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swi t ch- caseÉ (cont Õd)

Example

swi t ch ( a)
{
   case 1:
   case 3:
      ( voi d)  pr i nt f ( Òsmal l  val ue\ nÓ) ;
   case 10:
      ( voi d)  pr i nt f ( Òbi g val ue\ nÓ) ;
   def aul t :
      ( voi d)  pr i nt f ( Òi l l egal  val ue\ nÓ) ;
}
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Funct ions in C

Funct ions ar e also called subr out ines or  pr ocedur es

One par t  of  a pr ogr am calls (or  invokes t he
execut ion of ) t he f unct ion

Example: pr i nt f ( )
i nt  pr i nt f ( É)  {
   Écode f or  pr i nt f É

}

i nt  mai n( voi d)  {
   É

   ( voi d)  pr i nt f  ( É) ;
   É

}

passes

control

returns
control

caller callee

Like J ava met hods, except É?
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Ar e Funct ions Necessar y?

i nt  mai n( voi d)  {

   É
   Écode f or  pr i nt f ( ) É

   É
}

Alt er nat ive: j ust  copy t he sour ce code of
pr i nt f ( )  int o t he caller , ever ywher e it  is
called
Ð t his is called inlining t he f unct ion code

Ex.:

256 int vsnprintf(char *buf, size_t size, const char *fmt, va_list args)

257 {

258 int len;

259 unsigned long long num;

260 int i, base;

261 char *str, *end, c;

262 const char *s;

263

264 int flags; /* flags to number() */

265

266 int field_width; /* width of output field */

267 int precision; /* min. # of digits for integers; max

268 number of chars for from string */

269 int qualifier; /* 'h', 'l', or 'L' for integer fields */

270 /* 'z' support added 23/7/1999 S.H. */

271 /* 'z' changed to 'Z' --davidm 1/25/99 */

272

273 /* Reject out-of-range values early */

274 if (unlikely((int) size < 0)) {

275     /* There can be only one.. */

276     static int warn = 1;

277     WARN_ON(warn);

278     warn = 0;

279     return 0;

280 }

281

282 str = buf;

283 end = buf + size - 1;

284

285 if (end < buf - 1) {

286     end = ((void *) -1);

287     size = end - buf + 1;

288 }

289

290 for (; *fmt ; ++fmt) {

291 if (*fmt != '%') {

+200 more lines…

Sour ce Code f or  vsnpr i nt f ( )
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What Õs a Funct ion Good For ?

Funct ions ar e usef ul as a way t o modular ize
pr ogr ams, i.e., t o manage complexit y
Ð helps manage t he coding pr ocess (t op-down design)

Ð encour ages small, t ight ly f ocused code blocks

Ð impr oves r eadabilit y of  code

Ð eliminat es duplicat ion of  f unct ion code (and r esult ing
dif f icult  keeping t hings consist ent )
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What Õs a Funct ion Good For ? (cont Õd)

Allows cr eat ion of  libr ar ies of  usef ul "building
block" f unct ions
Ð user  doesnÕt  have t o know implement at ion det ails of

common f unct ions

Ð t hese impor t ant  f unct ions can be car ef ully debugged
and opt imized
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Any Reasons Not  t o Use Funct ions?

A f unct ion may be designed t o handle a var iet y of
possible input s

Ð but  f or  a specif ic input  value, t he pr ocessing may be
much simpler

Ther e is over head in each f unct ion call and r et ur n
(not e: not  r eadily appar ent  t o pr ogr ammer )

1. saving r et ur n addr ess and r egist er  values

2. allocat ing space on t he st ack f or  local var iables and
copying t heir  values

3. j umping t o new inst r uct ion

4. r ever sing all of  t he aboveÉ
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What  Values Can a Funct ion Ret ur n?

A f unct ion can be a value of  t ypeÉ
– char ,  shor t ,  i nt ,  l ong,  l ong l ong

– f l oat ,  doubl e,  l ong doubl e

Ð st r uct s and unions

Ð enumer at ed const ant s

– voi d

Ð point er s t o any of  t he above

Each f unct ionÕs t ype should be declar ed bef or e use
Ð e.g., no dynamic t yping
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What  Values Can É (cont Õd)

Funct ions cannot  r et ur n ar r ays, nor  can t hey
r et ur n f unct ions

Ð alt hough t hey can r et ur n point er s t o bot h

i nt  mai n( voi d)  {
   char  s[ 100] ;

   É
   s [ ]  = r eadst r i ng( ) ;

   É
}

char  [ 100]

r eadst r i ng( )
{  É }

Illegal Ð do not try!
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How Many Values Ret ur ned?

A f unct ion can r et ur n at  most  one value
Ð if  t he f unct ion r et ur ns no value, t ype is voi d

What  if  you need a f unct ion t o r et ur n mult iple
r esult s?

Example: you pr ovide t he r adius and height  of  a
cylinder  t o a f unct ion, which should r et ur n
Ð sur f ace ar ea, and volume of  t he cylinder
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How Many É (cont Õd)

Choice # 1: make t he r et ur n t ype a s t r uct
t ypedef  s t r uct  {

      i nt  ar ea;

      i nt  vol ;

}  myst r uct ;

myst r uct  ans;

myst r uct  cy l  ( i nt  ,  i nt  ) ;

i nt  mai n( voi d)  {

   É

   ans = cy l  ( r ,  h) ;

}
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How Many É (cont Õd)

Choice # 2: use global var iables

Ð global var iables ar e visible t o (and can be updat ed by)
all f unct ions

i nt  ar ea,  vol ;

voi d cy l  ( i nt  ,  i nt  ) ;

i nt  mai n( voi d)  {

  É

  ( voi d)  cy l  ( r ,  h) ;

}

voi d cy l  ( i nt  r ,  i nt  h)

{

  ar ea = h *  ( 2 *  PI  *  r ) ;

  vol  = h *  ( r  *  r  *  PI ) ;

}

War ning: common sour ce
of  pr ogr amming bugs!
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How Many É (cont Õd)

Choice # 3: pass par amet er s by r ef er ence (using
point er s), which allows t hem t o be updat ed by
t he f unct ion

Ex.: lat er É

copyr ight  2007 Douglas S. Reeves 17

Funct ion Side Ef f ect s

Besides t he value r et ur ned, t hese ar e t hings t hat
ar e changed by t he execut ion of  t he f unct ion

Examples

Ð input  or  out put  t o/ f r om t he comput er

Ð change t he st at e of  t he comput er  syst em

Ð changes t o global var iables

Ð changes t o input  par amet er s (call by r ef er ence)

Ther e ar e pr oblems wit h side ef f ect s

Ð ar e t he alt er nat ives bet t er ?
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I nput  Par amet er s of  a Funct ion

Also called ar gument s of  t he f unct ion

Two t ypes

Ð f or mal or  abst r act  par amet er s Ð par amet er s declar ed
in t he f unct ion def init ion

Ð act ual or  concr et e par amet er s Ð t he var iables passed
t o t he f unct ion at  r un t ime

copyr ight  2007 Douglas S. Reeves 20

I nput  Par amet er s

Bot h par amet er  names and t ypes ar e declar ed in
t he f unct ion specif icat ion

I f  t her e ar e no input  par amet er s, use voi d

Par amet er s ar e passed as call by value
Ð i.e., a copy of  t he par amet er  value is made and

pr ovided t o t he f unct ion

Ð any changes t he f unct ion makes t o t his (copied) value
have no ef f ect  on t he var iableÕs value in t he calling
pr ogr am
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I nput  Par amet er s (cont Õd)

Ex.:

voi d cyl bi gger  ( i nt  r ,  i nt  h)

{
   i nt  a,  v;

   r  = 2 *  r ;
   h = 2 *  h;

   a = h *  ( 2 *  PI  *  r ) ;
   v  = h *  ( r  *  r  *  PI ) ;

}

Changes only t he f unct ionÕs local copy of  t he
var iable values Ð no ef f ect  on callerÕs var iables!
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Checking Inp ut Paramete rs  fo r Erro rs

Responsibilit y of  caller , or  callee?

Ð advant ages bot h ways

Caller

Ð bet t er  cont ext , know specif ically what  t o expect

Callee

Ð canÕt  be bypassed or  over looked, no mat t er  wher e
called f r om
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A Special Case

I f  a f unct ion t akes a var iable number  of
ar gument s, how do you specif y t hat  in a f unct ion
pr ot ot ype?

Ð examples: scanf ( ) ,  pr i nt f ( )

Use ellipses t o indicat e unknown number  of
(addit ional) input  par amet er s
– i nt  scanf ( É) ,  or  i nt  scanf ( * s,  É)
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A Special Case (cont Õd)

How do you specif y a var iable number  of
ar gument s in t he f unct ion def init ion?
Ð t o be discussed lat er É
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Funct ion Over loading?

J ava (Pr int St r eam class):

publ i c  voi d pr i nt l n( St r i ng out put )

publ i c  voi d pr i nt l n( i nt  out put )

Two met hods wit h t he same name, but  dif f er ent
t ypes of  input

The choice of  which get s execut ed is det er mined
at  compile t ime, based on t he t ype of  t he act ual
par amet er

copyr ight  2007 Douglas S. Reeves 26

Over loading?É (cont Õd)

Not  suppor t ed in C; do inst eadÉ

(But  pr ogr ammer  can f ake it ; det ails f or  anot her
dayÉ)

voi d pr i nt l nS( char  *  out put )  { É}

voi d pr i nt l ni ( i nt  out put )  { É}
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J ava Polymor phism?
publ i c i nt er f ace Measur abl e
{     doubl e get Measur e( )     }

publ i c  c l ass Coi n
    i mpl ement s Measur abl e
{
    publ i c  doubl e get Measur e( )
    {     r et ur n val ue;     }
    É
}

publ i c  c l ass BankAccount
    i mpl ement s Measur abl e
{
    publ i c  doubl e get Measur e( )
    {     r et ur n bal ance;     }
    É
}

Measur abl e x = new BankAccount ( ) ;
doubl e m = x. get Measur e( ) ;
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Polymor phism?É (cont Õd)

Two classes implement ing t he same met hod, wit h
t he same t ype, but  in dif f er ent  ways

The appr opr iat e met hod t o call is det er mined by
t he t ype of  t he obj ect  at  r un t ime

Not  suppor t ed in C

Ð (again, pr ogr ammer  can f ake it , det ails f or  anot her
t imeÉ)
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Declar ing a Funct ion Bef or e Use
Pr ogr am wit h no

compilat ion er r or s
#i ncl ude <s t di o. h>

f l oat  f  ( f l oat  x,  f l oat  y)
{
   É
}

i nt  mai n ( voi d)
{
   f l oat  w,  x,  y;
   É
   w = f ( x ,  y) ;
   É
}

Pr ogr am wit h
compilat ion er r or s

#i ncl ude <s t di o. h>

i nt  mai n ( voi d)
{
   f l oat  w,  x,  y;
   É
   w = f ( x ,  y) ;
   É
}

f l oat  f  ( f l oat  x,  f l oat  y)
{
   É
}

Why does it  make a dif f er ence?
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Declar ing Bef or e Use (cont Õd)

Old st yle: I f  a f unct ion t ype is not  declar ed
bef or e use, it  def ault s t o t ype i nt

New st yle: f unct ion t ype must  be declar ed bef or e
use

Appr oaches

1. (unusual) locat e t he f unct ion def init ion at  t he
beginning of  t he sour ce code f ile, bef or e it  is
r ef er enced, or É

2. (usual) put  a f unct ion pr ot ot ype at  t he beginning of
t he sour ce code; act ual f unct ion def init ion can
appear  anywher e
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Declar ing Bef or e Use (cont Õd)
Pr ogr am wit h no compilat ion er r or s

#i ncl ude <s t di o. h>

f l oat  f  ( f l oat  ,  f l oat  ) ;

i nt  mai n ( voi d)
{
   f l oat  w,  x,  y;
   É
   w = f ( x ,  y) ;
   É
}

f l oat  f  ( f l oat  x,  f l oat  y)
{
   É
}

function prototype
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Funct ions Calling Funct ions

f ( )  calls g( )  calls h( )  calls i ( )  calls j ( )  calls É

Wher e does it  have t o end, and why?

What  about  f ( )  calling f( ) ???
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Recur sion

A power f ul and f lexible way t o it er at ively comput e
a value
Ð not e: alt hough t his idea seems modest , and per haps

even obvious once you have lear ned it , r ecur sion is
wit hout  quest ion one of  t he most  impor t ant  concept s
in comput er  science

Each it er at ion must  t empor ar ily st or e some input
or  int er mediat e values while wait ing f or  t he
r esult s of  r ecur sion t o be r et ur ned
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Recur sionÉ (cont Õd)

Ever y r ecur sion can be r ewr it t en as a combinat ion
of
1. a f or  loop (it er at ion), plusÉ

2. a st ack (f or  st or ing int er mediat e values)
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Recur sion Example
#i ncl ude <s t di o. h>
i nt  f ac ( i nt ) ;
i nt  mai n ( voi d)
{  É
  w = f ac ( 3) ;
É
}
i nt  f ac ( i nt  n)
{
  i f  ( n == 1)
    r et ur n 1;
  el se
    r et ur n n *  f ac( n- 1) ;
}

fac(3)

fac(2)

fac(1)

returns 2 * 1

returns 1

calls

calls

returns 3 * 2 * 1calls

main()
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#i nc l ude <s t di o. h>

i nt  push ( i nt ) ,  pop ( voi d) ;

i nt  mai n ( voi d)
{
   f or  (  i  = n ;  i  >= 2;  i - - )
      push( i ) ;
   w = 1;
   f or  (  i  = 2;  i  <= n;  i ++)  {
      w * = pop( ) ;
   }
}

I t er at ive Equivalent

Not e: t he st ack
is not
explicit ly
declar ed or
shown below;
it Õs assumed t o
be declar ed
elsewher e, and
accessed using
t he push( )
and pop( )
f unct ions
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How Big Should Funct ions Be?

Funct ion t oo small? not  wor t h t he t r ouble, and
ext r a over head dur ing execut ion

Funct ion t oo lar ge? donÕt  r eally get  t he benef it s of
modular izat ion

Funct ion j ust  r ight ? modest  over head, r easonable
size f or  under st anding f unct ion

Ð 20 lines of  code? 50 lines? 200 lines?
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Ex.: Some Linux Recommendat ions

ÒFunct ions should be shor t  and sweet , and do j ust
one t hing. They should f it  on one or  t wo
scr eenf uls of  t ext Ó

ÒUse helper  f unct ions wit h descr ipt ive names (you
can ask t he compiler  t o in-line t hem if  you t hink
it ' s per f or mance-cr it icalÉ).Ó

ÒAnot her  measur e of  a f unct ion is t he number  of
local var iables. They shouldn' t  exceed 5-10, or
you' r e doing somet hing wr ong.Ó
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Top-Down Pr ogr amming

A way of  t hinking about  pr ogr amming

Ð st ar t  wit h t he basics, and t hen pr ogr essively f ill in
t he det ails

Ex.: wr it ing a web page br owser
Ð how does one even get  st ar t ed??!


