Why Study Programming Languages?

CSE 655



Objectives

- Master important concepts for PLs
- Master different language paradigms
- Master (some) implementation issues

- At the end of the course:

- You will understand important PL concepts

- You will understand the differences between
imperative, functional, and object-oriented

- You will have some idea how to implement
compilers and interpreters for PLs
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Programming in Machine Code

- Too labor-intensive and error-prone
- GCD algorithm in MIPS machine code:

2Tbdffd0 afbf0014 0c100Za8 00000000 0cl002a8 afa2001c 8fad001c
00401825 10820008 0064082a 10200003 00000000 10000002 00832023

00641823 1483fffa 0064082a OclO0ZbZ 00000000 EfbfO014 ZT7bdO0Z0
03200008 00001025

addiun  sp,sp,-32

0 In Assembly SW ra,20(sp) b C

jal getint subu al,ald,vl
nop B: subu vi,vi,a0
jal getint C: bne ad,vi,A
SW v0,28(sp) slt at,vi,al
1w al,28(=sp) D: jal putint
move wvl,w0 nop

beg a0,v0,D 1w ra,20(sp)
21t at,vi,al addiu sp,sp,32

A: beg at ,zero,B jr ra

nop move v0,zero



Evolution of Programming Languages

- Hardware

- Machine code

- Assembly
- Macro Assembly

- FORTRAN 1954
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Incomplete History
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Why So Many Languages?

- Evolution of language features
- e.g. goto vs. if-then, switch-case, while-do
- weak types (C) vs. strong types (Java)

 error conditions: error codes (C) vs.
exceptions and exception handling (C++,Java)

- memory management: programmer (C,C++) vs.
language (Java through garbage collection)

- Personal preferences
- Syntax; procedural vs. functional vs. ...

- Special-purpose languages
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Application Domains

- Scientific applications (Fortran, C, Matlab)
- Business applications (Cobol)

- Artificial intelligence (Lisp)

- Systems programming (C, C++)

- Enterprise computing (Java, C#)

- Very high-level languages (perl)

- Special purpose languages (make, sh)
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What Makes a Language Successful?

- Expressive power

- Ease of use for novices

- Ease of implementation

- Open source

- Availability of compilers and libraries
- Economics, promotion, inertia

- Syntax that looks like C
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Programming Language Paradigms

- Imperative (C, Pascal, etc.)
- Underlying model: von Neumann machine

- Functional (Lisp, ML, Haskell)

» Underlying model: lambda calculus

- Logic (Prolog)
- Underlying model: first-order logic

- Object-oriented (C++, Java, C#, CLOS)
- Underlying model: object calculus
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Why Study Programming Languages?

- Understand language features
= Both popular and obscure

- Choose among ways to express ideas

- Make good use of debuggers, other tools
- Simulate nice features in other languages
- Choose appropriate language for problem
- Learn new languages faster

- Design simple languages
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Implementation Methods

- Compilation (C, C++, ML)

Source program ———3» ( Compiler ) —— Target program

Input —1.-( Target program )—p- Cutput

- Interpretation (Lisp)

Source program

H( Interpreter ) —» Cutput
...____,_..y

Input

. Hybrid systems (Java)

Source program ——s ( Translator )—'.- Infermediate program

Intermediate program .______‘_“

- Virtual machine )—'.- Output
Input
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Overview of Compilation

Character stream

Token strearm

Parse tree

Abstract syntax tree or
other intermediate form

Modified intermediate form

Assembly or machine language,
or other target language

Maodified target language

NNV

Scanner (lexical analysis)

Parser (syntax analysis)

AYARRY 2
VA AN,

Semantic analysis and
" intermediate code generation y

4 Machine-independent A
k‘_f.!l.'.l-l.'llE: improvement {optional) y

4 T e . ™
arget code generation

. A

4 Machine-specific A

\_code improvernent (optional) )

( Symbol table )
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Source Code for a GCD Algorithm

program gcd(input, output);
var 1, J: integer;
begin

read(i, J);

while 1 <> J do

iT 1 >j then i

[
|
] hl

else j
writeln(j);
end.

[
S
I
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Tokens (After Lexical Analysis)

PROG
(1

RAM, (IDENT, “gcd’), LPAREN,

DENT, “input’), COMMA,

(IDENT, “output’), SEM,

VAR,

(IDENT, “i”), COMMA,

(IDENT, “j’), COLON, INTEGER,
SEM,

BEGIN
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Parse Tree (After Syntax

Analysis)

Progrant

FPROCEAM idenrifier « idenrifier more_idendfiers ; Block
[<loin] IMBEUT & identifier more_identifiers
ou 'IrE' uT |
— | i
fabel  consranis vpe variaBble  subrowtines BEGIN srerferment more _Stalements  EMND

vaR identifier more_ideniifiers vpe more_variables

PN

T ;:  identifier more_identifiers  simpfe_fvpe
I |
J identifier
|
INTEGER ; Flatement more SEArEIte s
WH ]:LE EXPrESSIon IN] %] mfaternent ﬂa.rememr FROTE EREFe ey
T I
READ  idenrifier  more_identifiers ) simple_expression <= simple _expression
T, identifier more_identifiers rerm rerm
| | I I
J Jactor Sfactor
I I
identifier identifier
I I
I
IF sxpression THEMN Salerent ELSE Srareinent WRITELM ¢ SEXPressicon  Ore_expressions )
simple_expression > simple_expression idenrifier := expression identifier = expression simple _expression
| I |
fer ferrm T Ferrr - ferm J ferm — fernT [t ol
| | | | I I I
Jfacror factor Jactor facror facror Jacror Sacror
| I | | | I I
identifier idenrifier identifier identifier idensifier identifier ideniifier
| | | | | | | 15
I J I J I I I



Abstract Syntax Tree and Symbol Table

program
{5) read
/Vread
DS /v while |
{3: {?} WWrite ‘
/v writeln
(4] (&)
<= if (4)
- — — € (7 = - im
INTEGER type
TEXTFILE type /\ /\ /\
3
coronr ® 0 B - " -

GCD program /\ /\
I 1

J 1 ® 7 7 i8]

~1 LA b L RS e
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Assembly (Target Language)

addin
EW
jal
nop
EW
jal
nop
sW
1w
1w
nop
beg
nop

1w
nop
slt
beg
nop
1w

nop
subu
S

nop

1w
nop
subu
SW

1w
nop
bne
nop
jal
nop
move

nop
nop
addin

Jr
nop

SP»SPs =32
ra,20(sp)
getint

v0,28(sp)
getint

v0,24(sp)
t6,28(sp)
+7,24(sp)

+6,t7,D

t8,28(sp)
+9,24(sp)

at,td,ts
at,zero,B

+0,28(sp)
t1,24(sp)

t2,t0,tl
tZ2,28(sp)
C

+3,24(sp)
t4,28(sp)

t5,t3,t4
+t5,24(sp)
+6,28(sp)
7, 24(sp)

6,17, 4

al,28(sp)
putint

w0 ,Zero
E

E
ra,20(sp)

SP,Sp, 32
ra

HOHH

H HOHH R B H

HH

reserve room for local wvariables
save return address
Tread

store i
read

store j
load i
load j

branch if i = j

load i
load j

determine whether j = i
branch if not

load i
load j

t2 :=1-3
store i

load j
load i

tsh =3 - 1
store j
load i
load j

branch if i <> j

load i
writeln

exit status for program
branch to E

branch to E
retrieve return address

deallocate space for local variables
return to operating system
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Intermediate Languages for Portability

- Java: the translator produces bytecode

Source program ——s ( Translator )—b Infermediate program

Intermediate program ~—
Input —

- Intermediate language I for portability
- Compiler for a language L on machine M

- Use a compiler [L = I], and then use a
compiler [I = machine code for M]

- Adding a new L or a new M is simpler
- Common intermediate language: C
- Hardware vendors often supply C compiler
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