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Two appr oaches t o execut ing pr ogr ams wr it t en in
high-level languages (HLLs, e.g., J ava, C, É)

1. I nt er pr et ing
¥ t he HLL is t r anslat ed on t he f ly (dynamically) int o

inst r uct ions t hat  can be execut ed by t he host
comput er

2. Compiling
Ð t he HLL is t r anslat ed st at ically int o inst r uct ions

t hat  can be execut ed by a par t icular  host ; r esult  is
an execut able f ile

Ð t o r un pr ogr am: r ead f ile int o memor y and begin
execut ion

Compiling or  I nt er pr et ing Pr ogr ams?
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Execut ing J ava Pr ogr ams

J ava sour ce code is compiled int o plat f or m-
independent  int er mediat e f or m (byt ecode)
 This int er mediat e code is int er pr et ed by t he
J ava Vir t ual Machine (J VM)

Java Source

javac.exe

Java 
byte-code

Java Java 
Virtual Virtual 
MachineMachine

machine codebyte-code

Java Java 
CompilerCompiler

java.exe

Heap.java.java .class.class

JITJIT
CompilerCompiler

Java
Application

Input
Data

Program
output
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Execut ing C Pr ogr ams

HLL sour ce code is st at ically t r anslat ed int o t he
inst r uct ion set  of  t he t ar get  comput er

C
source 

code

object 
code

.c.c

Application

Language Language 
CompilerCompiler .o.o

TargetTarget  
OS + OS + 
host host 

machinemachine

Program
output

Input
Data
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Plat f or m I ndependence?

Compiled

Ð par t s of  t he compiler  (f r ont  end) ar e plat f or m-
independent

Ð par t s of  t he compiler  (back end) ar e specif ic t o t he
ar chit ect ur e on which t he pr ogr am will be execut ed

I nt er pr et ed
Ð t he J ava compiler  is plat f or m-independent

Ð t he J VM is plat f or m specif ic
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Pr ocessing of  Sour ce Code

Compiling consist s of  mult iple  st eps of  pr ocessing,
some of  which ar e quit e complex
1. scanning (lexical analysis)

2. pr e-pr ocessing

3. par sing

4. code gener at ion and opt imizat ion

5. linking

6. loading
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How Do We Compile t he Compiler ?

Compiler s ar e usually wr it t en in a high level
language

Somet imes even in t he language t hey compile!

Solut ion t o t his: boot st r apping
1. wr it e a compiler  (possibly low qualit y, v1) f or

language Y in language X

2. use v1.exe t o compile a compiler  (high qualit y, v2)
f or  Y wr it t en in language Y

3. use v2.exe t o compile v2 again t o cr eat e high
qualit y execut able
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Compar ison

Det ect ion /  pr event ion
of  r un-t ime er r or s

Ease of  debugging

Pr ot ect ion of  sour ce code

Plat f or m I ndependence

Execut ion Speed

Pr oper t y

I nt er pr et ed

Compiled

Which is Bet t er ?

Tossup

Compiled?

I nt er pr et ed
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Hybr ids?  Sur e!

C can be int er pr et ed, J ava can be compiled
(par t ly)
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ÒJ ust -in-TimeÓ Compiling

I n some cases a pr ogr amming syst em may
deliber at ely delay compilat ion unt il t he last
possible moment

Ð e.g., in J ava, a met hod is compiled t he f ir st  t ime it  is
execut ed

Pr eser ves t he benef it s of  int er pr et ed code, wit h
per f or mance of  compiled code

Speeds up execut ion only if  j ust -in-t ime compiling
is f ast
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J VM, Again

Java Source

javac.exe

Java 
byte-code

Java Java 
Virtual Virtual 
MachineMachine

machine codebyte-code

Java Java 
CompilerCompiler

java.exe

Heap

.java.java .class.class

JITJIT
CompilerCompiler

Java
Application

Input
Data

Program
output
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The Common Plat f or m

Dif f er ent  OSes have dif f er ent  convent ions f or
end of  line, end of  f ile, t abs, et c.

Dif f er ent  compiler s will def init ely pr oduce
var ying r esult s when pr ogr ams ar e execut ed

This may cause some pr oblems f or  you

I f  you f ind t his conf using: edit , compile, and r un
your  pr ogr ams consist ent ly on one plat f or m

Our  common plat f or m f or  gr ading pur poses:

I nt el PC+Linux OS
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Coding St yle

No holy war s pleaseÉ

Univer sal agr eement

Ð clar it y and consist ency ar e impor t ant

Ð indent at ion, whit e space, and comment s ar e helpf ul
in under st anding code

Ð naming convent ions can also be helpf ul

Tools (int elligent  edit or s, i ndent , et c.) will t ake
car e of  much f or mat t ing f or  you
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Does it  Mat t er ?

Ent r ies f r om t he I nt er nat ional Obf uscat ed C
Code (I OCC) Cont est É

 #i ncl ude\
                                  <st di o. h>
                     #i ncl ude                <st dl i b. h>
                     #i ncl ude                <st r i ng. h>

                    #def i ne w " Hk~HdA=Jk| Jk~LSyL[ { M[ wMcxNksNss: "
                   #def i ne r " Ht @H| @=HdJHt JHdYHt Y: Ht FHt F=JDBI l " \
                  " DJTEJDFI l MI l M: HdMHdM=I | KI l MJTOJDOI l WI TY: 8Y"
                 #def i ne S" I T@I \ \ @=HdHHt GH| KI LJJDI JDH: H| KI D" \
                " K=HdQHt PH| TI DRJDRJDQ: JC?JK?=JDRJLRI | UI t U: 8T"
               #def i ne _( i , j ) L[ i =2* T[ j , O[ i =O[ j - R[ j , T[ i =2* \
              R[ j - 5* T[ j +4* O[ j - L[ j , R[ i =3* T[ j - R[ j - 3* O[ j +L[ j ,
             #def i ne t " I S?I \ \ @=HdGHt GI DJI LI JDI I t HJTFJDF: 8J"

    #def i ne y                  yy( 4) , yy( 5) ,                 yy( 6) , yy( 7)
  #def i ne yy(               i ) R[ i ] =T[ i ] , T[ i  ]             =O[ i ] , O[ i ] =L [ i ]
#def i ne Y _( 0          ] ,  4]  ) _ ( 1 ] ,  5]  ) _ ( 2      ] ,  6]  ) _ ( 3 ] ,  7]  ) _=1
#def i ne v( i ) (       ( (  R[  i  ]  *  _ + T [  i  ] )  *  _ + O [  i  ] )  *  _ + L [  i  ] )  * 2
doubl e b = 32  , l  , k , o , B , _ ;  i nt  Q ,  s ,  V ,  R [ 8 ] ,  T[  8]  , O [ 8 ] ,  L[  8]  ;
#def i ne q(  Q, R )  R= * X ++ % 64 * 8 , R | = * X / 8 &7 , Q=* X++%8, Q=Q* 64+* X++%64- 256,
# def i ne  p      " G\ \ QG\ \ P=GLPGTPGdMGdNGt OGl OG"    " dSGdRGDPGLPG\ \ LG\ \ LHt GHt H: "
#  def i ne W         " Hs?H{ ?=HdGH| FI \ \ I I \ \ GJl HJ"     " l FL\ \ DLTCMl AM\ \ @Ns} Nk| : 8G"
# def i ne   U           " EDGEDH=Et CEl DH{ ~H| AJk} "        " Jk?LSzL[ | M[ wMcxNksNst : "
#  def i ne u                  " Hs?H| @=HdFHt EI "              " \ \ HI \ \ FJLHJTD: 8H"
char   *    x                   , * X ,  (  *  i  ) [                640] , z[ 3] =" 4_" ,
* Z = " 4, 8O4. 8O4G"  r  U " 4M" u S" 4R" u t " 4S8CHdDH| E=Ht AI DAI t @I l AJTCJDCI l KI \ \ K: 8K" U
 " 4TDdWDdW=D\ \ UD\ \ VF\ \ FFdHGt CGt EI DBI DDI l BI dDJT@JLC: 8D" t " 4UGDNG\ \ L=GDJGLKHL\
FHLGHt EHt E: " p" 4ZFDTFLT=G| EGl HI TBH| DI l DI dE: Ht MH| M=JDBJLDKLAKDALDFKt FKdMK\
\ \ LJTOJ\ \ NJTMJTM: 8M4aGt FGl G=G| HG| H: G\ \ I G\ \ J=G| I G| I : GdKGl L=G| JG| J: 4b" W
S" 4d" W t  t " 4g" r  w" 4i Gl I Gl K=G| JG| J: 4kHl @Ht @=HdDHt CHdPH| P: HdDHdD=I t \
BI l DJTEJDFI dNI \ \ N: 8N" w" 4l I D@I L@=Hl I H| FHl PH| NHt ^H| ^ : H| MH| N=J\ \ D\
J\ \ GK\ \ OKTOKDXJt XI t ZI | YI l WI | V: 8^4mHLGH\ \ G=HLVH\ \ V: 4n"  u t  t
" 4p" W" I T@I \ \ @=HdHHt GI DKI LI JLGJLG: JK?JK?=JDGJLGI | MJDL: 8M4\
r Ht @H| @=Ht DH| BJdLJTH: I TEI \ \ E=I LPI LNNt CNl B: 8N4t " W t " 4u"
p" 4zI [ ?I l @=Hl HH| HI DLI LI JDI I | HKDAJ| A: Jt CJt C=JdLJt JL\
THLdFNk| Nc| \
: 8K" ;  mai n (
i nt  C, char * *         A)  { f or ( x=A[ 1] , i =cal l oc( st r l en( x) +2, 163840) ;
C- 1; C<3?Q=_=       0, ( z[ 1] =* x++) ?( ( * x++==104?z[ 1] ^=32: - - x) ,  X =
st r st r ( Z, z) )       &&( X+=C++) : ( pr i nt f ( " P2 %d 320 4 " , V=b/ 2+32) ,
V* =2, s=Q=0, C     =4) : C<4?Q- - >0?i [ ( i nt ) ( ( l +=o) +b) ] [ ( i nt ) ( k+=B)
] =1: _?_- =. 5/     256, o=( v( 2) - ( l =v( 0) ) ) / ( Q=16) , B=( v( 3) - ( k=v( 1)
) ) / Q: * X>60?y   , q( L[ 4] , L[ 5] ) q( L[ 6] , L[ 7] ) * X- 61| | ( ++X, y, y, y) ,
Y: * X>57?++X,   y, Y: * X >54?++X, b+=* X++%64* 4: - - C: pr i nt f ( " %d "
, i [ Q] [ s] +i [ Q ] [ s+1] +i [ Q+1] [ s] +i [ Q+1] [ s+1] ) &&( Q+=2) <V| | ( Q=
0, s+=2) <640
| | ( C=1) ) ; }

             / *                                      , * /
            #i ncl ude                              <t i me. h>
             #i ncl ude/ *                      _  , o* /   <st dl i b. h>
             #def i ne  c( C) / *      -       .  * / r et ur n      (  C) ;  / *     2004* /
              #i ncl ude   <st di o. h>/ * .    Moekan           " '    ` \ b- '      * /
                t ypedef / *   * / char    p; p*  u                     , w       [ 9
                  ] [ 128]  , * v; t ypedef   i nt  _; _   R, i , N, I , A               , m, o, e
             [ 9] ,   a[ 256] , k    [ 9] ,  n[                256] ; FI LE* f        ; _ x   ( _ K, _ r
        , _ q) { ;    f or ( ;                                          r <     q    ;  K       =( (
     0xf f f f f f )    &( K>>8) ) ^                                         n[ 255     &        (  K
   ^u[ 0        +                                     r   ++      ]      ) ] ) ; c          ( K
  ) }         _ E                           ( p* r ,     p* q  ) {      c(           f          =
          f open                     ( r   , q) ) } _   B( _ q) { c(     f seek        ( f ,       0
        , q) ) } _ D( ) { c(   f cl ose( f  ) ) } _  C(   p    * q) { c(   0-     put s( q    )    ) } _/ *    /
      * / mai n( _ t , p* * z) { i f ( t <4) c(    C( " <i n"        " f i l e>"     " \ 40<l "    " a"   " yout > "
     / * b9213272* / " <out f i l e>"    )  ) u=0; i =I =( E( z[ 1] , " r b" ) )  ?B( 2) ?0 :    ( ( ( o   =f t el l
    ( f ) ) >=8) ?( u     =( p* ) mal l oc( o) ) ?B( 0) ?0: ! f r ead( u, o, 1, f ) : 0: 0) ?0:   D( ) : 0      ; i f (
   ! u) c( C( "       bad\ 40i nput   " ) ) ; i f ( E( z[ 2] , " r b"  ) ) { f or ( N=- 1; 256> i ; n[ i ++]  =- 1   ) a[
   i ] =0;        f or ( i =I =0;    i <o&&( R  =f get c(    f ) ) >- 1; i ++) ++a[ R]  ?( R==N) ?(  ++I >7) ?( n[
  N] +1       ) ?0: ( n [ N   ] =i - 7) : 0:    ( N=R)     | ( I =1) : 0; A =- 1; N=o+1; f or ( i =33; i <127; i ++
  ) (         n[ i    ] +  1&&N>a[ i ] ) ?    N= a     [ A=i ]      : 0; B( i =I =0) ; i f ( A+1) f or ( N=n[ A] ;
 I <       8&&   ( R  =f get c( f  ) ) >    - 1&& i    <o        ; i ++) ( i <N| | i >N+7) ?( R==A) ?( ( * w[ I
 ]              =u [ i ] ) ?1: ( * w[ I ] =   46) ) ?( a             [ I ++] =i ) : 0: 0: 0; D( ) ; } i f ( I <1) c( C(
              "   bad\ 40l a"  " yout   " ) ) f or ( i             =0; 256>( R=  i ) ; n[ i ++] =R) f or ( A=8;
             A  >0; A - - )    R  = (  ( R&1) ==0)           ?( unsi gned i nt ) R>>( 01) : ( ( unsi gned
            / * ker o  Q'         , KSS  * / ) R>>         1) ^         0xedb88320; m=a[ I - 1] ; a[ I
            ] =( m           <N) ?( m=   N+8) :         ++        m; f or ( i =00; i <I ; e[ i ++] =0) {
           v=w         [ i ] +1; f or ( R                      =33; 127  >R; R++) i f ( R- 47&&R- 92
           &&       R- ( _) *  w[ i ] ) * (                    v++) =    ( p) R; * v=0; } f or ( spr i nt f
                  / * ' _  G* /   ( * w+1,               " %0"      " 8x" , x( R=t i me( i =0) , m, o) ^~
                0)    ; i <       8; ++           i ) u      [ N+ i ] =* ( * w+i +1) ; f or ( * k=x( ~
                  0, i =0     , * a) ; i >-         1;       ) { f or  ( A=i ; A<I ; A++) { u[ +a [  A]
                ] =w[ A       ] [ e[ A] ]   ;      k     [ A+1] =x ( k[ A] , a[ A] , a[ A+1]
              ) ; } i f      ( R==k[ I ] )       c(       ( E( z[ 3  ] , " wb+" ) ) ?f wr i t e(
             / *  * /    u, o, 1, f ) ?D          ( ) | C( "   \ n    OK. " ) : 0    : C(
            "   \ n  Wr i t eEr r or "             ) )   f or   ( i   =+I -
           1  ; i  >- 1?! w[ i ] [ ++                 e[ + i ] ] : 0;
             )  f or (  A=+i - - ;                  A<I ; e[ A++]
             =0) ;  ( i  <I - 4                 ) ?put char
             ( ( _   )   46)                   |  f f l ush
            / * '       , * /                   (  st dout
            ) :        0&                    0; } c( C
           ( "        \ n                   f ai l " )
           )       / *                     dP'  /
                 dP                    pd  '
                '                       zc
                                      * /
                                     }
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Ex.: Some GNOME Pr oj ect  Guidelines

ÒPr ogr ammer s should st r ive t o wr it e good code so
t hat  it  is easy t o under st and and modif y by
ot her s

I mpor t ant  qualit ies of  good code

Ð clar it y

Ð consist ency

Ð ext ensibilit y

Ð cor r ect nessÓ
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GNOMEÉ (cont Õd)

ÒI t  is impor t ant  t o f ollow a good naming convent ion
f or  t he symbols in your  pr ogr ams

Funct ion names should be of  t he f or m
modul e_submodul e_oper at i on, f or  example,
gnome_canvas_set _scr ol l _r egi on

Symbols should have descr ipt ive names: do not  use
cnt usr ( ) , use count _act i ve_user s( )
inst ead

Funct ion names ar e lower case, wit h under scor es t o
separ at e wor ds, like t his:
gnome_canvas_set _scr ol l _r egi on( ) Ó
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GNOMEÉ (cont Õd)

ÒMacr os and enumer at ions ar e upper case, wit h
under scor es t o separ at e wor ds, like t his:
GNOMEUI I NFO_SUBTREE( )  f or  a macr o

Typedef s and st r uct ur e names ar e mixed upper
and lower case, like t his: GnomeCanvasI t em,
GnomeI conLi st

Ver y shor t  and t er se names should only be used
f or  t he local var iables of  f unct ions; never  call a
global var iable x; use a longer  name t hat  t ells
what  it  doesÓ
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Ex.: Some Linux Guidelines

ÒTabs ar e 8 char act er s, and indent at ions t oo

Put  t he opening br ace last  on t he line, and put  t he
closing br ace f ir st , t husly:

i f  ( x i s t r ue)  {
 we do y

}

Funct ions have t he opening br ace at  t he beginning
of  t he next  line, t hus:

i nt  f unct i on( i nt  x)
{
 body of  f unct i on

} Ó
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LinuxÉ (cont Õd)

ÒThe closing br ace is empt y on a line of  it s own,
except  wher e f ollowed by a cont inuat ion of  t he
same st at ement , ie do- whi l e or  i f - el se:

do {
 body of  do- l oop

}  whi l e ( condi t i on) ;

and
i f  ( x == y)  {
 . .

}  el se {
 . . . .

} Ó
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Using i ndent

A Òpr et t y pr int er Ó f or  C code

Lot s of  opt ions, cust omize t o your  pr ef er ence

Ð put  t hese opt ions in a f ile named .indent .pr o, in home
dir ect or y

Many edit or s have built -in f or mat t ing
convent ions f or  C, and can also be cust omized
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Pr ogr am Development

 

Source File  pgm.c

Program Object Code File  pgm.o

Executable File  a.out (or a.exe)

Preprocessor

Modified Source Code

Compiler

Linker

Other Object Code Files (if any)

Editor 
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Then What ?

Running your  pr ogr am (pr ovided by OS)

Ð load execut able int o memor y

Ð execut e (t r ansf er  cont r ol t o) pr ogr am

Closing t he sof t war e loop

Ð t est

Ð debug

Ð modif y

Ð r ecompileÉ
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Using t he gcc Compiler
gcc is a high-qualit y, open sour ce compiler

available f or  most  plat f or ms
Ð linux, windows, unix, Mac OS, solar is, É
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I nvoking t he gcc Compiler
At  t he command pr ompt , t ype

 gcc  - Wal l  - st d=c99  pgm. c

wher e pgm. c is t he C pr ogr am sour ce f ile

- st d=c99 specif ies t hat  C99 st andar d
f eat ur es ar e allowed

- Wal l   t ur ns on t he most  impor t ant  war ning
messages

The r esult ing execut able pr ogr am by def ault  is
named (depending on plat f or m) a. out  or
a. exe
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I nvokingÉ (cont Õd)

GNOME: ÒMake sur e your  code compiles wit h
absolut ely no war nings f r om t he compiler .
These help you cat ch st upid bugs.Ó
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Some Ot her  gcc Opt ions

- Ldi r

- I di r

- l l i br ar y

- D name

- O,  - O0,  - O1,
- O2,  - O3

- g

- ansi

- - ver si on

- o f i l e

- E

- c

Add dir ect or y di r  t o t he list  of  dir ect or ies t o sear ch f or  libr ar ies
cont aining obj ect  f iles (specif ied using t he - l  opt ion)

Add dir ect or y di r  t o t he head of  t he list  of  dir ect or ies t o sear ch f or
header  f iles

Sear ch named l i br ar y when linking

Def ine name as a macr o wit h value 1 (used f or  condit ional compilat ion)

Var ious opt imizat ion levels

Pr oduce debugging inf or mat ion necessar y t o debug using gdb

Suppor t  all ANSI  C language f eat ur es

Display ver sion number  of  gcc t hat  is being execut ed

Put  out put  in f ile named f i l e

Pr epr ocess t he sour ce code only (i.e., expand macr os, but  do not
compile t he sour ce code)

Compile t he sour ce code but  do not  link (i.e., pr oduce only t he .o obj ect
f ile)


