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: &‘ Access to Non Local Data on the Stack 4

5. Explain how allocation strategies can access
‘non local variable,

Answer ¢ it “Modol Paper-Il, Q6(a)

) nonlocal variable i isa v:mablc whichis dehncd tocally
“ina procedure

. The Scopc Rules ofa Language

The Iemcnl -scope or statical-scope rule determines

‘. u,e declaration gf a name based. on the program- text alone
" Examples of languages Lhat use tlns scope rule are Puscal C
and Ada. . ) '

The dynamic-scope rule determines the declaration ofa
name on sun time based on the current activation records. The
languages Lisp, APL and Snobol use this scope rule,

Lexical-scope in C
‘C” does not allow nested procedure declarations,

therefore the lexical-scope rules for C are simple. In aC program
the declaration of variables is followed by procedure definitions

(procedures in Care called functions). A function is saidto have '

areference to a non local name x iff x is declared outside any
function. The scope of x is within the functions that follow its

declaration. There isaholeifxis rcdcclared with in function. -

For example con'uder the followmg ‘C’ program.

o intx; 7 ;

fi()

R

x=x-10; o

}
R20)

{

()

e

i X
ox=xX# 10; .
G ¥ -
~ main().
| ’
Cx=10;
}

" Inthis" cxample ‘x'is dec]ared outside all the fi uncunns
lherefore its scope is in all functions.

The stack allocation strategy used for lecal names can alyy
e used for lexically-scoped languages that donnat allow nestad
procedures. A name deelared ontside any procedure is a non locsl
storage [or all non local names memory is allocated statically a1
compile time, As we knaw the position of this storage, when 4
procedure references a fan local name we simple use the static
address of that name W access its value,

All other names are local 10 a procedure whose stofage
is within the current activation record which i% at the top of the
stack and accessible through the 1o pointer, This scherne does
not work with nested procedurgs because an access vy 3 nom

“local may refer to data deep in the stack.

" An ad\)amage of static allocation. for non iocals is that,
procedures can be passed as parameters and returnied as results,
In the absence of nested procedures a name which is non local
to one procedure is hon local to all procedures. Therefore, any
procedures regardless how is it activated can use static address
of that non local. When a procedure is retuned as a result, the
non locals of that procedure can be accessed similarly because
they are bound to store allocated memory statically for them.

Lexical-scope in Pascal

Pascal allows the nested procedure declaration. That
is, it is possible to define onc procedure inside the other. In
Pascal, the scope of a non Jocal name x is in the'scope 01.' the

- most closely nested declaration of x.

*F orexample, consider the followmg Pascal prograin for
sortmg an array .

Progmm sort{in, out); .
varx: arra;'[OA.IO] ol'inlcger: ‘
t : integer;
* procedure insert;
mei :integer;
begin-

X
I_ end {inserf}i
_Procedure swap(i, j :‘mleger};
.~ begin
S ek
x[i) s mx(i)s .
i) e =
. cﬁd { swap }:
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. .- within the procedure quick sort.’

prdccdun: quick sort(y, 7 integer);
~var |, m ! integery
R functionsb}lt(n,b:inlcgcr):inlcgcr;

- var i; j + integer;

swap(i, j);
end { split};

, end{quicksort}; e - . ,
begin -
end {soh}

1n the above program sort consists of three procedures. They are, insert, swap and quitk sort. The function split is nested

_ The function split reférences a non local x. According to mdst'éloscly nested rule it is declared in the main prbgm m sort
procedure. This rule also applies to procedure names, the procedure swap called by split is non local to split because it is declared
in the main program sort: : ' .

To implement lexical scc;pe we define nesting depth of a procedure. The nesting depth of the main program is, each time
‘we go from an enclosing to an enclosed procedure the nest depth is incremented by 1. Therefore, the nesting depth for above

" program is givenas, : | )

. Sorf 3 nésting depth 1 _
© quick'sort : nesting depth2
split : nesting depth 3

We identify the nesting depth of a name from the nesting depth of the procedure in which it is declpred. nesting **'!"' N
of names J, x and m defined is split in to 1, 2 and 3 respectively. - R '
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~=») Heap Management 7

'd15.' What are the fwb_ bas,ic:'fun_cﬁc,ns
- amemory manager.
 Answer ? e 3

‘The two basic functions of memory manager include, : '

performed by memory manager? Also list the properties desired for

L)

1. Memory allocation
2. Memory deallocation. ; _
1 _Memory Allocation “: - B e -

- Inthis the memory manager maintains a contiguous chunk of free space of memory in heap storage.. This memory is

' allocated to the program which has made a memory request for a variable or object. If the allocated size of variable is available in

heap then allocation is done directly. d;herwise, the needed size is made available by increasing storage space. This can be done

by getting sgquenﬁal, bytes of virtual memory from operating system. If the space is completely filled up, then this information
 (about no free space is available) is redirected to the application program by the memory manager. S '
2. “Memory Deallocation ' e '

In this the memory manager retums the deallocated space bck to the pool-of free space. This free space get mixed up
- with the already available free space in heap. This deallocated memory can later be reused for other allocation requests.
Properties of Memory Manager Tl : ' -

~ Properties of memory manager are as follows,
()  Maintaining Space Efficiency.

Space efficiency can be obta’ined by reducing the fragmentation of the program. To achieve this, the-memory manager

minimizes the amount of total heap. space required by the program. Due to which a larger program can run on fixed virnal

: - address space. -
W (ii)' ; Makntaining Program Efficiency _ 5 . . ,
* . Program éfficiency can be achieved if the memory manager efficiently utilizes the available subsystem memory. This
; utilization helps to run the program at a faster rate. e e ' .
(i Minimizing OverHead - <.~ : : _
~ The overhead can be minimized if allocation and deallocatioy operation are performed efficiently. As these are the fraquent
- .operations performed by memory manager. . G bl y .
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© "~ CODE GENERATION ,
‘ i @”% Issues In the Design of Code Generation .~
Q16. Explain the issues in the design of code glaneratt:rr-.~ |
Write in detail about the issues in the design of a code generator..
“ . ) . - . . § OR .

What are the issues In code generation process? Explain in detail.
. Answer ’ ' o

Nov.-12, Set-2, Q8(b)

' Nov.-12, Bet4, QB(a)

' (Model Papar-ill, O8(a) | Nov.-11, Bet-2, 8(x))
et i he Y 7 ' y oF E
The following are the design issues of a code generator,,
I.  Input

2 . T ’ . o N A R . : R " - . mtx)l
The input to-the code generator are the intermediate representation of the source code and ll_\e information in the sy
table. The symbol table gives the run-time addresses of names used in the intermediate representation.

The intermediate code generated by the code generator can be represented in several ways. These are linear representations

such as postfix notation, graphical representation such as syntax trees and dags. Virtual machine representations such as stack
" machine code and three-address representations such as quadruples.

It is assumed that before the code generation phase begins, the source code is scanned, parsed and translated into intermediate
-representation by the front e

1 end, The values of names used in the interrediate represematiop‘ are rgpresemcd;such that they can
be directly manipulated by the target machine. : -0 S

. Itis also assumed that the necessary type check

king has been done and the input is free of errors. So, the code generation
phasc can proceed with these assumptions. . : : . ' : :
2. Output . i _ - _ 2t ) ¢
S " The output of code generator is an object code. The object code can be produced in several forms. Various forms of object
code are, o ug : &
. (a) Absolute machine code i . : T SRR ' Y
N () ‘Rcldcat:_iblc machine code =~ - ' L SE ’ '

© Assembly language code.

~ Each form of an object code has its own advantages and disadvant‘%xgcs., ,
®) ~ Absolute Machine Code ' : ’

An absolute machine language, program placés the generated code in memory at some fixed location and executes the
progtam immediately. For example, student-job compilers.such as WATFIV, PASSGO and PL/C produce output as an
. absolute machine code. An advantage of absolute machine code is that the small programs can be compiled and executed

quickly. But it can’t call modules in other fanguages and compile subprograms separately. This form of object code is
-, very fast compared to other forms. " : o ‘

(b) Relocatable Machine Code

Producing an output as a relocatable-machine language program allows compitation of subprograms separately. It also
- allows calling already compiled ptograms from an object module in other languages:-After compiling a set of object

: modules, it requires a linking loader to link them together and load for execution. At little expense of linking and loading,
which makes it slower we achieve great flexibility in computing subprograms separately.

i V(c) - bA_sisemb]erdnguagé Code - . . - , S
RS An assemmbly language program makes the code generation process easier.
~ Assembly language code is mainly used in machines havin

_ r ; : glless memory where complier requires several passes to
- execute them . This form of object code is slowest when compared to others, “
‘3. . Memory Management = . ' '

. : 'l.‘hg code generator along with front end performs mapping between the names (stored in the so‘urce program) and the
-addresses of data objects (stored jn run-time memory). The entries in the symbol table namcs are created when their declarations

are encountered while examining a procedure. The amiount of storage required for a name depends on its data type, The relative
address for the name can be determined from the symbol table info

refers to the symbol table entry for that name. The labels in three-ad

rmation. When a name appears in a three-address statement, it
; iﬁle generating the machine code.

dress statemenits must be converted to addresses of instructions
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L Sclection of Machine Instructions

1t is difficult to select an instruction due to the nature of
instruction set of the target machine. There are two important
fsctors, the firstis the uniformity and another is completeness
of the instruction set. A target machine must support each data

rype in a uniform manner otherwisc special handling is required

to handle an exception to the general rule.

Other factors that make it difficult to select an instruction
are instruction speeds and machine idioms. If the efficiency of
the target program is not considered, then instruction selection
is straight forward. For example, we create a code selection
for each type of threc-address statement that can be used to
generate the target code for that construct. For cxample, if the
form of three-address statementisasa s b + ¢ then, every such
statement would be translated into the following sequence.

MOV b, R1
ADD ¢, RI
MOVRI,a

But, generating code as a statement-by-statement
produces poor code.

The speed and size determines the quality of the
generated code. A target machine with rich set of instructions
can perform an operation in several ways. It is possible that
an implementation generates the correct target code but it
is inefficient. For cxample, three-address statement x ; = x
+°} (incrementing - variable x by 1) can be more efficiently
implemented as a single instruction INC (if the target machine
has it in its instruction set) than implementing as the following
sequence. ' .

MOV x, RO -
ADD #1, RO
MOVRO,x -

The instruction speed also matters to produce good
code sequences. But, it is often difficult to obtain accurate
timing information. It is also difficult to determine which code
sequence is best for the given three-address construct because
this decision is based on the context where that context appears,

s Allocating Registers

Machine instructions are small and faster in comparison
to the memory instruction. This is because the machine
Instructions uses register while the memory instruction uses
operands for its execution. Therefore, to generate a good code,

lhE_register must be efficiently utilized. To efficiently utilize
registers, the following points must be considered.

¢ During register allocation, the variables that currently
present in register should be selected.

hold a variable should be selected.

% During register assignment, the specific register that will

However, such assignment is a tedious task assignment
of registees Lo variables even in the case of single-register
values. Further certain register-usage conventions arc fmposed
by the hardware and/or the operating system of the target -
machine.

Another difliculty in register allocation is register-
pairs (an even and next odd register) fequirement of cenain
machines for some operands snd results, For example, the
IBM system/370 machine requires that the npcrmiqm imc_g:r
multiplication and infcger division must involve register pairs.

6. Evaluation Order
“" The dramatic affect of cvaluating the order of machme

instruction is on the efficiency of the target code. Sor_n:
evaluation order uses fewer registers than others to temporarily
hold the intermediate results. Thus the choice of sclecting hcﬂ
order of evaluation is difficult. The problem can bc solved if
target code for three-address statements is generated in the order
in which they appear.
7. Code Generation

The most important issue of code generator is to produce
aprecise code. This issue is significant because a code generator
might face a number of special cases. The main design goal is
to design a code generator which is easy to implement, test and
maintai
g .~_-- The Target Language 7,
Q17. Explain in detail about a simple target machine

model. .- - - .

Answer : Model PaperdV, Q6(b)

Simple Target Machine Model
A target machine model containing n general purpose

registers i.e., R, R, R,, ......, R, | can model a three address
machine using the instructions like,

1.  Load . . -
2. Store
3. Computation
- 4. Unconditional jumps
5. Conditional jumpS. '
1. Load

‘ This Pperation. loads the value of one locatioﬁ to other
location. This operation is of form LD locationl, location2.

Example

@) LD destination, address

The nbove instruction loads the value in address location
to destination location.

(ii) - LDr,x

The above instruction loads the value present in Jocation
X lo register r,, .

As
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iy Lbr,r, h
' : 11 ads the content ol rs
—_ i i y . L struction loads "Listey
This type of instruction is called as register-to-register copy instruction. The above ins
r, to register r,,
2. Store

s . . . . . i ‘b store operation is of form,
This operation stores the content of one register to some desired location (say x). The st o

ST location, register
Example
STa,r,

The abave instruction stores the content of register r, into location a.
Computation

‘-
4

This operation performs various operations like addition, subtraction, multiplication and division on values present on
sourcel and source2 and later store the result on some specified location. The code operation is of form,

op destination, sourcel, source2
Here, *op’ specily operation.
Example
-~ ADDr, ";; r,

The above instruction add the value present on r, and r, and later stores the result on r,.

4. Unconditional Jumps
This instruction is of type,
BR L
Where, BR stands for Eram:h and’L stands for label.

The above instruction allow control to branch to machine instruction along with label,
5, - Conditional Jumps
This instruction is of form,
Bcondr, L

Here,

‘cond’ represents common test performed on values of register r.
r stands for register and
L stands for label.

‘ 6 ‘- . Addresses In the Tirgg! Code «

- Q18. Describe the code gencration for simple procedure calls and returns using static allocation.
Answer:

The process of code generation can be illustrated by the address statements like call

static allocation. The code generator determines the size and layout of activation reco

 recorded in symbol table. In static allocation, the implementation of procedure calls
performed using two target machine instructions as shown below,

ST callee.StaticArea #here + 20
BR callee.CodeArca

o Tetum, halt and action wsing e
r@ by using the name related i formatam
having no arguments e, eall callos oan b

-The ST instruction is rcsporis'iblc for storing the return address st the starting point of (he activation feoond for e calles
while the BR instruction is responsible for transfering control to the first entry in the target cock of the calied.

L e lt———
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g 0 femm address (i.e., the first location of the activ
S o respectively.

~ atlocation 3000 and for ‘q’ procedure at location 3064, - ; e

record .
- code of called procedure ‘q". Once the execution of ACTION 3 at location 2000 is completed, the BR instruction at location - -

2020 is executed. Now, *3064 contains 1040 from the above call sequence at location 1020, Once the code for procedure ‘q" -
s Eﬂﬁ, control retumns to the called procedure i.e., at location 1040, Now, the main procedure restarts its execution.

4 . T i ol resmiongd

e attributes callee.StaticArea and callee.CodeAren arc constants refering to the address of memory Iocation holding

ation record) and the address of first entry of the called procedure in the code

~ Inthe S?‘ in;structi_(m, the operand #hcre + 20 represents the address of the instruction that appeary immediately after BR.
;pstruction, which is nothing but the return address. The valuc, #here represents the address of current instruction and the symbol
grepresents immediate constant. Also, the sequence two instructions contains 3 constants, Thus, the entire sequence requires (2
+3=5)-5 words or 20 bytes. In general, caller do not exist for the first procedure. So in this case, HALT is the last instruction

_with areturn control to the operating system. But, in case of procedure (other than the first one), its code termination occurs with
- areturn control to the caller procedure. The implementation of return callee statement can be performed using BR. imstruction as

follows, 7 :
. BR™cal lee.s(aligérca.‘

e . . & . ) i 7 . . -
This: instruction 1s responsible for transfering control to the first location in the. activation record of called procedure.
Consider the following three address code ‘ : S .

attionl - - . /lcode fc;fmain

callqg :

action 2 ,

halt
Caction3 /fcode for'q :

return. o gt ‘ FLRIN ) wh ’ i

_ The target code for the above three address code xs given below,

1000 : ACTION1 : /icode formain
1020 : ST 3064,#1040..." /fistored.retum address 1040 in location 3064
1032:BR2000... feallq o
IM0:ACTIONZ - " wxlon oo o ,
1060 : HALT... S //return to the opcraﬁng system )
.'2000: ACTION3... - /lcode for q '
2020:BR*3064 '
3000 7 R it /I"I'hc‘activat'ior'i record for r:ﬁainis at location 3000 - 3063.
30045 SRR R T D Ve ALY N s
3064 - $ f  /[The activation record for q’is at location 3064-4051.
3068 :

In the above >ta.rgel. code, assume that proéedums ‘main’ and ‘q’ starts at locations 1000 and 2000 respectively. Also,

assume that each instruction requires 20 bytes. Finally, assume that activation record for procedurc “main” is statically allocated

' _Thé instruction that begihs at location 1000 is responsible for implementing the following statements of main pmecdm
“Action 13 v ‘ g i e ’ l :
.v.Callq; .
CAction2; o = s L g s g ) )
: Haty - . ‘ Vg r

At location 1020, the ST instruction is responsible for storing the return address 1040 in the first location, of activation
of called procedure *q'. Similarly, location 1032, the BR instruction is responsible for transferring control to the target

.

‘e
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@“ B:mc Blocks B A n - ‘ ; at the
: _ > A Basic Block is a collculon of thrcc-addlcss statements in whlch flow of control enters

beginning and leaves at the end without halt or possibility of branching except at the end.
> ‘Every statement in a basic block is a three-address stalcment
Example: , ERE
A a=(b*c)/d+k : L
3 “The threc-address statements are, & TN
tl:=b*c
t2:=t1/d
a=t2+k - s
Aloorlthm for Partitioning into Basic Blocks' S N += block
“This algorithm is used to partition a sequence of three address statcments into ba51o blocks.
lnput A sequence of three-address statements. -
Output: A list of basic blocks wnlh each three-address statemcnt in exactly one b‘OCk

e
4., L

-Method:
~»  We first determine the set of leaders, i€, the ﬁrst statements of baSIc blOCkS
> The rules used are, . : '

~1)The fi rst statement is a leader. _ ' 48
ii)Any statement that is the target of a conditional or uncondmonal goto is a leader.
~1il)Any statement that 1mmed1ately follows a goto or conditional goto statement isa leader
A Basic Block is drawn for each leader followed by 1 the set. ‘of statements. :
No Basn:: Block can have more than one leader. :

, @ FLOW GRAPH

.A Flow Graph isa oraphlcal representatlon of three-address statements,
It is used to show the flow of control mformatlon to the set of basic blocks of a program.
1t consists of nodes and edges. .
A node of a flow graph is a basic block that performs some computauons
An initial node consists of a block whose leader is the first statement.
There is a directed edge from one node to another representing the flow of control between
" blocks. ‘ 3
There is an edge from block B1 to block B2 if
-1n the execution sequence B2 lmmedlately follow B1.

_ -The last statement of Bl contains a condmonal or uncondmonal jump to the leader(first
statement) of B2.

" We say that predecessor of block B2 is block B1 and a successor of block Bl is block B2.

N

>
>

'V VVVVVV
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ple. ' ‘ o and y of I
Emnéons:derthe followmg program that ﬁnd‘; th dot produr.l oi two vcctorsx an yo r.nglh \()

begin
PROD: =0;
Ii=1;
do |
begm :
PROD: —PROD+A[I]*B[I], ;
T=I+1; B B \
: end -~ . - S i :
, whlle I<—20 BT b QI RSN , ‘ :
end SR :
>

i e to threc-
The flow graph for the glven program is constructed by ﬁrst convertm g lhe program in
address statements. . e :

» The sequence of three-address statements are

PROD:=0 N
=1 =\
tli=4%] ST Ty
Re=Altl]. L o N -
t4:=B[t3] ST L
t5:=t2*t4 ' |
t6:=PROD+t5
. PROD:! —16 T R
AT 0500 e T e
12 lf I<:=20 gotoS R

@00\!.0\5".“9’!0.—

> By applymg the al gorlthm for pamtlomng mto ‘basic blocks, the code :co'ntains'_ statement 1 is a
leader(rule 1) and statement'3 is a Ieader(rule 2) So the code contains two blocks.Then the flow
graph for the code is B et .

R :—'Pﬂomts’-
ty: = :-H
Ir=%q

“tk’ J(=10 2015 67__ '

Flow Gepew
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2.1. Loops in a FL

» Loopisa collectlon ofnodts in
» Loopsin a flow graph are of 4 ¢

i)Dominators ii)Natur IPeS .
1l L
i) Dominators: S ”')I“"” I"’Op% W)l’u. hcadcus

| ? A node ‘D’ is said to be d0
» The general format (o re

a flow graph,

mlmtor node ifi |t dommatw 'mothr node ‘N’,
prcsc,nt the dominators is

- DdomN ,
om N me
nodeD. Vansv in the flpay graph eVery path from the mmal node to N goes throu;,h the =
» Entry of a loop dommates |
‘ all the nodcs
» Every node dommates itself, 8 the !OOP
i)
. DOH oL 'ﬁu_ wodes
aiced 9
> The dominéted'inf'orr}i;;'tief{""";«:; 3 DOM  all the wades exeopt 1,2
is represented in a tree lS S A T H oM oJl e wodes except 1,13
called as Dommator tree v AT by Y .5 DoM &
e iv)Pr
% DoH §,9,'\0 >
q DM q »
l© Do O »
»

i) Natural Loop_s e : ;
> A good way to find all the loops in 2  flow graph is to search for edgcs inthe flow graph whose
heads dominate their tails.
~ » Ifa—bisanedge, ‘b’ is the head and * a’is thc tail. Such edges are called back edges,
> Given a back edge N-—D, we define the natural l°°P of the edge to be ‘d’ plus the set of nodgs
~ that can reach N “without going through D
'» NodeDis the headc.r of the loop.

- Scanned by CamScanner
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iv)Prc-headcrs

l el 5 .
i ;1?::?8‘ L?‘(;P]%f;he edge 10—7 consists of nodes 7,8,10. -
o6 Aloomd %m re the nodes that can reach 10 without going through 7.

ch
Toput:- uchng tte_Nolaval loops

c_)__\,\i_r,, A EA 3‘“‘*’" G'F- ‘\V\& a back ecL»)z N ->D
5 e of loop o ol wodu sm W Natuval Jovp ef N72D
&%LA“”‘L TM&%E(H)
1 viot thew

‘-°°P = ELeop} UMY
Pwa(n)

ewd

/¥ Haig P
b fozamm $)

Tarert-(N)
W}; ( stack vt emy+-a;)

Pop (H)

—for ( each re&g,&;g, Po{— H)
Ty TM@\’&'(P)

&

m)Tnncr Loops:

A loop that contains no other loop is called an inner loop. ’ 4

One of the property of the loops is: that unless fwo loops have the same header they are either
_disjoint or one is entirely contained within the other(nested)."

When two loops have the same header, it is difficult to tell whxch is the inner loop.

Thus, we assume that, when two natural loops

have the same header, but neither is nested . P

within the other, they. are combmed and treated

as a single loop. k

v V¥V

Y V

B3

Two Loopd uritt; e Acue Wwade

Some transformations rcquure the control to move statements before the header.

Thus, we can begin treatment of a loop L by creating a new block, called the Preheader.

The Preheader has only the header as successor and all edges whlch entered the header of L from
outsnde L now ewix e prehzadsn .

%e;@minbrda,huanmwv)wm_mt’dmwapA
Mux\r\omw} -
\

1 PY&‘AEBAM

AT

v ¥V

Locp L

@ @'e;af{e-‘ i RN (S W-17"

Iw*focluchov')' ok P‘(P..ww
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- o -

-reducible flow graphs with an exémple, ; . -

Q22. Explain reducible znd non

Answer
Reducible Flow Graphs

A flow graph G, is said to b |
e red
edges and it has two properties, They ar:‘:sbi'zl ll;"::: edges can be dmdcd into two dxsjomt groups i. €. forward Ldf,CS and back

. back .
! xc fac edges group contaj s only those edges whose heads dominates thelr tails.
2. e forward ed
gcs make an acyclic graph, with every node reachable from the mmal node of ‘'G,". -

Almost all the flo ' e d
break and goto arc rcduc:;]gr aphs a'rc reducnbvle. For example, flow graphs for statements like ‘while-dio, S’_on'tmug, if-then-else,

In reducible fi . L S
its header. R e ES oW gD hs' there are no jumps in the middle of the loop from outside. Hence, entry into a loop is through

The example of reducible flow graph is as shown in ﬁgure .
Example

v o . e ~~ Figure (1): Reducible Flow Graph L

‘Scanned by CamScanner -
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The back edges in a flow graph can be found and eliminated if DOM (Dominance) relation for a f O;V g]:;g)h __': :cn‘::nu. T;O
cross check whether the above flow graph is reducible or not, remove the back edges 4 = 3, 10 > 7,8 —>3an ’

are the back edges and the remaining are forward edges, the graph is acyclic (after removal of back eriges) and heace redueible.
Non-reducible Flow Graphs o

There are some flow graphs which are not reducible, such a flow graph is as shown in figure (2).
- Example o ' ‘ '

_fiuure (2): Non-reducible Flow Graph

Here, there are no back cdges as no head of an edge dominates its tail. As; the cycle 2 — 3 can be entered at two different
places, node 2 and node 3, the flow graph is non-reducible: However, it can be reducible if thé complete flow graph is acyclic.

Non-reducible flow graphs are very rare. Languages like Modula 2 and Bliss allow programs with reducible flow graphs ‘
-only. ' ) NG : :

Scanned by CamScanner
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Q24. Why next-use information is required for generating object code?
Answer 3 - ' . . : Modet Paper-ill, Q8(b)

In a three-address statement, the use of a namie is defined as follows. If 2 statement i assigns a value to xand there is

another statement j that uses x as an operand and there are no other assignments tox between the statements and j, then it is
said that there is next use of x computed at iin statement j. . : '

'In order to determine the next use of a name, first determine the ends of basic blocks by making a backward pass over
each basic block. Next we scan each block in the backward direction and determine the next use and liveness of each name x. if
~ ¢ has next use in the block, then it is recorded in the symbol table otherwise we determine whether the name is live outside this
block arid record it in the symbol table. From data-flow analysis, we can determine which names are live outside each block. If
live-variable analysis is not done, then it is assumed that all non-temporary names are live Qutside each block. Some temporary
names are also considered live across blocks if it is permitted by the' code generation algorithm or code optimization algorithm.
Such temporaries are marked to distinguish them from non-live temporaries.

In the backward scan of a basib block, When‘we reach a three-address statement such as x : =y op z we do the following.

1. Attach the information found about next use and liveness of X,y and z from symbol table to the to statement i.
2, In the symbol table, set the éntry for x to “not live” and “no next use”. '
* In the symbol table, 'sét the entry fory andé to “li'vé‘f"and their.ncxt use to i.
The or&éf of steps (2) and (3) is not inte_rchang_eablebe_caﬁse x may be y or z.

The same steps are performed for three-address stzite‘ment i of the formx : =y or x : = op y by ignoring =

www.Jntufastupdates.com 17



rands in memory. l"hcrcfmc;

Applications of hext—Use Information
oter can be used 1o assign it

er than the nmrucuom invalving ope
ter is no longer needed, then the regle
« subsequently.

Machine instructions mvolvmg rchstcrs are ehortcr and fast
it is important to utilize registers efficiently. 1f a name held in regis
to some other name. That is stormg, a name in register only if'it will be use

The information about next use of a name has a number of applications.

1. -~ Ttcan be used to assignspace for attribute values.
2. It assists in register assignmcn(.'
3. It can be used to assign storage for temporary names.

Reuse of Temporancs - :

orary name during optimization. But, each time a

Itis sometimes convenient to create a distinct name for each temp ,
quired grows with the

temporary ‘name is created, it must be allocated space to-hold temporary value. The amount of space 1€
number of temporanes The space can be saved if the temporary names are reused.

From the next-use information we can pack two temporaries into the same location if they are not live simultancously.

The storage for temporaries is allocated by examining each in tum.

A temporary that does not contain a line temporary is assigned to the first location in the field for temporaries. If it is not

possible to assign a temporary name to any previously created location, then the storage for it is allocated in the data area for the
cument procedure. Most often, temporaries are packed into registers rather than memory locations.

In the following example, the six temporaries in the basic block are packed into two locations ¢, and 1,.

Ce=y ¥ =
i=xty A fl.—.\"‘y
Lr=x+x t,:=x+x

2 =52, .= t,:=5%1,

e oh e

=Lt I,.—q*r:
_f5:=J.‘*y rz:=y‘y
L=t tig : l‘I:'_"'ldt','z

Q25. Explain in brtef aboutmmple code generator Also explain simple .
o GETREG. A o] ple code generator algonthm w:th the
Answer :
. Model Paper-ll, Q
Simple Code Generator i

A simple code generator algorithm helps in generating code for single basic block. This algonthm uses three address mstruc
ction

inorder to keep track of values stored in register. This hel specti
ps in 1dent1 ing the location of
avmdmg, unnecessary loads and stores operations. = 4 g : et theu " VP s sk x

» Thxs algonthm explains the efficient use of reglster based on followmg four pnncnples
1. They are used for storing few or al] the operands assocmtcd with an executing opcranons.

21 They are used for managing runtlme storage wh:ch mcludc managmg of,

, (x) Run-time smck
(i) Stack pcumers.
3. They are used for storing global values which belong to a block and is used in another blocks

4. ‘They are used for storing the result of subexpression (whe s
: na larg

' _ themselves a good temporaries. : er expression is being computed), there by ma)ung

; % I T
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Mxof“h’"

Code gcncrmrm alyfmthm um M-quuuml three- addn,m "wl"“"'”” "“"w form, x %y op 2.
consiats of the: fnllnwmy xtepa whu,h fire performed ﬁ)r mch !hrec«addu'% isuu:rm:m of the torm,

sualls )
| it 1 eould be a register (us

A i “all 4 funetio K ! L o dcicrmtm, the loe mun I lur ';mrm;z n.zmlt 01 X p:mwmy op 2. 4
or a memory logation.

. : o Ify is currently. In
5. Look up'the emry fory in ﬂw *uldrm descriptor 16 determine ' (one of) the current location () ofy.Ify

hine instruction move
~ buth the register and the memory lmamm thnn take y in register, 1f y is not in L then gc:ncm(c magc
-y L movea cnﬂy of yin ] _

+

the regjster
-3, Generate the machme instruction opz, L thrc z md;cw_s the current lmatmn of z. Agam ifzisin bot: it ;,:5 .
and the memory Im..ntum then mu: 2" valug in rcguu,r Update x"s address descriptor to indicate that x 1s in L.

r
register, then update 1he regmu dm(,rtpwr of Lin mdu.atz that it conmm x value, Fmally, delete x from all other registe
dcacn plosrs. , S - .

Ify .md Z wre in f(,gi:;itr thuc a1€ N0 next uses of thmc opuands, and lhcy are not hvc at the end of the block, then

update their register descriptors fo indicate that those rcgmcrs no lun"cr contain the values of y and/or z after executing
the mt.lmm(m X 1wy ()p z, . -

The same slcpa are rcqmrcd to generate lhc code for three-address statements of thc form X:=o0p)y.

A lhf%‘dddf cas Slmtmcm of the form x : s« y is u special case, There are two cases to generatc code for such statements.

Cue M):yisin Regisler

[f this is the cage, we a:mply updmt, the address and register dcsc,npmrs (o record that x value is available in a register comammo
the value of y. If there is no next use of y and it is not live at the cnd of the block, lhen the register no longer holds y value.

(‘ase (i):ylsin Mcmory anxm(m
Y Ifyis in memory locations, lhcn we can't rccord lhdl x value is in the location of
preserve the value of «. Therefore, we use a function GETRE
that ﬂ:g,Mcr 8 the location r)f' k2

¥, since changmg the value of y can’t
G to determine a register to hold the value of y in it and then make

An .sltcmatwc is 10 generate th i instraction MOV yix. This is preferred if thcre 1S N0 next use of x in the block.
The GET RFC: functmn ls defined as gwcn bclow o

GF'I REG Function

Fora 1hrct.-addru.a s’tau.mcm x:=y oﬁ'z the function GETREG retuns a location Lto store the.value of x.

I aregister holds the value of only onevariablei.e.,y (a copy statement x : =y causes a register to hold, the value of mere
than one variable) and after the execuan of Xy op z, y is not live and has no ncxt use, thcn return the locanon fm‘ L as
the register of y, . & ~

2, . lf condition { laxls then retum an empty rchster forL if avallablc

"(.ondltmn 2 rans. lh(.n detérmine whcther there is next use ot‘ variable x in the block Or op is an operator such that it
requires a rcg,xster {eg. mﬂcmng) then do the followmg . :

% Findan occupled regtster R such that it 13 rcfercnced furthest in.the future or whosc valuc is also available ‘in the
memory. : \

S

-
"

~ Generate the msmu:non MOV R, Mo storc the vuluc of R into a memory locauon Mifit is not already in
%

M.
If the register R holds thc valuc of more than one variable, then generate a MOV instruction for cach variable in R
o save its value. - . e ;

If x has no next uses or thcre |s nn auuable ocx:upxcd regnster, then return the memory location of xasL.

oo By processing, the lhrce-addrcsta statcmenzs in the baslc block the variables that are live are stored on memory location bY
xcﬂeranng MOV instructions.. .+ - .

SRMIM ML E RER SAAIT GSNIUGLLS M0 Sm

— , — _;-_-_ A
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v

s, i

&

e S
T % ek — th t-};caddressdﬁé\" Y
- S L . — e : ; cn e addar SCripy, »
If the. re Vister dcsc;iptcr specify the name of variables that ar¢ prcscnt :: TICT%:'S:?:Z' e ble information obgmm =
- determine 'whetﬁér the same name is already present in its memory lucquo'n_ (lu;:thul they can be stored. I no such informayg,, ‘
data-flow analysis among blocks also specify what variables are present % (.de- < five at the end of the block.
is obtained by data flow analysis, then all user-defined variables are considered as

* Example . . ‘ _' . it
. i P L 4 A s U o g i~
- Consider the three-address code for the assignment statement 7, = (x +y) * (¥

; e “ y t":' =‘x+y5
-12.' =.\’—Z--
'!33;’1":' o . p‘*’
_r:'=t]+lz l ‘

She Tl o A e i unless their values
Itis assumed that a, b and ¢ are always in memory and the temporaries #,, £, and t, are not in mem?ry
are explicitly stored by MOV instructions. - : A : '
e % ‘ s e L . g dut wing code.
For the above sequence of three-address statements, the code generation algorithm produces the following

s

Three-address Generated Code Contents of Content of Address
Lo Statement > Register Descriptor N De_§criptor
, . . | Allregisters are empty |
Gisxtyt | Movsr | Ryholdsy,  |° sisinR, '
SRR . ADDYE" ' : | , : '
hi=y=z | MOVNR | R holdss | 1, isin R,
. SUBgz, Rl:' : Rl holds ¢, Lo LisinR,
CMULR.R, | = g holdsz, tisin R,
S Rondlsy, | wising, '
ADD R,R - | R, holds » : risinR, - -
. MOVR,r | - Ry, ‘ J"lisinR0 and memory

‘When the GETREG function is called for the lacation to compute I, it retums R, as it is available. Since x value is not
~~ in R, it is _loadcd into it by generalin'g the ‘instvructi,on MOV x, Ro then we generate instruction ADD s Ry Next we update the
. register descriptor o indicate that R, holds the value of #. = :

Similarly the code forother statements is penerated. After the statement r = ' : |
_ Y FEfgRo SSE ¢ ._8 , s the S entr=y, +1, the reglsteerbccamcs empty because
the variable #, contained in it has no next use. Since the variable r is live at the end

L : of the block, it is stored in memary Jocati
by generating the instruction MOV R,r. . =

Q26. Désc‘ribe in detail about a simple code genératqr'with the appropriate algorithm,

R A e 0 o 1,
‘ . Asimple code generator can be defined as'an algorithm which generates code for a single basic block. The task of this
algorithm is to consider a three-address instruction and keep a record of values stored in registers in order to avoid usecless
‘production of loads and stores.. -~~~ ' . ' .

The code generation algorithm uses. register and address descriptors. They help in régistér allocation.

Register Descriptor

values are held in that l:egister. Initially all registers in a register descriptor are empty. As the process of code generation for &
block progresses, each register holds a value of 2ero or more variables at any instant of time. The information stored in a register
iptor is needed whenever the.re is a need of a new register.. . ' AR

A register descriptor keeps the information éb'out each register. It associates with each register a list of variables wboae

»

AR
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/ T Tess nescri[;tor

An address descriptor also known as variat i ' :
¢ value of the variable can be found at :u'r‘]“g]e dc'scrlptnr. !u:cps information about locations of cach variable where the
me. The locations could be u register, memory address of both because the

¢ . ‘
iable was just loaded from memory into register ;
ble and used to access a name. ' gister and ita value has not changed, This information can be stored in the symbol

LYY v

/" with the use of descriptors, one cs i o
/ simregisers when it i kngv:n t’h‘;{‘:’h:‘:"; I‘:lc:::nll:cwhat values are present in registers and reuse them, if needed be, Also
/ o into appropriate memory locatigins, cld in registers are no longer required in subsequent code or sending the values
Example
Consider the basic b i " ; :
; : e lock and its corresponding dag rz?prcsemauog’givcn below.
‘ Chi=xty o ' ‘
x=t
23 "_;y - )
y=,
,=y==0 ’ : . ' . .

if false z, goto I

- N

Figgr: Deg

; Now consider the generation of TM code. Assume that there are three registers R, R, and R, and there are four address
descriptors namely inRegister (mo), isGlobal (goffset), isTemp (toffset) and isConst (val). Assume also, that x and y are in glokal
focation 0 and 1 respectively. Global location can be accessed through the gp register and temporary locations can be accessed
through the mp register. 7 : ' '

Initially all the registers are empty. The address dcs'criptor table beging }g_cforc code gen;ration for the basic block as given

below,
Variable Name , Address

o x isGlobal (1)
y 2 ; ,isG'lobaI 0)
! | : -

4 | ' ’ =

1 L

1 | isComst(1)
0 ’ isConst (0)’

Initially the register descriptor is empty. '
Suppose that the following code is gcncratc’d.» '

LD 0,1 (gp) /* load x into R, */ S :
LD 1,0 (gp) /*load y into R, */ ‘
MULO0,0,1 /* Multiply R, and R, and store result into R */ ‘ 7 s

Scanned by CamScanner
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Now, the-address descriptor table contents would be,

Variable Name

Address

and the registcf descriptor is,

Now the subsequent code generated is,

LDC 2,1(0) /* load constant value 1 into R, */

. SUBL,1,2 /%Subtract R, and-R, and stores result into R, */ *

Now, the a&dress descriptor table given as,

 and the register descriptor is given as follows,

x inRegister (0)
isGlobal (0), inRegister

¥ (h

t inRegister (0)

' 1

tz -

r, —— e
N isConst (1)

0 isConst (0)

‘Register Variables
0 x, 1,
1 y )
.2 =
Variable Name Address

x " inRegister (0)

y inRegister (1)

1 ] inRegiste; 0)

L .iﬁchister m

1 isConst (1), inRegister (2)
0 ~ isConst (0) -

Register - Variables

0 X0

: i,

B !
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SHORT QUESTIONS WITH SOLUTIONS

a1. Whatis an activation tree?

Answer 3 ‘Mods| Paperd, Q1(s)

An activation tree is a tree that shows how control enters and lcaves acnvatwns

In an activation tree,

(i) Every node corresponds to activation of a procedure =
(ii) The root node corresponds to the activation of main program. ST

(iii) The node for activation of procedure p’ is said to be parent of node for actnvanon of procedure ¢’ ifl the flow of
control sequence is from ‘p’ to'q’. '

- (iv) Thenode for activation of procedure ‘p’is said to be the left of the node for. acnvatmn of procedure ‘g lff the lifetime
of *p’ occurs earlier than the lifetime of * q soF

Q2. Whatis an activation record? PE
Answer ¢

-

Activation record or frame is a cont:guous block of storage that contams all the mformatlon rcqulred for a single execu-
tion of a procedure. An activation record consxsts of seven fields as shown i m the figure. '
) .

' I Returned value J
) N e, 0 i ‘:»_.r‘ActualparameterLl- : w L NE AL
[ Conwollink | e CaT O S &
' [ AceesEnk - | EOL |
r Machine status | :
[ Localtata |

[—Tempomry values |

il Flgura An Actwatlnn Record
Q3. Describe about access links and displays
Answer : :

Access hnkﬁ

* In this method a pomter called an access lmlms added 10 each act:vatlon record If procedure pl is nested mlmcdnatcl) ‘
M:hm p2 then the access link in p1’s activation records points to the access lmk in p2's activation rcv.,ord which is the most recent
activation of p2. - e,

Displays

This method maintains an army d of "pointers to activation records called a display. An array elemcnt di] points to tbo
ﬂcnvauon contammg the storage for nonlocal x with nesting depth /.

-

._..Lef
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- Q4. L:st the basic functlons and properties of
: memory manager. S

: Answer s ;

o Functinns ul Memm'v '\lanap,cr :
The two basic functions of memory manager includes,
(1)~ Memory allocation - '

~{i). Memory deallocation.

Properties of Memory Manager

: 'l‘hé properties of memory tnanager include.
(i)  Maintainence of space efficiency .+
(i) - Maintenance of pr_égram efficiency '

e (iif) Minimizing over head.

Q5. Write a short note on code generation and

list the generic issues in the design of code
‘generator.

Answer :. Model Paper-l, Qi(e)

Code Generanon "2

. .Code g ;,encratmn phase is the last phasc of compiler. It

“isan lmporumt phase of the compilation because, in this phase

- the compiler convert the intermediate code into machine or

" assemnbly code. Moreover, the allocation of memory to variable

in source program is also done by this phase. The code genurator
assigns register to varlable in the program. :

‘ Design Issues of Codg Generator _ . ' i
Pt R T 8 LI .

(i) - Ouput Moy &:4

S (1)) Memory. management
- (iv)  Seléction of machine instruction
- (v Allocating register
: {(vi) Evaluation order .
(vii) Code generation.
- @6. Define Basic bloc':k,
~ Answer :

Ahbasic block is bunch of thrcc-add:css statements, such
that the flow of control if once enters a block of statements then
flow continuously without stopping or pausing and ends at the
end of the blnck .

Every statement ina basnc block is a three-address
statement,

4

“Inan assi gnment statement, ;
wh* ‘ ‘ i
ais dchned by using b nnd c.
_ Thus, we can say that the above slatcmcnt dcﬂncs ‘a’
% and uses ‘b’ and ¢”.

A symbol or a variable or a2 name is known a5 a live
symbol orname if its value is used in future or from that point.
Suml'lrly, aname is known as a dead qymbol if its value s not

Q7. Whatls flow graph? e
A . T Wodel Paper-il, Q1{e)
nswc
A flow graph is ¢ graphical representation of three-
address statements. 118 used to show the flow of cantrol

information tn the set of hasic blocks of a program. It consists

of nodes and edges. A node of a flow graph is a basic block

that performs some computations. An initial node consists

of a block whose jcader is the first statement. There is a di-

rected edge from onc node to another representing the flow

of contgal between blocks. There is an cdge from block B

“to block B2,

Q8.  Discuss briefly about natural loops and inner
. loops of flow graph.

Answer :

Natural Loops

" Inaflow graph, if there exist a back edge n — b, then the
natural loop ef the edge ‘b’ is given along with a set of nodes
that do not go through ‘b’ to reach *n’. In the edgen— b, bis
the head and n is the tail.

Inner Loops

Aloop that does contain any other loop is called an inner
loop For example, the flow graph given in the below ﬁgunc (§)N
has an inner loop 4 —2 i.e., the path from.2-3-4.

X . Figure: Flow Graph with an lnner Loop 4 —» 2

QQ.‘ What are reducible and non-reducible Nlow
+ graphs?

Aﬁswer ]
"Reducible Flow Graphs

" Aflow graph G,.is smd to be reducible, itits dgu can
be divided into two dlsjninl groups i.e., forwand edges and back
cdpes qnd it has two properties, They are as follows,

heads dominutes their tails,

- gomg to be’ uscd in the rest of the prog[am

node reachable from the initial node of 'G,’".
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Model PapacV, Qi(e) ~

1. The back edges group containd only those edges whose

2. The forward edges make an acyclic ml“\- with c\;éry"




.Almost all ‘lhe ﬁcn'y graphs are reducxb]e. For example, flow graphs for statements Jik¢ while-do, continue, if-then-else,
preak and goto are reducible. In reducible flow graphs, there arc no jumps in the middle of the loap from outside. Herice, entry
into aloop is through its header. ~ '

Example .

Figura: Reducible Flow Graph .

: Non~reduc|hle Flovs Graphs

~

Ihcrc are some flow graphs whxch are not reducnble, such a flow graph is as shown in the below figure'

Example
FiguresNon-reducible Flow Graph
©-Q10. What are the applications of Next-use in‘forinatlon'? S : T
VAnswer' S ',‘ i

Muhme instructions mvolvmg X‘CnglCl'S are shértcr and faster than the instructions uwolvmg operands in memory, Therefore,
itis xmponam to utilize registers efﬁcnently 1 4 name held in register is no longer needed, then the register can be used to assign it
10 some other name. That is storing 2 name in register only xf it will be used subsequently.

The, information about next use of a name has a number of applications. ’

L Itcan be used 1o assign space for attribute values.

'h)

Tt assists in register assignment.

W
b

"t can be used to assign storage for temporary names. y
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‘ - _CD-UNIT-£

N
Q!&;\L;T%?el)cgg‘g?}v TO CODE OPTIMIZATION: , : |
result fastenl—)-'rlﬂlnziz:;on phha-se attempts to improve the intermediate code , 50 that it will
> - machine code
» Compile v : i » |
S Optirsﬂzil:otga't 2pply C?dE-lumving transformations are called Oplimlzillg
G _E‘;-ﬁ(—j?f-?_gi@,[ﬂ,l‘s_teQulred,.so that the compiler.can. generate
—’_‘R‘”d—ﬂ-l’tt’%gq_-coderalong»With preserving the meaning of the l)rogram.
> Theor = RECHChon n 5128 of generated code. = e sl
' 0rgamzanon_of Opt-im_i_ZiDg compiler is shown as- M S

Compilers.

, V propt
sl 558 | i
’ g e . .
soue.] front end [~~~ ~7|code optimizer - proqvam
Progmm 4 o : N _
s N SN . i
& ~
i / \
7
croAnﬂtroI.ﬂow ¥
Analysis [
, TS, }"f""‘;'lv
» The code optimization phase consists of control-flow analysis, data-flow analysis and the

application ofitransformations.
diate code.

The code generator produces the target program from th_gé%,.,_transformed interme
The input and output 0

ut of code optimizer is,aﬁéilntermediéfé'COde.
‘There can be situations where a piece of code cannot be optimized. Hence the o
from the code optimize

r is the same Set of intermediate code.
. e s ¢ o A o
ntages of Optimizin Compiler:

-T y

fie operatioﬁis-,nééﬂfed to i}mplemént’.high-level constructs are made explicit in
e . the intermed ‘ ; -
] g - As the mac

4te code, so'it i possible to optimize them.
‘ hine independent phases are separated from machine dependent
~ phase (code generato S optimize code with few changes-
o evenif the code generat '
Machine De endent-O timization:

r), the code optimizer can easi
or is for any kind of machine.

o Machine ,dependeht optimization stem from special machine properties that can be

- exploited to reduce the amount of code or execution time.

- Example:

" Register allocat
: op'c'i‘ativdn.‘ . _ _ 3
‘Machine Inde endent Optimization:
S -;s;_:';Mac‘hine-_lndependent Optimization depends on only the arithmetic properties of tl
e .,‘_‘,»:'op'e‘rat_io'ns\in-t of the

utput

Y V.V

jon, data interm_lxgd, with instructions and special machine features, exi-vector
o ' ' . e Iy W4

hé language and not on peculiarities of the target machine

I PO
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g Pt =3 ST ‘”’OPEf(ﬁJ"‘M”'A ftu._wﬁﬂ//
c’\&.';( cun’(hm ahc {)n)() (h
THE-PRINCIPLL SOURCES OF OPT IMILA] TION:

ing only at
- A transformation of a program is called-focal, il it can be performed by looki y |
_the statements in a basic block; otherwise it is global.

. \> Many transformations can be performed at both the local and global valucs.
> Local transformatlons are usually performed first.
N

S

in
_There_are number: of-ways.in-which a compiler-can- improve-a program. wnhout "hdm’ bm
, tltujunctlon At-computes—They-are;

~ @) Function- preserving- lransformat|on~; ' — ——

) Loop, optimizations. i
@ FUNCTION PRESERVING TRANSFORMATIONS: (" oral Opfimigatios)
> Itis also called as local optlmuatlon -

> lt includes, ‘
~ ‘a)Common Sub- expressmn Ellmmatlon
b) Copy Propagation. -
¢) Dead- -Code Elimination.
'd) Constant Folding.
iCommon Sub-expression Elimination:.

» The code opumlz'ttlon can be 1mproved by\ehmmatmg common subexpressnons from the
“code. _

 » 'An expression whose value was prevnously computed and the values of variables in the
., expression are not changed. i

Since its computatlon can be avolded to recomputed 1t by usmg the earlier computed
‘value.

E\ample.'

>

<:\ .
~

-In thls code b*c.is common for both a’ and

- -Then this code is reglaced by thc code while ehmmatmg b*c subexpression is,
R tl :=b*d¢ T e
. —tl Rt ,

i > It is not pOSSlble to ehmmate an expressmn lfthe value of one of its variable is
L ~changed. - ?,‘-

Examgle

In thns code b*c is not common for both ‘a’ and 2’ because ‘c’ is changed after
ai=b*c is computed :

‘b) Copv Propagauon
% Itisalso called as. Varlable Propaganon

- » If there are copy statements. of the form x

. variable x is repldced by the variable y in the subsequent expression.

: "% The copy propagatlon is posSlble if none: ol the variable is changed after this
PR :arranvement

i ‘ Y
h - .

=y then in C.opy propap,.ttuon the use of

Scanned by CamScanner e
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-This code has common sube\presslons h+c .md b+d i el e
-If we replace the variable ‘d” by the variable ‘¢’ as  both have the sa e

-After applying the copy propat,atron thc codc |s. i

a:=b+c

d-—c

¢:=b+c-3
C) DC‘ld Codc Elimination: : : :
». A picce ol code which is not reachable, that is, the values it computcs is never
~anywhere in the program then it is said to be dcad code.
> It can be removed for programi safely. ..
o _/\n assignment to a v'trtable results in dead code |t t

used

hc value ofthls varlable is not used

in the subsequent program. . . \
> Copy propagation often makes the copy statements mto dead code
Example: ~ -

: -Here let us suppose the value of ¢d’ and ° a ' are not used in the subsequent
. prog:,ram then we eliminate the dead code vartable d-anda; the code is changed aﬂer the
; cllmmatlon of dead code is, - ~

d) Constant Folding: ~ o t
The substltutton of values for names whose values are constant is known as Constant

" Folding.. . : _
> Constant foldmg is snmply apphed in such a way that values known at complle time to be

associated with variablesare used to replagce certain uses of these variables in the

translated program text.

E)tample l

#define P13.14
area=Pl*r*r; ' ’
~-Here area= PI*r*r is replaced by area—3 l4*r*r at the tlme of compilation.

b) LOOP. OPTIMIZATION | | |
1 ‘The major source of code opttmlzatlon is: loops espemally mner loops

K > Most of the run-time is spent inside the IOOPS Wthh can be reduced by reducing the
i< cnumber of mstmchons in an mner loop

'lt includes,

a) Code Motion SRR ;
~b) Induction Variable Ellmmauon IR

1“ ' ) Reductlon in Strength

e oo .. Scanned by CamScanner
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".!. C()dc Motion :
> . Code Motijon r
- aloop. ...

"> Loo

It moves loop-invariant computations.

e ZOOPTINVARIANL computations or expressions that results in the same

I . jon
L . ) ing lﬂSll’Uct
educes the number of instructions in a loop by moy:_nb .

value i

é outside

ndependent Of

> An induction variable js.a

induction variable in some
~» Itcanalso be defined asa v

AS

fixed way.

V ~,

_ .j_’nur_n'be_r in a loop each time, the loop is executed, - \\‘ &
~» Induction variables are of the form i=ixc, where ‘c’ is a constant.

S V.il_lt'a[-lo]?b[lo];.
void: fun(void) -

' : N v inti,j,k; o M L )
R I £ ¢ R
: : ~ return; ok,

Y

“ -Here,we have threég;indg‘p_ti on ;Variébles' g,k
-j and k are not used properly,

s °

the change is, _
| void fun(void)

515 Aol ie

il -nU*mb‘e'r“Q“imeS-a-Ioop‘is’"éxecﬁt'c"d.‘ o
Example: _
T -Hcrf:,: eXpression n-2 is a loop-invariant compttation.
% The expression is changed t N S -
. m=n_2; - ’/,
while(x!=p
l i) <
. ‘q+2; \ &
— e e e e o ey e, iy } : .L, - \,\~ = _
iy o e e _' E ; S .\,\
'b) Induction Variable imination: RN

loop control variable or any other varigble that depends on the

ariable whi’cﬁ‘i'gf'iﬁéfé}ﬁéﬁted_ or decremented by a fixed

b

[
Lo

S0 we eliminate induction var?ablesj and k, then

-
,“

for(i=0;i<10;i++)
| alibriy
. - return; - e
Y

)\ ,

: > :Thié"bfopérty,\vill.reducéﬂlé code and i

. compiler. -

mproves the run-gj;

N¢ performance of 5
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c) Reductlon in Strength:

- Example:-

t
Strength Reduction is the process of replacmg expenswe operatlons by equivalen
cheaper operations on the target machine.

~On'many machines a rriultlpllcatlon operatxon takes more tlme than addition or
subtraction. '

On such machines the speed of the object code can be mcreased by 1ep1acmg a
multxphcat;on by an addmon or subtractlon This is called Reductlon in Strength.

for\(1=.1 ;<5 ;i++)

Here, the instruction Xx=4*i i is equal to » :
ffor(l—l 1<5; 1++)
| L |
et X=x+4; //where x=0

)

- Scenﬁed'by CzirhScanner 5
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@NTRODUCTION TO DATA FLOW ANAI YSl‘s

v > : The code improvement phase consists of control- flow an'll)’*'s data-flow analysh e
appltcatlon oftransformatlons

1.1 Basic Blocks:
2 A Basic Block is a

| ' at the
collectlon of three-address statements in which flow of control enters

> beommnn and leaves at the end wnhout halt or possibility 0f bra"Chmg except at the end.
Every statement In a basic block is a three:address statement.
Example: :
a=(b*L)/d+k o
The three-address statements are, . / E
| 1 _b*c | - . .‘ V ’.)/"./y‘/""’ \\\‘ . \\~
- 2=t/ SRS I SN Y O N
—t2+l\ ; B /,‘»_/J.__:..A_\ .\\\ E

_1 2 Aloorlthm for. Partltlonmo into Basic Blocks: b ~ ‘ o

»This algorithm is used to partition a sequence of three address statements into basic blocks

Input: A sequence of three-address statements. " <y. \ N

- Output: A list of basic blocks with each three- address statement m\exactly one block
Method: N

> We first determme the set of leader\s i.e, the first statements of basw bloclgs

> The rules used are, N B Y
~i)The first statement isa leader O e S N

v

u)Any statement that is the target of a conditional or uncondlttonal goto is a leader.

- lii)Any statement that lmmedtately follows a g%to or condxt;onal goto statement is a leader.
A Basic Blogk is drawg for each leader followed by { the set of statements

No Basnc Block can hag/e more than one Ieader X '

\\ .
% LT 4\:‘, S - N
Yoy - b Y o

v
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armatory for a ﬂow W Graph

015"'wm° an algoﬂthm to compute Teaching deﬂnitlon lnf""“

ofa vnrmblc V is said to reach apg, -
problem is to compute for cach blmk

N,,wcr :
"" A statement that assigos a valuc to a variable ¥ is a definition of
f[hent exists a path from d to ) p along which Vis not rcdcﬁncd The reac
" definitions of cach variable whlch reach the bcgmmng 0]' Ihc block

- Thc data flow equatmns for reaching definitions nrens follows, - s ess o | | = /
e BGN[B]- D ENDIP] e 3
e roreprr e 88 v -' e

. of.B. . —
END[B] GEN[B]u(BGN[B] KILL[B)—

" ... The union opcrator (U) in equation for BGN(B] 1nd1catcs lhut as dcﬁnmon rcachcs a block if it reaches the end of any of
“its predeccssors _ . .

V. A dcﬁmtmn d
hing definition

et e

T

A]gorithm

. The 8180"1}““ for Compmmg rcachlng deﬁmuons takes a flow graph as input for which the sets GEN[B] and KILL[B]
~—have been Compumd for each block B. The output of the algorlthm is the sets BGN[B] and END[B] computed for each block B.

' " Thealgorithm mmally assumes that BGN
8 thﬁ' are not killed the algd'nthm Is as follows.
I, Initialize END[B] = GEN[B] for each block B on the assumption that lmually BGN[B] ¢ for all B.

2.- Do followmg until there are no changes in any of the END[B] sets. - -A E s

SENE- o S

" (i ) - For each blockB calcilate
‘ BGN[B} . END[P]

Pmdwcssor

[B] = for each block B. It propagates reachmg definitions information as long

) of B ~
PREV END[B] END[B]
END[B] —GEN[B]U(BGN[B] KILL[B]), o

(1 i) " Check whether there are any changes in END[B] sets by comparmg PREV _END[B] and END[B] Record the resul {
this helps iri terminating the algorithm.

Q16 Explaln the worklng of the above algorlthm using a sultable example

.

Anm,ver : y : Modal Paper-lll, Q7(b)
Con51der the graph shown bclow '
L : . \ . o et
| ity el S Y _g.;x:-l‘(*,z_, GEN[BII (d, dz.d;)
Blf.Cy = KILL{B1 = {d d.dud)
.| dgrz=a
GENIB2) = (4, &) . w TR TR

KILL[BZ] {d 4.d,,d,}

L (dJ  GEN[BAI= () -
| KILLB3) = {dj) KlLL[B4]=-{d,d}
Flgure Flow Grnph

i Thc above ﬁgure shows GEN and KEL scts computed for each block In the nbove flow graph there are seven definitions
fv dz'% s d; deﬁmng the vanables X, y a.nd AR : .

We use bit vectors o fepresent the set of &eﬁnmous In a b1t vector. thé.bit i contains 1 if and only if the definition d is
Rihe set. i SR , o

Tfle ﬁrst step of the algornhm mltmhzes END[B] GEN[B] for ¢ach'block B on the assumption that initially BG N[B] =
Morall B, These itial values of END[B] are shown in the table given below.

. - ey lﬁ
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N

P

%/

K i

sl

B

il

The algonlhm enters
B4 in thal order with B = |

BGN[BI] ¢ represented hy 000 5000 sfncc Blisan mltlnl nudc which lmvc no predecessors and
END[BI] GEN[BI] , '
. _ N viesae . , . 1 g IS w w mt
- Wh]ch a]so n:mmns equal to GEN[B1] since PREV_END(BI] = END[BI] the variable-any changes is not

2,B3. nd————
into the whrle loop-and startsfirst ucmnon-Suppoqc in the-inner-for- loop B lakca B1,B a

-Next for loop takes B = B2 for which BGN and END séts are computcd ‘ng follows, X

BGN[BZ]= END[BI] U END[B3] U END[B4]

e

I ' ~ \=1110000 + 0000 010 +0000 001 |

=1110011. SR it
END[B2] = GEN[B2] U (BGN[B2] KlLL[B2]) o ',
it 20001 100-+ (1110 011 - 1100 001) S
=0011 110" ’ .
Srmllarly BGN and END sets for B3 and B4 are computed the table gnven below shows these computations.
Block Initial Values Iteration 1 - Iteration 2
B | 'BGNBI'| END[B] | BGN[B].| END[B] | BGN[B] END[B]
BI1 0000000 | 1110000 |. 0000000 | 1110000 0000000 | 1110000
| ~B2.[. 0000000°| 0001100 'mdqu 0011110 111111 0011110
| - B3 0000000" -i_oooooro | dornro | 0001110 | oo11110 4ooo,urq
B4 0000000 | 0000001 | ootirio | ootoris | oorrito | oorons

a1
bt

The sccond lteratlon of whrle loop starts In thrs 1teratlon there are no chan

Table Compu(atlon of BGH and END Sets 1or Exampla Flow Grnph

_ At the end of the ﬁrst iteration the set END[B4] 0010111 re
' d d and d reach B4 without bemg killed in B4 '

/

presents that the deﬁmtlon d is generated inB4 and deﬁmtrors

ges to any of theEND sets so the algorithm

lcmlnates . . AP
Q17. Write the iterative algorithm for reac'hing_deﬂnition. Compute in and out for the following figure.
T e s L e . . . y -
. ‘ ; g qdlii=m-1 ‘
g 8 . Sy 0 d2;:j=n |
P S B e |
T [awisinn
' s L mlEmin ] :
"lr‘ . \ - 3 . ' \‘
dé:a=u2- :
r-1 .
Answer 3 e

I teratrve Algorrthm for Reaching Deﬁnmon

Model Papar-l, are)

Sc_anned by CamScanner |

www.Jntufastupdates.com
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Flgure
In the ﬁgure of ﬂow graph, there are seven deﬁnmons d d

I “The GEN and KILL Se\ts for each block are as fol[ows, ’
For BI: GEN[BI] {d } _ _ ’
. KILL[BIi]= 4{4‘,(15,_% dy o,
- ForB2: GEN[B2] = {4, d} |
KLLB2= oy .
ForB3 GEN[B3]= {d} - LA LT | ,
 KILL[B3]= @) - A
ForB4: GEN[B4)= @y | o
KILL[B4] {dl,d} 5

We use e bit vectors to represent the set of deﬁmtrons In a bit vector, the bit i contains 1 if and only if thc definition d, is
ln ‘the set. s j g :

-

. The ﬁrst step of the algonthm mrtrahzes END[B] GEN[B] for each block B on the a ase umptron that mmally BGN[B] =
4 ¢ for.%ﬂl B These mrtlal va]ues of END[B] are shown in'the table : ;

First Iteratnon . e '_ .

The algonthm enters mto the whrle loop and starts ﬁrsr zteratwn Suppose in the inner for loop B takes B1,' B2, B3 and
B4 in that order with. B= Bl : .

L BGN[BI] ¢ represented by 000 0000 smce Bl is an mmal node whrch have no predecessors and

| END[BI] GEN[BI]— 1110000 = s P |
' w},,ch also remams equal to GEN[BI] smce PREV END[BI]—END[BI] the vanable any changes is not set to trye.
Next, for loop takes B BZ for whrch BGN and END sets are computed as follows ‘

BGN[BZ] END[B]] v END[BB] v END[B4]
N —GEN[BI]UOOOOOOOUOOOOOOO
AT e 1110000+ooooooo+ooooooo ..
""4-11‘10000 g ;
¥ 5 END[BZ] GEN[BZ] U(BGN[BZ] KILL[Bz]) £ RN ) .

i ‘ ‘--ooouoo+(moooo 1100001) T, W e o |
g =0001100+0010000 . . 7
- =0011100 R

R

- _S_eén_‘n'ed'by' 'CemS'c‘amiverr
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/;
7 Now, for loop takes B = B3 for which BGN and END séts are eompuwdu follows,
'\‘ A W—f

\,,»-—-—-—‘ BG‘\I[BS]""END[BH

= —oomoo s
. -END[B3]=GEN[BS]Q(BGN[B3]‘— KlLL[Bﬂ) '

~ =0000010 + (0011100 - 0010000) e
hiiliha -

e : "0000010+0001100

= 0001110

e ——

' follows,
Now, for loop ta.kes B = B4 for which BGN and END sets are corﬂP“tcd e .

BGN[B4]= END[BZ]
© =0011100-
cs END[B4] - GEN[B4) U (BGN[B4] CKILL(B4)) | :
= 0000001 + (0011100 — 1001000)
- ooooom +0010100
- “=0010101
,Sccond Iteration

The algonthm enters‘into the while loop again and starts second iteration. Here,
each block obtamed in first iteration.

ForB = Bl'-_BGN[Bl] ¢ 0000000
' _ END[BI]— GEN[BI]
. = 1110000

.FbirB -B BGN[B2)- END[BI] U END[B3] v END[B4]

= 1110000 + 0001110 + 0010101

we coﬁsidcr the BGN and END sets of

b = 111111 o _
N . END[B2- GEN[B2] U (BGN [B2] - KILL[Bz]) :
—ooouoo+(11111n —uooom)
b it v —0001100+0011110 SRR
ForB=B3; B'GN[B3]=END[B2]’ S R
i o =oomio CELE e _. i
970 END[B3] GEN[BB]U(BGN[BS] KILL[B3D | "*!
et -ooooow+(oonuo 0010000) i e ik ;
; —ooooom+0001110 ._ | E o
_ -_—0001110 A g

www.Jntufastupdates.com
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~—ForB=B4 BGN[B4)= END[B2)

=0011110

END[B4)= GEN[B4] U (BGN[B4) - KlL’L'[B"*D £

= 0000001 + (oonno- 1001000)

-

s

- ForB=B4;

00]1110

E END[B4] GEN[B4] U (BGN[B4] - KILL[B4])

- =000001 +(0011110 - 1001000)
L& 000001 +0010110
x —0010111 ‘

9
) ) —ooooom +(0010uo) !
. = 0010111 S
*t;ird Iteration o
lock oz?:;:l%io:xt?:;:::ﬁ:;‘:z}:e while loop dgain and starts third iteration. Here, w§ consider the BGN and END scts of cach
‘For B=BI;  BGN[B1]= ¢ = 0000000
wieivin. . . END[B1]= GEN[BI]
. =1110000
ForB=B2; BGN[B2]=END[BI] U END[B3] U END[B4]
' —1uoooo+ooomo+0010m
.=l
: EN_D[BZ]= GEN[Bz] U (BGN[fsz] - KJLL[BZ]) - o
=0001100 + (1111111 — 1100001)
=0001100 + 0011110
o = 0011110 i
- fkfo'r B'=B3; .BGN[BB]\— END[B2]
o L - = 0011110 ,
 END[B3]= 'GEN[B3] U (BGN[B3] ~KILL[B3))
| © =0000010 + (0011110 — 0010000) ‘
= 0001110 '
_ BGN[B4]= END.[BZ]

‘L _.fln thc thud 1teratlon of whllc loop there are no changes to any of the END sets. So, the algorithm terminates.
The table shows all the BGN and END sets for the given flow graph:

www.Jntufastupdates.com

‘Block  [nitial Values R Iteration 1 Iteration 2
| B | BGN[BI:.| ENDIB] | BGNIB] | END[B] | BGNIB] | END[B)
e T 0000000 | 1110000 |- 0000000 | 1110000 |- 0000000 | 1110000
B> | .ooo0000 | oootroo | 1110011 | eomrito |-t | oonnnne
B3 | ooooooo | oovooto | oort1no | oootrto | ootuto | ogorrno
s | oo00000 | 0000001 _00_11110' 2| - ootounn 0011110 | oottt

18



o S“°RT QUESTloNs WITHSOLUTIONS —~  ~~
Tt _Discuss brleﬂy about . — k

(i) Local optimizations

(i) Global optimizations,
Answer s 29 Modal Papecd, G
@) Local Optimizations

These are the optimizations carried ouththm asingle basic block. 'Ihxs technique do not ,equlr ethe in formation regarding
 the data and flow of control. Thus, lmplementatnon of this techmque is simple.

(i) "Global Optlmlzatnons

‘ These are the optimizations carried out across basic blocks, instead of single basic block. This analysis is also known as

data-flow ana]yfls In lhlS tedmlque addmonal analysm is required across basic blocks. Thus, implementation of this tcchmquc
is complex. T _

02. Brleﬂy explain how global common sub expressnons are eliminated.
i Answer

' Ellminatmg Global Common Subexpresswn

The code can be improved by ehmmatmg common subexpresswos from the code An expression whose value was previously

. computed and the values of variables in the expressmn are not changed, since xts  computation can be avoided to recompute it by
i usmg the earher computed value.

Example '
Consnder the followmg sequence of code.

_ a._—bf“
] . PR

e ‘i'._,.z_b*cﬂi N P AL L T M
| . . | :
Inthe above code the assngnment toz have the common subexpressmn b*c. Smce its value is not changed after the point

it was computed, and 1ts use in the cxpressxon z, we can avoxd recomputmg it by replacmg the abovc cade as follows:

_.‘:.'-a ,-= tl : ‘ .
2 -t +d c v

Howevcr n is not possxble to ehmmatc an expressnon if the value of one of its variable is changed.
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. Consider _th‘e‘fol_l'owing code:
gl ear=heg

Ce=d¥e

T N E I S

=brctd-c- Sremae—— ‘ i o ‘
‘ * ¢. Therefore; we ——
omputing b*¢. T
variable ¢ is changud afterc
Here the €xpression b* ¢ Is not common because thc e value of e ——
cannot eliminate this' expressxo . s '

, : Q3 Explain brleﬂy elimlnatnon of redundant mstructlon in reephole optlmlzation

Auswer H

l"slmbtlons

. : . L ,
S i
T

MOV R1, A

i 2 MOVA RI. _
" Here the ﬁrst mStruchon Is storing the value of 4 into register R1 and second instruction is loading R1 value into 4. These
lwo mstructlons are redundah{ 50 we ellmmate mstructlon (2), because whenever instruction (2), is executed aftez (1), it is -
ensured that the register R] contams A value. But of the i mstructlon (2), had a Iabel then we could not delete it because we are
not sure that (l) will al

ways be executed before (2) To perform such a lransformahon both mstruclmns must be in the same
koo bisxc block. e oy . |

5; Q4 Dlscuss bneﬂy about

(i) Simphf‘ cation of algebraic expressnons '
i (Il) The ‘use of machine mstructlons

Answer 3 R

: S C ot Model Paperdy, Qi(n

e :(i)' .", Slmpllﬁcatlon of Algebralc Expressxuns

et ' : A gh peepholc optumzanon One of this is 1o lmplement
thc mtermedlate code generator often produces statements

: ‘Such as, ‘ :

a -—0+a ora—-l *a

thch can be elunmated easxly through pecphole Optumzatlon

f (nj!f

1 pressnon ie,x x Itis cheaper to implement a ﬁkcd-pomt mulhplication or division by a power of two as a shift operation
ex
tan(i cﬂoatmg—pomt dstnon by a constant as multxpllcatlon by a constant,

fthese instructions
Targct machmes have hardware mstructnonsﬂlat can perform certain opemlxons more cfficiently. ;hs:iehoas ;Lu o
in the target code SIgmﬁcantly rcduces the runmng Ume of the target progran:1 l;I‘he nd:r:z:r;i cr:l(:y e decretien
d or dccrem(.ntc y one au

achine causes an  operand to be i incremente e e S

avallable & Some . tack greatly unproves the target code. The statements like x = x
arain ing and in pushmg or popping a stack gr Y.

3 cthTcPasslade by these addrcssmg modes. Thls techmque is also called use of machine idioms.
can also I CP

y p

20
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% . Data ﬁow analysis.

*  Transformations to generate an optinii_z'ed code.

* The input and output of the code optimizer is an-intermediate code. However,

' intermediate statements. In between, the code optimizer uses control flow analys

. then performs séme transformations to generate‘optimized code.

the code_is an optimized set of
is and then data flow analysis and

A : ituati re a piece of code cannot be optimized. Hence
o < There can be situations where a p [ op o ,

the output from the code optimizer is
the same set of intermediate code statements.  ~ _ ,

Q6. - Distinguish between machine dependent ahd-hjéchlne iﬁdependent ppﬁmizat‘ion_,
R+ L

. Machine Independent
Itis dependent on the instruction st and addressing | 1. | Itis independent of the

Machine Dependent

- @

target machine; but depends on

modes to be used. _. | ‘the sourbg language characteristics,
d The efficiency of .the'progra‘m_ Is improved by - 2| The éﬁ‘f’i"“cy of the target cade is improved by using
: allocaﬁng sufficient number of resources. _ | @ppropriate program structure,

| Intermixed instructions with data increases the speed |3 | Elimination

: of dead code increases the speed of
= . _execution. - g, oo e e
f, of execution. . N LT : s EIIAON S ' :
| SRR L R A e ver ] 4.
.| Intermediate instructions are used wherever N R

necessary. < - -

' I'de.ﬁtic'gl 6'0mputaﬁon$~are
avoiding the Tepeated com
= -~ ENGINEERING STUDENTS

———

ﬁdvgd It'o one iﬂa’ce’, thus
utation of an expressian.

o ETER vy s PR
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Q7.__Write a short note-on;

(1) Polnts

() Paths,
Answer:
() Poiats »

A point is the one that comes bctWecn two" contlguouq statements and thc -ita!cmcnu, thut comes one after the oth(,r Thc

‘ followmg figure illustrates the use of points in basic block:

N enL s - T

O | I S Jr=j+l
: pY,
2 t:=49]
-
3 ti=alt)

_ S ‘
| 4. ift, < pivot

- o e e [T e e . o ==

Flgure Basu: Bluck Ctmtainmg Diﬂnrent Pulnts

As shown in above figure, if block contams four statemems lhen there exists exactly ﬁve pomts (i.e., pr, pt,, ptypl,pt).”

(li)  Paths

A path IS consndercd as a set of points, say, p/,, ptz, wers P, whlch are arranged i in sequentlal order providing the global

view of the. ﬂow of control and satisfying one of the followmg two condmons for each ‘i’ where 1 </<p.

IR

~ If point ‘ps; comes. exactly before the statement then pomt p 1«1’ Comes exactly after the statement in the same block,
'mstead of two other blocks. :

If pomt ‘pt; comes cxactly at the end of one block then point ‘ptm’ comes exactly at the bcghxning' of the next block or
following block instead of the same block

Qs. Explaln dlfferent types of transformatlons used to lmprove the code.

Answer- R - o B e s Model Papardll, Q1(f)

'

L.

e
e

The dlffcrcnt types o(transformatlons used for i 1mprovmg the code are as follows
L. - F unction | preserving transfox‘matlons e -
| _2. -Structure pncservmg transformatxons S s R
3 Algeb.ralc transfonnaﬂons B : .
;3 Fu nctlon Presemng Transformatlons

'Thesc are the u'ansformanons carried out thhout makiog change in the conipoting function. In general, these are applied
on global transformanons . _ .

: Structure Preserving Transl‘ormations 3 ‘ ‘ ‘ | 5
These are the transformatlons carried out thhout malcmg change in the set of expressions it computes. Usually, these are =
g applled on. local optumzatmns ‘ : P i Ce

Algebralc 'Ih'ansformahons

These are the transformations carried out to sunpllfy the process of computation for set of expressions using algcbralc
‘. identities. In thls cxpcnswe opcratlons lxke multlphcatlon by 2ig replaced with cheapcr one i ie, lcﬁ Shlﬁ
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