 

* ) ME� " IS G,e.Jq. TIIN' " ;  � fol�A� •1� ti,flEATf1,. T11�w tJF. �M- To q ; 
� �eMi, ·,-s L� TM•�· i � �E/\� ·� /..�S TIW' bfl. Ffi'U�/. To • .  
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\� ''ft\UI..Tlf� fi.,Ub·(JJ�," �e lAJ�t<f To EVAWATt A 9JJ6£c 
e1.f{tt9;10.v, )('2.+ :).)( -t- 10, �E;�eA"fa)l..'r' AT Dlf�6tvr 
V�� Or X (��M ao, o. t,  0.1.1 • • • •  , f,1 ,  ,__o) 

T"� �e Of T'4e 
�'-&OF11l'f•\ WJt,t, 
BE il\1� L.ool' : 
1. YL.ub Ttte � VtL-V� OF )( 1 �0 

X �2x�10 
2. .  rP.wr lite �eSlJl-T 
�- Nt,..T X 
4. fl.eW!l� To Sltf' f. 

� l<V:,o  �� 1l> 
�fY Wl-'M X To 
GTMZT WI�, 
W\\fN To SWP. PIJO � TO COM\Wt 
•�, x .� P<DO o.t 

io ,c 
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lo 12eM BASIC. t/iULTiPUCMio� 
a.o �pep f>., B 

3o DIX if\ o. (i, , t.1 
40 1..er C -::A*B 
6"0 �'tJT "Tl'\� r�Dvc:r 1s"; c 
60 ��v 

I ��T � 6. 1 6  
I 
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@{��) 

6AS(l r,t"1'1\ ·. 
MV l AS USv/tlt. A-e 5 
/>-'Ir- IL ,- -OM&; 8 
M 8 ... I- I>IVll)tl) 0'r � 

( 



'-o � ,-., � 
�? !ZetA T� � T� ,ftS To �e .,t:rl, 
-:,o DAT� J;.b, t. 1 

( .. ""1r iAYOooo<T ,�-� C I 
�es Sl'Aee, '£Ml(D(.O)J 

> EA� Of :'Tl'� f-ll\� P't f'W,C4S6 ft\6��( NC? ! 



-G �e sevtf2P4,. WPdi'S To 1-SS/bf,J t, VAL.VG- To A VM-41\Vt.£: 
0� \S 1tlf �P� '5TAT�t-rr ·  

'JO 1?6P<I> A, 6' 
?0 D/\T/\ 5-", t t 
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\O �T Q• 6.6 
!lo L£T R"'  2*Q 
�o l-1::T G s Qt2 + R + 10 

Ttte L.er Sfl\TeMe;NT ASStbtJS Tt'E VP..W� ON we Rl6Hf O'f Tilt, �1'U7Y S/<,t.i , � ::: ", To Tt{� v�,A&Lo ® Ttte 1-�ff. Tt46 �61ii· �MID s,oe M� 8G A. WIIM�.1 � � 
tA�T��(M,. exriwss,o� \�VOI..VI� O'Tlt� VMl\A'5l,eS ­
� lo� �S 1A0r' Mf)d,y M�I� VAWe:-5 Y 

\O Lf.T <?" '-.5" 
,o L.6T Q =o.s�� ...a.-liiil 
3o l-1::T 5 � Qt2.+� t to 

lieFB' STATtN£ijT 2-0 ooes � A��lbV A�V v,-t..ue To 
� �prt)S6 � IS �OT 0� Tt\� L.-efT SIDB Of ":::''. IIJ fAC.T, 
lf' � µ�s»·r 8€€µ A�su,µep SOM� VN ... ue ��t..,� lfJ 
T/1f f'R06��M, Tt'eN STAfe�ijT 1.0 G1Vf% � NJ 
l�De�iaM,�ATe V r,.L-ue I BUT -

10 L-l:T M �  o 
2.o L�T M -:::  M-t--1  
30 L e,'  M � M -t- 1 c:1::::;;:::==:::::::::: 



10 1-e.r y,. � 71001 
,o �lr,lT X 
fVN 
77001 

BOT-
IO L.E-T X, ,7001 
2.o f�lt-'T ··x N 

�VI'-' 
� 

e 

fF!m- t- �1{tlMP.1l,f4. �r�ofJ ft--110 VOJ � 11b VP<W� --
10 l.Vf t,. t.S 
20 �I� Z1'2. +�•Z + ID 
P.UIJ 
15, 25 

111 



p.. $6M\(OW.0 f\F'� � f�INT Srit-�M�NT CJ\VSes T�e 
I.JI;,(, ffZINT STATeMBAJT To Dt5\'llW ITS OVTfUT OJJ T� 
S!).MG l,.lij€ �WV Dl�e(TL-Y Ari� Tt\� fl��T OPe's : 

to t.er P.. .,..  1 
2.0 P�1,-.,r ''1tJF1�1TY 1s Mot<� TI-\AtJ" ;_,.._. 
�o f�l�T � 
RUN 
1�fttJrrY \'5 MO�& TAAt.l 1 

� �AMfl,fi, � C&JW �� T� �(?�AM o>J �- 206. 
10 IZ,EM 8M1c. MUl-lift-lC.�11otl 
'.le �  A, 8 
3o D�T� 5."7, t. 1 
40 L.ET C� J>.1"8 I .A 

50 PfZltJT "T� P1ZoDlllT Of • · /i, · "�AA,• • 8 · "1-s" ; C ;  ". � /1--,,,,...--�--_J 

6o tWD ' ' ' ' -
ivt-i 
T�6 r�oDOC,T OF s.� A�D 1 .1 (t; 6, 16 .  
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" bo To (l-t>JG k/VMF1�).  TRJ\.USreRS C0ft.J1Rol To A 
U�G OT�� T�l)./J Tl-'E IJ6'1-i. Tue f'�o�f).M Ttt� 
c.oµ11,uues fRoM 1}\e1(e) AS /JJ Ttt'l� etJDL..ff/2 l.,00\': 

\0 �T f,.,,. O �- RVtJ 
io f�l�T A I 
� Liff A,,.A + 1  � 
40 GO To 2.o 4 

5 

< 
�(:Is� �� 

) :  
< >  

AS ttl [If /\ <-=-B ��,-, �o ! 
Tl41� N,Wldf, (�twoe,, .� U.OST>:JW 
l��l>q701,1, 110TK�l.vl�, GO To TttE 
� WJJG. " * <. I..� 7fV'AI, < = �� 7l4'W c,p. �M. To 1 ) (:,'6"1QI-TtV\A1 1 ,,. 6�/4Trl- Tit.'� 
ofl. etfvN, ro, < > OOEf. �or fqu,.L. .  
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21h 

lo PRJtJr ''L.IS� 'SP€�T" 
10 ltJP01 L 

. 3o PitltJ, "SOP�16 Sl'f:tJT" 
4o l�PUT S 
so \f 1..:� s Tl-\� eo 
l>O fPl�T "1-�A � sot'lt!t:-''; (S-L)/2 
10 60 To �o 
So rtt1� ''Sof'»1e owes usA"; (1--s)/..z 
")o E�D 

SW \\OW �,f-T"fP" Ml() "�To" AP� 
� '? If 1-� & , ,tte:� 1...u,e-; '° /\� 10 AAe �or �ev. 
oT�u>t?6, 1.t� �e ��tO, NJV 
l..t� 1o E�SlJ� 1/fAT L-IJJE go IS 
S\<lffep, 

If Ttlf ffq)b�M1 I� �v� i 
�utJ 
l.J�1' Sf'fNT 
� 9�-75 
?<?Pitlf; 5f'£=m­
{ 77. ?,6 
�nu� owes t..tS/\ s.1s6 



,:i/ �,.,,. 
,o .,,,,..,.--
s 

• 

10 �M UtJe '-0 t'l'l�i I' tlS�PIN6 
ic> f'Jtl �T '' X '(" 
� LET X•O -----==� 6"· sf'AC6S "IO l-e-T Y.•  J(.1'1 + �•X + 10 ----, &> l'ftltJT )(;  " II ; 'I' 
60 l.EiT ,X-:X+o.1.�===-.. 
7o lf x�=2 THE:fJ 40 --..... ....... 
So E�r> 

'( 
1 0 

10.2.1 
10.'44 
IO-� 
10.qh 
1 1 -15 
I I . St, 
1 1 . � 
l'J.-7-4 
ll·"' 

13 
l�.41 
1 1 .84 '"·� 
14-7" 15. 2$ 15. '7" 
I"-� 
'"· 8't 
17- 'ft  

19  
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i:I> L.e:, X-.:: X+o. t  
10 If  x4 � 2 Ttt�� 3o 

T.iE: STATeMeNT l�h1iP4-Vf sers T�� v��le �N, To 11(6-
LDV,lep. £..!MIT, �teQ/WS T1'6 u�� U\' To •ue-xT," ,����E»rG 
Tl\e V�Pt8W B'( Ttt6 �Moon 11sm,;• �P Ref�l%T� Tttf 
Loo� VNTIL T"e Uff� £./MIT I S  excw@, 

A g/Mf'-6 €¥AMP� = 
10 fO� 1 = 1 ,o 4 (,=.:::::;,. 
� �ltJT l-ttrl 
30 t,/�)(T I 
1c �µo 
�VA.I 
I 
4 
9 
I� 

1.18 



( 

�� - '  __ 
1 .  W�Af oo£s 1tff s �6�/\M oo � 

lo ltJf\lT N 
'.lo f012- I : I To tJ 
3o P�lfJT "Iilf I 
40 t,lE:,�T I. 
so G/JD 
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f..lA, l�VtSl8£.6 
io TH€- US� ! 

223 
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OIOa:>IIID\o\ 



\ feP�tJN-V( D\St.-lK� Tttl5 �r�o.u, OJJ T� �w; Tf\AT A 
SIMOL/\110� 1$�1T Tl\€ �m 11t1� ·- . 
t-?0 
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23 1 
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/lfJDe/.STIIPPJllb /)/(j,tfAI, etec,(/((INI�, er 
D. ��W�6fZ. 800(.e/ll/J C/�COITS 

U/IDEIST'/lflDlllb Q6ITAI. �, Sy 
f. f,11/44 . P. ('EJ'So��� f{l-.�•re. 8ITf tcel< 
OVT fl,� IIIISl'(ZI��! 

lll'f�()IJ/)(.Tf()II � MIC�O/llfllrPIS, W 
A- OS !JofC�E l 4 Vol.Ull'S) . Vt¥'( PETAUD 

IJ1'f)fP5TAMJtll6 (,0/Wl'Vre/l St:/f Pt:6 ;,.� 
�-S. W/11,f¢1Z. � K>VN,J® Toru, 

/t,t/J61/lllT//lb IA$/& By o. AI.CoCI<. fl. 
QVl(A( Coll/l,1::, U$U/I, (Mf.1 · C{lf1Tll0� 

VSl/16 BASIC , SY F-DIDO/\'r' {' fl . 1%f. 
f. bWT'UiF, BUT �ell, /\(Wot,Ctl 

PA,�/,, P/i/lH� � o. ft>.\' f M Wi\lTE. 
irsEl-fS To ,CIJOW g{\'i,/t: a,(qle 11EAO,AI(, 

FQ/lTIWI (OtO/ll/if? flQQJ( By R l<l'llf,'WI. 
WITT\", fJDIZOf;fZI�{, OIJ �IJ'( 

Cf/At f/{/,#8/{ BY S �llf!.TII� t �- IIJ,.ll£. A fCf'VI.AA 
OfeFATI� �� tl(fLAlll@ 

Co,tJPl/rf!ll DICTIPN,,/lY r,,, 
il!M'PNi sY 11. see�. 

,. �-l'{l6E 6U>St.p,fl'( 
I"' g� Cf /\ �cot< I 
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� 
1£,/� 

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, 41-42 
Algorithms, 41, 195 

examples of, 1g6 
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, 2o6 

basic, 207-209 
Begin box, 198 
Binary calculation, 121 
Binary code, 205 
Binary coded decimal, 127 
Binary numbers, ns 

adding two, 121 
counting in, 120 
multiplying, 122 
subtracting, 122 
translated into decimal numbers, 

ll9 
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, 2ll 
Bus architecture, 170 
Bytes, 123 

C register, 173 
CAD/CAM, 23!J 



Calculation, 34 
binary, 121 

Calculators, 36 
mechanical, 59 

Calculus, 34 
Cards, punched, see Punched cards 
Carroll, Lewis, 100 
Carry bit, 125 
Cash registers, 59 
Census tabulators, 6o 
Charge-coupled devices, 166 
Chinese arithmetic table, 29 
Chinese number system, 27-29 
Chinese writing, 22 
Circuits 

electrical, completing, 62 
integrated, 114 

aocks, 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," 215 
Control, 170 

transfer of, 183 
Control bus, 170 
Control flow, 93-94 
Control unit, 92 
Core memories, 158 
Counters, 146--48 

asynchronous ripple, 148 
synchronous, 148 

Counting 
binary and decimal, 120 
digital, 19 

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

Data base management, 224 
Data bases, 224 
Data processing, 63 
Decinlal system, ll5 

binary numbers translated into, n9 
Decoders, 129 
Deductive logic, 99 
"Difference Engine, The," 51-52 
Digital counting, 19 
Disallowed input, 137 
Disks, magnetic and floppy, 166--167 
DNA, 12 
DNA-protein system, _13 
DNA technology, recombinant, 86 
Duns Scotus, 99 

EBCDIC, 128 
Eckert, J. Presper, 74 
Egyptian number system, 26 
Egyptians, 22 
Electric "mouse," 7 
Electrical circuits, completing, 62 
Electricity, 65 
Electromechanical memories, 154 
Electromechanical switches, 71 
Electronic memories, 154 
Electronic Numerical Integrator and 

Calculator (ENIAC), 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, 2 35 
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, 2o6 

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, g6 
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-S, 86 
external storage of, 20 
forms of, 8--9 
power of, 12 
stored, 10 

Information flow, 93-94 
Information processing, 11 

understanding, 90 
Information theory, 7 

Input, 48, 92, 95 
card-reading deviqe, 54 
disallowed, 137 
flip-flop, 137 

Input box, 198 
Input-output (1/0) tables, 110, 112-113 
Input statement, 214 
Input wire, 1o6 
Instruction register, 173 
Instruction set, Motorola 68oo, 182 
Instructions, 48 

branch or jump, 183 
8-bit, 156 
encoding, 79 
fetching, 178 
machine, 176 
microinstructions, 178 
to mill, 53 

Integers, 127 
Integrated circuits, 84 
Integration, large-scale and very 

large-scale, 84 
Intelligence, artificial, 230-231 
Internal memory, 155 
Interpreters, 205 
Inverters, 108 
1/0 (input-output) tables, 110, 112-113 

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 



Loaders, 223 
Logic, 99 

combinational, 142 
laws of, 18 
sequential, 142 
simple, 150 
symbolic, 101 

Logic gates, multiple-input, 111 
Logic unit, arithmetic (ALU), 131r132 
Logical operations, 911 
Logical operators, 103-104 
Logical spaghetti, 87-184 
Loom, Jacquard, 50 
Looping, value of, 57 
Lovelace, Ada, 56-s8 

Machine· instruction, 176 
Machine language, 177 
Magnetic disks, 166 
Magnetic tape, 165 
Mainframes, 85 
Mark I, 72 
Mass storage, 165 

uses of, 168 

Master-stave 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-SS 
Minicomputer, 85 
Mnemonic abbreviations, 175 

Modem, 96 
Motorola 68oo instruction set, 182 
"Mouse," electric, 7 
Multiple-input logic gates, 111 
Multiplication, binary, 122 
Music, 9 

NANO-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 
hexadecinial, 157 

Numerical variables, 211r211 

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, 1o8 

multiple-input, 111 
OR logical operator, 103 
Order, alphabetical, 31 
Output, 54, 92, 95 
Output box, 198 
Output wire, 1o6 

Paper, 37 
arithmetic on, 39 

Paper tape, 165 
Papennaking, 43 
Parallel registers, 141 
Pascal, 2o6 
Pascal, Blaise, 47 
Personal Computer, IBM, g6 
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, 57 
Programming languages, higher-level, 

205 
Programs, see also Software 

microprogram, 181 
for multiple plug-ins, 217 
for roommate receipts, 216 
self-modification by, 8o 
sort and merge, 81 
stored, �. 82 

Prompts, 2o8 
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, 6g 

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, 2o8 

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-g 

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

applications, 222 
defined, 187 
growth of, 236 
military' 2 35 
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-So, 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 

Tabulaton, census, 6o 
Tally bone, 20, 23 
Tape, paper and magnetic, 165 
Tartaglia, Niccolo, 45 
Telephone company, 229 
Telephone relay, 69 
Telephones, 68 
Ten, 116--117 
Tens, counting by, 23 
Three-body problem, 46 
Timing, 142 
Toggle switches, 67 
Toggling, 147 
Transfer of control, 183 
Transiston, 83--84 
Transition rules, 191 
Truth-values, 102 

Tube, vacuum, 69 
Turing, Alan, 190, 230 
Turing machines, 191-192 
Two, powers of, 118 
"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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