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1. Development Stages of Computers

BA: 545t Moy SR B #1 A A2 55 & T AL 5] 5000
AR EBH T —ARKNH LR R, A ELEABHARTRE

ERF RARIEREA LB IR

Overview'!)

Nothing epitomizes modern life better
than the computer!?). For better or
worset®}, computers have infiltrated every
aspect of our societym. Today computers
do much more than simply compute'®); su-
permarket scanners'®? calculate our grocery
billl”] while keeping store inventory8! ;
computerized telephone switching centers
play traffic cop to millions of calls and keep
lines of communication untangled[gl; and
automatic teller machines (ATM)U') let us
conduct banking transactions from virtually
anywhere in the world. But where did all
this technology come from and where is it
heading? To fully understand and appreciate

the impact computers have on!" our lives

Notes:
[1]overview: B3
[2)epitomize: BETE
[3 }for better or worse: £
HRIFER
[4]inﬁltmte:§§o
(514 Rt R mfEAT
i ER TR,
[ 6 Jsuper-market scanner:
ETE N
[7] bill: W28
[BliCRHEHF R, inven-
tory: FEF Ho
[91REhmiE R L
PO o X E R M
H A m¥cE g
o, 3 ELAE f R B 0
Follo cop: T K.
[10] ATM = Automatic
Teller Machine; B S1H¥K
H.
[11have impact on: Y-+
a2 3% 1
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“2], 1t

and promuses they hold for the future
1s important to understand therr evolution.
Sl 1Ty ) H’f 'vat A
Early Computing Machmw

and Inventors

The abacus*®’, which emerged about

(18] and 4s still

5000 'years ago in Asia Minor
in use today, may be considered the first
computey. This device allows users to make
computations using a system of sliding beads -
arranged on a rack!’®) Early merchants
used the abacus to keep trading transac-
tions'*® . But as the use of paper and pencil
spread, particularly in Europe, the abacus
lost its importance. It took nearly 12 cen-
turies, however, for the next significant
advance in computing devices to emerge[m.
In 1642, Blaise Pascal (1623~ 1662), the
18-year-old son of a French tax collector,
invented what he called a numerical wheel
calculator to help his father with his du-
destB). This brass rectangular“g}box, also
called a Pascaline, used eight movable dials
to add sums upmJ to eight figures long.
Pascal’s device used a base of ten to accom-

plish this. For example, as one dial moved

2

(12 ] promuses they hold
for the future Efi1%k B
E‘Jﬁffﬁo

}i }EﬂHSLﬁgn T *

[13]abacus: F 4%,
[14]/\3]«’; Munor: /) I 48
TOEMAH—F 8 R
THH),

{ 154 shding beads ar-
ranged on a rack EHA
HEERTULTES
6 37 M Bko bead: W H
o rack: AERL s ‘
[161keer trading transac-
tonss I RS Bl transs
action: B8 o

{17 Jemerge: th 8,

{181 help sb with sth -
CIEIN TENEL
EHTEY . RHT -
RO OB A T RN
35 I Atk S R ABTIH b
[l9)r¢ctqngulaniﬁ?f5§9q
[20]) add sth up. JHE
Ko



ten notches[m ‘or one compléte revolu-
tlon[zzl , it moved the next dial—which rep-
resented the ten’s coluitnn——one place. "
When the ten’s dial moved one revolu-
tion, the dial representing the hundred’s
_“place moved one notch!?3? and soon. The
"drawback!?*] to the Pascaline, of course,

was its limitation to addmon[zs]

In 1694, a German mathematlman and

philosopher, Gottfried Wilhem von Leibniz

(1646~ 1716) improved the Pascaline by
creatmg a machine that could also multi-

ply k263 [27] LEIbanS
mechanical multlpller was, worked by a sys-
(281, Partly by study-

Like its predecessor

tem of gears and dials

ing- Pascal’s original notes and drawings,

Leibniz was -able to refme hxs machme{”]

The centerplede “of the machlne ‘was_its

stepped drum gear deslgn[:w] , whnch of-

fered an e]ongated versnon{mof the snmple
flat gear. - It wasn’t Ul’ltll 1820, however,
that - -mechanical gamed
“widespread use. Charles Xavxer Thomas de

calculators

Colmar, a Frenchman, mvented a machme _
that could perform the four basxc arlthmetnc

fUl’lCthﬂS[qz]

Colmar s mechamcal calcula-“

(21 notch: M.

[22] revolution; — %% &

’%_Ho

[23)%4+ 4 &% — M,
fok— ﬁmamam—
4%0 ' )

[24 ]drawback: 3
[2513L Gl R 7 % vk
MR,

[26 ] multiply : 2t 77 R ¥
B¥.

[27]predecessor ﬁtt% i)
£
(BIHEEMERRLE
BRI, gear: BF

) ﬁq dla]: ﬁﬁo
(29148 B4R 25 & ¥E BB

refine: Bk, Wiffo
Tolmasmesh L4 4

WV T 10 e
<[ 31] élongated: B KB
N &gcv o

1327 # 47 0902 o
- arithinetic: AR 5
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tor, the arithmometer, presented a more
practical approach to computingml because
it could add, subtract, multiply and di-

(341 With its enhanced versatility®*,

vide
the arithometer was widely used up until
the First World War. Although later inven-
tors refined Colmar’s calculator, together
with fellow invgntors Pascal and Leibniz,
he helped define the age of mechanical com-
putation.

The real beginnings of computers as we
know them today, however, lay with an
English mathematics professor, Charles
Babbage!®1(1791~1871) . Frustrated®lat
the many errors he found while examining
calculations for the Royal Astronomical So-
ciety!3®!, Babbage declared, “I wish to God
these calculations had been performed by
steam !1%)” With those words, the automna-
tion of oomputérs had begun. By 1812,
Rabbage noticed a natural harmony between
machines and mathematics: machines were
best at performing tasks repeatedly without
mistake!); while mathematics, particular-
ly the production of mathematic tables, of-
ten required the simple repetition of steps.
The problem centered on applying the abili-

4

(33 ] ARG R
RBEET - TERHLAM
Jr %, arithmometer: PY
WHHE .

(234 ] add: ; subtract:
¥ ; multiply: %; divide:
Bk

[35] versatility: £ 3 ¢
k.

[361RAM145XIT MM
HR LR B BN &%
I 3 B — L B B
ERWG-EBNHBBRE
o lie with: T o
[37 frustrated: L HY

(38] K KX ¥ % roy-
al: & % 89 ; astronomical;
RKX¥EM.
[9IRFBLEFAFR
fIIAZRRPLEEIT X 8
R,
(40141 35 & M 4 0 L 2
BTEE N LTSN
%44, repeatedly: E H
# .



ty of machines to the needs of mathemat-
jest4), Babbage’s first attempt at solving
this problem was in 1822 when he proposed
a machine to perform differential equa-

[421 " called a Difference Enginel*3].

tions
Powered by steam and large as a locomo-
tive, the machine would have a stored pro-
gram and could perform calculations and
print the results automatically. After work-
ing on the Difference Engine for 10 years,

Babbage was suddenly inépired[‘“] to begin
work on the first general-purpose[“] com-
puter, which he called the Analytical En-
ginel%6], Babbage’s assistant, Aligusta Ada
King, Countess*’) of Lovelace (1815 ~
1842) and daughter of English poet Lord

1148) in the mach-

Byron, was instrumenta
ine’s design. One of the few people who un-
derstood the Engine’s design as well as Bab-
bage, she helped revise plans, secure fund-

491

ing from the British governmen and

communicatel 3] the specifics of the Analyt-
Also, Lady
Lovelace’s fine understanding of the ma-

ical Engine to the public.

chine allowed her to create the instruction

[52]

routines’®" to be fed into"# the computer,

[41] fn) 2 £ b £ 4o 48
VISR FHE
FHITE, center on: £
H¥E, apply to: B F.
[42 Jdifferential equation:
WA NR.

{43)&54.

[44 ] be inspired: 3K 1§ R
&

[45] general-purpose: i
AR,

[46] Analytical engine: 43
Hbl,

(47]8B KA

[48 1 be instrumental in:
EXRTEHEEA.

(491 % i 2 7% N B RF
HEFREEE, secure
(from): MFREKB,
[50] communicate (to):
548 , specifics: Lok #9408
¥,

[51  instruction routine:

HEBER.
[52]feed (into) : 3 A »
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making her the first female computer pro-
grammer[53], In the 1980’s, the U.S. De-
fense Department named a programming
language ADA in her honor!34,

Babbage's steam-powered Engine, al-
though ultimately never constructed, may
seem primitive by today’s standards. [55)
However, it outlined the basic elements of a
~ modern general purpose computer[‘ﬁ]b
was a breakthrough concept!S?). Consisting

of % over 50 000 components, the basic

design of the Analytical Engine included in-

and

put devices in the form of perforated
cardst™! containing operating instructions
and a “store” for memory of 1000 numbers
of up 10193 50 decimal dlglts long. It also
contained a “mill” with a control unit that
allowed processing instructions in any se-
quence, and output devices to produce
printed resultst®!). Babbage borrowed the
xdea of punch cards to encode the machine’s
mstructlons from the ]acquard loom. 621
The loom, produced in 1820 and named af-
ter its inventor, Joseph-Marie Jacquard,

used punched boards that contro]led the pat—
terns to be Woven[(’3J

'In 1889, an American inventor, Her-

6

(53728 - for £ o W 2
A programmer: B A,
[54}In honor of sbh. ; #2
&EAN

(55 Babbage #1LL M N
AR, ARRAER
RS BRERSEN
FETRZBMERN
ﬁ’fﬁ;,o‘ ultimately: & %
#, primitive: SR, 5
M,

[56 15 2 2 ¥ th B4R
Lz R WON: TR 7 B
#o outline: HH
. ‘
[S7T1R— R aH
&o break-through: %
B, R

[58] consist of; f1 - £

_mo

(59] perforated Cards: %
AL ¥o perforated: % 7L
.

[60]up to: &1k,

{61Toutput: %

[62)Encode: &,

(637 &% #1, 1820 4E
EFFUETAZNHEFE
W AFILERE N E
WAL,



man, Hollerith. (1860 ~ 1929)! glsq @pphed
the Jacquard. lpom concept to, comput-

ng!®). His first task was. to fmd a faster,

STy b

way to compute the U S census[S‘S‘J The
;S’ré”\;téshs census in 1880 had taken nearly
seven years to cdunt and wtth an expandmg

population, the bureau feared it would take
10 years, 10 count.the latest census. Unhke
Babbage’s idea of -using perforated‘ cards to

instruet *the machme, Holle th’s met;hod

used cards” ‘o store data 1nforrnatlon[66] L

which he fed in
piled" 67] tbe results mechamcally E h

;0 a mach,ne that com

punch.on a card represented one, nurqber,

and combinations of two punches represent-

19

ed one letter.” As many,. as[68] 80 vari-

feo3 00uld be stored on a. smgle card

ab]es
Instead o: ten years census. takers[m] r‘n—_

piled their results in ]ust slx weeka w1tlt

Hollerith's machine. y

In addition to[71j thetr speed the
punch cards served as a storage method for
data[?2j and they helped reducem'] oomputa
tional errors. Hollerith brougbt hls puncn
card reader into the, busmess world[74
foundtng[75] Tabulatmg Machme Company
in 1896, later to become International Busi-

o AR EBA R

N i
T e

1 ‘{[m]mJACQUARDEU

6 L A M
b R o apply, (t0) s
[653census I AHEE,

Crnd o
Binty g

[66 ] store data,i tnforma
 kion: fﬁ ﬁ- ﬁ ‘ﬁ 1* ¥
:tofé %#o AR
{67 Jcompile: 4%,

[68]a.s many as: 512{0
[69]vanab1e Eﬁo
T7U3Eensu$ taker: ﬁ*ﬁ'g

[71]m addmon to I# To
(2T g b
e serve as: LM, '
[73veduce 8%, -
[74}1’5%%*‘&&%
mﬁjﬁﬂkﬁ;%% brmg
(mto) ’rﬁ"/\ﬁlo
[75:[found Jﬁ.’\Zo



ness Machines (IBM) in 1924 after a series

(76) " Other companies such as

of mergers
Remington Rand and Burroghs also manu-
factured punch readers for business use.
Both business and government used punch
cards for data processing!”! until the
1960’s.

In the ensuing years
neers made other significant advances
Vannevar Bush (1890 ~1974) developed a
calculator for solving differential equa-
tions'®) in 1931. The machine could solve

78] several engi-

(7]

complex differential equations that had long
left scientists and mathematicians baf-
fled!®). The machine was cumbersome!®
because hundreds of gears and shafts!®]
were required to represent numbers and
their various relationships to each other. To
eliminate this [84], John V.
Atanasoff (b. 1903), a professor at lowa
State College (now called Iowa State Uni-
versity) and his graduate student, Clifford

bulkiness

Berry, envisioned!®! an all-electronic com-
puter that applied Boolean algebra to com-
puter circuitry[86] . This approach was based
on the mid-19th century work of George

(761 — &M #H,
merger: ¥,

{77 ]data processing: # 1%
hbBs,

[78 Jensuing: B & #4..
[T+ T R HEBR
EREXMHR, signil-
icant: H & XM,

{80 ]differential equation:
B G,

(8117 A #e P £ b i) ik
PEFNBBABGE
WS I Bo baffle:
AHE,
[82Jcumbersome; & H ,
[83)shafe: B ,

[84 ] eliminate; ¥ B,
BRo

[85]envision: Bi ..
(86 ]circuitry: RL B o



Boolel®1 (1815 ~ 1864) who clarified the
binary system[ss] of algebra, which stated
that any mathematical equations could be
stated simply as either true or false. By ex-
tending this concept to electronic circuits!®
in the form of on or off, Atanasoff and
Berry had developed the first all-electronic
computer by 1940. Their project, howev-
er, lost its funding and their work was
overshadowed by similar developments by

other scientists!®] .

Five Generations of
Modern Computers

First Generation (1945~1956)

With the onset of the Second World
Warl®! ,
computers to exploit their potential strategic
importance!®?. This increased funding for
computer development projects hastened

governments sought to develop

technical progr&s[%]. By 1941 German en-
gineer Konrad Zuse had developed a com-
puter, the Z3, to design airplanes and mis-
siles. The Allied forces, however, made
greater strides in developing powerful com-
puterst®]. In 1943, the British completed a

(8714 Mk @It 19
e R -AHe T
%Rl L, base on: B
xE,

[88 ] binary system: — i
il

(89 ] extend (to): B (X
W RKE—-ENEH,
[olinNmBiBRE®
v, B MA10 THE
BHMB ERIEDA
SR B ¥ overshadow:
o

[91]onset: F i,
[92 )exploit: il
[93]hasten:71llﬁo

(941 A B W ERBALEF
ARBRITANTEE
HTRXB IR
stride: 1.



(951 called (9519 E i ity — 2 B

oolossus[%l 10, - decode qmpan i g 0 L

(i oodebréhldﬁg:’ (R
« The:Colossus’s 1mpact on the d
ad Ly ApGHBLRY s b i B Yeasiin drn st

velopment of the computer mglqstry was  [o6)E )b ,
f

secret , code-breaking  computer”

?}‘0 ISRl

usg Colossus was not a\;g:enlela;ll:purpose ' odde. I&ﬁ!(ﬁﬂl)o
I Nk Oeprriat Ay
oompu};er[ .,,Axp Was only desx%ned to de (b8 geherdi- buirpose °°m
FrieTT ool

sl wrtt Dpied “i&lﬂﬁ‘ﬁme 3
codersecret messages. Seconcl the exmtence o )

of the! maehme waskept %ecret untll decedes o
aftér"tlle TR I
o Amerncan efforts §1:>roduced a broader e
achievement. Howard H. Aiken (1900 ~

1973), a Harvard engineer workimgromfight sisse? ¥
IBM, succeeded in producing anallegdeer ¥ roighudsd
tronic calculator’® by 1944 The pugpos

ol

I

L99]all electromc calcula-
of the computer was to create ball:stlc aé.?ﬁ’ﬁ%?r
charts'%! for the U. S Navy Tt was about L0 bilfisic ehars: "

e . ﬁmx o . R o
f l l [IO’l] N
half as- lc)ng asa footbal f1e d and' co £101 Yooctell fiekds L5

"o

vard—IBM Automatlc Sequence Controlled ’ [ 16;,}@, bhonﬁﬁﬂ(j]g '
Calculator, or Mark I for short[“m was all S |
electronic relay computer It used electro-

The machme was’ slow (takmg 3 5 se;:;" ’
onds per calculatlon) and mflex:bl ‘03]( £103]mnexxble BRI

that sequences of calculatlons oould not ﬁﬁi@iﬁﬂia
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_c’ha.nge[m"“]);, but iv':“could"ﬁerfforn‘/i::ba:sﬁic"

arithmetic as well as more complex equa-

tions.

Another computer development

spurred!'®! by the war was the E]ectfoﬁic

Numerical Integrator and Computer (ENIL-

AC), produced by a partnership!!%] be-
tween the U.S. government and the Uni-
versity of Pennsylvania. 'Con‘s'is't'in'g ‘of
18000 vacuum tubes, 70000 resistors and 5
‘million soldered joints! 107}

was such a massxve piece of machinery that

it consumed!'®) 160 kilowatts of ele’cf;rical’

power, enough energy to dim the lights in
an entire section of Philadelphial'®!. Devel-
oped by John Presper Eckert (1919 1995)
and John w. Mauchly (1907 —~ 1980) E-
NIAC, unlike the Colossus and Mark I,
was a general-purpose corhputer that com-
puted at speeds 1000 tlmcs faster ) thah
Mark 1. B

In the mid-1940’s ]ohn von Neumann
(1903 ~1957) joined!11%] the Umversxty of

Pennsylvania team, initiating concepts in

computer design that' remained central to

‘ (104 Tin that. ...

* partnership: &

, the computer

Ch i
ARENGE) BB R
ANRSHERE, FER

AAHAEBRFRRES,

{105 spur: R (R F)

HBED .
1061k 2 E B 0 79
WIE M K F B KL
rieL TR B H AL
e

[107 )soldered joint: {84
%o |

[108]consumé’:. ?ﬁﬁo
(109187 AL RIBE 2 /2 1L
74 3 ¢ - b X 4G el 4T
AW, Dim: (A8,

[110]join: ﬁuﬂﬂ:h

computer engineering for the next 40 °
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yearst"). Von Neumann designed the
Electronic Discrete Variable Automatic
Computer "' (EDVAC) in 1945 with a
m‘emory to hold both a stored program as
well as data. This “stored memory” tech-

nique as well as the “conditional control.

transfer,” that allowed the computer to be
‘stopped at any point and then resumed!('3],
allowed for greater versatility in computer
programming! '], The key element to the
von Neumann architecture! %]
tral processing unit!!'®)| which allowed all
computer functions to be coordinated!!'”]
through a single source. In 1951, the UNI-
VAC I (Universal Automatic Computer),
built by Remington Rand, became one of
the first commercially available computers
to take advantage of these advances. Both
the U.S. Census Bureau and General Elec-
tric owned UNIVACs. One of UNIVAC’s
impressive early achievements was predict-
ing the winner of the 1952 presidential elec-
tion, Dwight D. Eisenhower.

First generation computers were char-
acterized by!!"8) the fact that operating in-
structions were made-to-order'''®) for the
specific task for which the computer was to

12

was the cen-.

{1 )sseimm TxPHHE -
WIRSE 0 EHER
EXHEMHES, ini-
tiate: {813 .

2l FERERas
HEH.

(13 H AT U (E
faet 4% 1k AR e B
Mo resume: H B FF iR,
%E.
ll4)gH By ER o
TERMBER . versa-
dlity: £ 77 HiE Nt
(MS1BiEEKEKRRLH
B B R IB 5F o archi-
tecture; KR LH,
[116 ] central processing
unit (CPU ): & 4 3
o

(117 ]coordinate: ¥pi,

[ 118 ] be characterized
by: BACREBE) Jy 4% 5 8
BRI,

(119 ] made-to-order; #¥
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be used. Each computer had a different bi-
nary-coded program called a machine lan-
guage that told it how to operate. This
made the computer difficult to program and
limited its versatility and speed. Other dis-
tinctive features of first generation comput-
ers were the use of vacuum tubes (responsi-
ble for their breathtaking sizel 120] ) and
magnetic drums' ! for data storage.

Second Generation Computers (1956
~1963)

By 1948, the invention of the transis-
tor greatly changed the computer’s develop-
ment. The transistor replaced the large,
cumbersome vacuum tube in televisions, ra-
dios and computers. As a result, the size of
electronic machinery has been shrinkingmz]
ever since. The transistor was at work['?3!
in the computer by 1956. Coupled with!'2*]
early advances in magnetic-core memo-
ry!1], transistors led to!1?%] second genera-
tion computers that were smaller, faster,

(127 4nd  more energy-effi-

[129].

more reliable

(28] than their predecessors
[130]

cient
The first large-scale machines to
take advantage of this transistor technology

were early supercomputers, Stretch by IBM

(12018 F ) R& Rt
WHRTERKMERER
B, breathtaking: 4 A
REBR .

[121 Imagnetic dnm: B
#, '

[122]shrink: %o
[123]at work: M.
[ 124 Jbe coupled with:
ki,

{1251 magnetic-core me-
mory: BB TFHEES.
[126 Jlead to: RSB HH
i3 I

[127 Ireliable; AT #E#Y,
[128 Jenergy-efficient: 5
1118

(129 predecessor: T4 .

[130]large-scale: & K14
HIa & KHK,
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