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A Random Talk on Computer Languare
"Computer Software and the !lse of Computer" (3)

Kan Ch'ao

Lanpuage is a tool by which peonle exchanre their ideas, It can be
therefore said that the function of lanpguage is fto exchanre information,
Chinese, BEnclish and other natural lansuaces, for instance, are all used

to exchange informations amons peoples.,

When veople want to exchange information with a computer, they also

use language, and the language thus used 1is called "computer lancuare",

Computer is made bv man and is used to serve people, In the relation-
ship be'ween man and computer, man is always at the position to direct. So
the main use of "computer languace” is for man to rive order to computer
and the computer car:ies the order out, When man wants the computer to
report back the procedures as well as the result of carrvins out that order,
"ecomputer lanpuage" again is used for the work of renorting, When several
computers are connected together, the "computer lansuage" is used to
exchange information amons the computers, In addition, when people want

to exchange exnerience of using computers, they also use "computer lanruace",

An electronie computer is alwavs used to solve arithmetic yproblems
and other ecomplicated matters, such as to control the lammching of missiles
and the attacking of tarrets, and to help desipn new model airerafts., But
a computer itself ean only perform some separnied and simple operation,

which in techineal terms 1s machine instruetion., Thiz %ind of machine
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ingtruction can be understood and carried out by a computer, and it is

called machine lanrarge,

A computer understandsonly machine language, Prorramming by using
machine lanrmare is no easy task and the efficiency is low. There is, how-
ever, one remédy that is to train specialized proprammers, The daily work

of a specialized prorsrammer is procramming, As "dexterity comes out of long

practice", the efficiency in prorramming will thus be improved, levertheless,
it takes lonz time to train specialized programmers, so it is not very

promising for more people to use computer. And,in fac*, the e"fic’ency in

orocramming by professional prosrammers is not very high, Another problem

is that eac! computer = ean. understsnd only one set of machinc'
langare which is used on it., One procram can be applied to one comnuter 2nd
it will be not rood for any other, In a2 true sense, a specialized nrogrammer
is "spocialized" ond each machine has to train its own prorrammer. So it
needs a grest many prorrammers if the machines are fully employed. Obviously,
o

his is wasteful and violates the principle of doing more, fas‘er, better

and more economical,

How to improve efficiercy =2nd how to enable more people fo use
computer? The key problem is that the machine language is too novel and oo
hard to remember. In the earlier days after computer had come into being,
some one tried to improve the lanruare used on the computer, The lanpuare
suggested at the early time is called assemhly languare. One of its

characterisctics is that it usees symbols which are enay to remember to

indieate numerical codes which are usually d4i~ficult to remember and easy




} e confused, Tor instance, it is not direect +o use 002 to indieate an

b
a1dition instruction and it 18 not easy to remember either. Put in assembly

lanmagre,it nses "M or "WADDY, so 1t is direct and easy to remember, Another

advantage of assembly lanruage is that unlike machine language, it is

convenient for chanrine programs. Furthermore, the techniries used in

making prorsrams are simpler than those used in machine lansuage and they

are algo easier ‘o manipulate. Bver since the advent of assemblv lanmiage,
1 t

the efficiency in prorramming has heen rreatly improved and it is more

convenient for more people to use computer,

Althourh the assembly lanruage has helped to improve the efficiency
in programming, it remains to be a "low garde" lansuage, because one computer
can only have its own assembly lanruapge,and it is impossible to communicate

among different computers., The format of programs compiled in assembly

language is gimilar to that in machine language, and people are not familiar

with it, TFor instance, a mathematic formula A =R x C + D (tis is

1

mathematic languape, with which people are fﬁwiliar), in assenmbly lanpuape

it will be:

LOAD
MJL
ADD
STORE

>0 00

Arong these instruetion memory eodes, LOAD means to take, MIL and ADD are
the first three letters of MILTIPLE and ADDITIO!, and STORE means to “een
for future use, The whole proyram means to take B multiplied by C and

added D, and then to store them in A,

Evidently, the difference of assenbly lanrmiace from mathematic lancuape




ig rather rreat. Till the 1950'3, 2 prorsram lanruare which 1z used to
ealeulnte numeriml value ha- been develoned. One of its characterist cs

ls that it is very close to the reneral mathematie lanmuape, For instance,
a mathematic formula A = B x C + D written in prorram lanpuare is just
this hose which represent thig lanpuage are almorithmiec lanpcuage
WALGOLAOM" and formula translator "FORTRAN® (Firure 1), ALOOLAN and BCY,

the latter belongs to the same system with the former, are the most popular
ones, and almost every kind of machine is equipped with this kind of
lanpusge, Recently, FORTRAN 1s also widely used, The strong points of these
languar-es are manifold. Anyone who has some common kxnowledre of mathematics
can easily grasp it and use it. Programs compiled in this languare can

be used in various machines, This is a great convenience., In solving

.

practical problems, the efficiency will be high if the program compiled in
this lanpuage. For example, one factory using China made machine DJS-21

to desing a camvheel, it will take about one month if they use machine lanmage
fo compile prorram for a computation on computer for a few minutes, But

it takes about one

dav 1if thev use ALGOLAO

to compile the program,

nnd it talkes only a

Figure 1 There

are soveral dif- fewr minutes for hot

ferent, kinds of

computer lanpuares, transaltion and computation,
Amons them ALGOLOD

and FORTRAN are used FRvidently, the efficiency
to ealculate numerical values in engineering

deaing and geience research, is very hiph,

The characteristic of the computer languare used to cnleulate numerical




value is that the process of caleculation is relatively eomplicated, such

as to solve differential equations, But the quantity of data required is

small, Another problem in practical application is just contrary to this,
The calculation is very simple and it requires only addition and substraction,
but the quantity of data processed 1s very large, But this language is not
convenient for processing such data as ware schedule of the workers of a
factory and the inventory of bank accounting books, For solving these

problems, there is a specialized data processing languapge, It is COBOL. This

240

lanpusre e2n be easily understood and used by finsaneial and acecounting

personnel, who have only some kind of short-term training (Fimre 2).

In computer science, a kind of data sheet
is often used, The cheet is made of series of

data connected one after the other, and t

one can tell what is the next, So it is

1

nany tn r;'.ry‘f 1M '!‘w::"l 3.(-‘ v’dv:'!tf’r]‘. a7 rwq(\n ging

ig kind of sheets tlhare

’ 8 a speclalized

il T
e

A
sheet processing language, and the represn-
Fipure 2 COBOL is
tahle one is LISP, specifically used for data

processing
In the area of publieation, intelligence indexine and library research,
computer is very useful., The lanmage which is rood in these areas is
character-symhol seriecs processing lanpuapge, The representable one is

SNOBOLA4, which ean be used in several machines.

The computer languagres mentioned above ars of several different types,
guch as thoge for numerical value cal cula+1on, data processing; sheet

processingy and character-symbol series processing. The first kind is




used widely in industrial technology, science research and national defense,
The secnnd kind is used mostly in national economy, business administration,
rovernment administration and even personal daily 1ife, such as buying

airplane ticket and making bank deposit, PL/1 and ALIQLAR are g Jaroe Lype

.

tes of those lansuages

independent lanmnace which hag all the characterist
mentinned ahove, PL/I is a converrcent lanruape which e¢nllectively has all
the characteristics, ALNOLGR is 2 lansuage which can be expanded, Tt
provides a set of basie languare 2nd the ways of expanding it. The user of

he languare can expand any part of its function according to his need.

ALGOLA? is very strict in theory and rather 41fficult to understand.

In science research and engineering computation, it needs not only
1 * 1 r "')
mlue computat on and formula caleulation as well, Taking (a2 + b)” for

example, if a = 1, and b = 2, then by using any of the value computation

lanmuare, such as ALGOL60 and FORTRAN, ia i~ adintely become knovm
that the sum is 9. If the value of a and b ., baen determined, the

D 2 o - 2 ”
formla should be expanded into a* + 2ab + b*, hor such a kind of work,
a formula ealenlation languace has been developed. It can be used to solve

miltiple equations, matrix ealculation, formal differentiation and formal

integration, and even for proof of some mathematie theories.

'owadays, the scope of ugsing computer has been unprecedentedly
expanded and it hag gone far beyond the areas of nat'onal defense and
advanced science. In science research, national economy, engineering
teclinolory, business administration, library, intelli~ent apencies, library,
bospital, filing ‘office, public security investigation and people's daily

life, computers are used, In order to improve the working efficiency of

computers, in various areas where computer is used, snecinlized languape

6
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8 developed to sguit the special need, such as machine making languare,
ship shaping lansuage, construction engir ing lanpuage, earthqualke

predieting lancuare, bank reporting language, airplane winz desirn languare,

Teves L r o vt P, 3 14 ~1h . +1 ~ 2 o2 a1
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1a nguase, matriy ealeulntinn lanmiace Avrnamionl atriieture lonmiace anAd

oTnNers, These lanpuares can automatically chonse the bhest way to gsolve the

problems which have been charged to them, A linear equation, for example,

can have several different ways to solve, but this snecifically desisned
lanrusre can according to the characteristics of *“he prchlem automatically
‘nd 2 most suitable solution, and consume leass time to find the most
aceurate answer. It is therefore very convenient for the users and they

need not spend their time to choogse what is the best way to eompute, This
kind of languape ie different from what has been mentioned abave, It is

t made for use in some special area but rather for special problems,

he characteristics of computers _of the new generation are that their
speed is high and their memory space is larpe., For improving efficiency

in usine eomputer and solving the contradiction hetween the hirh speed of
eonruter and the low speed of man's operation from the operation stand,
thore has developed a different-time end system, One computer can have
geveral, several tens 2nd hundreds of different-time ends so that more than
one persgon can a2t the sn.mef?ﬁ’ﬁ@ one nnd the same computer at A4ifferent ends,

and the computer in rotation apportions each person time for his oneration,

Beecause of the high speed of the machine, when one person punches a key,




the machine has ealculated thousands and million times, so he will never

1

cnow that there is another person who is usging the machine at the same tine ,

Thus evervone can easily work with his own prorram and does not have to
worry about wasting the time that the machine has afforded, 'le can even

ask the machine for"help" when he is working with his prorram, He can trv
some conceived new plan and ask the machine to e2leulate it and sive hi

an arngwer. In thig fashion, a person and a machine can engage in a dialorue,
The lanmuage used in such a special situation is ecalled conversational
lanciarcre The renrecsentable lanruare of thi

s kind is the BASIC lanruage,

which hag been introduced in the March Issue of this journal,

The conecent of computer lanruage has been briefly introduced as above,
Machine lanmare and agsembly lanrmage ean only be applied to some specific
2, 80 they are low srade languages. In technical terms, they are
machine-oriented lanminges, The independent languares, such as ALGOLA
FORTRAM, COBOL and BASIC, can be used on machines of every kind to solve
every kind of problems, In technical terms, fthey are procedure-oriented
languapges, The user of computer must tell the machine what to do 2nd how

0 do it vhen he uses this kind of languape. There is another kind of
lanmuage, such as mathematical statistic langsuare, which can be used on
every kind of machine but it is rood only for solving some specialized
problems, In technical terms, this lanmuage is problemeoriented lanpuare
because it is oriented to solve specialized problems, The user of this
lanpunge needs only to tell the eomputer what to do, and the computer will

choose a proper way to do it, All these languares are independent lanpuares,

Thnae which ean be used only for solving some specialized problems in some




speciflic areas, such as airplane wing desirn, are called dependent or

e adia s e e % ox et
specialized laneunrea,

Today, there are about three hundred 4ifferent computer languares in

the world, & the new ones contimie to thrive, Among these languaces,
3 a 4 " ( PR ¥ Tawn P ) 2 koo +
lepeande or specinlized lanruaces congt] a2 majority, an o
independent languac~es are less than one hundred in number, Those which are
used widely and considered t most important es are eisht: non-

eonversational ALGOLAN, FORTRAY, COROL, PL/1, ALSOLAZ and conversational

BASIC, LISP and APL.

In recent years, there has developed a new langnage that is the

system program engineering languare, It can be used to compil

and adnministrate prograns and some even rreater and more complicated
operation systems, Tn the past, such systems were written by usinz low
crade languapes, such ag machine lanpuage and assembly lancuare, But
their efficiency is low and the quality of work is poor. Time and enersy
are wasted, Their defects are really irremediable, Often there is a whole

of number codes, which no one e2n understand and even those who

alhant

wrote them can forret them afier a short period of time and cannot under-

stand what they are all about, There is an operation system in some country

4

abroad, for instance, they spend 6,700 man~vear, namelv 6,000 people

working for a whole year, the work quality is very poor althoush they
continuously try to improve it., TFor this reason, a system program engineering
language 1is developed to remedy the defects of the low rrade Jﬂ:um;'\.ﬁes. It

so far proves very successful, The representable ones are system assembly

lanmuares, such as BLISS, PL360 and PL/S,

e —




The simulatio anruace is also worthy of » mentioning, Ge werelly
. + o avnenalve 3 nrms of $ e wmoneyr and mannolver Tn +his
‘ ent Xperns 3 18 O 3 rmnoney 1 manpover, LT ) 8
1w A 11 v +
ea, however, o computer ca e found usefnl, It can be used to similate
‘ ment, situation and sy predict the poss e outermes of r
€ ent, roduction administration and public service (auch as
telephone company and bug company), some romplicated and nnexpected
t+nntion ean come 2t any ""n’ aimln Som lanemare ean hbe ngad there to
e o and to clonse the modulation plan., The renresentable simulation
o a mramrr Ay
1 € s SIMULAG .
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compiling

Firure 3 The more prorram compilings are carried by a
computer, the more languarses the computer will
undersgtand.

So many languares have been discussed above., If a compuber ean only
understand mac ine lanpuare, how can it understand so many of those
| J— " AR . B R ; ' g
computer languares"? It is throurh "translation" of compiling programs
and 4 F4 Tr e YRy T } . 1.4
ind interprebing prorrams that the lanpuages which cannot be understood by
machine, based on their grammar and meanine, are translated into those

which ean be understood by machine. A computer at the bepinning ean only

10
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understand macine language, but when 1t is riven ALLOLAD through
translation, it berins to understand ALGOLAD, The more translationg 4+

’ ol

he more langusges 1t can understand (™ mre 3),

There may be anot'ier guestion that prosram lanpuare can be carried

out only throurh translation by a computer,doesn't that computer have to

apend a lot of time? The anawer is "Veg", Because the machine spends some

o0

hen save a lot of his time, One of the character

a computer is that 1t has a very hich speed., It can calculate hundred
usands and even million times per second. People are now taking advantare
of this hirh speed and try to correcect the ghortcominsg of the machine
lanmiaze, In the example of camwheel caleculation mentioned above, if it
uses machine languare, it will have to spend one month, but it takes only
one day when it uses program lancuage, Tor translation, the machine spends
only a few mimites,and these few mimites mean a month that a man has to

ighment of dning more,

spend on tiis sublect, Isn't this a marvelous accompl

fagter, better and more economical? Moreover, programscompiled by prorram
lanruare are independent, and next time when scmeone uses compufer to

ealenlate a camwheel, he can use this one and ‘he same prorram,and does not

have to svend any time in programming,

Someone may like to ask why "natural lanpuace" cannnt be directly used
on computer? Compared with progran language, natural lancuage can be very
effective in overcoming the g orteomings of machine lanruage, But natural

languapge 18 too rich and too independent, and, at this point of time, a

ecomputer eannot yet use natural lanpuace, Tn the format of writing and

11




the rules of sentence structure, the requirement of computer lancuare is
mach more strict than those of natural lancuage, For instance, in a Chinese

phrase, "2 glorious people's envoy", !slorious! and 'peovle!s! c2n be

treated ns tws modifiers of 'envoy'!., It can also be interpreted that 'glorious!

bhis 18 ealled "double-meanineg™M,

modifies 'people's In computer science, t
Computer lanmncre is not allowed to have "double-meaning", So the Lime

when a computer can use natural lansuage may be still far away.

(Tllustrations by Chans Chen-veh)
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