
O bsah З

Obsah

1 Úvod 9

2 Program ovací paradigm ata a program y 14
2.1 P rogram ovací p a r a d i g m a t a ..............................................................................................................  14

2.1.1 Im perativní p r o g r a m o v á n í ..............................................................................................  14
2.1 .2  Deklarativní p r o g r a m o v á n í ..............................................................................................  15
2.1 .3  Im p lem en tace  im p era tiv n íh o  p a r a d i g m a t u ...............................................................  15

2.2 In teraktivní a dávkové a p l i k a c e ....................................................................................................... 16
2.2.1 Dávkový p r o g r a m .................................................................................................................. 16
2.2 .2  In teraktivní p r o g r a m ..........................................................................................................  17
2.2 .3  Tvorba dávkových  a in te rak tivn ích  p r o g r a m ů ...........................................................  17
2.2 .4  In te rp re tace  a k o m p i l a c e ..................................................................................................  18
2.2 .5  V lastnosti  in te rp re to v an éh o  a k o m p ilo v an éh o  jazy k a  ........................................ 18

3 Elem entární algoritm y 22
3.1 Z ák ladn í prvky im p era tiv n íh o  p a r a d i g m a t u ...............................................................................  22
3.2 Vyšší c e lk y - e le m e n tá r n í  a l g o r i t m y ............................................................................................... 23

3.2.1 P řeč ten í ce lého  v s t u p u ......................................................................................................  23
3.2 .2  P řeč ten í v s tu p u  s koncovou  h o d n o t o u .......................................................................  23
3.2.3 P řeč ten í z n á m é h o  p o č tu  h o d n o t ................................................................................... 24
3.2 .4  Z p raco v án í  dvojic h o d n o t ..................................................................................................  24
3.2.5 V yhledání e x t r é m u .............................................................................................................. 25
3.2 .6  Zjištění počtu  vý zn am n ý ch  h o d n o t ...............................................................................  26
3.2 .7  Zjištění ag reg o v an é  veličiny ........................................................................................... 26
3.2 .8  D vo u p rů ch o d o v é  a l g o r i t m y ............................................................................................... 26

3.3 Aplikace e lem en tá rn ích  a lg o r i tm ů  ............................................................................................... 27
3.4 Kultura záp isu  zdro jového  t e x t u .......................................................................................................  29
3.5 O pakovací p ř í k l a d y .............................................................................................................................. 34

3.5.1 Příklady bez  c y k l u ..................................................................................................................  35
3.5 .2  Z p raco v án í  řady  h o d n o t  ................................................................................................... 35
3.5 .3  S tru k tu ro v an é  da tové  t y p y ............................................................................................... 38

4 Konkrétní datové typy 50
4.1 Jed n o d u ch é  da tové  t y p y ......................................................................................................................  50

4.1.1 O rd in á ln í  da tové  t y p y ..........................................................................................................  51
4 .1 .2  Celé č í s l o .................................................................................................................................  51

4 .2  Bitové op e race  s celočíselným i h o d n o tam i ................................................................................ 52
4.2.1 Z n a k  .........................................................................................................................................  53
4 .2 .2  V ý č e t .........................................................................................................................................  54
4 .2 .3  I n t e r v a l ...................................................................................................................................... 54
4.2 .4  R eálné da tové  t y p y ..............................................................................................................  55



4 O bsah

4 .3  S t ru k tu ro v an é  da tové  typy ............................................................................................................. 55
4 .3 .1  P o l e ........................................................................................................................................... 55
4 .3 .2  Ř e t ě z e c ...................................................................................................................................  56
4 .3 .3  M nožina  ...............................................................................................................................  57
4 .3 .4  Z á z n a m ...................................................................................................................................  58
4 .3 .5  V arian tn í z á z n a m ................................................................................................................ 58
4 .3 .6  S o u b o r ...................................................................................................................................  59
4 .3 .7  D atový  typ p o d p r o g r a m ....................................................................................................  61

4 .4  K o n s tan ty  s u d an ý m  t y p e m ............................................................................................................. 63
4 .5  P ro m ěn n é  s počá tečn í  h o d n o to u  .................................................................................................  64
4 .6  P řík lady  na p r o c v ič e n í ........................................................................................................................  66

5 O  d a to v ý c h  ty p e c h  a  j e j i c h  k o n t r o l e  70
5.1 Typová k o n tro la  a  p ře typován í  ...................................................................................................  70

5.1.1 Typová k o n t r o l a .................................................................................................................... 70
5 .1 .2  P ř e t y p o v á n í ...........................................................................................................................  71
5 .1 .3  Typová konverze  ................................................................................................................ 73

5 .2  O b e c n é  d a to v é  t y p y ........................................................................................................................... 73

6  V s tu p y  a  v ý s tu p y  v  tex to v é  p o d o b ě  78
6.1 S ta n d a rd n í  p ro ced u ry  r e a d  a w r i t e .........................................................................................  78
6 .2  K o n c ep t  g e t / p u t ,  b u f ....................................................................................................................  79
6 .3  Č ten í da t  různých  typu ....................................................................................................................  81

6.3.1 D a to v ý  typ  c h a r .................................................................................................................... 81
6 .3 .2  D atový  typ s t r i n g ................................................................................................................  82
6 .3 .3  Celočíselný da tový  typ ....................................................................................................  82
6 .3 .4  R eálný  da tový  t y p ................................................................................................................ 84

6 .4  F u n k ce  S e e k E o f ,  S e e k E o l n ........................................................................................................ 85
6.5 V stupy  a v ý s tupy  řád k ů ,  výs tupy  s fo rm á tem  ........................................................................  85
6 .6  P řík lady  na p r o c v ič e n í ........................................................................................................................  87

7 D y n a m ic k é  d a to v é  s t r u k t u r y  89
7.1 S ta t ické  a d y n am ick é  da tové  s t r u k t u r y ...................................................................................... 90

7.1.1 S ta tické ,  n ebo  d y n a m i c k é ? ............................................................................................. 90
7 .1 .2  V ýhody  a nevýhody  dynam ických  da tových  t y p ů ..................................................  90

7 .2  D atový  typ u k a z a t e l ...........................................................................................................................  91
7.2.1 U kazate l  ...............................................................................................................................  91
7 .2 .2  U k aza te le  v P a s c a l u ............................................................................................................  92
7 .2 .3  D efinice d a to v éh o  typu u k a z a t e l .................................................................................  92
7 .2 .4  P ráce  s ukazateli  a dynam ickým i p r o m ě n n ý m i ......................................................  93

7.3 Ř ešen ý  p ř í k l a d ....................................................................................................................................... 95
7 .4  D y n am ick é  s t r u k t u r y .........................................................................................................................  97
7.5 L ineá rn í  s e z n a m ....................................................................................................................................  98
7 .6  Z ák la d n í  o p e race  s l ineárn ím  s e z n a m e m .................................................................................. 99



Obsah 5

7.6.1 I n i c i a l i z a c e .............................................................................................................................  99
7.6 .2  Zjištění p r á z d n o s t i .............................................................................................................  99
7.6 .3  Vytvoření p r v k u .....................................................................................................................  99
7.6 .4  Vložení p rvku  do s e z n a m u ..............................................................................................  100
7.6 .5  P růchod  s e z n a m e m .............................................................................................................. 100
7 .6 .6  V kládán í prvků  na  rů zn á  m í s t a ......................................................................................  101
7 .6 .7  H l e d á n í ..................................................................................................................................... 101
7.6 .8  Zjištění počtu  p r v k ů .............................................................................................................  101
7 .6 .9  O d s t ra n ěn í  p r v k u .................................................................................................................  102
7 .6 .1 0  Další op e race  nad  s e z n a m y ..............................................................................................  102

7.7 K ruhový s e z n a m .....................................................................................................................................  102
7.8 O b o u sm ěrn ý  s e z n a m .........................................................................................................................  104
7.9 N elineárn í dynam ické  s t r u k t u r y ......................................................................................................  106
7 .10  Příklady na  p r o c v ič e n í .......................................................................................................................... 111

8 A b s t r a k tn í  d a to v é  typy  116
8.1 Pojem ab s t ra k tn íh o  d a tového  t y p u ............................................................................................... 116

8.1.1 Popis m nož iny  h o d n o t  ......................................................................................................  117
8.1 .2  Popis m nož iny  o p e r a c í ......................................................................................................  117
8.1 .3  D iag ram  s i g n a t u r y ..............................................................................................................  117

8.2 S ém an tik a  o p e r a c í .................................................................................................................................  118
8.3 Im plem en tace  ab s tra k tn íc h  datových t y p ů ................................................................................ 120
8.4 N ávrh  v lastn ího  ab s trak tn íh o  da tového  t y p u ............................................................................ 121

8.4.1 Im p lem en tace  dynam ickým  lineárn ím  s e z n a m e m ................................................  122
8 .4 .2  Im p lem en tace  p o l e m ..........................................................................................................  126
8.4 .3  S h rn u t í  im p lem en tace  ......................................................................................................  129

8.5 Příklady na  p r o c v ič e n í .......................................................................................................................... 130

9 Typické a b s t r a k tn í  typy  d a t  1 34
9.1 P řehled  typických ab s tra k tn íc h  da tových  typů ........................................................................ 134
9.2 L ineárn í sezn am  a  je h o  v a r i a n t y ......................................................................................................  135

9.2.1 J e d n o sm ěrn ý  s e z n a m ..........................................................................................................  135
9.2 .2  O b o u sm ěrn ý  s e z n a m ..........................................................................................................  136
9.2 .3  K ruhový s e z n a m .................................................................................................................. 136

9.3 Aktivní s e z n a m ....................................................................................................................................  136
9.4 Z áso b n ík  ................................................................................................................................................. 137

9.4.1 V lastnosti z á s o b n í k u .......................................................................................................... 137
9 .4 .2  O p e race  se z á s o b n í k e m ......................................................................................................  138
9.4 .3  Im p lem en tace  z á s o b n í k u ................................................................................................... 138

9.5 F r o n t a ......................................................................................................................................................... 141
9.5.1 V lastnosti  fronty  ................................................................................................................  142
9 .5 .2  O p e race  s f r o n t o u ................................................................................................................. 142
9.5 .3  Im plem en tace  fronty  d y nam ickou  s t ru k tu ro u  ........................................................  142
9.5 .4  Im p lem en tace  fronty  p o l e m ...............................................................................................  144



6 O bsah

9 .5 .5  P rioritn í f r o n t a ...................................................................................................................  145
9 .6  G r a f ......................................................................................................................................................... 145
9.7 S t r o m ..................................................................................................................................................... 146

9 .7 .1  V las tnos t i  s t r o m u ...............................................................................................................  147
9 .7 .2  O p e race  se s t ro m e m  .......................................................................................................  147
9 .7 .3  M etody  p ro ch ázen í  s t r o m u ............................................................................................  147
9 .7 .4  Im p lem en tace  s t r o m u ........................................................................................................ 148

9 .8  Ř ídké p o l e .............................................................................................................................................  150
9 .9  P řík lady  na  p r o c v ič e n í ......................................................................................................................  153

10 R e k u r z e  158
10.1 P rincip  r e k u r z e ...................................................................................................................................  158

10.1.1 C o je  r e k u r z e .......................................................................................................................  158
10 .1 .2  Typy r e k u r z í ........................................................................................................................... 160
10.1 .3  Použití r e k u r z e ...................................................................................................................  161

10.2 P řík lady  rekurzivn ích  a l g o r i t m ů ....................................................................................................  161
10.2.1 Faktoriál ............................................................................................................................... 161
10.2 .2  Výpočet V ' ............................................................................................................................... 162
10.2 .3  F ibonacc iho  p o s l o u p n o s t ................................................................................................ 163
10.2 .4  S tro m o v é  a l g o r i t m y ...........................................................................................................  164
10.2.5 Q u i c k s o r t ...............................................................................................................................  165
10.2 .6  H an o jsk é  v ě ž e ........................................................................................................................ 166
10.2 .7  Efektivita reku rz ivn ích  a l g o r i t m ů .................................................................................  167

10.3 P řík lady  na p r o c v ič e n í ......................................................................................................................  169

11 S t r u k t u r o v a n é  p r o g r a m o v á n í ,  m o d u ly  172
11.1 P ro g ram o v é  m o d u l y ...........................................................................................................................  172

11.1.1 Použití m o d u lu  v  p r o g r a m u ............................................................................................  173
11 .1 .2  S tru k tu ra  m o d u l u ...............................................................................................................  173
11.1.3 P řík lad  im p lem en tace  a b s t ra k tn íh o  typu záso b n ík  ř e t ě z c ů ..............................  174
11.1.4 P řek lad  m o d u l ů ...................................................................................................................  176
11.1 .5  C irku lárn í re ference  m o d u l ů ........................................................................................  176
11.1 .6  M oduly  a d o k u m e n t a c e .................................................................................................... 177

11.2  P řík lady  na  p r o c v ič e n í ........................................................................................................................ 178

12 O b je k to v é  p r o g r a m o v á n í  183
12.1 Pojem  o b j e k t u .....................................................................................................................................  183

12.1.1 O b jek tová  im p lem en tace  ab s t ra k tn íc h  da tových  typů ...................................... 183
12.1 .2  Pojem  o b j e k t u .......................................................................................................................  184
12.1 .3  Definice ob jek tu  ...............................................................................................................  184

12.2 V las tnos ti  o b j e k t ů .............................................................................................................................. 186
12.2.1 Z a p o u z d ř e n o s t ...................................................................................................................  186
12.2 .2  D ě d i č n o s t ...............................................................................................................................  187
12.2 .3  P o iym orfism us a kom patib il i ta  o b j e k t ů ..................................................................... 188



O bsah 7

12.3 M anipu lace  s o b j e k t y ........................................................................................................................  189
12.3.1 S ta t ické  m e to d y  ob jek tů  .................................................................................................  189
12.3.2 V irtuáln í m e to d y  o b j e k t ů .................................................................................................  189
12.3 .3  R ozšířen í p ro c e d u r  new  a  d i s p o s e .............................................................................. 191
12.3.4 V id ite lnost  o b j e k t ů ............................................................................................................. 192
12.3.5 O bjek tové k n i h o v n y ............................................................................................................. 193

12.4 Příklady na  p r o c v ič e n í ........................................................................................................................  194

13 Program y a operační systém  199
13.1 Z p ů so b y  získávání d a t ........................................................................................................................  199

13.1.1 S ta n d a rd n í  v s tu p  a v ý s tu p  ............................................................................................. 199
13.1 .2  H odno ty  z ískané  z p ř íkazového  řád k u  ....................................................................... 2 00
13.1.3 H odno ty  z ískané  z p ro m ěn n ý c h  p ro s třed í  ...............................................................  201
13.1.4 O k n a  a d ialogové p r v k y ....................................................................................................  201

13.2 P ráce se so u b o ry  na  d i s k u ................................................................................................................. 201
13.3 Příklad vazby  na  o p e račn í  s y s t é m .................................................................................................  201
13.4 P řík lady  n a  p r o c v ič e n í ........................................................................................................................  205

14 Algoritm y a jejich hodnocen í 207
14.1 Časová a  p ros to rová  s lož itos t  a l g o r i t m ů ...................................................................................... 2 07

14.1.1 Složitost a l g o r i t m ů ............................................................................................................. 2 07
14.1 .2  Z p ů so b  záp isu  ..................................................................................................................... 208
14.1.3 V arian ty  s l o ž i t o s t i ................................................................................................................. 208
14.1.4 S tanoven í s l o ž i t o s t i ............................................................................................................. 2 09
14.1 .5  Porovnání s ložitostí  p r o g r a m ů ...................................................................................... 2 09

14.2 P řeh led  typických s l o ž i t o s t í ............................................................................................................. 2 10
14.2.1 T řídy  s l o ž i t o s t í ..................................................................................................................... 2 10
14.2 .2  Typické přík lady  časové  s ložitosti  a l g o r i t m ů ........................................................... 211
14.2.3 Snižování s ložitosti a efektivita a lg o r i tm ů  ..............................................................  211

14.3 Příklady na  p r o c v ič e n í ........................................................................................................................  213

15 Vyhledávání 215
15.1 Vyhledávání v  l ineárn ích  s t r u k t u r á c h .........................................................................................  215

15.1.1 Z ák lad n í  ú l o h a ..................................................................................................................... 215
15.1 .2  Sekvenční vyh ledávání v l ineárn í s t r u k t u ř e ..............................................................  215
15.1.3 H ledán í v u s p o řá d a n é  l ineárn í s t r u k t u ř e ..................................................................  2 17

15.2 Vyhledávání v  o s ta tn ích  s t ru k tu rá c h  .........................................................................................  2 18
15.2.1 B inárn í vyhledávací s t ro m  .............................................................................................  218

15.3 Tabulka s rozptý leným i h e s l y .........................................................................................................  2 19
15.4 P řík lady  n a  p r o c v ič e n í ........................................................................................................................  2 24

16 Ř azení 228
16.1 Vlastnosti  řadic ích  m e t o d ................................................................................................................  228

16.1.1 Klasifikace a l g o r i t m ů .........................................................................................................  229



8 O bsah

16.2 Výběrové m e t o d y ...............................................................................................................................  229
16.2.1 P řím ý v ý b ě r ........................................................................................................................... 229
16 .2 .2  Bublinové ř a z e n í ...............................................................................................................  230
16.2 .3  Ř azen í  h r o m a d o u ...............................................................................................................  231

16.3 V kládací m e t o d y ...................................................................................................................................  233
16.3.1 P ř ím é  v k l á d á n í ................................................................................................................... 233
16 .3 .2  Ř azen í b in á rn ím  s tro m em  ............................................................................................ 234
16.3 .3  Ř azen í m n o ž i n o u ...............................................................................................................  234
16 .3 .4  Ř azen í ro z p ty lo v á n ím .......................................................................................................  234

16.4 R ozdělovači a  slučovací m e t o d y ....................................................................................................  235
16.4.1 M etoda  Q u i c k s o r t ...........................................................................................................  235
16 .4 .2  P rincip  s l u č o v á n í ............................................................................................................... 236
16.4 .3  J iné  p r inc ipy  ......................................................................................................................  237

16.5 P o rovnán í  časových  složitostí řad ic ích  m e t o d .........................................................................  238
16.5.1 E x p er im en tá ln í  z j i š t ě n í ...................................................................................................  238
16.5 .2  C h arak te r is t ik y  řadic ích  m e t o d ...................................................................................  240

16.6 P řík lady  n a  p r o c v ič e n í ........................................................................................................................ 243

17 Závěr 246
17.1 Ř ešené  s o u h rn n é  ú l o h y ...................................................................................................................  246

18 Literatura 258


