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1_. Introduction :

T any programming longuage, every, werialds, costund,
expression fu.n.c.ﬁon, elc. has a lﬁlm-. (Like int, fl.oud:,
char, bool, ete.). The type checker verifies that all
operations are .ngfm-m.ad. en  ¢ompatible Ly?ﬂ It

detects type evvors ot compile time before execution.
This helps in F"E"""ﬁ"ﬁ runtime errors and ensures

Need fcr T_ujpe Chedu'n.ﬁ -

Detects }.&Pe errors early (at Compile time).
Prevents J.U.esnl eperations (ﬂ.g.., int + char®).
de:s in on:m.-.znd::m and code Seurqﬁm,

e 8 THF,E S‘Lj.stem:
Alﬁpe.s&stcmisauiofnuias&aimsisﬁakﬂpq
to m}lcmsirwiinaprosfnmandd&fm&u
Jgﬂal opcra.ﬁans on  those i:ﬂns,

Exa.mples of basic iﬂ.‘ms:

int, fl.ooi, char, besl, array, peinter, record, func.h'an.

4, T%e Checking Process :
ESE{;":@;J
[ beical Anatgis ]

e,

Syntax  Analysis
(Paxrse Tree / AST)

3

5. Rules fo-r Type Checking :

@ Each identifier must be declared before use.
@mgpecfapammmmopmmtummpamu_
@T&rmu&nfmupnmﬁmmtbqofamhﬂ.tgpa.
@mewmtmﬁhwrw
@qu;mmmtmmmfm‘s

P —————

Imporbant Poinks for Exams

[ Tgpt dm:h.n.s is a static semantic check.

It ensures tﬂ.fu .safd‘.s and Fa-zvud’.s runtime errors.
P:.-rfa-rmd. a.fter parsing and l:mfare. code Sumuim
Halfn\s in opiwﬁza.tim and cffmi code aenf.\'nﬂon.

Di,f-r::rm.t l.unﬂu.d,sf.s have d:.f-fﬂrf.r&. Et”u sbm‘:ms (static

* % % % %

THFE. cheddng is a static semantic analysis that ensures that every
ope.-raﬁon and expression in a program is a.Ppli.ed. to the correct i‘fj]pa. of
of;e.'ra.nd..s ond the sresult s of a wvalid L&Pe..
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6. T&pz Cj'wr.kinﬁ in Expre.ssians -
e Type Rulea: | Resilk Typu. |
B = Eg B il ol Bt i |
| Ey % Ej | E, and E; must be numeric Aumeric
E, > B | B ol B ik biwiiidee | wemanis
| Ey B - E, and E, must be numeric, libRE
E, # O
|8 = By | B wad £bviad Bgcruompatiily | SBiok
Eyx B | B wk B, it bzt |  bosl
and  ordeved
T B | B sl B mosd St book
T M By | By el B wowsk G oot el
- | & nabi s Bt baol
1. Examgle
B, - dindlraliin: i
[in.ba.,b; Mook : chav dhy  hool flag:
Eugastion, || Valid [ Truilil Rein
a + b Valid Bﬂu\_m_u_d:_
a + % Valid .inignd_floni-vmmg.ric.
o b vt | int and char ot compabible
% 75 Valid T
a / & Tnvalid | e muapienia
flog 44 (a < b) | Valid o ¢ b g bosk
flasgv b | Towelia | Mot i ik wak e

8. Type Checking in Assignments :

I T, and T, ave the fypes of E, and E, in the statement
then assignment is valid if T, and T, ave Compalible.
Examgle

® int a; float x; a=x; = Valid (implicit  conversion)
e fleat y, int b; y=05b; — Valid (implicit  conversion)
e int a; char *p; a=p; = Invalid (incompatible)

D

T.B‘F'E Exvors Detected :

Undeclared vamiable wused..

Incompatible types in operations.

W'mnﬂ number or bype of funchion arguments.
Invalid type eonversions.

* % @

& A
i: II Type checking verifies that all operations in a
|| | program are opplied to mnPa.{‘.i.I:la Eﬂ.Pe.s It
:I !&dm&umﬂsmhcmdﬂsuaf&;mmfﬂar
Il, dﬂw} | | intermediate code.

ry

e
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A type system is a collection of rules that associates o kype with various _— i
1. Introduction :
A bype system assigns o bype to all language construcks % edbenaf & Taps Syl ;
(variables, constants, expressions , fwwﬁmu, ete.) and [ S P J
specifies the set of operalions thal are permissible on
values of those i‘..ljpf.s,
It helps in d.gbu.im.s type errors at compile bime ond [ Lexical Analyser l
ensures t.&pe. sa.fatﬂ, can.si.s.taws and correctness nf l
g L Sunhu: Amalssar
(P Tree)
2. Need for Type Systems : = WJ’ =3 e
.D&&dslsptmaicompilelm T T :UluTspeRul.ul
o Prevents illegal operakions (e.g,, ink + char®), CT:: et —> | Type Equivalence |
iabili 3 | and T ing |
° Enmvupw‘ummtmbcuﬁmd.mfeiﬁ i : 3P¢Cl\zgk.m3l
OHe].Pshuopﬂmimﬂanmdmd.e.smmﬂon. o ey g | )
® Makes the e semantics ise and Lguous . Intermediate Code
l.n.n.suaﬂ precise u.n.nunh.s # :
3. Coltpcnud'.s n'f (=8 Tgpe. quf.e.m.:
3 6. Exa.mpl.es crf Tspes in Lmsu.nses:
@ Type Set : The seb of oll fypes supported by the language. = -
@ Oﬁru}.ian Set : The seb af opsru}.i—w\s Pf.ﬂru'.u.ad. en Lyp-:& | 'L“:ﬂ““ﬂﬂ | T}jf@ﬂ == _E"ﬂ""'l’l‘-'-S = 3|
@ Type Rules : Rules that assign o type to each construct, C Basic, Derived, User-defined | int, float, array, struct
@ Ig.p_e_E_q,uﬂaim : Rules 1o determine :arrmpnin.blld;ﬂ | i Basic, Derived, Um—def&nr.&., S, f[m.i, _'I =
between £3.P=.| Closs i i, i
= W"‘-fy £9P= Java Primitive , Rc.fc-unu int fl&‘ﬂ*. boolean.,
4. Classification of Type Systems : String, Object
(A) Based on Value Set : Pﬂﬂl:m- Darw.m.k. (AL are ubJadJ) ink, flon.k, str, List,
.' Type System _ Description ' ~ Example il _ dick
Static Type tem. Tu are checked al C, C++, Java,
Ty SP“.I Lime. Pascal 1. Type qu’oe.m. Rules (General) :
-y Smalliall @Eve.r& w—inhlt.mtbe.dadarmd.wﬂhatgpe“
| i Typc Syslm W of T 1 %, Rub!’ @ Evar& opa.-rn.iar is de.fmad: far s.Pe.c.r.fn.c. type combinations .
and: dgnamic. checking. | Mrwdiafmmmhmutgpe._
' ' @ch-ﬂqmnrgmﬁi&and.uhmmhushnva Lypes.
FB) Based mquchhnckinq__s_bridrma: o o ® T:jpe Eibilit iy bl G n.’os»a ;
Type System | Description Example and expressions.
ke
opliitly defined e - -~ S S — "
Wik Claniank] | Tomplitk s saomniors. | (€. Cald-sigla?), P Bt o 8 e }
are. allowed. JavaSeript L buemdf i J
5&0«3 with 'Com.Pd.-:r u\fm iwqa ML, Scala, T3P¢' Sasbem. Siq:u :
Type Inference when possible. Kaklin @ b *ec = operands are inlegers — resulk is integer
AN __'___ D @ a + (b*c) - operands ore integers — vesult is inleger
Imporiant Points for Exams h @ Hence, the expression has bype integer.

Sununna_-a
TﬂPﬁﬁﬂ-‘tﬂM aaau’.sniﬂpua to lnnsu.n.s.ar.msh-udsuddaf‘m

Static fyps syslems dotack emvors of eowpile bme. i
|
|
|
|

*

*
*Sbmmstﬁpassm@miauowimpﬁdimmm.
* Weak t:,pe. ss.stcms allow implicit conversions.
e D e |
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3. Type Expressions

1. Iniroduction :

Twwmmhwnﬁbmfalﬂwina
constructors (such as array , pointer , function ete . ).
The compiler evaluates these

L] Torepmstn]:mmPLsxtﬂ.Pe.susi.nﬂsunPLshuﬂ.nunﬂbLocks
o To allow mr-d&fi.nzd. E&P!.s and derived L&Pﬁ

.Tosupportt:ﬂ)edwc*insmd.tspchm.
e To moke the ln.n.sun.se expressive and fle.\ci.bl.c.

o

!
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ﬁlﬁ.pzezpussionisnswuhaﬁamtrmtuadhﬁpwﬂrwm@ﬂﬂw%e o—:‘s——t-——-o
to denote o type. It describes the type of objects and is used by the
wﬂzrbaperfmtﬁpcdtukhﬁnndo&usmmﬂg analysis .

1. Classification of Type Expressions :

RIS e cpReant Simple (Basic) | Consist of basic type names. | int, float, char, bool

Built using constructers on inl'.‘,fload;['lO],

Derived.
basic types. Cint, floak), ete.

User=dieined Defu\.:.d. b:’ the programmer struct student |
Combination of derived and struct node *,
user-defined types. | int (*) (flon.l'.), ete .

Basic T&& SH.m.bcLs ( Primitive TH.PG.S} s

{ int, floakt, char, bool, woid, double, long, ete. ]

T&Pz Constructors COPcrn.to-r.s on T:ﬁ:e.s) :

- A

@ I] - Aﬂ'uﬁ constructor

@ - =+ Pointer constructor

@ -» — Function constructor

@ x (or ,) —  Product (stmhm‘e/goir) constructer
@ wnion - Union constructor

5.

Formation of Tipe Expressions :

|{Bhubnli.r.typl)

. ™

= B |
I Tin] | (Arvay of n elements of type T) |
T | CPoinker to T) |
| % =% | (Function from T, to T, ) |
I €Ty Tayens Ta) | (Product / Structure type) i
|M{T1;T;;-"'Tn}|(uniﬂﬂ.%) Eu. &) _J

@ int —+ basic bype

@ floak = —  pointer to float

@ char [20] = array of 20 chars

@ int +« [10] -+ array of 10 pointers to int

® floot -+ int = function taking floot and returning ini

® (inkt, float) —+ pair (product) of int and float

@ wnion { int , float } = union of ink and float

® int (*[5]) (float) — array (size 5) of peinters to

rdwn.s' ink
ngochonb Poinks for Esoms |
TEP" expressions describe l'.ﬂ.pf.-n. using consbructors . |
Mmeﬂa&dhahwﬂudﬁrhﬁmgﬂ%m‘
Constructors : arvay , pointer, function , product , union ‘

X
[

__‘]

They help in building complex types from basic bypes.
Used in type checking, storage allocakion and code

3=n=.rul.i.nn.

J
I — S O e
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8, Repw_se.n._taii.m. (Abstmc.tlﬂ) :

Tww“mb&wﬂ:&dma%t&.
Exemple : int <+ [ 10 ]

AI"T‘&& [10] ’

This tree shows
mhn.vamm—rnﬂaflo

that

rp""""" 2 T dlemsnts haKE Bk
l slemsnl s o poinber 1o
ink

iEqm&”quWExpmsbm_:
Twotwwhmmqﬁmtfuuﬂmuw
an-mple.s:

@ ink * and int * — Equivalent
@ int [10] and int [ 10] — Equivalent
@ int *[10] and (ink =} [10] — Eguivalent
@ ik [10] * and int = [10] — Not Egquivalent

1!11 Uses of TH'P‘ Exp-ru»si-on-s H
Used in veriable d.n;in.rnﬂan.&, fu.nc.h.on. declorotions .
Used in stnvnse. allocation. and memory nwmsemuﬂ:.

-

[

[ Summesy, A
constructors u&uﬂﬂ.m,fuﬁm} ete. The compiler
interprets these expressions to perform semantic analysis

| il Bype Glidkig Bk Syl Sl

Hub [EE]
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used in place of wvalues a:f the other type without requiring an
‘ explicit type conversion.
1. Introduction :
TH'P" eyt | s Laks ok b"f the e 8. Eq_ua.valmcz. Gf Structures (Records) :
‘wmmwmmh.qmtﬁm Tuws struchures ave equivalent if
auqﬁmw.awmufmtspemhwigﬂuiﬁoﬂ (i)ﬂuﬂhﬂ.m{hzmmuﬂh&rﬂffiald.ﬁ
variable nf the other type without any explicit  conversion. . (i) the correspending fields have equivalent types
® Ensures bype compatibility in assignments, expressions Example :
and function calls. T . (" =
truct 51
® Helps in detecting type ervors ai compile time. ; Etrud' 52
. Aveoids unnecessary t:ﬁ)!- COMVETSLONS | i .
® Supports user-defined iypes ond complex structures. &b 51 = 5 int a;
float b qu“Lvalerd;) float b;
3. Bosic Rules crf TS.P:L EquLvalencg: char ¢; char ¢;
® Two basic types are equivalent only if they ave the b L J
| Soumee .
@ Two devived types arve equivalent if they are consbructed = S ;
using equivalent component types and the same structure. struct 53 struct 54
@ The nomes of user-defined types must be identical. { [ €
@ The order of fields in structures ond elements in arroys int a; B, & & int aj
must be the same. char ¢ (Nt Equivalent) float b;
® THP" equivalence is reflexive , symmetric and transitive. floq.l'. Ki e
4, Eq_ui.\mlznu of Basic Tbtpe.s: {]r i ¥
| Typet | Typed | Equielent? | Reason j (Order of fields is different)
| int | int | Yes | Same basic. type | I Ectl.u.vo.lem:e SUJ\”.H'L!J.'FH ]
| fleat  fleak Yes | Same basic type e i == = 3
| int | fleat | Mo | Different basic bypes || | Coesory e g | gl 011 ] ENSE Bt )|
| int __:h_n.r _N—n Buﬁ:mt_h&m_l:ﬂp_u | s Both must be the same Wb el wd m.f.n.rdflpni
basic
5. Equivalence of Derived Types : f - i 1 1 —
) A 7 Same dimensions
= _— Az same size in each int A[IO] int ﬁ[IG]
L 4 Es dimension., same and int B[10] | and float B[10]
—  they have the same number of dimensions ; 40 f 19
| — the size in each dimension is the same elomenk: tﬂP‘ |
er Shdlid N S Duailen - R Pointed -to bypes int *p int *p
e« int A[10] and int B[10] —  Equivalent = = must be equivaleni and int =g and flon.i. "9
o float A[S][20] and float B[5][20] — Equivalent ' - ' '
= int A[10] and  float B[10] —+  Not Equivalent ;
e int A[10][20] and int B[201[16] - Net Eguivaleni ks | Toabds o wld"' Hoand 54 Shomed. $
corresponding  fields | (same ovder) | (different order)
(B) Pointers : equivalent
Twe poi.n.hr lﬂpc-s are squ.\'.volsnl i-:r their Peh-J:ad.-!:o LSame vebumm tﬁP"
fgp_&s aTe eA:l'ui.ualsnt. F iy < bex Gf f(l-'\*-.flﬂﬁi—) f(mi,flwl)
| * int *p and int =g —  Equivalent porameters | equivalent nrd.:f(mi.,:ﬁ.oad‘.) and f(fLun-E.lﬂl)
| . fl.wd. -p and float =q —  Equivalent | poremeter types
*  int P and flam{ *q —  Net Eq_u.i.\mkr\l [ | |
(O Fancbisns 5 E ruumber cf (Uf and Uz) (Ul and U3 .
TV ‘ ) corresponding same fwld..l. d.i.f‘fsnn*. fwld.s
T funchion. bypds owe equivalend 'if fields equivalent
- tj‘\&s hﬂv‘ H‘\B Sorme 'fe':-l-lm LSF s | 1 ! I
—_ Uwg hove the same nuwnber af porameters
ol s Bepaibeeit: Pilihe v Brswa. ‘ F  Summary e *
|*Tapeqnvuhnuhmdfwcmpnhb&uiﬂdmkﬂ. T&Puqﬁmdémdwﬂmtmlﬁpumb;m
| *  Names “f u.se.-r—:io_f'md. Eﬂl’“ must  match ““'uﬂ ‘ m.h.-r:}w»soui;lﬂ without eaqpl.id.i. lm.u conwersion . 1t pln.“s a
| * icn- 5tml.‘.ﬁur:ﬁl;aﬂrdﬂr of fields is important vital vole in assig bs | n Sk f L sl Tha
* YOS LS ve  Seume  Size in every dimension 2 g
i*%MﬁmﬂmmifMﬂﬂqmw-blspﬂ ‘"‘P‘J"'“““*““l‘_'"‘mhm“%”f‘%m J
| are equivalent. i kg h

L - A A Y I LR T e o S R | A | — e | Ity i L e e L (R

- ' — « RGEV Notes Hub . 3
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THPQ conversion is the process cj corwe.rl.mﬂ a value of one £3pa G
into another {'ﬁpe. It is done either m'gpll.a.ﬂﬁ bﬁ the campl'.le.r or
e_'ucPLcd'.lH bH the programmer .
1. Introduction :
RS ¥, Claseifiention of Thpe. Guvomrilon,:
TSPE. conversion  allows values oj' one l:ﬂpe. to be used
wh&mvdu&sofwmﬂmrtapemanp&ctad.%hdps i | D ikt
in expression evaluation , func.{'.ion calls , assianmml:.s, _-[E!Pc | = Exam.pl.e
ete., without causing type errors. | Wu:lzm.nﬂ Converting smaller type int = float
| : .
5 Nlecl Hoe. Tacm:: Catomentions Conversion to larger type. char — int
e To Pa-lfm-m. aperu.iwru between d.:.ffe.ren.k {:Hpe_'- Narrowmﬂ Cnnwh.ﬂﬁ la.ragr i:an ‘fl.aa.l: — int
e To match fu.m:h.an. .Pmlz.r J;gpe.s Conversion bo smaller {;9# doible < ek

e To
e To
e To

ensure program flexibility and correctness.

3. Types of que. Conversion :

I licit Expuut
(AW) (M

Dore by the programmer
hH the aom.pl.l.c.r using LHPQ. cast .

4. Implicit (Automatic) Type Conversion :
e Also called ertplucd‘. conversion or coercion.

® Done md;amnl;callﬂ bH mm.Pl.h.r_
® Example :

W=

| float b = 3.5;

_fLou.tcla.+b; i int ‘e’ imelicitly converted to float
Here, int ‘a’ is automalically converted to float.
5. Explicit (Monwal) Type Conversion :
o Alsc called e.xPLir.i.l: conversion. or LBPG. r:.n.sti.na.
o Done bﬂ the programmer .

e Syntax : L({.ype) e.xp‘russwn]
* Example :
float f = 10.75;
int x = (int) f; // float explicitly converted to int

6. Type Conversion Rules (General) :

@ Smaller tgpf. can be converted to larger lype (sate).
e.g., int — floak

@Lu,rgs-r £5P¢i¢5wmll¢r typamnﬂmdahloss
e.g., float — int

@ Conversion belween incompotible types gives errvor.
e.g., int — si:.rinﬁ (not allowed i.m.pl.:.c-r'.l:.lﬁ)

@ User-defined types require explicit conversion.

* Implicit conversion is aulomatic and safe.

* Explicit conversion is done using cast operator.

* wtd.eni.nﬁ conversion, (smaller — larger) is safe.

* Narrowing conversion (l-n.rsel-—- smaller) may lose daia.
| Type conversion is important for expressions,
!\ assignments, and function calls.

e

[r— 8
L 2

RGPV Netes Hub EE - ;

User-defined Conversion between

Conversion u.se.r-d-:.fl'.ned ts.Pes (u;u!.s constructor)
Implicit Done a.u.twrw.hcaﬂ.ﬂ int = float
Conversion by compiler. char — int
Expli.cﬂ: Done I:H programmer (int) 3.14
Conversion using cast. (float) 10

|
8. Type Conversion in Expressions :

Nhnmdfﬂpﬁmuscdmmexprmm,thewmpbhr
converts the smaller type to larger type.

Example : a + b
: Rule : I
| Result type = |
I |
| |

[int converted to floot |

| Result : float

9. Example Programs :
(A) Implicit Conversion

(B) Explicit Conversion

int a = 10; [fioot § = 9.8%;
float b = 2.5; int x = (int) §; // flook — int
float ¢ = a + b; // int—floot wdr

intf (" %d", x);
prinkf TR0 <Y = f

10. Conversion _Hiera.ﬂihﬂ (.:from low — |1.1.3.|'|.)

[ char | short | int | long || float || double |
(Compiler prefers converting to higher type in expressions)
11. Conversion Between User-defined Types :

® Done usi constructors | aPe.ro.far Mri.md.i.ns, or
explicit cast funetions.
® Exomple : class A — class B (u,si.ﬂa constructor of B)

in using one type in ln.c.z.af t

type. It can be implicit (automalic) or explicit
(mﬁuml.) It ensurec correct evaluation af
°fP"°s"~"-‘*

B o = e o el S e )

Su.mrrta.r
Tﬂp&. conversion he
ancther

lons |

—
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There are two types — Parametric and Ad-hec polymorphism
Generic funclions use type parameters (templates).

‘l'l-l'il-

6. Polymorphic Functions

Unit - IIT
o FEE TR LR N I N e R e g 7y Page No.: 6
| Polymorphic functions are functions that can ocperate on arguments ! 8 el
If aj' diﬁ'e.mi bJPe.s The same furl.dwrl name can work for muJ.t.l.Pf.e |
{\ types, making the language more flexible ond reusable . :
b Bl T Bk o B e wa
e . E 6. Working a:f Polﬂmorphic Functions :
Polem-Phi.sm means fm—m.s . A PaLHmm-th
function behaves differently for different types of [ S ik Progrord. J
ura,urrmn.{.s. It allows the same funda.m. to be used \lw
with different data without writi separate
functions ﬁfar ok - [ ot & ST“ poigts |
2. Need for Polymorphic Functions : .
& Ralicas cole duplication. G
o Increases code and readability . » = _L
e Makes compact and. flexible . | Fundlion Gall
e Works well with usr.r-de.j’med. and  built-in iﬁpe.'. - l
.Essenﬂalfwlmgepogrmnscmdlihvwbs. [C'|r beb “"BMHP‘-”_]
3. Types of Polymorphism : 4
[ : F ] [ Correct version ﬂifm is chosen J
&
{ Function executes for that
Paramabiic Plgd*hor.. o { . o J
(mﬂc " _I {ir::) (Overloading) J 7. Example I.i\. ]?L:Emi Languages :
Same funclion works Same fmc-hon nome [ _Lm'lgl-l-ﬂal Feature Uﬂd Example J
for all types . :;d:h different parameter o . y . iy Sk 5 ] {
| = 3 | it add(), float add()
4, Parametric Polymorphism (Generic Functions) : _ﬂm ' : _ Iu.dd(i.rd’., ind)
® The function is written in a generic form. . i odd (float , float)
o Works for ony data type. " e
e Type is determined ol the time of use Python Dynamic Typing relum a +b # works for
® Supported in languages like C++ (templates) , ML, Haskell int, flook, str
Exn.m.ple (C++ Tem.plnie) 3 Haskell Type Classes + :Numa=>a-2a—>a |
template <i;3|7;m T> N N
T moxValue(T a, T b) { 8. Advontages :
retumn (o > b) ? a : b; @ Sq'.n.ﬂle function werks :far mull‘iPlf. ’:ﬁpe.s
} @ Reduces redundant code.
| Ml Works for int, float, char, etc. (@ Easier maintenance and updates .
' T P ® Supports user-defined and built-in bypes .
5. Ad-hoc Polymorphism (Function Overlooding) : @ Makes the program more flexible and readable .
® Same :fu.n.r.hnn. name , di.ffeml'. Pmm&h.r l:ﬂ.Pe.s
.Comptlsrchmmﬂuwrwdmboudmorgm q. DMW/LMM
.I\‘.Lsaformnfpolﬂmﬂﬁsmoﬁmmﬂ!dwbadinﬂ. QCnnmnkar.ampdzrd.e.suanm L.
Example (C++ ngrl.uu.:im.q) $ g Evror messages may become difficult to understand .
int oddlint a, int b) { vetum a + b; } # for ink osmh:jmﬁ“ (mc;%domtds.:c?ﬂ ;
float add(flnni a, float b) { returm o +b; } A for float palﬂmarphl.sm

| flexibility and compactness. Parametric polymorphism uses
| generic functions, while ad-hoc polymorphism uses function
I Mrlnu.di.nﬁ It is an importoni concept in modern programming
!\_—L\nsunﬁu and is uudal.-_q used in W\Pda‘ dﬂ.&nﬂn

s

T

o RGPV Notes Hub [E] « &
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7. Run Time Environment @
Pa.ﬂe NO. . T

lhntmmaded.bsuppm—ll}\zmwﬁmnfaprow

It provides

services !.'D H‘I.'. runnin.s, P'rosmm Su.d'l- as mﬂ'lﬂ\'H mrm.ﬁwm{‘., St&'fﬂ.ﬂ.l

allocnﬂon,pvmcad.mtcalh,emcpﬂmhmﬂina,

1. Indroduction :
After the progrom is compiled and loaded in memory,
it execules with the hc].F D:r run time environment .
It acts as an in!;zrju.u between the wm.pciul code
and the system  resources .

&Nzed_farR;memEnwmmnm}.

° Ta monn.ﬁf. mmafﬂ during program execubion .

To I'u\n.:lln. dynamic storage allocation and d.aa.].locabm
To perform inpub-outpul operations .

To handle vun time errors and exceplions.

To maintain program state and control information .

3_, Ccrmponenl.s Uf Ru.l"l. TI.ITI.E. EI"I.V

| Component | Deserigkin |
._Hnﬂ.nﬁttngrd:_ arrays , al:uﬁ, stack , hAn.P ele = _|
Skaru.a-a- Ors,a.ru.lg.s data in rmemory ( stack , hunp
Ons,nni.zn.ﬂan static. area, code aorea).
Procedure Call Handles function calls, porameter passing
Mechanism rebuwmn  addresses and activabion records
I/0 Monagement | Provides run btime support for inpul-output
[ _apqﬂlim T -
Run Time Ervor Detects and hnn.dlu errors Ll.kc. diviede Ba
H""-d-li-“ﬁ zevo , wurjlau ruall Pur.rd‘.lr nh:
Ssshm. Interface R-dess thrfm l:-o 0S5  services L\l\‘.& j'l.l&
L handling , process management ele.

4 MWH Orqmoi:.wn in Run Time Environment :

Stores the executable

ress
A (Text Segment _
Stokic Area —_— Stares global variables
( Global / Stotic vars) ond  stalic wvariables .
Henp Area ——» Used jor d.ﬁnnm.uc memary
EDﬂm.m.nc. Allocation.) allocation. (mallse, new) .
Slack Area Used fﬂr fu.rw.h.m\. calls ,
CFunction  Calls) local variables , return
& addresses .
Kernel Area
" |. (08 Reserved) e :

When. o function is called, an achivakion record (alse called
skack frn-m;) is created on the stack. It stores all mj’mmhm
Typical fields in an activabion record :

* Achual Fuxom.r.}.‘rs % Reburn oddress

#* Local wvariables * Temporary dala

(_ Important Points for Exams

# Run Time Environmeni supports program execution .
Hdnmmponmtshdud&mmrammﬂﬁmmi,stamae
mswmkm,ptmadwccalls. I/0 and error kand.lmg
Smkhmdﬁrfmﬁmmlhwdmwm.
Activation vecord is created for every funchion call.
RTE provides interface between program and 0S.

oy

*

* % % %

.

6. Wn-r'u'.nﬂ oj Run Time Environment :

e % % % % [

e

(e & b o

T Ak T
| Memery is argun.i.'md.‘L(Shrk, Heap, Stakic) |

bivaki !
— I
Required. services ore provided (1/0,
Memars, Errer  hondling , ebe.) J
+

Resources ore released and conbrol ]

returns to 0S

Services Provided I:'H Run Time Environment :
Mﬁ"‘ﬁ"‘ﬂ allocation and deallocotion .

Parameter passing and value rebumning .
DHma.mi.c. storage allocation Cheap rrm.rmﬂsrrml’.)
Run time error detechion and hn.m:i.l.me,

Evample

Cam&d.sru.CPrvﬁmquul@-funﬁmwﬂ:

it add(int a, int b); When add(x,y) is called. :
T Rl created on the stack.
z = add(x, El)"
L 0 & Actual Pa.rn.mai’nrs x  and Yy ore

} passed to a and b.

G GG w BEIEN I e loecal wvariable ¢ is allocated
Bt o e et b e in the stack frame of add().
reburn c; - A.ihr cornpui&\b'.on.. value af c s

} returred to main() .

— ~ & Achivalion vecord is removed and
control returns to main().
. Importance :

# Ensures efficient and correct execution of programs.

* Mw!m.ﬂ,ss memory and. ‘ij“uﬁiﬂ'

#* Supports modularity and code reusability.

#* Hondles errors gracefully during execubion .

P

e

-\I
e
It Pruvn.dﬁs services like memacTy rrmnuﬂmnt, ak:maﬂa
allocation, I/0, procedure calls and error handling .
Itwﬁudmwsinhmds,a{:nﬁc,hanpnnd.sh&km.
Witheut RTE, the compiled program cannct execule properly.
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.§' Storage Organiza{:ion’

Unit - IIT
o= T - ' - \ Page No.: 8
S{‘arnﬁa Oraam-znbm refers to the way in which memory is organized and e
mnnn.aed. durm.s the execulion of a. program., It decides how the s':amsg
is allocoted , used and released :fur various program m-n.Pon.a.mLs such as
voriables , functions, porometers, etc.
1. TIntroduckion :

The compﬂcr end run btime environment b:e:ﬂwr manage
memery jar sl:arinﬁ code , data, voriables, intermediate
results , activation records elc. Sﬁn'm,se. is usu.mllﬂ diviced
into d.i‘ffe.rant areas with .sFa:.Lch. purposes .

8 Need :far' Stm-u.ﬁe. Orﬂmznbm

Support for vecursive and nested funchion calls.

W o o @ @

."Me.rrm-rH Are.ashaproﬁm:

High At Code Aren

( Text Seﬂmuvt)

I Stabic Area
(Global / Static vars)

fnﬂm Allocation} ( Y P
Stack Area Used for funchion calls,

» Kernel Area
Low Address (0S Reserved)

4_De_ﬂ:11.Ehm n:f Mernorﬂ Areas :

@© Code Area (Text Segment) :
Uumﬂ.ﬂ read-only . Loaded when the program storts.

@ Static Area :
Stores slﬂhﬂl variables oand static variables . These exist
throughsut the program.  execubion Mumarﬂ is allocated at
compile /load  time .

@ Heap Area :
Used fw d.{.fwmm memory allocation during run time Memcr}j
(u-ﬂnﬁ malloe (), fme() in € or new, delete in C++).

& Stock Area :
Used for function calls and local variables. Each time a
function is colled, an activation record (stack frome) is pushed
onto the stack It is removed  when j'ur:cban.

B Kermel Area :
Lowest part of memory veserved for 05 and system processes.

5. Stack Organization (Activation Records) :

When o function is called, an activation record (or stack frame)
is created on the stack. It contains all information needed for
that function.

A ! — FParameters passed
L F the :func.!um
Address to retumn. ofter
Return Address i
Control Link —» Pointer to previous
Access Link - Used in nested function
(For Hostisd: Fnclions) (lesical. scoping)
Local Variables W Btk
¥ ar Deta — 5 Space for intermediate
Low Address results

® Memvrﬂ is ollocated using malloc(), new ete
® HemnrH mast bcenphﬂtlﬁ deallocated u.smsjru”,dehhe&
® Hca.P grows towards I\u.ah.c.r addresses .

Low Address Hish Address
Stack P e 2]
{ Downivard) (Upwd.)

h

[ Feature Stack l Hlaap |
[ Bolialer | Mbwie | 200 Bglb 0 |
Access Speed | Fast Relotively slow [

Saa | Limited

Howl:.uhn.rml.l.a.ml:sdscopu.?
Hmbm&dfmﬂmuniaﬁnn?

Hmbmﬂnnﬁnmihwsﬁazkudh&apeffi:ienﬂﬂ?

J(' "~ Important Points for Esams R ( S T &)
| * Memory is divided into code, stakic, heap, stack and kemel areas | | o s —— :

1 | Storage organizabion defines how memory is divided and managed

‘*Mumfwjmmmmmm. Imﬁjwmmfmm.sm.w.mmw.

| % Heap is used for dynamic memory allocabion | gmiamjwjmmhmwmwmw

!*S‘EQLI‘"'STWE i 1L“"‘Fﬂ'm ., | |shm=ﬂe.f Muﬂmjwﬂmd!ulm

'*Shhcminbhlmatﬂvoughmipmarmmm. | | e -

\ J e g
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9. Activation Record (Stack Frame)

An Activation Record (AR) is a block of data created on the run time stack Page No. : 9
—a 8
uhmafumﬁaannﬂJlﬁd.Ii;sﬁmallhlnfammﬂmtmd&dforfhﬁ
fmu.ﬂm'smauﬂanmdlsmmveduhmumfurmﬂnnﬂiuﬂu_
1. Introduction : 5. Run Time Stack with Activalion Records :
Whamafmmﬁm.bscaﬂad,cmh'al imna_‘fu’sbi:hah_fmd.ian. High
Al details vequired for its execution are stored in  an Addrass — Top of Stack
A
S AT g B e T o .
'f i a ) = Funckion € _brmﬂ.ﬂcaﬂzi
mdcontrolmi:mns{:af}wcnﬂmsjunﬂhm f!' ey,
2. Need far Activation Record :
e To support funchion calls and returns. ﬁdi.v:ﬁmlRu:d.oj — Ftwrnl.fﬂf(;’r)mﬂnuﬂ.
.Tcsfampmmehﬁ,locnlwhbh‘swdmmm. f ?
e To save previous environment mfmﬂnbm (d.b-nn.rm.c link) .
.TasuFFxn-{.mmsLonand.mhdfm:ﬂonmlh.
Ackiiabion Resord of R oo o
3. Struchgmof Activation. Record : " Function. A B function .
Low ({main)
Hiﬂh Peldraas Actual Parameters Volues P“"'“‘" to the Addmae
. — a
T i Worki Ahivadion. Recond
Sonin-ile o sallice £ Working ¢f :
Return. Volue (if any) _‘Mbgfunchm [@wmaj'w%umucd,smualbmhimshdt‘
Add to which : for its mhvui.‘anmcnil
: —* should vetumn ofter
(Control Link to caller) funckion, “complation, . [@Pwdmmwwcopzimbﬂwfm ]
. . = = R ) . B A
D e Leinke Pointer to previcus
HTLM“S
e T eliiciion. sasiid of | ® Rebur address, dynamic link ond. static link ore soved. |
calling funetion.. l
Static Link (- T = @Lﬂmlwmhhﬁwdhn&pjrﬂrﬁ&mnﬂamhd
heal Yarighias Efﬂ\ﬂf"}m ® On retumn, the activation record is Temoved and control
(Compiler generated) results, temporaries elc. Z. Example (Function Call) :
Consider | mainl) calls fu.r\i(), which ealls fm?.().
& Eglenstion o] Fulde | E Al calb s Junt € 63 M il b S ol Al sebn oo fandl)
@ Actual Parameters : Stores the volues (or addresses) passed AR of funt AR of fund AR of fund
by the caller.
Retwrn Address Reburn Address Rebwrn.  Addrens
@ Return Value If&;fmﬂmtmaum,itumd Chn realnd (to funi) (bmnu\)
hmtbefmcmtbrol.ve{mﬂsbcauer. '_Iink— e LLnk
@ Return Address : The address of the next insbruction in the (to main) | (to funid (to main) |
nnll.i.n.s ju.m:hm‘\ After vetum, condrol goes to this address. Parameters of funl Parameters of funl Parameters of funi
@Dawmkpom&ﬁnmmﬁﬁmmﬂuls Lol e T Fr
fl-lﬂfvﬁﬂ'l-- Used to restore the PI'I.M!.LE environment . R — L — A o =
@StnthmkPam.ﬁsfoﬂlsud‘.wuhmmnrdnqulemmaus AR of funl l
mdm‘sfnm Uud.far non-local variable cccess . Return  Address
® Local Varickles : Stores oll local varicbles declared in the Cho: main) N B ko,
Jrunl;h,m Cla ralri) mﬁrﬂlﬂmmbm\[ 54
@Tﬂrnm M:Uudhﬂ“wﬂarfara\m#w} an"djunl
intermediate results ete. Local Variables
Imwr‘:antpoﬁd.sforEm.s 'Hdpsmnwmﬂuﬁfuwhmmﬂaandm
& Aelbalin wead it oles Ak el Fees :5‘“"“’“"“““““]t Al
*I}.umd:ulaij'unzhmmllh:nswxdd‘.‘huauld:ﬂhmbma o T ionis b eeiEEn
* Stack grows from high oddress to low address. ® Enobles memory to be allocated ond deallocated systemakically.
*smwumdfarm(whtmu)mﬁ An ackivabion tecord (s a vun time dabta sbruchure stored on the stack
i voiid " i each ion call Ib contains paramebers, veburn address, duynamie
iﬁctwuhmmmuw\hnlfurwmmd.mhdcnus. fh:k, f"“ﬂ:wm Mﬂ“ T T dy 73
e e i b Tk mﬂﬂmmimmdniﬂbmm,hdpmﬁ,mwrm
o e RGPV Notes Hub [EE] e —
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Stack Alocation is a method af memery management in which memery is PD-SG No.
allocated and deallocated jmm. a stack j'o'r .si'aﬁ.n.s activation records,
local variables, parameters, return addresses, etc. It follows LIFO
(Last In First Out) order.
1. Introduction :
nested manner. Stack allocation uses a run time stack to manage (Usmﬁta":kAumai’mJ
puisknd o tha ahack: when o fanclion in called and popped:  when Ackial. Taramolare P I Pl e Ak
the func.bm returns (or ‘lrsu.nwn{:s)
3 —— Space for value returned.
2. Need fm' Stack Allocation : Rabirm Valie Cf ong) $
Address to which control
® Efficient memory management for funchion calls and returns Return Address — ofter function
ISuﬂ:orhmxrsmanAnzshAfunﬁbmmJls Dsmmir.f.ink Pai o prsions il
® Requires less time compared to heop allocation . (Previous Frame Pointer) vacord. of calling function
L ] HwidﬂdﬂinhLIFOmdﬂru}dﬁhma&hﬁ_fnrmﬁhmmﬂmﬂu.
Static Link Painter to enclosing
3. Run Time Stack R&p‘rt-suktoim : (Access Link) funckion (for nested functions).
High Address w NN RO I8
Function n-1 TG'“PWWH Data — 5 Space for m&rnudmhl
. ik e Gl S S s
pushes a new activation
Activation. Record of WA W U Sy 7. Stack Allocation vs Heap Allocation :
Function 2 T - —
— When & function Feature Stack Al.hncn.hm Heap Allocation
‘ i pely) e s | Mo M | i il BE™ 1
s s Funchion. 1 (main) ) Memary Heap
iWa‘rki.nﬂajS‘EMkﬁuom.ﬁon: Deallocati Lol Eiccl Efran: / daleked
@ When a funchion is called, space is allocated on the stack forih Order LIFO (Last In First Out) No specific ordar
nchvuhwt Tmurd. ------ _— L i il -
@ Paramelers are passed and stored in the activalion vecord . Speed __F‘"si — R:'l“f“_‘lﬂ ‘I'“""__ B
@ Local variables and temporary data are allocated. | Fragmentation No fragmentation Moy couse fragmentation
@ Control informakion like return address and dynamic link is saved | B c __mjé_&;l_mr:__ : dnh;s;‘ m_.
® Funclion execubes using this activabion record . | T o Hl.nxﬁnohju:h
® On veturn, the achivabion record is vemoved (popped) and conbrol =
iEm&e(Fwtwrlcaus) @Smpicmdcﬁwuﬂimmorsmmuﬂlmm{
Concider the- following O calls AO. AO call 8. | @ e
L : v o e ] = @ Supports recursion and nested fun:&wn. calls
E i ) r T ~ @ Las.s mamary overhead
(&) Tty | [ (6D Aftr cal b0 O] () Aftar call o 8O |(a)ajt«m (&) After veburn. | @ Fast o
e = | M| [ Nl oo et
3. Disadvantages :
Top—s| AR of B
Top — AR of A A AR of A € Limited size (stack w:rfl.ow may oecur) |
Top > A | o © Suitoble only for date with limited lifetime.
AR of main AR of main AR of main AR of main. © Cannot store large or long-term dota structures.
(Slack Evply) _ 10. Applications :
-, ® Managing local variables and parameters .
(— Important Points for Exams ® Implementing vecursion and nested funchions
# Memory is ollocated when o funchion is called and deallocated Summary *
when it reburns .
It follows LIFO (Last In First Out) order Tk wiiosiiily, 1. & tachinigpe. i e,
memory for achtivation records is taken from a run time stack.

Supports vecursion, nested calls and local variables .
Faster than heap allocation .

* % % ¥

- 8
L 9

|

It allocates memory when a funclion is called and releases it

hen the function returns It follows LIFO order, is fast, and

supports recursion and nested funchion calls.

RGPV Notes Hub

.




" RGPV Notes Hub |

-

HanPAUmoLLonisammrﬂmaMﬁsmihchrmtquamMmmrais POSBND.IH.
vtquzstsmamarﬂuphciﬂﬁ ushﬂﬂfun.cii.oﬂslikem:ﬂm(), new, calloc(), ete.
andfchm&uhﬂfru(), delete, ete. Hsapd.ocsml’.fouowmasl:ﬁ.d:
order like stack.

Compiler Design 11. Heap Allocation
Unit - TIT g '

“-—l—_—_—i

1. Indroduction :

Heap is o region of memory in the dala segment used for dynamic B_.HQGPVSMAMDYL:

|'u'ﬁ|nar 1 M : O U eu:pla.m.uﬁ _Fu_aiuru [ Hua.P Allocation Stack Allocation
rtlnmdhaihepmﬁmm Memory Area Heap Run time stack

# To allocate mamary whose size is known ﬂ\lﬂ at run time . Deallocation
® To create leuau dota structures Cr.\rruﬂ.:, lists, trees, anl#u, ele ). Ord Mo abvick LIFO (Losk Tn First Oul)
L ] Mnmm-ﬂ remains allocated wnkil mpl.l.caﬂﬁ deallocated .
[ ] Su.PPor‘Lg. dﬂﬂ.nm.na data structures SPGGA RSI-EJ-I-VGJ-H slow Fast
® Less chance of stack overflow. I = P
of Size Lma.u...man? T
3. Heap Organization : I SRR iy =)
M allocated i i Ne :
& by it o) R | | . .
Allocated Block 2 —  Ancther allocabed Access Indirect (through pointer) Divect
memory block | |
Fnae! _""F\'unmmnruﬂvmd:m Best Use Wmmﬁ- Function ealls, local vars,
be used for allocation . largs: objacts parameters
Allscated Block 3
—  Allocated maemory |
fs Srere s Advantages of Heap Allocation :
v Allocated Block n ful' L ruﬁlu.-ai:. Allows dﬂr\«mm:. mamory allocation
Hisl-n. Address — More allocated SuPFor(:: Lclrﬁa. and compf.cx data structures .
memery  blocks .

More flexible Cnmnara can be allocated/deallocated anytime).

£,
@
@
@
@ When memery is reclui.rad. program ﬂquasls mamory .f\-nm. i\snF @ Less risk ﬂf stack Ml'fLﬂH
using malloe( ), new, calloe(), ete
@ Mamm-a manager searches far a free block o_f m_f_fmrd‘. size _8_ DLso.d.va.ni:a.ﬁes O_f Heap Allocation :
@ If available memory is allocated and a Puin!-.r to that block is 0 sl T bk 1 b
returned to the program. . o M v
@ If not available, heap may be expanded (if possible) and new N el
@Mnlmhdmmmumundbﬂhmmm |°Mamﬂlmkbpmsablaifmmrﬂmm‘lfr‘¢d
5. Eample (C Program) : | 9. Applications :
#includa <atdie. h> | ® Dynamic data structures (linked lists, trees, graphs, queues, stacks),
#include <stdlib.h> " .
b st f L] Hu.r\.dlmﬂ lnraa data objects .
int ®are, n, L dians L ] Mmﬂr& used u\.ruuahm.\i pregram execution
P o s Marory s tokan | ® Dolobuse spiams, complars, cperating systems.
// Heap allacabion ; ! _fromhmpu_smﬁ ®  Any sibuation where size is not known until run time.
arr = (int #)malloc(n ¢ sizeof(int)); e | I
i (;:'.;M}'(.':.u:;ls{ allocation failedI\nd; released using 10. Hea.? Memory Em.m!:la (Di.o.qmm)_:
return 1;
) Frasl . = i ——
inkf{ “Entar clements:\n”);
e sl gt Block A | Block B | _ Block C | [ Block D
Naang N Eehilly (Allocated) | (Allocated) ' (Allocated) P | CAllocated)
printf{"\nElaments are: n"); = -
for (i = 0; L <n; ies)
printfC %d &7, arc[il); »
a'--:n(m-na): /4 Release mamory Heap grows towards higher addresses
L} ' )

Hmphmdfwéanmicmmrgqﬂmeﬁon mekn%mmwquum
MMHMMWW()'W‘M()‘*‘ uﬂnmkalar&-mﬂ.vndnhhs&anmmnﬁdhla:kadur{nﬁmﬁma.

Mmﬂhuﬂm&duphclﬂﬂﬁlhprusrnmrm&mﬁbz

T T ) " Say, )
|
|
|

Heap does not follow LIFO order I

L
-
*  Mamery umdminﬂfmcj, delete ete.
L
*

to
, Hea.pi.t =5 il Lick _fl'll. y tmdwwnﬂﬂlkwwfmmwmkmm‘mk J
o I il S S e e — =
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12. Parameter Pass'mg
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Unit - IIT .

‘ jod)

—
_—

the calling function to the called funchion during a function call

Pa.se No. : 12

Mwwﬁmpﬂnjj@hﬁ%’shﬁwwﬂh%mhm

funckion .

1. Inkroduckion :
Munnjmaﬁmheaﬂ‘d,mmfumaﬁammthpnludhﬂ.m
Mtﬁmpﬁrfwmhmqmmdh&khnfemﬂhmmw
U'\rmah. Fummalarl.‘n\m a.mma.i.n]ﬂ twe metheds uf anm.ah.\-
passing

-C-ullhﬁ\l'ﬂhm

lCaﬂth:fm

LCﬂJl__bq Vaolue (Pass by Value) :
.In%hma&ad,mcamajhaahmlmml&-hwhh
® Any changes mode to the porameter inside the called funcltion
.Iti.sthadafualtmthad.inc

Working :
@Gmr\su!ﬂad&{o_farmlpmw&raifu{m\lﬁﬂuhﬂ:aicﬂm

@ Actual parameter remains unchanged

Diagram :
Calling Funchion
Cmain)
int & = 10;
(Achusl Parameber)

Value of o remains Changes & = do not
unchanged affect a
@&{C&m)
[ Wincluda <etdin, h> = 7
ekl Fuastl ok . -
( Sy Oubput [

¢¢ changes only lecal copy

prinkft "Inaida fun{), = = Hein®, =); Bofore call, o = 10
]

RS Inside fun(), = = 15
1 A call, o = 10
int o = 10; : e
printf{ "Before call. a = %d%wn™. ad:
funlal; /4 call by volue
prinkf{ " After call, a = EdWn", al;
raburn 0

}

—— E—

L Gall by Refarcis (Maie. iy Rofiruns. /:Call, i’ Ao )
ILMMM.MMDIWWMrth
® It is achicved in C using pointers

Working

@ Address of actual parameter is possed to formal parameter (pointer)
@Wmﬁrm%ﬁémhmﬂmmﬂm.

@Char\ﬁﬂmﬁdsuu»dsﬂuulhd._fmdﬂnajfc&hoﬂﬂmﬂlvm

%r_u.m_" £

Addrecs a
(&a)
Example (C Code) :
Wincluds <akdio . h> 1
vold funtink *p) ‘
(Wp) = (%pd + 5; /4 changes actual valus | Ouepuﬁ
CR Tnaide fundD, #p = RdSan, wpd;
]"“'L“"' P S ‘ Bafors dall, . = if
Rk st ) | Tnside fun(), *p = 15
{ 2
Pl L | After call, @ = 15
printf( “Befora call. a = %d\n", ad;
fund 8ol ¢ call by referenca
printf("After call, a = %dun". al;
raburn O

E
i‘;;

Write C programs for both ma

[
| t
s
|
|

4, Comparison. between Call by Value and Call by Reference :

( = B CaIl.hﬂ“aLm Call by Reference
1! !
What is passed | Copy of actual value | Address of actual value
Mamaru il More (for .-.:.,,33 i
I 1 |
Soasd Slosour [ Faster
Effoct i il
Less safe (can H
Safety Sajer ' :..-;._,{ML m";od"fa
| 5 | i s i .rWhAnfun.el:i.:nnaad.lhs”

modify actual data

Y I —— -

Mmlh:dwxaqd|

e

- Exnm.‘:[z to Understand :

(T AR = nn B
void swap(i.ni x, int 3) woid lwnp(ml. *x, ink "‘s)
{ {
int temp = x| int temp =
x = y; Wy o= dyg
y = temp; *y = temp;
§ 1
| int main() int mainl()

{ {

ink o = 5 b= 10; int & = 5, b = 10

MP(D., h); MP{&H.. &b):
| printf("a = %d, b = %d", a, b); printf("a = %d, b = %d", a, b);
}
{
Output : @ = 5, b = 10 Output : o = 10, b =
(hlpc}!wwﬂq-mnwwdbl (Wlmmﬂdqpped-} J

- Panhsmlm_(d-fnuﬂ.}. Pasa by refarence (uu'naPuinb-nfrufarmm)
= Alvays pass by value (object reference is also passed by value)

“-quo-ooi_m [
;

Pﬁf.h.on — Pass Bﬂ oh‘iock mfnrm { immutable ab‘rndn behave like valie)
Pascal = Both are supported
Advantages and Disadvantages :
Mook [ Mdabagee [ Desdeege ]
‘-Suﬂ#;bmpt.m | ® Exbra memory is used |
Call by Value o&ﬁr{f‘wmu'-%mmﬁa\gm
not vaodified) i alovesr
® No extra copying @ Lews safe
® Faster execubion .L-u:n:.t'iau:uim-‘fmul
Colbty Raperwcs | Can modify actuol data | ® Wrong operotions may change
L inside function | eriginal data |
8. Important Points :
*Pm‘rpnnnsu ""farw“' beks fl.md.wu
#* Default in C is Call by Value
# Coll by Reference is ochieved using pointers
% Choose method based on requirement (safety vs efficiency)
- — T e . ___\'I
Summary Yir |
Pﬂmﬁrmﬂdﬁuéﬁhbhkwjﬂifmhcﬂlﬁgiﬂﬂhﬁ |
the colled function. In Coll by Velus, a copy of the value i possed, |

d'mnsﬂ- do not a‘ffae:i the original value In. Call by Reference, the

— — e S e — e ——

aa

-— &
L 4 b



Compiler Design 13, Dynamic Storage Allocation R Notes
Unit = __I_I_I_ . " E@

Dsnm-l: Sﬁarnﬂe Allocation (DSA)Lsu,mnlimmmOHdma-M-ﬂmm}-hdmiqm Pﬂ.ﬂe N0‘213
mwhﬂlmﬂﬂﬂﬁuﬂoauhdfmmuhﬂpd&ru%mﬂrmmtmumd
when required, and returned back to the heap when it is no longer needed.
This memory allocation and deallocation is performed explicitly by the program.

1. Introduckion :
ete.) is not known at r.ompdt time In such situakions, memory s #include <stdio.h>
fl .|.|.|,_tl and  efficinl ry ilizakion .
ink main()
ink *arr, A, i
® Size nfl’.ﬂl:a.iand.knmunﬂlmnﬂm‘. mtf(-En&-r Df o
L wkili i ma as as i pri number elements : T
- Eff'md. ldamiuvr\i mory (nthh :ﬁ much n.cc.d.ld.)] scw\.f(-ﬁd.', &n);
L ] Sup-pﬁr’h dﬁrwru.: struckures (linked Llists, trees, stachs, queies A
& A are = Cink *Jmallocln % stascf(in)): £/ allocots memary Oubput : |
mt“s' 1'.f {arr == NULL) | |
e . { Enter number |
3"" HGG'P Orqmm = printf( "Memory allocation. failed!\n™J; of elements: 5 I
refurmn 1; |
: |
. deapisy Alocated Block 1 e ek o sy } Erber alamarier |
== = allocated ot run time e A 10 20 30 40 50 |
Allocated Black 2 —+  Ancther allocated T ety | !
for A Elamerks arer. |
block uc.unf['ﬁd.'. Barr[il); |
10 20 30 40 50 |
fres —+ Free memery available printf( “Elements are:\n"); ]
mU\AhAa.P for (i = 0; i ¢ n; ies)
Allocated Block 3 printfl"%d ", arrlil);
—s  Alocated memary
block . freelarr); 7/ deallocate memary
return 0
" More fru . }
B e — mory
Hlsh Address available R
1. Comparison: Static vs Dynamic Allocation :
Worki Dynamic Storage Allocation : T )
@ 'I'n i .,‘_M-' i}l‘ P’f'usmm mqmb h”.P 5 4 S — _— — — 4 — — H
mamory bz e it Moot M Allocated ile & Allocaimd.ab i
furv:li.n'ru like malloel), calloc(), ete. — —d’-_ t..m.._.__ it b i oo
@ Ht-m.ur\d manager searches ;rur a fru block of l-u.ﬂ'icm\t size Fl-f"“ : m Cu"pi::w or::r\nk
@ if available., memary is allocated and a poi.nhn' to that block is k MH M 3 ﬂ.m
i i Mnmrgl Eﬁn May ma._h mamary Efficient memory usage
i allsaatiad | _ Deallocation o _Aubul.nh.c I Exq:-i..ul. (lfi.nﬂ f‘_-u_-.(J)
& When memory is no longer needed, it is released using free( ). Implementation Simple More complex
@Tlurulmsﬁd.m:marﬂbemmmdaﬂcforfutmm Best Used For Simple, fixed size data Dynamic data structures J
| @ Memory is allocated only when required
Allocates o block | 5 : . b
malloc() nf memary nf void *melloc(size b size); <stdlib h> g todnh ke
specified size | Allows programs handle large
“u.“ i > 1 @ Provides more flexibility to the programmer
loe ) fica MH | woid *calloc(size_t n, <sballib. k>
inibial: wtum size_t size); ' 34 Dmclvml:a.sg_s_
IR ey Eo » - Slower than static allocation (overhead of allocation/deallocation).
|  the st | oid Sraalloctueid. i, ; gﬂum:.-glmh ;u.;ffmuum:ii
| allocated memory Gﬁusmnhimofhaapmwrﬂmnﬂmr
fﬁa() Fmriau:lg allocatead wold fm woid "F|:r)', <stdlib h>
10. Applications :
m.nrru:lr‘s
- o o R [ ] D‘mel.r. data strucbures (linked lists, treas, ara?iu.J‘
"’ Bsporiit: ol N | @ Arvays cihoss siza s nok Kiown ot conpile time.
g ® Databaose sﬁshﬂu, cnmpi.l.lrt, uperu.hns isnlam.s
*mnl.loc(jmgpomhrtou'uaﬂmdsdmnwrs. e M t in oL = tnnﬁ :
* If allocation fails, NULL is returned. = i e =
# Always check the reburned pointer against NULL. g Summary !
*Mﬂargaﬂomhduﬂmﬁmﬂoﬂfﬁuﬂnﬂm{hmkuﬂdmﬂfm() m;ﬁgyug.qﬂmhmullml"mmmafn:ml}uhgq?qlnmtmg
| % Use reallocC) carefully; if & foils, original block remains unchanged | | provides flexttifity, and sffient: memeny wsoge; bk repdoesccommful |
TR, — e — ] L management by the programmer. )

— o RGPV Notes Hub [F] o .
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14. Symbol Table
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"—

A Symbol Table is o data structure used by the compiler to store information
about udenhfl.ers (variables, constants, fq.l.rl.d:im. arrays, ete.) encountered in

Pa.ge NO.

1. Introduction :

needs to store information about each identifier such as its name, type, scope,
value, memory location, etc. This information is stored in a data structure
called Symbol Table.

B Misd Bur Skl Tabla :

® Stores information about all identifiers in the program.

® Helps in detecting m(wdcc—lnr-d.mulhpﬁu declared, bype mismatch 3
® Provides information for code generation.

L ] Suppwkwnpshandl.mﬂ Lruunakitru&hudlnnﬂnmﬁas.

® Tmprows officiancy of complation.

[ Field | Delﬂ'i.phm |
‘ Type Dmtﬁp;(m flok, chiar,. ke
| _K.ul.a'. 1 _\ihrwhh. constant, fun:.hm array, ete.,
| Scope Sc-np-a lew.l. where it is declared
! Size Size in bytes
L ;
| ot Info Parameter list (for funchions), retumn type
| dimensions (for arrays), ete. J
4. Example :
S © Symbol Table )
flaaks saaai Name _Tw__.,pc__ Kind chn M.d.msl
ik addCint o) it b) = i "“"““‘.i ‘1000!
{ s | o | | 1| a0k
R A area f|._nn.l variahle | 1 | 1008
P i o add | funclion 1 1013,
cabir s a ind pnru-mrltr 2 =
} | b inkt pn.rn.md.r 2 £
| sum | ik Im-mm.. 2 2000 |
5. Operations on Symbol Table :
=+ Insert() : Add new entry when an identifier is encountered.
=+ Delete() ] Rammmﬁrs (i.fl-c-upf.ﬂld.l-)-
=+ Update()  : Modify existing entry (if needed).

6. Implementation of Symbol Table :

Symbol Table con be implemented using the following data structures :
1. Llinear List (Array) — Simple but slow search (O(n)J.

2. Linked List — Easy insertion/deletion, search is OCn).

3. Hash Table — Fast search, awerage time O(1).
4
5

. Bolanced Tree (AVL, Red-Black Tree) — Efficient operations.

a— E B

Important Points for Exams

i
I*Crmhnddurmﬁlgnmlnnalldmﬁhm
I*OrundthhbhmaghmdforummeMLph
|

|

* de!s in semantic n.n.nlu.lh and intermadiate code 3mﬂhnﬂ.
*  Efficient unplmmlnhm mu.pravu compiler performance

- 3

7. Handling Scope with Symbol Table :
Stack of Symbol Tables.

.Mﬂmb&khm&rﬂd.awsﬂnﬁlhﬂnhpﬂdmdﬂnﬁ_
® When o block is exited, the top symbol table is popped.

T s
op —* Current Block E ]
(Symbol Table n) {7 I
Parent Block ink a 3 Symbol Tables |
[Simbol Toblain-13 { il Gl be gabed
{f J and managed I
...... b oy | ueing stack
} (Bottom. — Top),
Global Black }
}
: (Symbol Table 1) |

® Hash function h(name) is used to compube index.
® If two names have same index, collision occurs.

Hash _Table Lm&
Identi ;
s o [ o[} [
Hash Funckion

; hCname) f ety '! = 4 'E

e 3 = = =]

it N S S

mip: : ¥ —[8 =

m-1 ---

9. Advantages and Disadvantages -
. Advantages |
(@ Fast access to identifier information.

@ Helps in error detection.

o

@memmm |°P¢rfmmdcpund:mda&u
Fuages: | structure used,
10. Applications :

Stores variable, constant, fm\.dm.urruﬁm\d.h‘":nmfmwmkm

SHMTﬂkmwmm‘mm#nsnM
Mmfmmhutnbﬂdmﬁfm Il.wuﬂd.ﬂmrnughnutmmpda.humfor
LS8

|
i \
| ]

. « RGPV Notes Hub =y
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15. ngbol Table Opero.ﬁonsﬂ

—_—
—_——

ASﬁlnboETnHemPPorhasekofha&i;opernthGUmohhewmpderh
store, retrieve, update and delete information about identifiers eﬁ"‘nciml:lﬁ.

Page No.

1. Tabroduetion ;

scope, address, value, etc.).

Thlrrmi.n,opcrnﬁ.omm:
® Insert. Lookup, Delete, Update
.Bqﬁu'l.ScaPu.EndScaPt

2. Information Stored in Symbol Table (Example) :

The l;om.Pi.lsr Pnr'fcr'ms various

4

Field Description
T Deio. bype (ink. floak, char, arrey, ste.)
Kind Varioble, comstant. funchion, array, ste.
Bors Beope. beeth, b lioh- . dacired
Addrese Memory locablon. o offeet
| Sime | Sue in bytes

Value Initial valus (for constants)

Other Tnfe. Parameter lick, reburn bype, dimansions

3. Symbol Table Operations

P peention: o Purposs ' Input Output
Adds o new enkry | Identifier and Success /
Teattd into the bable | its abbribubes Failure
Snmdmmmufur e Pointer Lo
LoshapC) | o i e g antry 7 Mot found
e e
U 0 .Hod.i.‘rmaﬂ:rihm Idmhfmrm Success /
f of an exating entry | and new info. Failiure
. Slnrl.su.nmun-p-l.
Begintooph Y | il Hack) | = B
| Ends current scope [
Endd 2 (exit a block) = 5

{t Dumhm o opm;me.

Adds o new identifier with its atbributes to the

Trsert( )
Lookup ()

Delete ()
Update( )

BeginScope () :

EndScope ()

Note :
When & scope

previous scope.

current symbsl table.
: Searches for an identifier;
otherwice reports error.

: Removes an identifier from the symbol table.

t Changes an attribute (e g,
of an exiabing eniry.

Crun.l.znanmn:opnhuul.
M&hNWfMF)mﬁ

type, volue, address)

Mew entries will be

: Deletes all entries of the current scope and

restores the previcus scope.

Symbol Table. (During Execaion)

: et
|  Cparati ngh-l- Table: Contant e
ep | | (top —» bottom) | A
1 Insart(x) = (ink) Global =
= Entar fun()
2 Scapel ¥
g x (int) {global )
2 Insart(y) g ntd Insart y
N l = (int) urs
x [ float) Insert =
4 Insart(2) y (int) =
[ x fint)
5 EndSeapel J = (ink) Remove y and x|
[ G || New  tn global |
6 Insart{x) = (float] thi ok %) |

ends,

L ]

its entries are removed and control returns to the

RGPV Notes Hub

6. Implementation Techniques :

Linear List / Array -
Linked List -
Hash Table -

Binary Search Tree -
AVL / Red-Black Tree -

e e e 0

e

Simple but slow search (O(n)J.

Easy insertion/deletion, search is O(n).
Fast search, average time O(1).

Search, insert and delete in Ollogn).

Operdbions: willy: Exmrple: [Summany Tabled :

T Corpia b [ i Pepenet

| Tnenet Tnsert("x", int, acops 1, addr 1000)| Add x to current scope

. Lookup( ") Pr—— info.

:Updd- Updal =", iype = flosk} ;C‘-ma-bf”f:bflm‘-l
Delete Delete("x") | Remove. = from table

| Begnicpe [P [ a—————

[ s oL

8. Stack of Symbel Tobles (for Scoped Languages) :

ﬁu-smhollaﬂummninhmdinammg_

[ Working -

@ Insert and Lockup are
performed in the top
table .

® U not found, search moves
down the stack.

@ When o scope ends, top

® Each scope has its own symbal table
®
L Top D_f‘ stack T:Fr-uni- current scope.
Top — Current Scapc
. (Symbol Table n)
Parent Sccpn
(Simbel Tabla n-12
, Blobal Soore
Bottom (Symbol Table 1)

9. Advantages and Disadvantages :

felsnn e

@ Effmlt storage and N-huvuJ.
of identifier information.
@ He.lFu. in error detechion

Cundeclared anh.Fl.- declared )

tahi-LnPuFPnd..

® Used in lexical analysis, syntax onalysis and semantic analysis,

types ond labels,

L ] Uudinu]lwnlpdﬂr;forh!n:kshu&hmPrusmnumualnnﬂunggn

Summary

SHmdequOanbme\cmmMmudmﬁh;sanﬁ

(mmﬂww;.b“.ﬁh-)uwdplfwbuﬂdhﬂu

n:wnpiln‘.

fast and reliable

L]
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16. Er_ror Detection _
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‘

Unit - III .-

thcprosmmmrmnw-red:ih;m,

EWD&achmmmaPmnffm&:\ﬂummhmpmsmmnmmndeﬂ
must detect as many errors os possible and report them in o meaningful woy so that

Page No. : 16

LL‘LErndud;i.nn:
or logical mistakes. The compiler detects errors and reports them with o
mﬂnﬁhmﬂeﬂahnﬂwﬁhhliﬂanuﬂdnrhhlpﬂuprusmr.

2. T'.'.‘E oI Errors :

Ir_THPno:fErrvr | Description b .MMWwCWGWthm).
Lexical Errors : Eirars i dmrm“quj::k“:: ki i ® Conkinue ﬁnm.FJn}.nal\ n.flar dnludn.ne an error (error mrﬂ}
3 = F Violations uf_'u-u_ i #alia u__f the T
kB grammar
| 5 bie E leT:sl:{‘u:;PWhmm s Ta A } i '|U’wf|'3inf . .. )
| _L:?‘:eﬂl_ E._rru_rl o [ _Prosru.m. ___ ru:u -bul. _éi.‘u.s l.n.eorrud‘_ __- eutp.nk_ Bpes = v The h‘.“:u "j -
! Wiciting € | Errm‘lo-unrdlu‘inﬁmmaﬂ.mm&d\mi da Jmh:uﬁmafm[hmmmhurundrudhm),
L bﬂi""’_‘“‘:ﬁ_ﬂ‘d’ °.f bounds, etc . v A mmm,sful. d.-cn?hm af the arrer.
3. Phaoses of Error Detection in Compiler : ¥ Suggestion (if possible) to remove the error,
e . S = .
ﬁ : n <
( —.r_,amzﬂ,...a || eemantis| | JEREA Example of Error Message
LfTMMM)l (Parsing ) | Error: Syntax Error
J ] | ! Line No.: 15  Position: 8
a5 V] Datacts Debect o e Message : Missing semicolon at the end of statement.
Lexical Errors Syntax Errors Semantic Errors Chacks Code - int a = 10
4  Lexical Error Deteclion : +
® ‘Laucal arvers opcar cepsng sianrdiag) of chesactes ko Joen takand. Hint : Add a ';' at the end of the statement.
® Examplas : k. o 3
(D Inwalid characker in o token, eg., 8 s 0#
@ ldenkifier starts with o digit, ... 2abe . "
@ Un’uﬂm ascaps sequence i ¢1-i,.ﬁ i EIIU‘! Rmr'-l Tcdmf.ql-l.es
ST : .ﬂfhrd-hdinﬁmuww.cumpdrmu.mw@dahmt.
! i A —+ '$' is not a valid characker ® Main techniques :
Char name = "A; —+ Miasing closing single quote @ Fonic Mode R.omvurﬂ : S&:Lp agrnhnl.s until o asrmhruni.‘:.i.r\.s token
| float 2value; —+ ldaniifier connot sbart with. digit 6, 3 0 3.9, B Bl
i&mEmnghﬁm (@ Phrase Level Recovery : Make small changes to the program and
® Syatox errors ars dabecked by the parser (synbox analyzer), wnkwmpnrlms
.MWMWWWOIWW- & Error Productions mProd.u.choru u\.s’r‘oﬂwtﬂhﬂndlﬂ
= E""""MF'L“ : commen mistakes
(@ Missing semicolon
@ Unmakbched parentheses or braces Ponic ;
@) Tnocerith ordar of ks Example (Panic Mede) :
Input : int a = 10 int b = 20 :
Example : [ o
int o = 10: —_ M samicolon
F . R-mr:’:sk'h:lmnaunﬁl';'hmnd.unﬂ.mnhnuu ing .
i o> 59 S Misking ctimlin’ pantias ) ji f 2
intk b = a + * 5; —+  Operator used incorrectly
— _— — 10. Error Detection wvs. Error Correction :
6. Semantic Error Deteclion : — _E R I E ;
® Sumanbic errors ocour whan the meaning of the pregram s incoereck . == e g e - - SEe
® These cannct be debected by the parser. LFin&.mAr.Fu.-h..m_ :Fana.mifm.muu}amuhmua.
® Examples : || Dok somoclifiyi b | T — :
R A e e e
@ TBP' i tck in z I_Sunflsr te -.m.Plamﬂ.l. Cemp]ax. ko mphmn:l.
@& Reburn type mismabch
S . 11. Importonce of Error Deteclion :
int a; ® Helps in wriking correct programs.
T — b s nob declored ® Saves time of programmar in debugging.
int = “hello™; —» Type mismaleh (abring ba ink) & Sulidi. SRR, ool SO o R
sum(10); —  Function. 'aum( )’ expacts bwo argumenis . Ji e :
) f
. 5 Summary
| or | rror i is on easentiol task i te find errors
| Important Points for Exams E Dakection compiler
| = Errmnrnd-ﬁ-d-dhlnximl_xan{nxunﬂumnnﬂcmnlﬁdjpham.l in different phoses. It includes lexical, syntax, semantic and run-time
| = Compiler should deteck as many errors os possible in one run. I umlwwmshduuqulsh:anlm:ampduhﬂnwdrwﬁ
L* Error recavary alloars r.um.PLi.-r to conbinue nfl-‘.v- an arror . _‘)! e ﬂl\sl-l ey

1. Strategies for Error Detection :

® Debect srrors as early as possible.

® Deleck as many errors as possible in one compilation,
® Report errors with meaningful messages.

.

2
=
:
F
B
:
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17. Error Recovery

RGPV Notes Hub

-

Unit - III .

Error Ramwr'ﬂi.su'mpr'at.ass of allowing the compiler to continue
compilation ofter detecting an errer, so that more errors can be found

Puge No. : 17

mfhmmmdmﬂfdm@(afpﬂssﬂsjmsﬂlbnﬁamrﬂhd

4. Tabwkidian ;
\Mm:whw.hwurrwﬁﬁmdwbm
improves the efficiency of the eompiler. Without error recovery, the
compiler stops at the first error

2_.._ chcl for ET'I'T]T' RECOVEY"I.} §
® Helps o report mulbiple errors in a single compilation.

'Snuihm:fwlhlp’ngrwnm(mnuﬁhrmphnﬂuxﬂnmiuﬁnm)

® Allows the compiler to generate partial or complete code.

gq; Phases Involved :
(TR Y (@ i ' 0 i
Detection Rﬂmﬂ Compilati E
(Find error) \ (Handle error) | J L
Panic Mode l Discard input symbols until o synchronizing token
Rmn‘.’ | s Jound
Phrase Level an.kllmﬂLomluhﬂngc—lhkﬁnhpul(imrl.
Recovery | delebe. reploce) to moke it syntactically correct
Production |  that handle common errors.
Global | Make minimum changes to the entire program

5.PﬂnicMDdeR.ecovgn_]:
.Mmﬂm&w-um“b‘jmmﬂm-ﬂmhmﬁﬁnﬂ
token (like ..]‘.el'))i.l.found..

® Synchronizing tokens are chosen so thot parser can continue
with correct parsing

® Simple and ecasy to implement

Example :
In.PuL :ink a -1. 10 print C a I ;
Error Missing semicolon after 10

R.ccem“-'

Discard tokens until ;' is found
After shipping ‘print’, parser resumes frem '{’

b. Phrose level Recovery :

.Mahnnmﬂd\nnﬁas{imd.dnh&n.rcphﬂ)hhpmsfmlo
correct the error

® Allows the parser to continue without discarding large portion.
® 3 basic actions :

@D Insertion @ Deletion @ Replacemant
( Exampla )
Input : if € a < 5 a = 10
Errer Missing 2’
Rar.uurﬂ (Inserction) Tnsert '3' n.fi-r 5
Corrected : if ( &« < 5 2 a = 10 ;

?. Error Productions :

to continue

f =

£ S

Example :

Ougial Grammae 3 S = o ¢ E ) S

Wdlifiil, Brdermmor: 3 B v if C B 5 B
Il iF & B s

Whare hnﬂd.l:nn!ni.lnins')-

L ]
]

o RGPV Notes Hub [EE) o

8. Global Correclion :

® Compules minimum number of changes bo the enbire input to malke
it syntactically correct,

Uses algorithms like Levenshiein distance, dynamic programming ekc.
Comlar andcotbliy, ssad: i sdvencad camsilani

L]

q_,_ Componson o;f Error R@c-ovsnd Te.clmiqug.s:

e | G | e
Phrase Level | More precise, correcks locally Mece: oy A
panic moda
e el e e
Gl Comaction)|  Pinita: opbtomal eomvisiion v';::::l:‘j

10. Exmp].e - Panic Mode R.er.overH i

Input @ id = id + * id ; id = id - id ;
Step 1 : Parser finds ‘"' where an operand is expected — error
S‘I:cpﬂ Discard ‘*’ and continue tﬂrmdsanci’mmﬂ token l,'1

Step 3 ¢ Parsing resumes from next statement "id = id - id "

11Exa:npl.s-ﬁu‘o.se|.evelRec.werq

{ Input if € a5 b = 10 ; [
Error Missing ‘)’
Action : Insert ') after 5 |
Corrected Input : if € a < 5D h =16 ;

1. Important Points :
# Error recovery is essential for practical compilers.

* It improves user experience by reporting multiple errors.
* anv-ru should introduce minimum additional errors.
W

The choice of technique depends on the longuage and compiler design.

® Used in all modern compilers (C, C++, Jova, etc. ).
® Useful in IDEs to highlight multiple errors ab once.
~ )
Error Rncounruuﬂmshh‘canupdnrlnum&mmmpdnhm after
an error iz found. It helps to detect more errors in one run
mtd-mmlh-wsrnmm-r'-ﬁm.- Mo.ln.tc.dul.i.quuuwlud.?ﬂni.c

Panic Mode —+ discard tokens kil synchronizing token
Phrose Level — maoke small chonges (insert/delete/reploce)
Error Production — add lpc.cinl grammar rules .

e

L]



