Analysis Phases (front-end) (cont.)
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1-Scanner

2-Parser

3-Semantic analyzer
4-Intermediate code Generation
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The Phases of a Compiler

intermediate code generatu}'
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temp1 := inttoreal (G0}
temp2 := id; * temp1
temp3 = id, + temp2
id1 = temp3

v
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id, * 60.0
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!

code generator

.

MOVF id3, R2
MULF  #60.0, R2
MOVE id2, R1
ADDF R2, R
MOVF R1, id1

temp1 :
id1




3-Semantic analyzer
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3-Semantic analyzer
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3-Semantic analyzer

 Example of semantic analysis:

*Int arr|[2], c;

*c = arr * 10;

* Most semantic analysis pertains to the checking of
types. Although the C fragment above will scan into

valid tokens and successfully match the rules for a
valid expression, it isn't semantically valid.
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3-Semantic analyzer
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* In the semantic analysis phase, the compiler checks the types and
reports that you cannot use an array variable in a multiplication
expression and that the type of the right-hand-side of the assignment
is not compatible with the left:
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4-Intermediate code Generation

* This is where the intermediate representation of the source program
is created.
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* We want this representation to be easy to generate, and easy to
translate into the target program.
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4-Intermediate code Generation

* The representation can have a variety of forms, but a common one is
called three-address code (TAC) which is a lot like a generic assembly
language,
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4-Intermediate code Generation
continue

Three-address code is a sequence of simple e
instructions, each of which can have at most three
> Nlloperands (one operator in addition to assignment).
aly S5 Ao Gl el e 28 e 3 )LeTAC asbie 433Ul 0
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The compiler must generate a temporary name to hold

ax ¥l a g sthe value computed by each instruction
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4-Intermediate code Generation

* Example 1 of intermediate code generation:

*a = b * ¢c + b * d templ = b * cC
*temp2 = b * d temp3 = templ + tempZ
a = temp3

The single C statement on the left is translated into a sequence of

e 29 sall Huadll sfour instructions in three-address code on the right.



4-Intermediate code Generation

* Note the use of temp variables that are created by the compiler as
needed to keep the number of operands down to three.
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4-Intermediate code Generation

* Of course, it's a little more complicated than this,
because we have to translate branching and looping
instructions, as well as function calls.
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* Here is some TAC for a branching translation:

e 1f (a <= Db) tl = a > b

*a = a - c; 1f  tl
goto LO

*c = b * c; t2 =a - c

*a = t2 LO: t3 =
b * ¢

c = t3



4-Intermediate code Generation

« Example 2 for the assignment statement :~avadill Huadll &Y JUs
 Position :=initial + rate *60 (1)

e Scannero/p =» idl := id2 +id3 *60

e Syntax o/p =@ fig. (1.5 a)

* Semantico/p = fig. (1.5 b)

* The source program in (1) might appear in TAC as :
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4-Intermediate code Generation
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* templ := inttoreal(60)
* temp2 := id3 * inttoreal(60)
* temp3 := id2 + temp2
. idl := temp3



The synthesis stages (back-end)
LAl Al A s e

1) Intermediate Code Optimization
Ao sidll A sSY) jLaial

2) Object Code Generation
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3) Obyect Code Optimization:
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1) Intermediate Code Optimization
ddass siall o) SV jLatal (cont.)

* The optimizer accepts Input In the iIntermediate
representation (e.g. TAC) and outputs a streamlined
version still in the intermediate representation.
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In this phase, the compiler attempts to produce the -

smallest, fastest and most efficient running result by

il yall 228 A sapplying various techniques such as:
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1)

Intermediate Code Optimization .cont
Ao siall A SYI jlatal
e * getting rid of unused variables.
o Aaddioe yuall Gl yariall (e BalEiaY)
« » eliminating multiplication by 1 and addition by O
o siall pa gaallganly 8 o juall Cada

* » [oop optimization (e.g., remove statements that are
not modified in the loop)

o dddae (s led A Gl i) AL ellh ) sl laial
T :
« « common sub-expression elimination.
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1) Intermediate Code

) sSY) Hlatal Optimization(cont.)
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* The optimization phase can really slow down a
compiler, so typically it is an optional phase.

o A Lid) ed an jiall Jee aii Ly y dls jall sda o Cus g

* The compiler may even have fine-grain controls that
allow the developer to make tradeoffs between time
spent compiling versus optimization quality
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Intermediate Code Optimization .cont
adass giall o) SYI jlatall

« Example of code optimization:

* tl =Db * c _tl
C

e t2 = tl + 0 t2 =
_t1

e t3 = Db * cC

« t4 = t2 + t3

. a = t4



Intermediate Code Optimization .cont
ddas siall o Y jLaial

* In the example shown above, the optimizer was able to eliminate an
addition to the zero and a re-evaluation of the same expression,
allowing the original five TAC statements to be re-written in just three
statements and use two fewer temporary variables.

o Jaad 25wy Al il Slaial) SISy deall A1) 5L dla Sl cuald JUall 1 8




Intermediate Code Optimization .cont
ddass giall o) SYI jlatial

* Example 2 for the assignment statement
 Position :=initial + rate *60 (1)

e Scannero/p =» idl := id2 +id3 *60
e Syntax o/p =@ fig. (1.5 a)

* Semantico/p = fig. (1.5 b)



* Intermediate code generation =»
e templ := inttoreal(60)
e temp2 := id3 * inttoreal(60)
e temp3 := id2 + temp2
. idl := temp3
Code optimization >>

templ := id3 + 60.0

idl := id2 + templ (2)
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2) Object Code Generation
Lxaca gall 2 SY) A4l g3

* This Is where the target program is generated. The output of this phase
Is usually machine code or assembly code.
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* Memory locations are selected for each variable.
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2) Obyject Code Generation
Lxia gall 3 SV A &

* Instructions are chosen for each operation.
o idee JSI jal g HLEAS A Eua

* The three-address code Is translated into a sequence of assembly or
machine language instructions that perform the same tasks.
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2) Object Code Generation
Ama gall 2 &Y Al

« Example 2 where output of previous stage is:-
templ := id3 + 60.0
idl = id2 + templ

* for code generation and using registers R1 and R2 the translation
of the code of (2) might become

* MOVF 1d3,R2 MULF #60.0 ,R2
* MOVF 1d2 |R1 ADDF R2 ,R1
« MOVF R1 ,id1
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3) Obyect Code optimization
damia gall 2 SYI jLata|

 There may also be another optimization pass that follows code
generation, this time transforming the object code into tighter, more
efficient object code.
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3) Obyect Code optimization
damia gall 21 SV jLatal

* This Is where we consider features of the hardware itself to make
efficient usage of the processor(s) and registers.

o dlall cudall il S eyl 8 2V Als yall oda 8 ol Jaad¥) alazin
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* . processor(s) and registers.



3) Obyect Code optimization
damia gall 21 SV jLatal

« The compiler can take advantage of machine-specific idioms
(specialized instructions, pipelining, branch prediction, and other
peephole optimizations) in reorganizing

« and streamlining the object code itself.

* This phase of the compiler (Object Code Optimization) is usually
configurable or can be skipped entirely.



he symbol table

 There are a few activities that interact with various
phases across both stages.

* One Is symbol table management;, a symbol table
contains information about all the identifiers In the
program along with important attributes such as type
and scope.



The symbol table
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* |dentifiers can be found in the lexical analysis phase and added to the
symbol table.
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The symbol table

* During the two phases that follow (syntax and
semantic analysis), the compiler updates the
Identifier entry In the table to include information
about its type and scope.

+ Cuaad aa il s syntax and semantic  Cnls el 8
. u\M\ 52 GLly

* When generating intermediate code, the type of the
variable 1s used to determine which Instructions to
emit.



The symbol table

e During optimization, the “live range” of each
variable may be placed in the table to aid In register
allocation.

¢ dmiag ol M paie JS el gaell b HLaiaAW) Als e JOA
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« The memory location determined in the code
generation phase might also be kept in the symbol

table.
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SCANNER , LEXICAL ANALYZER
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SCANNER , LEXICAL ANALYZER

token

Source
Program

Get next
token

Interaction of lexical analyzer with parser



SCANNER , LEXICAL ANALYZER

Table for Examples of tokens

Token | Sample Lexemes Pattern

const const const

If If If

Relation < <= = <> > >= <Or <= or=o0r <> o0r>or>=

Id Pi, count ,D2 Letter followed by letters and
digits

Num 3.1416,66, 2.02E-3 Any numeric constant

literal “core dumped” Any characters between “ and

“ excepts




SCANNER , LEXICAL ANALYZER

Attributes for Tokens

* Example: The tokens and associated attribute-values
for the Fortran statement:

E=M*C**2 &l il sa¥ 4 Gl dll g ladlall o2a o
* Are written below as a sequence of pairs
ozl 8 Olalii€ LS 25y A
* <id , pointer to symbol —table for E >
e <assign-op>
* <id, pointer to symbol —table for M >
* <mult-op>
* <id, pointer to symbol —table for C >
* <exp--op>



SCANNER , LEXICAL ANALYZE

Lexical Errors
L;od}mj \JA‘\A.G).&A}A a‘)hé\j@)u}” CA;AAM u\h).\ o
fi(a==1f(x)) _wnaill gl Jiad =al yll

e ot b identifier “isee e 3obe fi O SOLY) Jlaall 5 5 0
key word “if” Uai 43l » guas

dJ).Lu.ccﬂhc_\Mﬁe.uMM\u\.A;M\uﬁjt
Error recovery action °
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* Deleting an extraneous character
* Inserting a missing characters
* Replacing an incorrect character by correct character >



Specification of Tokens
-: Prefix 4 °

(e BAL dig all §f Zero AL Adle J ganl) oy Al g o
: JUa aqlasl)

* Prefix (S ) ¢ banana
* Prefix (S ) € banan
* Prefix (S ) ¢ bana

* Prefix (S ) € ban

* Prefix (S ) € ba



Specification of Tokens

- : Suffix 4 «

D JUie il e dasiiall gl gl Zero A1k Adde Jgand) aly Al oA
Suffix (S ) ¢ banana °

Suffix (S) € anana °

Suffix (S) € nana °

Suffix (S) € ana °

Suffix (S) € na-




Specification of Tokens
-: Sub String !
s Jlia A gal) g dadBal) 411 3) e Anle Jgaall aly aylil o
Sub String (S ) ¢ anan °
Sub String (S) € ana °
Sub String (S) € nan °
Sub String (S) ¢ an °
Sub String (S) ¢ a-

Ce 3 ke Suffix 5 Prefix JS ¢f 138 dra ; digale® o
. uSad) il 9 Sub string




Regular Definition 4edaiiall Cilay y3l)
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Regular Definition dxlaiiall culgy jaill
o Aaditial) il yuill slend S (S Gsa ]l e slan) uail g o

Bold

Jla e

letter 2 A|B.......|Z|a|b]|.....]z
Digit > 0]1]......|9 .

id > letter ( letter | digit)" °

Unsigned numbers C++ J) 4ady JSulll 431 8 dlac ) ;Ui
5280 ,39.45 ,6.67E4 , 1.6765E-45 Ji« o

YIS Taliinall iy ol el (S o



Regular Definition 4ekiiall cilay yill
e digit 2> 0[1]...... |9

« digits = digit digit”

» Optional — fraction -2 . digits| ¢

e Optional — exponent - (E + |- | €) digits ) | €
 num—>digits Optional-fraction Optional-exponent



SCANNER , LEXICAL ANALYZE
Notional short hands
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SCANNER , LEXICAL ANALYZE
Notional short hands
1K dale o) say alac Y1 ALK (Sayg o
e digit > 0|1]......|9
o digits = digit*
* Optional — fraction -2 (. Digits) ?
* Optional-exponent = (E (+ |-)?) digits )?
 num—>digits Optional-fraction Optional-exponent
. - digit* (. Digits) ? (E (+ |-)?) digits )?



SCANNER , LEXICAL ANALYZE
Notional short hands

characters Jse_ll 4l o
* la+b +c| =a|b|c=]|abc| = |a-c]
* |a-z| =al|b]c....|z
' SYS jdentifier <l jaall Cay et Sy 138 5 o
e |A—Za-z| |A—Za-z0-9|"



Scanner- Lexical analyzer pga .,
Byl Qallae LadS (6l o F)le ga 1 JUl =
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ISty Jd1Si= So N o Tolkly
C:= next char
while ¢ != eof do
S:= MOVE ( S,C)
C:= next char;
End ;
if Sisin f return "Yes"
else return "No"



