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Chapter I lntroductiotr

Assembly languages were originally designed with a one-to-one correspon-
dence bet'iveen mnemonics and machine language instructions, as shown in this
example.l Tianslating from mnemonics to machine language became the job
of a systems program known as an assernbler. Assemblers were eventually aug-
mented with elaborate "macro expansion" facilities to permit programmers to
define pararneterized abbreviations for common sequences of instructions. The
correspondence between assenrbly language and urachine language remained ob-
vious and explicit, however. Programn'ring continued to be a machine-centered
enterprise: each ditlerent kincl of computer hacl to be programmed in its own as-
sembly language, and progran-rmers thought in terms of the instructions that the
machine would actually execute.

As computers c.volved, ancl as competing designs developed, it became increas-
ingly frustrating to have to rewrite programs for every new machine. It also be-
came increasingly ditlicult fbr human beings to keep track of the wealth of de-
tail in large assernbly language programs. People began ro wish fcrr a machine-
independent language, partrcularly one in lvhich numer.ical computations (the
nlost common type of program in those days) could be expressed in something
more closelv resembling mathematical formulae. These wishes led in the rnid-
1950s to the clevelopment of the original dialect of Fortran, the first arguablv
high-level programming language. other high-levei languages soon follorved, no-
tably Lisp and Algol.

Tlanslating from a high-ievel language to assembl,v or machine language is the
job of a systems program known as a compiler.2 Compilers are substantially more
complicated than assemblers because the one-to-one correspondence betr,veen
source and target operations no longer exists when the source is a high-level
language. Fortran lvas slorv to catch on at first, because human programmers,
rvith some effort, could almost alu,ays lvrite assembly language programs that
wor"lld run faster than what a compiler could produce. O,ueltime, howeyer, the
performance gap has narrowed, and eventually reversed. Increases in hardlvare
cornplexity (due to pipelinirrg, multiplc functional units, etc.) and continuing
improvements in compiler technology have led to a situation in lvhich a state-
of-the-art compiler rvill usually generate better code than a hurnan being will.
Even in cases in which human beings can do better, increases in c:omputer speed
and program size have made it increasingly important to economize on program-
mer effbrt, not only in the original construction oiprograms, but in subsequent

The 22 lines of assemblv code in the example are encocled in varyir-rg numbers of bvtes il nra-
chine language. The three cmp (compare) instructions, fbr exarnple, ail happet to have the same
register operands, and are encoded in the t\,vo-byte seqllence (sS cs). The four mov (move) iu-
structions have diflerent operands and lenglhs, and begin lvith 8g or 8b. The chosen syntax is
that of the GNU gcc compiler suite, in rvhich results overwrite the last operand, not the {irst.

Fligh-level languages may also be interprt.ted dilectll', rvithoul the translation step. \!'e will return
to this option in Section 1.4. It is the principal wa1, in r,r'hich scripting languages like Pl.thon and
lavaScript are implemented.

6
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Chapter 1 Introduction

Turing complete-each can be used, if awkwardly, to inrplement artritrary algo-
rithms. still, language features clearly have a huge irnpact on the programmcr's
ability to write clear, concise, and maintainable code, especially lbr very large
svstems. There is no comparison, for example, betrveen early versions of Basic
on the one hand, an<l c++ on the other. The factors that contribute to ex-
pressive power-abstraction facilities in particular-are a major focus of this
book.

Ease of use for the Novice. while it is easy to pick on Basic, one cannor deny its
success. Ptrrt of that success was due to its r,er1.ls\,v "learnirrg curve." Pascttl r.vas

taught for rnany years in introductoryprogramming language eourses because,
at least in comparison to other "serious" languages, it was compact and easy
to learn. Shortly aiter the turn of the century, Java calne to plsy a similar role;
though substantially more complex than Pascal, it is sirnple r than, say, c++.. In
a renewed quest for simplicity, some jntroductory courses iu recent years have
turned to scripting languages like Python.

Ease of lrnplementatiotr" In addition to its low learning curve, llasic was sgccess-
ful because it could be irnplemented easily on tiny machines, with linrited re-
sorlrces. Forth had a small but dedicated following fur similar reasons. Ar-
guably the single most importart factor in the success of Pascal rvas tirat its de-
signer, Niklaus Wirth, developed a simple, portable inrple:rnentation oI the lan-
$Llage, and shipped it free to universities all over the wr:rlil (sec Exampie ]. 15 ) ,1

The Java and Pyhon designers took similar steps te make their language avail-
able for fiee to almost anyone who wants it.

Standardization. Aimost everyr.r,idely used language has an official international
standard or (in the case ofseveral scripting languages) a single canonical inr-
plementation; and in the latter case the canonical intplementation i.s almost
invariabiy written in a language that has a stanclard. standardization-of
both the language and a broad set of libraries-is the only truly effective way
to ensure the portability of code across platforms, The relatively impover-
ished standard fbr Pascal, r,vhich was missing several f-eatures considelecl essen-
tial by many Programmers (separate compilation, strings, static initialization,
random-access I/o), was at least partially responsitrle tbr the language's drop
from favor in the 1980s. Manv of these feattLres wele irnplenlented in difl'erent
ways by different vendors.

open source. Most programrning languages today have at least one open-soLu-ce
compiler or interpreter, but some languages-c in particular-are nruch
more closely associated than others with fieely distril:uted, peer-revier.ved,
community-supported computing. c was originally developrecl in the earll

4 Niklatrs Wirth (1934-), Professor Enreritus of Informatics at ETH in ijiiricl'r, Switzerland, is
responsible lbr a long line of influential languages, including Luler, Algot W, Pascal, Nlodgla.
Modula-2, and C)beron. Among other things, his languages intLochrceel the notions r-rf enumera.
tion, subr a nge, and set types, and unilied the concepts of records ( stmcts ) a rrcl varialts (1 ni lns
HereceivetitheanrrualACMTirringA.r,r,ard,computing'shighesthonor,in 198.1.

I
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