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Nailve view of a compiler

Source code
in my favorite
programming
language

The compiler

Executable
for my
favorite
operating
system
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Formal view of a compiler &8

* From slides of the course Compiler Principles
 Let’s have an input language Lin generated by a grammar Gi,

 Let’s have an output language Lout generated by a grammar Gout or
accepted by an automaton Aout

« The compiler is a mapping Lin—Lout, Where for all wi, in Lin exist wout in
Lout. The mapping does not exist for wi, not in Li,
* Don’t worry!

* You will learn this in the Automata and Grammars (NTINO71) course
(obligatory) and then Compiler Principles (NSWI098) course (elective)



Nailve understanding of a grammar

« Formal description of a language
« Rules -~ shibn /forott / prntl
» Lexical elements - - S tlor” clon

iteration-statement.
while ( expression ) statement
do statement while ( expression) ;
for ( expressionqpt ; expressionept ; €XPressionept ) Statement
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More practical view of a translation (@,
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Linker/librarian/loader (@@

* Library
* A collection of compiled source modules and other resources (|n one
fl|e) 4/# v ///”@/" 7 l/ﬂr S 2/‘,»»;7/4/4 ﬂfs’g L é/yém //mw/m yover

« Static linking (.lib, .a) vs. dynamlc linking (.dll, .so) (//,4 AR/
cLinKing  puan i i ik sy T A R
* Integrating the results of the different translations and libraries together

into ong executal?!e fqr given OS - ey’ % y ;M;//é Syt
* Relocations, position-independent code Srgpaibs v Nk

 Loader
« Part of OS, loads the executable into memory (and its dynamically

linked libs) - Al g’ v /,;/M ol 2w’ ﬂ/@é/ Saprotinle; %/5/;/
+.Relocation again .~ Spepin”



Library example O)

// mylibrary.h Preprocessor // myapp.c
extern int var; #include <mylibrary.h>
extern int open(const char *name);
extern int read(int f,int size,
void *buf);
int main(int argc, char **argv) {
char buf[10];

Linker/loader int file =open("myfile.txt");
int err = read(file, 10, buf);

// mylibrary.c
#include <mylibrary.h>
int var = 8;

int open(const char *name) { ... }

'r-.t ree}d(int f,int size, void *buf) I

21.3.2022 7



Library example compilation

« Compiling as one project

mylibrary.c
-

mylibrary.h

-

Compiler

Interface checking
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Library example compilation

« Compiling separately, linking as static library

mylibrary.c
-

Compiler

mylibrary.h
-

Linker

%

ib distributed as library
{ i /
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Library example compilation

« Compiling separately, linking as dynamic library

mylibrary.c
-

Compiler

%

mylibrary.h

-

Linker

Compiler

Linker

Running
app

T

Executable
code
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Memory organization AL ()
y Org / 2
* Memory organization during procedural program execution
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Linking ~

9//0%;;:4 %g /géﬂ ”744 Sk /«/qwéf

Q_aldy.

A.

C

CC

Code.A

Constants.A

H/A.o/\

Static data.A

‘7 p({u/l'.

//54/ bt /Mﬁ/a g

/&z?é/ﬂ/ 4’&//!/@0, 2 (ot

0740/}”} m (/Vlgd 0)(00

C

AC
e

CC

__Code.B__|

Constants.B

7/8.0/\_

Static data.B

J

A;oj»/k

E

Code.P

(e

Lonstarf /'\\
- (®
Shhi i (@ N
APP.EXE

/fﬁllf 9 ez

Vé’d//k;, / y/,zz
/'6/”/4/& of Code.A 0( /M/aéoyz 7
—— \/Zk/ﬂéé 4 ] Code.B L 01%(& w 7/445
i G, Code.Q

/\ )w/;,é

Constants.A

Constants.B
Constants.Q

Constants.P

Static data.A

Static data.P

Static data.B

Code.Q

Static data.Q

Constants.Q

Static data.Q




Run-time
« Static language support
» Compiler
* Library interface }70/ Lo ﬂ//%y}f @ Wé/ﬂ@
* E.g., header files (C/C++)

* Dynamic language support
* Run-time program environment
« Storage organization
» Memory content before execution
» Constructors and destructors of global objects
* Libraries
 Calling convention



Function call

» Activation record (stack
frame) Wy’@,ﬁc
« Return value 4oty

* May be larger (structure)

« Small values returned via
registers Sloh

. Saved machine status # £/
 Return address to the code
» (Some) registers

iy

P Zﬁwﬂ;ém" /afé%’f; O sen” pmse/ cvlar

Souletmes

Return value

Actual parameters

before the call

— Yy 93/7[ e I//ZZ]( W”{?’é//@/

_ wéé'ﬂiw/%zzﬂw mé’”/’ ’ fé‘

Return address
Control link
Saved machine status

b 1y . Sl
-~ %”{f?’ /{//.9/;/9’;‘ R s

rame pointer

\\7f

parameters are treated the

+ Control link ocal dafa

« Activation record of the caller Temporaries
W///Md// - ol g’ (bl yé X oy ,
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Function call M A L e (@@

_ _ /7 %@4@ (o % ﬂég /;{;/«—z' S byt /;4%4
« Calling convention o, i 7 i’ L s vt
« Public name mangling /4/é/“‘”" fonin 52 b /ﬂé/’% ZZ/Z/IZZM,L v
Call/return sequence for functions and procedures

- Housekeeping responsibility — = (it aivkio v 22 asobnte
Parameter passing

» Registers, stack

* Order of passed parameters
Return value — 71’/4/%( it o W//S/vh h Iude Cmém/ /Z P /‘é’”‘M/ ot p7)

- Registers, stacks ~- g,/ Je A o ;é@/é// A G q/a&/h mWSh U D5
Registers role

» Parameter passing, scratch, preserved
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[CZ] Pfeklad mangle:

* mandlovat

* rozsekat, roztrhat, rozbit, rozdrtit, tézce
poskodit, potlouci, pohmozditi

< pren. pokazit, znetvorit, k nepoznani
zmeénit, prekroutit, zkomolit

Public name mangli

« Examples:

long fi(int i, const char *m, struct s *p)

_f MSVC IA-32 C __cdecl

@H@12 MSVC IA-32 C __fastcall

_fl@12 MSVC IA-32 C __stdcall
?f1@@YAJHPBDPAUs@ @ @Z MSVC IA-32 C++

_f GCCIA-32C #
__Z2f1iPKcP1s GCC IA-32 C++

f1 MSVC IA-64 C =
?f1@@YAJHPEBDPEAUs@@@Z MSVC |IA-64 C++
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Call/return sequence

-

Caller’s
activation
record

Callee’s
activation
record Fp

1

Parameters, return value

Links, machine state

Local and temporal data

T

Caller’s 70 /v MV@/ /mé;

Parameters, return value

responsibility// /}/g o b

———

Links, machine state

Local and temporal data

— Lty

g M/Z/// ol gslfo

Callee’s
responsibility

|



Parameter passing . . j# s o whum/ike

e Call by value /%/7/ 71;'/% /’o/w/%;~ /pza/7 /pém/ /44/7;4;//4@ 1Yy //’v %5/44» WM/

» Actual parameter is evaluated and the value is passed

* Input parameters, the parameter is like a local variable 0124
- C C5 O s’ lodiotor gbdiesa) o o explii’
‘ 175 T e
+ Call by reference |, /%> ,L,;;!Zf”“ Jidwbast mim] ~ loosiints
* The caller passes afp% er to the variable
* Input/output parameters
e &in C++ (hidden pointer)
. . i //,; ”%%//
fnc(int v, int &v); ZA//W%/

r = fnc(a, b);
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Variables (@9

 Named memory holding a value
* Has a type (statically typed languages)

« Storage

» Static data
* Global variables in C

« Stack
» Local variables in C
* Heap
* Dynamic memory in C/C#
* Dictionary (Python, PHP, JavaScript...)

* Not precisely a storage, it is a dynamic structure (variable name -> some value)



Heap

» Storage for dynamic memory

* Allocate
» Use all features from dynamic memory allocation
* Free blocks evidence

+ Allocation algorithms
« Extremely simple and fast incremental allocation

* Deallocate
. SR - -
E)fp(l)lcgictlon in some languages 4%%/%/ éﬁ;m /2;‘ s e /méaf

- Automatic deallocation by garbage collection ~~ % s

 Remove burden and errors
» Works only with good knowledge of live objects and references



—~
Garbage collection (@L

« Automatic removal of unused < GC strategies

memory blocks e Tracing
- Advantages « Reachable objects from live
» No dangling pointers, no double objects .
free, no memory leaks, allows « Reference counting
heap consolidation and fast « Problems with cycles, space and
allocation speed overhead
* Disadvantages » Advanced versions for
* Performance impact, even & languages with heavy use
execution stall, unpredictable =2 P Q
behavior =
2 P

Q




Portability O\

« Source code portability

« CPU architecture i 1t st  OS
: . o0 pedte O : :
* Different type sizes -~ / « Different system/library calls

9164,

e C,C++ N * Linux, Windows
 Fixed type sizes N Ioe wn G40 F CPU o « Sometimes easy
« C#, Java /7‘7"/‘, /6/54;7 hoan GF « BSD sockets
- Compiler 2 Iyt o fo. pefece

« Different language “flavors”
« C++-gcc, msvc, clang, ...

» Use only syntax and library from a
language standard

21.3.2022 22



Portablllty by VM (/VM'/// W fnlnee %7///«//) (@9

* “Binary” portability
« Old technique for ensuring portability of a code among different HW

« Used by many “modern” languages
e Java, C#

« Compiler translates a source code to the intermediate language
» Abstract instructions

Java: bytecode C#'@ bt 1 bl

: ' L . . ihn  progvim /75/«%/

. 7 e /44
Native VM compiled for a given architecture a7 /;,%M e

« Java: JRE, C#: CLR

o do g’
* VM interprets intermediate language in — 7 M”’:%/W%éﬁ,
Tl il oo okl wesilst, Lh jo boph” s s i
gl ot syshins o snites, lrf Sash ol 7 e sy



Solving speed problems (@@

o JIT - WV//?Z///‘? /};/ﬂ:y 7 %MA’//ZJ//”M’WW/ I /I/Zéizm "9 Vethiy V. M;r Jojer
e Just-in-Time 24 47 7 whehys, ey pctn, Johe poh g i o poruly] okt
« Translate intermediate code to the native code on demand » A sush”
¢ AOT ﬂ/ﬁ%)@/& %7[ vV /hﬂ”.éy% ; ﬂf/ }‘Wﬂ'[?//'il’ Ml/&%;) C//ﬂ//7/ //M!J' 7%%545/ 2 /;é
» Ahead-of-Time % & whnle kb w puesom.

» Translate the whole program in intermediate code to the native code
during the installation
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