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Translators 2 (Assembler (g4, Compiler 4::%, Interpreter fizizrz)

Why translator is needed?

. > v

01001 9
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-

Motorola 68000 CPU OK. I am running

%%ﬁ% K IE[T/@\E:%% . Ié[_\ the program
T e D -> (7 THEHT
[r=mw\~

Intel x86 CPU

Source code JEfEf7, intermediate code HiEFfZfE, executable code $tfTFE/1%23h%

i 4’;; C EmEE Ty

Solrce Bz e Object Machine
code _____ ’ ------ Qo-d..e— ----------- gc_)qe_ _____
(intermediate code) (executable form)
.C .cpp .0 .class .exe

Fl=%f2 > translator
(1)What a compiler 45:%f2FF does?

IR
N
Source Output
program program
hcf.c gcc, cc, hcf.o hcf.exe
g++, CC TR/ R ST
32, 20
(2)What an interpreter fi#f% (5 2 )f2 f+ does?
e Edsd
fRrEtE
S
ouree —P( Interpreter )—b Output
program
hcf.bas,
hcf.html
Input
data 32, 20

(3)Compare compilers 4Fz£f2 7 and interpreters &2 7
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Phases [%EY of compilation 47:2iE2

HKDSE sample paper 2D Q4
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token
stream
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7 parse tree
with semantic info

HEOHESE o\

( optimised )

Lexical analysis /55517
e What does a lexical analyzer do?

Front end

[Semantic analyzer]

N
Lexical analysis Vome ) B

[scanner{ I u@%ﬁ*ﬁ‘ﬁ%

H

Syntacti lysi :

yntactic analysis |
jPamtact are | LTS

%) i
Semantic analysis : SEEITEE

—

— - _iﬂiﬁﬁéiﬁﬁ

EQ, NE, LT, LE, GT, GE,

& Code generation

PLUS, MINUS, MULTIPLY,

Back end

DIVIDE, RPAREN, LPAREN,
ASSIGN, SEMICOLON, IF,
THEN, ELSE, WHILE, DO,
PRINTF, SCANF, NUMBER,
NAME, INT, FLOAT, ...

e Character stream &5 (FILE) from source code — Tokens + Symbols table 5%
#include <stdio.h>
// Calculate the sum of 2 integers -
main(){ ( \4 ) { int
int sum,Xx,y; ‘ ’ X ’ Y
scanf("%i%i", &x, &y); scanf| ( &x | . &y
sum = x+y; ) | sum | = X +
printf("%i\n", sum); y printf | sum ) h
)
{ <sum> <=> <x> <+> <y> }
Parser &2

e What is syntactic analysis?
e Tokens > Parse tree &%/
BNF <expr>::

<term> | <expr><addop><term>

Parser
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s A parse tree is the graphical desc

= assign
4>©retu rn ASSIGNOP

. e

— T return ADDOP .
© id 1= expr

4*b©return MULOP ‘ /’l\
4(>© return LPAREN A id * expr

) | e
4;;@ return RPAREN

4;»@ return SEMICOLON /I\
letter | digit id + expr
letter /"y _other >© return IDENT | |
digit
digit _( } other p@ return NUM_LITERAL “:

A=B*(A+C)

Ambiguous Grammars :EESH

A grammar is ambiguous if a sentence exists for which more than one parse tree can
be constructed. —{#lzE%] - A H{EFEEBI (B

assign -> id:= expr

id > A|B|C

expr > expr + expr | expr * expr | (expr) | id

Consider derivation of A:= A+ B *C

/ / A\

A + A *
/ \ /\
iy * + C

/\ / A\

B C A E

-/
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ahA Syntax the program’s form JZ=t,
s&= Semantics the program’s meaning =5

1. Static Semantics

® Semantics that can be determined at compile time. 4@z

® Usually related to type constraints e.g.
— Declare variables before use
— Type compatibility
— Re-declaration illegal

2. Dynamic Semantics

® What happens at run time ZUfTHF

® e.g. what does | while (...) do { ... } | mean?

The problem
® A syntactically correct program may contain a semantic error.
e.g.
— A variable is not defined before use
— A function is called with incorrect number of arguments.

sEk syntax [FE » ~N—1EEE semantic [FrE

BERSL o
S call %Efﬁﬂ% » SEHEANR -
itoa(255,s,16); itoa(10,s);
BB - int n = "abc";
n=atoi("123ABC"); n=atoi('1");
fseek(fp,0,2); fseek(0,fp,2);
drawline('-',80); 4 drawline(80,'-");
HEES - int n; float n;
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Semantic analyzer sEZ

eWhat a semantic analyzer does?

eParse tree + Symbols — Parse tree with semantic information
eFront end

Java source code compiled to PC/mobile phone/PDA executable code

Back end of a compiler

eCode generation + Code optimization
eIntermediate code (e.g. Java bytecode)
eJava Virtual Machine (JVM)

Compile once only to an intermediate object code
Bytecode runs directly on JVM of PC/mobile phone/PDA.

Linker %52+ and loader #; AFE=
eFunctions of a linker and a loader
eDynamic linking (DLL)

FE(HS HH RIS LS

i Intermediate ﬁifﬁ 3
prlt\)/l;rlgm —’| CompileH object MRS
e Single

abc.c e abc.o executable

Sl . Object
subroutine Compiler file bc.exe
module abc.

console.c console.o
common lbra
subroutine Compiler i

file * dll

module .

TS Pre-compiled [el[oMg
e stdlib.h

Assessment Task B #2

4] QTOControl.di
EJ QTOLibrary. dll
A QTUIPanelContral.di

1(a) The source code (JEfE=H%) of a program written in a high level language must
be translated to an object code (HiJ#£f) before the program can be executed on a
computer. What is meant by source-code and object-code?

1(b) What are the purposes of a compiler?

1(c) Suggest any TWO reasons why almost all programs are usually compiled
before they are sold to customers?
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Different Abstraction Levels of Programming...

[ Java Source Code J5HE (.java) ]

4=k Compiler

v

l Byte-code $1fiijHE (.class) J

fEf® Interpreter (JVM fE#i452)

\ 4

Machine code {254 ’

7o Y AN
Java Compiler + Interpreter (JVM) = Poﬁriabﬁ[ity (or Platform Independence) !!
® Code generation + Code optimization done by the Java compiler
® [javac.exe in the JDK]
® Intermediate code (e.g. Java bytecode) to be interpreted and
® executed by the Java Virtual Machine [java.exe]

Demo. of Compilation + Interpretation...(Using Commands)

Java-Compiler (javac) Java-Interpreter (java virtual machine)

C:\> Main.java C:\>javal Main.class

- Main.class (byte-code) Hello World!!  (output)

http://www.c4learn.com/c-programming/lexical-analysis-phases/
Lexical Analysis — Compiler
Table of content

1 Compiler:
2 Different phases of compilers:

3 1.Analysis Phase:
4 Lexical Analysis Phase:

Compiler:
Compiler takes high level human readable program as input and convert it into the
lower level code. This conversion takes place using different phases. First phase of
compiler is lexical analysis.
Must Read: [What is Compiler ?]

Different phases of compilers:
1. Analysis Phase
2. Synthesis Phase


http://www.c4learn.com/c-programming/lexical-analysis-phases/
http://www.c4learn.com/c-programming/lexical-analysis-phases/
http://www.c4learn.com/c-programming/lexical-analysis-phases/#Compiler
http://www.c4learn.com/c-programming/lexical-analysis-phases/#Different_phases_of_compilers
http://www.c4learn.com/c-programming/lexical-analysis-phases/#1Analysis_Phase
http://www.c4learn.com/c-programming/lexical-analysis-phases/#Lexical_Analysis_Phase
http://www.c4learn.com/c-programming/what-is-compiler/
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1.Analysis Phase:
. Lexical analysis

. Syntax analysis
. Semantic analysis

Lexical Analysis Phase:
Task of Lexical Analysis is to read the input characters and produce as output a
sequence of tokens that the parser uses for syntax analysis.

Token
Source » lexical - . parser
program analyzer R
Get next
\ tolzen
Symbol
table

Lexical Analyzer is First Phase Of Compiler.

Input to Lexical Analyzer is "Source Code"

Lexical Analysis Identifies Different Lexical Units in a Source Code.

Different Lexical Classes or Tokens or Lexemes

Identifiers & 7|=F

o Constants E#5

Keywords RS
o Operators #HE T

5. Example: sum = numl + num2 ;

HwnN e
@)

e}

1 sum=numl+num2;

Lexical Analyzer

sum = | num1 + num?2 ;

Identifier Operator || Identifier 4 Operator " Identifier | Separator

So Lexical Analyzer will produce the following Symbol Table -
Tokens Type

sum
numl Identifier A=
num?2

: Operator #&{E/iEE T

=X/

; Separator [T
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6. Lexical Analyzer is also called “"Linear Phase” or “"Linear Analysis” or
“Scanning"
7. Individual Token is also Called Lexeme
8. Lexical Analyzer’s Output is given to Syntax Analysis.

Syntax Analysis — Compiler
1 Analysis Phase: 2nd Phase of Compiler (Syntax Analysis)

2 Syntax Analysis:
3 Parse Tree Generation:
4 Explanation: Syntax Analysis

Parse Tree Generation:

sum = numl + num?2
Now Consider above C Programming statement. In this statement we Syntax
Analyzer will create a parse tree from the tokens.

Assignment Statement

BAIF / \%ﬁt

Identifier Expression
sum +
Cha/ Nt
Identifier Identifier
numl num2

Syntax Analyzer will check only Syntax not the meaning of Statement

Explanation: Syntax Analysis

e We know , Addition operator plus (*+’) operates on two Operands

» Syntax analyzer will just check whether plus operator has two operands or
not . It does not checks the type of operands.

o Suppose 1 of the Operand is String and other is Integer then it does not throw
error as it only checks whether there are 2 operands associated with *+’ or not.

o So this Phase is also called Hierarchical Analysis as it generates Parse Tree
Representation of the Tokens generated by Lexical Analyzer
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Semantic Analysis — Compiler
Syntax analyzer will just create parse tree. Semantic Analyzer will check actual

meaning of the statement parsed in parse tree. Semantic analysis can compare
information in one part of a parse tree to that in another part (e.g., compare
reference to variable agrees with its declaration, or that parameters to a
function call match the function definition).

Semantic Analysis is used for the following —
1. Maintaining the Symbol Table for each block.
Check Source Program for Semantic Errors.
. Collect Type Information for Code Generation.
. Reporting compile-time errors in the code
(except syntactic errors, which are caught by syntactic analysis)
5. Generating the object code (e.g., assembler or intermediate code)

»WwN

Now In the Semantic Analysis Compiler Will Check -
1. Data Type of First Operand
2. Data Type of Second Operand
3. Check Whether + is Binary or Unary.
4. Check for Number of Operands Supplied to Operator Depending on Type of
Operator (Unary | Binary | Ternary)

What is Interpreter ?
1 What is Interpreter ?

2 Examples of Programming Languages Using Interpreter:

2.1 Lisp
2.2 BASIC

What is Interpreter ?
1. Interpreter Takes Single instruction as input .
No Intermediate Object Code is Generated
Conditional Control Statements are Executes slower
Memory Requirement is Less
Every time higher level program is converted into lower level program
Errors are displayed for every instruction interpreted (if any)

The interpreter can immediately execute high-level programs, thus
interpreters are sometimes used during the development of a program, when a

programmer wants to add small sections at a time and test them quickly.
8. In addition, interpreters are often used in education because they allow

students to program interactively.

NouUu bk WwDN
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Examples of Programming Languages Using [Interpreter
Lisp
(defun convert ()
(format t "Enter Fahrenheit ")
(LET (fahr)

(SETQ fahr (read fahr))
(APPEND '(celsisus is) (*(- fahr 32)(/ 5 9)) )

)
)
BASIC
CLS
INPUT "Enter your name: ", Name$
IF Name$="Mike" THEN
PRINT "Go Away!"
ELSE
PRINT "Hello, "; Name$; ". How are you today?"
END TIF

Difference between Compiler 4F:Zf2F and Interpreter (ZEEF

No Compiler Interpreter
Takes Entire program as input Takes Single instruction as input.
Intermediate Object Code is Generated No Intermediate Object Code is Generated
Conditional Control Statements are Executes Conditional Control Statements are Executes
faster slower

4 Memory Requirement: More Memory Requirement is Less

(Since Object Code is Generated)

5 Program need NOT be compiled every time Every time higher level program is converted

into lower level program

6 Errors are displayed after entire program is Errors are displayed for every instruction
checked interpreted (if any)
7 Example: C Compiler Example: BASIC

Explanation: Compiler Vs Interpreter

Just understand the concept of the compiler and interpreter -

1. We give complete program as input to the compiler. Our program is in the human
readable format.

2. Human readable format undergoes many passes and phases of compiler and
finally it is converted into the machine readable format.

3. However interpreter takes single line of code as input at a time and execute that
line. It will terminate the execution of the code as soon as it finds the error.

4. Memory requirement is less in Case of interpreter because no object code is
created in case of interpreter.

https://youtu.be/o-xSgi905vk

—-10-
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RI51ET, abc.c

'

compiler

gcc
fmaEzs
TR ERa
abc.exe
+ abc.exe BA SEbbESay — W
BRI
B 1.1 $WE% 1.2 HiTEMEX
Source Code JEfE is:
def.bas . 1. in form of Text. XA
FioiED, = mtaegr;gter e 2. Human Readable. AT
WA e 3. generated by Human. HA4RE
] 4. input to Compiler. 4REEZSAVEHA
1.3 HiE:S Object Code HiZffE is:
1. in form of Binary. _#EfH(HE
2. Machine Readable. HAZHISTE
3. generated by Compiler. Hi4F:ZgsEd
4. output of Compiler. 4mzELEfyimH
[RIGEET
'
RIS EIEEE #define MAX 1000
#Ei@ﬁﬁ%%i?ﬂ’ﬂﬁﬁ‘dﬁﬁ
compiler
=)
EraiEst Ba9%H + =l
abcfava
| amm |
assembler
fmaEas .
compiler EJE,EEJ:%,E%‘TL%
il — . EREEE
pris o R BEEs BAS ~ amrmeies
bytecode Ehihse —=
#/\ 1 yirtual machine BaURaET
B 14 ESiRES 1.5 FBERERM

11—
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1.6 mESNSETR

http://www.prudentman.idv.tw/2008/05/compile.html

Process control

Z17es(PC,AX,SR,SP,...

Branch
instruction

Reference
Lo data

information Entry point .| Process control block
o program
e ABE
Program
(PC) L
T2
Increasing
address
values
&4
Data
Current top
of stack jj% %
Stack
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472 Compile 72

—{ESEEE AR A TR AR LU 4 ERE -
1.Preprocess JHEHEES ©
2.Compiler 4F:#gs - GEEMEIES.c WESE - ELRIE#.as 1V4HEE -
3.Assembler 4H:E%% - g EHEIRE X .as (VAHEERE > EARIREL.0 HyhRERE -
4.Linker #4523 - GRRHEITE$4.0 B.0bj AV EAE -

TR ZS (Preprocess)
THER T B 1 T AR e A ST R B R AR nE (A G #ifdef - #define MG BRI # - A1—HE
ERIAIIIRE -

4miEss (Compiler)
Wi et = Pt o P R HI R AARE = - BERR as s S A0y HAVEESC - TEdReEIBRE T - G
17 IR BE

o RSt (Lexical analysis) - iffE=rhEg—(EF5H/ AL (token) : 31fig

(comment, fE4REE/AEEEHIRZNS) ~ FifET (keyword, 4lint ~ for - while %) ~ 7§
(constant, #1112 - "embedded"% ) - #E 1 (operator, #1+ -~ *~ /%) -

o BBEST (Syntax analysis) o TEEREARTE - BRI E AV A (Syntax
tree) - EEXAVEE A SR IR - EeBAE+ > IEEBERT @ BEm=siJaEs: (node)
Fy assign HYRFE - HERAVETEL & HEMAVERTTASE - MET (leaf) Bl EEEHINE

(token) -
FEREHT (Semantic Analysis) - ZHEAR (Syntax tree) 2oty EFREBLEE A
EAMERE « WERN 50 ) BEIERRE  CESCFRIIINISECE A TIERGERIVH

Al e Bl - BERES - ] call TR - S8BT - BEEIART - RRESHNES
(Intermediate code generation) - E{¢:E A (Syntax tree) > DI—({EEIEL
(node) REAEA » {CRIEREIVEIRMKPIE b ek —(EE S AR ER S - ME—(EE
B e — (B MR 5R -

- EHBHIRE/L (code optimization) o FA FRbE D —E R A S ETIF BB OE -
BN HINER SR RINRE DEE AT e P B R - fIast B R (LA
=FEAILHYEEE - code motion ~ induction variable -~ strength reduction ; [K A
BT E DRI APITICRIEE A2 — » R ER IR ED - 50 - A EEESRY
SHEAEHIATRIERY » K 71 T —PEEAE =N E A EmIE T - EiFasaEHEEFEK -

. EXWEHVE4L (code generation) - L) CEEE R SIS R E(LEI RIS - i
R BRI fres - B —HEREAHGEES -

¢H:¥28 (Assembler)
HER TR AR E Y FAER » SRS sE S 4HR Y EIRE ".obj" ~ ".0" -

HEEZR (Linker)
LI e R fERE obj files #HAHHEAK - #F] symbol (pr=t » E# ) BifE=E (shared
obj) HHVEITE - FEAFTBITHY exe 1§(executable) -
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C compilation:

1) Lexical Analyzer:
It combines characters in the source file, to form a "TOKEN". A token is a set of characters
that does not have 'space’, 'tab' and 'new line'. Therefore this unit of compilation is also called
"TOKENIZER". It also removes the comments, generates symbol table and relocation table
entries.
2) Syntactic Analyzer:
This unit check for the syntax in the code. For example:
int a,b,c,d;
d=a+b-c*_;
The above code will generate the parse error because the equation is not balanced. This unit
checks this internally by generating the parser tree as follows:

/ 0\
d -
/ \
+ *
/ 0\ /\

a b «
Therefore this unit is also called PARSER.
3) Semantic Analyzer:
This unit checks the meaning in the statements. For example:
inti;
int *p;
p=i /] p = &i;
The above code generates the error "Assignment of incompatible type".
4) Pre-Optimization:
This unit is independent of the CPU, i.e., there are two types of optimization
1).Pre-optimization (CPU independent) 2).Post-optimization (CPU dependent)
This unit optimizes the code in following forms:

. I) Dead code elimination
. II) Sub code elimination
. [II) Loop optimization

I) Dead code elimination: For example:

inta=10;
if(a>5){
/* */
}else {
/*  never be executed ... */
}
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Here, the compiler knows the value of 'a’ at compile time, therefore it also knows that
the if condition is always true. Hence it eliminates the else part in the code.
II) Sub code elimination: For example:
inta, b,c x,y;
X=a+b;

y=@+b+c;

can be optimized as follows:
Yy=X+¢; // a+bisreplaced by x

[II) Loop optimization: For example:
int a;
for (i=0; i< 1000; i++) {

a=10;

}

In the above code, if 'a’ is local and not used in the loop, then it can be optimized as follows:

a=10;

for (i = 0; i < 1000; i++ ) {
/* */

5) Code generation:

Here, the compiler generates the assembly code so that the more frequently used variables
are stored in the registers.

6) Post-Optimization:
Here the optimization is CPU dependent. Suppose if there are more than one jumps in the
code then they are converted to one as:

The control jumps to the <addr2> directly.
jmp:<addr2>
Then the last phase is Linking (which creates executable or library).
When the executable is run, the libraries (stdio.h, *.dll) it requires are Loaded.
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