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Préce se soubory (standardni knihovna C)

Zakladni prace se soubory
® <stdio.h>: fopen(), fclose(), feof (), getc()/fgetc(), putc() /fputc(), fprintf (),
fscanf (), fread(), furite(). fputs (), getline(), gesst ferror(), clearerr()
f500k(), rewind(), £tell - nahodny pFistup do souboru, v PRG iplné nepotebujeme.
= Pristup k souboru je prostrednictvim ukazatele FILE*.
= Otevreni souboru FILE* fopen(char *filename, char *mode) ;.
Vychozi rezim je textovy — zapis/cteni >\n’ dle OS.
®m 'r' — rezim Cteni;
"r" — Cteni textového souboru, "rb" — cteni bindrniho souboru
® 'y" — rezim zapisu;
Vytvoit soubor, pokud neexistuje, jinak smaze obsah souboru.
® "a" — rezim pridavani na konec souboru.
Pozice v souboru je nastavena na konec souboru.
= Binarni soubory — modifikator "b".
= Soubory jsou Eteny/zapisovany sekvencné.
= Se soubory se pracuje jako s proudem dat — postupné nacitani/zépis, obdoba Eteni/zapis ze stdin/stdout.
= Aktudlni ,pozici” v souboru si miizeme predstavit jako kurzor.
= Pri otevreni souboru se kurzor nastavuje na zacatek souboru nebo na konec pri "a" — append.

Prace se soubory (standardni knihovna C)
Priklad - Zapis textového souboru

= Tisk chyby otevfeni souboru funkci perror ().
= Navratova hodnota volani fprintf ().

#include <stdio.h>

® Zpracovani radkové orientovaného souboru v zavislosti na OS.

2 #include <stdlib.h>

4 int main(int argc, char *argv[])

s {

6 char *fname = argc > 1 ? argv[1] : "text.txt";

8 FILE *f = fopen(fname, "w");

9 if (1£) perror("fopen");

10 int r = -100;

1 £ && (r = fprintf(f, "Linei\nLine2\n"));

12 fprintf (stderr, "r: %d\n", 1);

13 return f && !fclose(f) 7 EXIT_SUCCESS
EXIT_FAILURE;

14}

lec13/create_txt.c

https://dev-cpp.com/Dev-Cpp-5/

$ clang create_txt.c && ./a.out ; echo $7
r: 12

o

§ chmod a-w text.txt

$ ./a.out text.txt; echo $?

fopen: Permission denied

r: -100

1

$ wine ./create_txt.exe text-win.txt

r: 12

$ 1s -1n text*.txt | tr -s > ’ | cut -d> ’ -£5,9 -

14 text-win.txt

12 text.tx

$ xxd text.txt > text.hex

$ xxd text-win.txt text-win.hex

$ diff text.hex text-win.hex

1ct

< 00000000: 4c69 6e65 310a 4c69 6e65 320a
Linel.Line2.

> 00000000: 4c69 6e65 310d Oadc 696e 6532 0doa
Linel..Line2.

Priklad ¢tenf ze souboru (textové

= Cteni txt vs. bin souboru podle nazvu spustitelného programu.

Préce se soubory (standardni knihovna C)

= Ukazka konce fadku >\n’ v riiznych OS.
#include <
#include <
#include <string.h>

int main(int argc, char *argv(])

_Bool bin = strstr(argv[0], "bin");

char *fname = argc > 1 7 argy[1] : "text.txt';

FILE *f = fopen(fname, bin 7 "rb" :

if (1£) perror("fopen");

size_t count = 0;

int r;

while (f &k (r = getc(f)) != EOF) {
)

s

if (r == '\r’

fprintf (stderr, "DEBUG: carriage return character ’\\r’\n");
if (r \n’)

fprintf (stderr, "DEBUG: New line character \\n’\n");
count += 1;

fprintf(stderr, "INFO: No. of read characters %lu\n", count);
return f &k !fclose(f) ? EXIT_SUCCESS : EXIT_FAILURE;
) lec13/read_file.c

a binarng)

Testujeme vyskyt bin v ndzvu programu.
https://www.winehq.org/

./a.out text-win.txt
DEBUG: carriage return character ’\r’
DEBUG: New line character ’\n’

: carriage return character ’\r’
DEBUG: New line character ’\n’
INFO: No. of read characters 14

$ wine read_file.exe
DEBUG: New line character *\n’

DEBUG: New line character ’\n’

INFO: No. of read characters 12

§ wine read_file.exe text-win.txt
DEBUG: New line character ’\n’

DEBUG: New line character ’\n’

INFO: No. of read characters 12

$ cp read_file.exe read_file-bin.exe
$ wine read_file-bin.exe text-win.txt
DEBUG: carriage return character ’\r’
DEBUG: New line character ’\n’

DEBUG: carriage return character ’\r’
DEBUG: New line character ’\n’

INFO: No. of read characters 14
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Prace se soubory (standardni knihovna C) Prace se soubory (standardni knihovna C) Price se soubory (standardni knihovna C)
Priklad testu dosazeni konce souboru 1/4 Priklad testu dosazeni konce souboru 2/4 Priklad testu dosazeni konce souboru 3/4
= Nacteni posloupnosti dvojice cely Cisel, kazda dvojice na samostatném Fadku. = Pridani testu dosazeni konce souboru feof () nepostacuje.
i <st. $ clang read_values.c -o read_values . L i stdio.h> 1. d_values-£2.c - d_values-£2
1 #include <stdio n> $ cat values.txt = Netestujeme spravné navratovou hodnotu fscanf (). 1 f#include <stdio.n § clang read_values-$2.c -o read values
2 #include <stdlib.h> 12 2 #include <stdlib.h> $ cat values.txt
inGi N m 34 1 #include <stdio.h> $ clang read_values-fl.c -o read_values-f1 ) inGi har % W
: I“ main(int argc, char *argv a4 3 #include <etdlin. i sc_ireadjal“es’ﬂ values. txt : znt main(int argc, char *argv i?
$ ./read_values values.txt; echo $7 . o “C % Program neskonci
6 char *fname = argc > 1 ? argv[1] : "values.txt"; No. of value pairs read: 3 4 int main(int arge, char vargv(l) $ ./read_values-f1 values-noeol.txt 6 char *fname = argc > 1 7 argv[1] : "values.txt"; § ./read_values-f2 values.txt; echo $7
7 FILE *f = fopen(fname, "r"); DEUG: x vatue s 1 s { N e t N ~C % Program neskonci 7 FILE *f = fopen(fname, "r"); No. of value pairs read: 4
it (1 N 0y 6 char *fname = argc > 1 7 argv "values.txt"; if (1 B ny. : is -
i if (1£) perror("fopen"); Jread_values values-noeol.txt; echo 87 . FirE At oo en(gname ”r"f $ ./read_values-f1 values-et. txt 8 if (1£) perror("fopen"); gEBUG  value is -1
9 size_t count = No. of value pairs read: 3 P! 3 3 ~C % Program neskonci 9 size_t count =
10 int a, b; DEBUG: r value is - 8 if (1) perror("fopen"); $ ./read_values-f1 values-e2.txt; echo §$7 10 int a, b; $ ./read_values-£2 values-noeol.txt; echo §7
1 int r=0; g o o 0 size_t count No. of value pairs read: 2 " int r=0; No. of value pairs read: 3
cat values-el.txi ; . . i DEBUG: r value is 2
13 while (£ && (r = fscanf(f, "Ud %d\n", &a, &b)) 12 o bé DERUG: ¥ value is 0 13 while (£ && !feof(f) 8k (r = fscanf(f, "fd %d", &a, &b))) {
1 =05
14 count += 1; 3t i wd Yd\a" $ cat values-e2.txt 14 count += 1; $ cat values-noeol.txt
15 } $ ./read_values values-el.txt; echo §7 13 while (£ b{‘ (r = fscanf(f, "/d %d\n", &a, &b))) { 12 15 12
16 printf("No. of value pairs read: %lu\n", count); No. of value pairs read: 2 14 count += 1; 4a 16 printf("No. of value pairs read: %lu\n", count); 34
17 fprintf(stderr, "DEBUG: T value is %d\n", 1); DEBUG: ¢ value is 1 15 41 1 fprintf(stderr, "DEBUG: r value is %d\n", 1); : 1/ 4 values-£2 values-ol.txt; echo 7
- . 16 rintf("No. of value pairs read: %lu\n", count); . . ./read_values-£2 values-el.txt; echo $7
18 return f & !fclose(f) &k r == EOF ? EXIT_SUCCESS : $ cat values-e2.txt printf( a g_ 2 7\\ » coun ) V poslednim piipadé sice indikujeme chybu 1 return f & !fclose(f) &k r == EOF ? EXIT_SUCCESS : B oot ot e
EXIT_FAILURE; 12 B fprintf(stderr, "DEBUG: r value is %d\n", r); EXIT_FATLURE v navratové hodnoté pro- EXIT_FAILURE; N .
| a DEBUG: r value is 1
0} loc13/read_val 4a 18 return f &k !fclose(f) &k r == EOF ? EXIT_SUCCESS : gramu, vystup je viak chybny, poet spravng 0} leci3/read_values-£2 i
ecld/read_values.c 41 EXIT_FATLURE; nactenych pari je jedna. ec13/read_values-£2.c
§ ./read_values values-s2.txt; echo $7 - $ ./read_values-f2 values-e2.txt; echo $7
No. of value pairs read: 1 1} lec13/read_values-f2.c No. of value pairs read: 2
DEBUG: r value is DEBUG: r value is 0
1 1
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Préce se soubory (standardni knihovna C)

Priklad testu dosazeni konce souboru 4/4

= Pridame cteni konce Fadku, program stale nefunguje Gplné spravné.
#include <stdio.h>

#include <stdlib.h>

Névratové hodnota programu a vystup.
$ clang read_values-f3.c -o read_values-f3
$ ./read_values-f3 values.txt; echo $7
No. of value pairs read: 3

Priklad naéitani kladnych &isel
Priklad nacteni pouze kladnych celych cisel
® Zadani: implementujte program naéitajici pouze kladn4 celd &isla v rozsahu typu int.

scanf neselZe, navratova hodnota r bude 1.

Piiklad naéitani kladnych &isel

Kontrola nac¢teni kladného ¢isla

4 int main(int argc, char *argv([]) . ;i s N . ™ . o . . - . . .
- DERUG: ¥ value is 2 1 unsigned int x; m Rozsah kladnych &isel typu int je zcela obsazen v rozsahu unsigned int (nebo jen
6 char xfname = argc > 1 7 argv[1] : "values.txt'; § ./read_values-£3 values-nosol.txt; echo §7 2 int r = scanf("Ju", &x); ® Hodnota x bude néjakou hodnotou, imple- unsigned).
7 FILE *f = fopen(fname, "r"); No. of value pairs read: 3 [ " 2 taéné zavisl ke -
o if (1f) perror("fopen"); DERUG: x value is 2 = Co se stane pfi zaporném vstupu? mentacne zavisiou na konverzl. = Proto je spranou moznosti nacitat int, zkontrolovat a nasledné provést typovou
9 size_t count = 0; s L oxo . - .
10 int a, b; $ ./read_values-£3 values-el.txt; echo $7 $ echo "-1" | ./a.out m Zaporné ¢islo je platny vstup pro Yu. konverzi.
2 imtreo0; No. of value pairs read: 3 T: 13 x: 4294967295 ) .
: DEBUG: T val 1 = Znaménko neni lexikalni chyba. i ;
13 while (f && !feof(f) && (r = fscanf(f, "/d %d\n", &a, &b))) { T ovaie is $ echo "-2147483647" | ./a.out Y 1 int tmp; 5
M count += 1; § cat values-et.txt T 13 x: 2147483649 = K chybé dojde pokud vstup neni celé ¢islo. Ale! 2 if (scanf("%d", &tmp) != 1 || tmp < 0) {
15 } 12 $ echo "-21474836141313" | ./a.out .
16 printf("No. of value pairs read: %lu\n", count); 33 i 1; x: 338687 $ echo "123a" | ./a.out 3 ) goto error: //chyba vstupu
17 fprintf(stderr, "DEBUG: r value is %d\n", 1); 4 Co . r: 1; x: 123 4
18 return f && !fclose(f) &k r == EOF 7 EXIT_SUCCESS : $ ./read,valuestﬁ values-e2.txt; echo $7 $ echo "1234567890" | ./a.out i . _ . .
EXIT_FAILURE; forfoflvatun palre rondil2 T 1; x: 1234567890 m scanf () neumi spolehlivé detekovat preteceni 5 unsigned x = (unsigned)tmp;
: r value is . . . - oee 3
v} lec13/read_values-£3.c 1 $ coding echo "12345678901" | ./a.out (overflow) — pokud se nactené &islo nevejde do
$ cat values-e2.txt r: 1; x: 3755744309 . Z PP o Z
1o cilového typu, chovani je nedefinované.
: i Resenim strtol nebo strtoul.
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Priklad nacitani dvojice kladnych cisel Priklad nacitani dvojice kladnych cisel Priklad nacitani dvojice kladnych cisel
Priklad nacteni celych cisel - ne Gplné vhodné Priklad nacteni celého souboru Priklad postupného (proudového) zpracovani vstupu
Lot = 2px o . e " 5 £oox < P . 1 int process(char *str, char *fcmd)
® Zadani: Postupné nactéte dvojici celych Cisel, které pouzijte k zaméné znaka v Fetézci. 1 charx read_txt(const char *fname) 2 char *buf = (char*)malloc((size_t)sz + 1); s 1 P
1 int process(char *str, char *fcmd) swap_at(char *str, size_t len, int a, int b); 2 2 if (tbuf) { // +1 pro ’\0’ int ret = 1; // predpokladam Aund vst
2 4 ® Proc nekonecny cyklus while(1)? 3 if (!fname) return NULL; 26 fclose(£); 3 in H pie PO.. 3 e spravnj vstup
3 int ret = Bazny st Giimeéné ukonZeni. al . 5 FILE %f = fopen(fname, "rb"); 27 return NULL; 4 FILE *f = fopen(femd, "r");
4 char *in = read_txt(femd); ezny stav a vyjimecne ukonceni, ale v nasem 6 if (1) return NULL; 28 3 5 if (!f) return 0; // chyba otevfeni souboru
s if (tstr || lin) return 0; pFipadé olekévame, Ze skontime. o ; d = fread(but, 1, ( sz, £); 6 size_t len = strlen(str);
6 size_t len = strlen(str); = Prvni bychom méli testovat chybu, ale if 8 if (fseek(f, 0, SEEK_END) != 0) { 30 size_t rd = fread(buf, 1, (size_t)sz, H : - ' H
7 int from, to; (!line) je konec vstupu. 9 fclose(£); 31 fclose(f); 7 int r, from, to;
8 char *saveptr; ® Dava smysl pokud ma jazky (try, catch, 10 return NULL; 33 if (rd != (size_t)sz) { 8 char c;
B char #line = strtok_r(in, "\n", &saveptr); v C lze pouzit goto, presto je 1 } 34 free(buf); 9 while ((r = fscanf(f, "%d %dlc", &from, &to, &c)) == 3) { // (r = fscanf()) je C styl
:: "‘”i; Sijie) uvést podminku  opakovani. 13 long sz = ftell(f); // vrati aktualni 35 return NULL; 10 if (c An’ || !svap_at(str, len, from, to)) {
2 break; o while (line) { pozici v souboru 36 1 ret = 0; // chybi konec fadku nebo chyba swap_at()
13 if (sscanf(line, "%d %d", &from, &to) == 2) { 1 if (sscanf(line, "%d %d", &from, &to) == 2) { 14 if (sz < 0) { 38 buf [sz] = *\0’; 12 goto end;
14 ret = swap_at(str, len, from, to); o, e . _ . 15 fclose(f); 39 return buf; 13
15 = ProcC nacitame nejdrive vstup a nasledné stejne 16 return NULL; w0 ¥ 1
16 s 4 ?
v postupne volame scanf()? " > = Proc zistui Jikost vstupu? 15 EOF) // vstupni soubor jsme nepfeietli cely
18 if (iret) break; // chyba scanf nebo swap_at ® Ziskame tim uzavreny problém, algoritmus ma 19 if (fseek(f, 0, SEEK_SET) != 0) { roc zjistujeme velikost vstupu® 16 ;
19 line = strtok_r(NULL, "\n", &saveptr); kompletni data. 20 fclose(f); = Proc je sz typu long a nasledné provadime 7 .
20 ¥ = Explicitné testujeme konec radku, 21 return NULL; typovou konverzi na size_t? 18 felose(£);
B freelms to samotny scanf g%d, #d\n") nedéla. 2 ¥ = Nahodnym pistupem do souboru ztracime 1o return ret;
’ = Ale ztracime proudové zpracovani moznost proudového zpracovani vstupu. ’ 4ci - & a0 (oineli
23} (pipeline), kéd je delsi a potrebujeme vice paméti. 20 } Netracime moznost proudového zpracovani (pipeline).
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Blokové Eteni a zapis

Binarni (blokové) ¢teni/zapis z/do souboru
= Otevfeni souboru s pfiznakem "b".
= Cteni bloku dat funkci fread() a zapis bloku funkci furite ().
= Nacteni nmemb prvkil, kazdy o velikosti size bajta.

size_t fread(void * restrict ptr,
size_t size, size_t nmemb,
FILE * restrict stream);
® Zapis nmemb prvkd, kazdy o velikosti size bajti.
size_t fwrite(const void * restrict ptr,
size_t size, size_t nmemb,
FILE * restrict stream);
const indikuje data nejsou ve funkci modifikovéana.
Funkce vraci pocet prectenych/zapsanych prvki o velikosti size.
Pokud doslo k chybé nebo detekci konce souboru, funkce vraci mensi nez ocekavany
pocet bajtd.

Jan Faigl, 2026
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Blokové Eteni a zapis

Priklad blokového ¢teni/zapisu 1/5

= Program blokového ¢teni/zapisu hodnot typu int s vyuzitim bufferu délky #define BUFSIZE.
= Pocet hodnot je definovany #define NUMB.
= Povinny argument programu je jméno souboru pro ¢teni/zapis.
= Zapis do souboru se provadi volitelngm argumentem programu -u.

1 #include <stdio.h> 26 int main(int argc, char *argv[])
2 #include <string.h> 27 {
3 #include <errno.h> 28 int ¢ = 0;
4 #include <stdbool.h> » —Bool read = true;
s #include <stdlib.h> 30 const char *fname = NULL;
. . £ FILE *file;
7 #include <sys/time.h> - const char smode = "z¥;
9 #ifndef BUFSIZE 33 while (argc-- > 1) {
10 #define BUFSIZE 32768 3 fprintf(stderr, "DEBUG: arge: %d *%s’\n", argc, argvlargcl);
1 #endif 35 if (stremp(argvlargel, "-w") == 0) {
13 #ifndef NUMB 36 fprintf(stderr, "DEBUG: enable writting\n");
1o #define NUMB 4098 37 read = false; // enable writting
15 #endif 38 mode = "w";
39 } else {
a0 fname = argv[argc];
a
a2 } // end while lec13/demo-block_io.c
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Blokové Eteni a zapis

Priklad blokového ¢teni/zapisu 2/5

43 file = fopen(fname, mode);
4 if (1file) {

45 fprintf(stderr, "ERROR: Cannot open file ’}s’, error %d - %s\n", fname, errno,
strerror(errno));

46 return -1;

a7}

48 int *data = malloc(NUMB * sizeof (int));
49 require(data);

s0 struct timeval t1, t2;

51 gettimeofday(&tl, NULL);

52 if (read) { /* READ FILE %/

53 fprintf(stderr, "INFO: Read from the file ’%s’\n", fname);

54 ¢ = fread(data, sizeof(int), NUMB, file);

55 if (c != NUMB) {

56 fprintf(stderr, "WARN: Read only %i objects (int)\n", c);
57 } else {

58 fprintf(stderr, "DEBUG: Read %i objects (int)\n", c);

50 ¥

60 } else { /* WRITE FILE */
61 char buffer [BUFSIZE];

62 if (setvbuf(file, buffer, _IOFBF, BUFSIZE)) { /* SET BUFFER */
63 fprintf(stderr, "WARN: Cannot set buffer");

lec13/demo-block_io.c
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Blokové &teni a zapis Blokové &teni a zapis Blokové Eteni a zapis

Priklad blokového ¢teni/zapisu 3/5 Priklad blokového ¢teni/zapisu 4/5 Priklad blokového ¢teni/zapisu 5/5

o fprintt (stderr, "INFO: Write to the file *%s’\n", fname); = Vychozi hodnota BUFSIZE (32 kB) zapisu/éteni 10% int hodnot (~480 MB).
:: :fi(iuit;lﬁ;ai sizeof (int), NUMB, file); clang -DNUMB=100000000 demo-block_io.c &k ./a.out -w a 2>&1 | grep INFO o L .
o fprintf (stdore, "WARN: Write only i objects (imt)\n', o INFO: Write to the file ’a’ ® Zvyseni velikosti BUFSIZE (128 MB) zlepsuje vykon zapisu.
, : J DN INFO: write 381 MB
6 } else { INFO: 10.78 MB/sec clang -DNUMB=100000000 -DBUFSIZE=134217728 demo-block_io.c && ./a.out -w aa 2>&1 | grep INFO
70 fprintf (stderr, "DEBUG: Write %i objects (int)\n", ¢); INFO: Write to the file ’aa’
n } :/a.out a 2ul | grep INFO INFO: write 381 MB

. ile 'a’
2 fflush(file); iﬂigj :‘::: ;g;’m“;hs file ’a INFO: 325.51 MB/sec

i i INFO: 2214.03 MB/sec L i o L .
3 gettimeofday (&t2, NULL); = Nezlepsuje vsak vykon cteni, ktery spise zavisy na “bufferu” OS.
76 double dt = t2.tv_sec - tl.tv_sec + ((t2.tv_usec - tl.tv_usec) / 1000000.0); o Sl
n . - . - - i
” double mb = (sizeof(int) * c)/ (1024 * 1024); Cteni vice hodnot vede na feof (), nikoliv na ferror (). tl:;:gg lezni 1000300;191 DBUFSIZE=134217728 demo-block_io.c &k ./a.out aa 2>¢1 | grep INFO
78 fprintf(stderr, "DEBUG: feof: %i ferror: %i\n", feof(file), ferror(file)); clang -DNUMB=200000000 demo-block_io.c && ./a.out a ity ead 3;‘1”“}4; e file Taa
0 fprintf (stderr, "INFO: %s %lu MB\n", (read ? "read" : "write"), sizeof(int)+NUMB/(1024 * 1024)); DEBUG: argc: 1 ’a’ Fo. 12-33 39 1B sec
80 fprintf (stderr, "INFO: %.21f MB/sec\n", mb / dt); INFO: Read from the file ’a’ : . )
81 free(data); WARN: Read only 100000000 objects (int) lec13/demo-block_io.c
8 return EXIT_SUCCESS; DEBUG: feof: 1 ferror: 0
&} lec13/demo-block_io.c INFO: read 762 MB
INFO: 1623.18 MB/sec lect3/demo-block_io.c
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Obrazky Obrazky
Pamétova reprezentace obrazki Textova reprezentace obrazku PPM P6
= Format PPM P6 je textové binarni format obsahujici textovou hlaviéku nasledovanou souvislym
blokem bajti reprezentujici jednotlivé pixely po slozkach RGB.
m Obrazek je reprezentovan jako matice pixeli, souvisly blok paméti (1D pole). 3 melude o> 56 char screate.image(int v, int h)
2 #include <stalic -
~ sdv pi %2 v A H i ' i Avt H A Y1 & #ifn 58 char *img = malloc(w * h * BYTES_PER_PIXEL * sizeof »img);
Cast ” = Kazdy p|>iel mize byt reprezentovanljedmm nebo vice bajty, v zavislosti na typu a kédovani ¢ ptnaer wmom e A o st Pt
obrazku (Sedotonovy - grayscale, 8-bitovy s paletou, RGB nebo také s prithlednosti RGBA. o fendif w0 = 0; img 8 y < b ) { // all rous
s #ifndef HEIGHT 61 (color[0] + 1) % MAX_COLOR_VALUE; // alternate R
x| 5 o R ) = Format obrazku miize byt neztratovy, napf. BMP, PNG, PPM, nebo ztratovy, napf. JPEG. 2 Haetine WEIGT 450 e T e ™
Cast 2 — Priklady binarnich soubort (obrazky) = Format obrazku definuje jak jsou data ulozena na disk. e e e D el ol G - oo <02
> ) o 1+ #define MAX_COLORVALUE 255 .
= V paméti je pro zobrazeni obrazek reprezentovan souvislym blokem o velikosti Sitka x vyska x 15 char screate imago(int , int b); 6 revurn ing;
" L X 17 int save_ppu_p6(char *img, int v, int h, char *fname); // retwrn 1on & }
pocet bajtii na pixel. @ int save.pem po(char sing, fnt v, int b, char +taane)
19 int main(int argc, char *argv[]) o {
20 { n if (!img) return 0;
X . Lo . 2 char *fname = arge > 1 ? argv(1] : "image.ppn'; 72 FILE #fd = fopen(fname, "sb");
= Pro nacitani a ukladani obrazka typicky vyuzijeme existujici knihovny tretich stran. = char wing = create_inage(WIDTH, HELGHT); noar G (
#  int ok - ing &k ( // HEIGHT <-> VIDTH if three args are given " perror ("Error save_ppm fopen");
® Podobné pro vizualizaci vyuzijeme néjakou dostupnou knihovnu. = arge > 2 7 noo, e
26 save_ppm_p6(img, HEIGHT, WIDTH, fname) : L
- save_ppn_p6 (ing, WIDTH, HETGHT, fnane) - fprintf(fd, "P6\n %s\n Yd\n %d\n %d\n", "Test image" , w, h,
2 ; MAX_COLOR_VALUE) ;
2 if (ing) " rite(ing, BYTES PER PIXEL, w * b, £d) == w + h;
2 free(ing); n folose(d);
e o T o IT_FATLURE; | rewmren lec13/img/write_ppm_image.c
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Obrazky Knihovna SDL Knihovna SDL

Ulozeni obrazku ve formatu PPM P6 Simple DirectMedia Layer — SDL Priklad animace

® SDL je multiplatformni multimedialni C/C++ knihovna s nizkoaroviiovym pristupem ke grafice = Animace je opakované prekreslovani modifikovaného obrazku (matice).
$ clang write_ppm_image.c -o ppm $ ./ppm image2.ppm rot (ZD a 3D) zvuku, klavesnici, atd https://www.1ibsdl.org/ 1 #include <stdio.h> 38 unsigned char* create_image(int w, int h)
$ ./ppm $ head -n 5 image2.ppm ' ' ' i . i . Ps: i -OTg, 2 #include <stdlib.h> 1 {
$ head -n 5 image.ppm P6 = Pouziva se pro tvorbu her a multimedialnich aplikaci, napf. Angry Birds, Unreal Tournament « #include "xwin_sdl.h® “  unsigned char xing = malloc(3 * w * h * sizeof +img); // 3 bytes
X . © #define WIDTH 640 per pixel
Pf- . Zzzt image (Linux OpengGL), OpenTTD. i NETGHT 490 4 e e eowr < dug;
62:‘: image a0 = SDL, SDL2 (https://wiki.libsdl.org/SDL2/Tutorials, SDL3. o #define ANIM 100 -  or (int %o 0k ey €
#define DELAY_MS 10 ., ’
480 255 https://lazyfoo.net/tutorials/SDL/index . php ‘Z ‘m: ;::d o reste.snageCint v, int " ‘::..m; 255; // red
2 sy _ int w, int B); - *(cur+s) = 0;
255 $ 1s -1n imagex.ppm | tr -s > * | cut -d’ ’ -£5,9 - https://mrlvsb.github.io/upr-skripta/c/aplikovane_ulohy/sdl.html 15 void update_inage(unsigned char *ing, int w, int h); w cur+s) = 03
:Gg; -h image-ppm giigig ?mageéppﬂl = V PRG pro zjednoduseni pouzijeme zapouzdfujici knihovnu xwin_sdl.h s rozhranim: o p menint aree, char verer()) W revurn ing;
image. image2.ppm o e - 2 . N P : s i
| lmase-PP o images- pp ® vytvoreni grafického okna: int xwin_init(int w, int h); 77 unsigned char ximg = create_image(WIDTH, HEIGHT); w 3
$ xview image.ppm $ xview image2.ppm reni ok id X N (void) 18 if (img & !xwin_init(WIDTH, HEIGHT)) { 51 void update_image(unsigned char *img, int w, int h)
® zavieni okna: void xwin_close(void); 1 for (int i = 03 i < ANIM; ++1) { 2 L B
< . . s . N . s . . 20 update_image (img, WIDTH, HEIGHT); 53 static int i = 0;
= prekresleni okna: void xwin_redraw(int w, int h, unsigned char *img); b avin, redras (WIDTH, HEICHT, ing); N I e €
= nacteni RGB obrazku: = , delay (DELAY_¥S); s for (int x = 05 x < w; +0) {
. s . : s . . e 56 const int idx =y * WIDTH * 3 + x * 3; // pixel position
unsigned char *xwin_load_image(const char *filename, int *width, int 2 xwin_close(); 57 *(img + idx + 0) = (y + i) % 256; // R
*height) ; 2 ¥ 5 *(img + idx + 1) = (x + 1) % 2855 // G
. d Iv, f k . 27 if (img) free(img); 59 *(img + idx + 2) = 0; // B
a aalsi funkce: M return EXIT_SUCCESS; 0 ¥
» nacteni RGBA obrazku unsigned char *xwin_load_image_bytes(const char *filename, size_t ¥size, int *Rshift, 2 ) o 3
int .‘Gﬁhtis' int ‘lelui'\.i int *Ashift); 62 i+=1;
Rozmérem obrazku 640 x 480 vs. 480 X 640 se objem dat neméni, ale interpretace ano. ® vyprazdnéni fronty udalosti void xwin_poll_events(void);. 6} lec13/img/xwin_anim.c
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Knihovna SDL

Sestaveni programu (xwin_sdl)

Naéteni obrazku RGB

Nacteni obrazku xwin_load_image ()

Naéteni obrazku RGB

Priklad nacteni obrazku view()

1 #include <stdio.n>
= Dle formatu obrazku nemusi posloupnost bajtii pixeli odpovidat RGB, ale napriklad BGR (BMP). 2 #include <stdlil —
: 4 8 unsigned char *xwin_load_image(const char *filename, int +width, int *height) 16 void require_fail(const char *expr, const char *fcname, #include "xw dl.h" clang -c xwin_sdl.c -02 -std=gnu99 -pedantic -Wall -T/usr/
® xwin_sdl vola funkce SDL2. ° Gt ¢ #include "xvin s ocat anciuds F/us/Loca/nciude/SDL3 D REENTRANT -
- gned cn . ot ooy : 6 #define BYTES_PER_PIXEL 3 D THREAD. SAFE o wetn odl 0
= SDL2 nastaveni kompilatoru lze ziskat z sd12-config, CFLAGS a LDFLAGS. ®  SDLSurface ing = ING_Load(filename) PO 7 #define VIEW WAITMS 5000 // 5 sec O g o maaminy s TL/wer/docal/1ib A2
9% if (img) { 20 if (1(cond)) {\ 9 int main(int argc, char *argv(]) clang -c View.c -02 std;gnuss pedantic -Wall -I/usr/local/
sudo apt install libsdl2-dev o wwidth = ing->w; n require_fail (#cond, __FILE_, __LINE_ 10 inchude 1/ve/1ccelnc1uae/ S -0 EBHTIAR -
0 *height = img->h; __func_); \ n int ret = EXIT_SUCCESS; D_THREAD_SAFE -0 view
i o o . o - . " nst int by - M : . Clang in. 41,0 vien.o -Ljuse/local /1ib 15012 -15DL2_inage
= Nacitani obrazkd je v xwin_sdl realizovano volanim SDL2_image. 1ibsd12-image-dev 2 stnae e = e 1 char «fname = arge > 1 7 argv(l] : “image.png"; " "
o5 tprint? (stderr, sd1) %d\n", ) 77 - functi = int w, hj s /view julia.p
.  pendit 2 unction 1 unsigned char *img = xwin_load_image(fname, &w, &h); DEBUG(xwin_sdl): bytesPerPixel: 3
CFLAGS+=$(shell sdl2-config --cflags) » esire oytespospizel - 3); 2 void reaure fail(const char +expr, const char *fcname, 15 i (timg) { INFO: View loaded image julia.png for 5000 ms
LDFLAGS+=$ (shell sd12-config --1ibs) 9. rot = (unsigned char $)uslloc(img->w + mg->h + 3 Y * dine, const char wnane) M printt (stderr, "ERROR: Cannot load image %s\n’, fname);
= i B sizeof (unsigned char)); printf (stderr, " require fai Ys @ %s in Ys 1w ret = EXIT_FAILURE;
LDFLAGS+=-15DL2_image 0 uire(ret t= NULL); R v 1} else if (lxuin_init(s, D)) {
lec13/img/Makefile 101 \msxgned char *dst = ref ' ’ 1 xwin_redraw(w, h, )5
g » exitEIVAL; €
102 for (int 05 y < img- >h +y) L 0 ) 20 fprintf(stderr, "INFO: View loaded image %s for %d ms\n", fname,
$ make 103 for (m: x ; Od x (mg W5 ;‘x) () o o osByvesperpixel VIEW_WAIT_MS);
. . . . . o4 const int idx = (y + ing->w + x) + ing->format->BytesPerPixel; .
clang -c xwin_anim.c -02 -std=gnu99 -pedantic -Wall -I/usr/local/include -I/usr/local/include o Uints +px = (Uint8s)ing >pixels + idx a delay (VIEW UATTHS);
/SDL2 -D_REENTRANT -D_THREAD_SAFE -o xwin_anim.o 106 1ty = Gn + ing>tomarRehite / 9); n temmet oF
wr (dster) = *(px + ing->Tormat>Gehift / 8)
clang -c xwin_sdl.c -02 -std=gnu99 -pedantic -Wall -I/usr/local/include -I/usr/local/include/ o iy = o+ o ot Banitt 1 8, 2 fprintt (stderr, "ERROR: Camnot init window for the image %s of the
SDL2 -D_REENTRANT -D_THREAD_SAFE -o xwin_sdl.o o » size 4d x Yd\n", fname, w, h);
clang xwin_anim.o xwin_sdl.o -L/usr/local/lib -1SDL2 -1SDL2_image -o xwin_anim w 201 Fracsurtace Ging) ® ret = BXITFATLURE;
 free(ing);
us return ret;
; lec13, al 2 return ret;
na ¥ ec13/img/xwin_sdl.c o) lec13/img /view.c
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Naéteni obrazku RGB

Priklad animace obrazku

= V programu view.c pridame funkci
void move(unsigned char *img, int w, int h);
void h_shift(unsigned char *img, int w, int h);

if (move_to_right)

4 delay(VIEW_VAIT_MS);
. move(ing, w, h);

3 void move(unsigned char *img, int w, int h)

4 for (int i =0; i <w; ++) {
“ h_shift(ing, ¥, b);

@ xwin_redraw(v, h, ing);

“

“ )

@ okt hshie(unsigned char ving, nt v, ot 1)
e pixel from 1eft to right

« { // shift inage b
& for Gnty- 0y <h ) {

. for (it x = w-1; x > 0; ) {

0 unsigned char *src = Rimg((y * w + x - 1) * BYTES_PER_PIXEL];
5 unsigned char +dst = kimg((y * w + x) * BYTES_PER_PIXEL];

5 for (int i = 05 1 < 3; ++1) {

s *(dst + 1) = w(ere + 1)

s ¥

s for (int 1= 05 1 <3; ++i) {

s ingl(y * w) * BYTES_PER_PIXEL + 1] = 0; // black

s b

o )

w ¥

Jan Faigl, 2026

move (), ktera postupné presune obrazek za pravy okraj.

$ ./view julia.png move
DEBUG (xvin_sd1): bytesPerPizel

NFO: View loaded image julia. png for 5000 me

lec13/img/view.c
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Ulozeni obrazku v JPEG
= Obrazek je posloupnost bajtti (1D pole) o délce odpovidajici rozliseni a poétu bajtti na pixel.
m Format JPEG je ztratova komprese, obrazek tak odpovida souboru o mensi velikosti nez paivodni

(nekomprimovany) obrazek.

Ulozeni obrazku ve formatu JPEG

u Komprese do JPEG formatu je vytvoreni jiného (mensiho) 1D pole.
= Praci s JPEG obrazky je mozné zalozit napriklad na knihovné jpeg-turbo (1ibjpeg.so.8).

25 static void jpeg_compress(const unsigned char *src, int src_len, int w, int h,
unsigned char **dst, unsigned long *dst_len, int quality, int components);

Ulozeni obrazku ve formatu JPEG

Priklad ulozeni obrazku v JPEG formatu

= Format souboru (obrazku) neni zavisly na jeho jméné, ale obsahu.
$ make
clang jpeg.o save_jpeg.o xwin_sdl.o -L/usr/local/lib -

#include
2 #include

<stdio.h>

<stdlib.h>
#include
#include

"xwin_sdl.h"
"save_jpeg.h"

4
5
7 int main(int argc, char *argv[])
s
9

28 void save_image_jpeg(int w, int h, unsigned char *img, char *fname)

w * h, w, h, &jbuf, &jsize,

jsize);

85, 3);

20
30 unsigned long jsize = 0;

E unsigned char *jbuf = NULL;

32 jpeg_compress (img,

33 FILE *fd = fopen(fname, "wb");

34 require(furite(jbuf, 1, jsize, £d)
35 fclose(£d);

36 free(jbuf);

s}

Jan Faigl, 2026
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lec13/img/save_jpeg.c
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1SDL2 -1SDL2_image -1jpeg -o jpeg

$ ./jpeg
ERROR: Cannot load image image.png
$ ./jpeg julia.png

DEBUG (xwin_sdl) :

bytesPerPixel: 3

ERROR: JPEG filename must be given

int ret = EXIT_FAILURE; .
- 2 " -/jpeg julia.png julia.jpeg
o char xfname = arge > 1 7 argv[1] 1mage-pogt; DEBUG(xwin_sdl) : bytesPerPixel: 3
1 char *fname_jpeg = argc > 2 7 argv[2] : NULL;
- int w. hs $ du -h julia.png julia.jpeg
> . 344K julia.png
13 unsigned char *img = xwin_load_image(fname, &w, &h); 72K julia.jpeg
14 if (timg) { $ ./jpeg julia.png j
15 fprintf(stderr, "ERROR: Cannot load image %s\n", fname); DEBUG(xwin_sdl): bytesPerPixel: 3
16 } else if (!fname_jpeg) { $ shal julia.jpeg
17 fprintf(stderr, "ERROR: JPEG filename must be given\n"); sua1 (julia.jpeg) = 8425
18 } else { d3£03d be
19 save_image_jpeg(w, h, img, fname_jpeg); SHAL (j) = 8 8b
20 ret = EXIT_SUCCESS; $ xview j
21 ¥
2 free(img) ;
23 return ret;
24} lec13/img/jpeg.c
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Naéteni obrazku (dat) RGBA

Nacteni obrazku RGBA — xwin_load_image_bytes ()

=V pripadé obrazku s alfa kanalem (transparentnost) odpovida jeden pixel 32-bitové hodnoté
® Data z nacteného obrézku miizeme dekédovat do definované posloupnosti 4 bajti, ale jednotlivé slozky nemusi

odpovidat pofadi R, G, B, A.

Dekédovani dat z RGBA obrazku

=V obrazku miizeme ulozit libovolna data jako posloupnost bajtii.
= Obsah input.txt ulozime jako posloupnost bajtii na pozice RGB, ale obrazek ulozime jako RGBA ve formatu
PNG, ktery nasledné dekédujeme nactenim funkci xwin_load_image_bytes() s uvazovanim pouze RGB hodnot.

Naéteni obrazku (dat) RGBA

Respektovani RGBA vs. BGRA

= Pokud bychom hlednili vnitfni kéd:

i obrazku,

Naéteni obrazku (dat) RGBA

ptivodni data v pripadé pouziti jiného formatu

obrazku, napf. BMP, ve které mohou byt ulozeny slozky v pofadi BGRA.
Podobné dekédovani nebude fungovat pfi ztratové kompresi obrazovych dat.

1 #include <std $ magick convert input.png input.bmp = B
1o unsigned char +xvin_load_image_bytes(const char *filename, size_t +size, int sRshift, int Gshift, int *Bshift, int *Ashift) L e e § mae $ du -h input.png input.bmp B vasigmed cher wing = awin londtmage byces(taane, Maise. . );
m 4 #include "xwin_sdl h" clang -c decode.c -02 -std=gnu99 -pedantic -Wall -T/usr/ 4.0K  input.png s -
12 unsigned char *ret = NULL o int main(int arge, cher +argv(]) Jocal/i s 28K input.bmp ) oelse {
5 - . . include -I/usr/local/include/SDL2 -D_REENTRANT -
3 SDL_Surface *img = ING_Load(filename); R w for (size t i = 0; i < size; i += 4) {
e if (i) { A . D_THREAD_SAFE -o decode.o $ ./decode input.png > output-png.txt i for (int k = 05 k < 3; +K) {
115 #ifndef NDEBUG o char +fname = arge > 1 7 argv[1] : "input.png"; clang decode.o xwin_sdl.o -L/usr/local/lib -1SDL2 - DEBUG (xwin_sdl) :8;v1n§210ad;;vn;397bgt65 <X;_ln‘;sdl~c=115> 1 if (ting[i + k1) break; // 0 is end of txt
116 fprintf(stderr, "DEBUG(xwin_sdl): %s (%s:%d) image size %d x %d with BytesPerPixel: %d\n", __func__, __FILE__, __LINE__, 10 size_ 1SDL2_image -o decode image size 82 x 82 with BytesPerPixel: ® N putchar (ingli + K1);
ing->v, ing->h, ing->fornat->BytesPerPixel); B dm b, G, B bt $ ./decode input.png > output.txt § pidecode dnput.bap > owtputbp Xt e o )
12 unsigned char wing = xuin_load_inage bytes(fname, ksize, e xwin_sdl): xwin_load_image_bytes (xwin_sdl.c:
17 #endif Rshift, &Gshift, &Bshift, ZAshift); $ diff input.txt output.txt 82 82 th Bgt 1;] P 1: 4 =
118 require (ing->format->BytesPerPixel ; 5 it (ting) $ shal input.txt output.txt image s1ze 2 x B2 with Bytesvertixel: $ ./decode2 input.png 2>/dev/null > output2-png.txt
19 *size = ((size_t)img->w + (size_t)img->h * (size_t)img->format->BytesPerPixel); 1 fprintt(stderr, "ERROR: Cannot load image %s\n", fname); SHA1 (input.txt) = eSe6f2dSac2db9lel8aadd: 2£7 $ diff output-png.txt output-bmp.txt § _/decode2 input.bmp 2>/dev/null > output2-bmp.txt
120 ret = malloc(xsize * sizeof(unsigned char)); s Tet = EXIT_FAILURE; SHA1 (output.txt) = e5e6f2d5ac2db9lelBaadd2ba8570a5695fdc2f7 $ shal input.txt output-png.txt output-| me e ¢ <hat P P o " P
21 require(ret != NULL); 1w Yelse { SHAL (input.txt) = ebe6f2d5ac2db9l 7 $ shal input.txt output2-png.txt ontput bmp. txt
equir ! i $ du -h input.txt output.txt SHA1 (input.txt) = eSe6f: le: 7
. v int shift[3] = { Rshift/8, Gshift/8, Bshift/8 }; SHAL (out; :) _ input.tx ef a5695fdc2f
122 memcpy (ret, img->pixels, *size * sizeof (unsigned char)); el 5 4.0K input.txt output-png. tx SHAL (output2-png.txt) =
123 *Rshift = img->format->Rshift; » T or Cine % = 0r k< 3 oy 4.0K output.txt e5e6f a5695£dc27 output2-png.txt) =
120 *Gshift = img->format->Gshift; » 15 img i & Shate 015 brecks /) 0 ie end of et § moad oc 30 ontput.bxt SHAL (output-bmp. txt) eSe6£2d5ac2db91e18aadd2baB570a56957dc2t 7
. . ~ . . . . o4 287 SHA1 (output2-bmp.txt) =
125 Bshift = img->format->Bshift; 2 putchar (img[i + shift[K11); Loren ipsum dolor s lec13/img/decode.c
120 *hshift = ing->format->Ashift; s ) £092912345££64ableefbf fbeB803639e6eeb5as
127 SDL_FreeSurface(img); = 3 lec13/img/decode.c $ head -c 10 output2-png.txt
O D e Loren ipsu
129 return ret; N e s $ head -c 10 output2-bmp.txt
=0 ¥ lec13/img/xwin_sdl.c - rol mespi lec13/img/decode2.c
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struct Diskutovana témata struct Diskutovana témata struct
Diskutovana témata
Cast Il
Shrnuti prednasky _
® Binarni soubory. A di
y . . ppendix
® Priklad nacitani a ukladani obrazka.
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struct Kédovaci priklad — Nacitani a ukladani slozeného typu struct Kédovaci priklad — Nacitani a ukladani slozeného typu struct

Kédovaci priklad — Priklad detekce preteceni (unsigned long)

Detekce preteceni

#include <stdio.h>

<stdlib.h>

#include

3
i
I
o
5
&
&

$ echo "1234567890123456789" | ./a.out
DEBUG: ULONG_DECIMAL_DIGITS 19
strtol() conversion: No error: 0

rno: 0 nun: "1234567890123456789"

1234567890123456789

Kédovaci piklad — struct 1/3

1 #define USERNAME_SIZE 8
2 #define NUMBER_DIGITS 4

struct record {

= Implementujme slozeny typ s dvéma polozkami typu pole znakii username a number, kde prvni polozku chceme
interpretovat jako textovy retézec (null terminated), ale ve druhém pfipadé pouze jako pole znaki.
Ukézkovy priklad, jeho# hlavni motivace je ulozeni paméti do souboru a néhled na obsah souboru.

= Polozka username je o jeden znak delsi, ulozeni *\0’.
= Polozka number je zapis Cisla o maximalni hodnoté 9999

Kédovaci priklad

struct 2/3

_-RECORD_H__
__RECORD_H__
USERNAME_SIZE 8
NUMBER_DIGITS 4

struct record {

#ifndef
#define

#define
#define

1 |#include <stdic.h>
2 |#include <limits.h>
3 |#include <assert.h> // strukturalni testy

s |#include "record B lec13/struct/record.c

33 |void print_record(const struct record ¥ record)

#include 5 .
value:
o #def)ne. l(H.DIIG_DECIMA:l_DIGITS E](ilzeof(\nntsq_t) * CHAR_BIT - 1) * 301 / 1000 + 1) :nd L 5 char username [USERNAME_SIZE + 1]; (pocet radii 4) v textové podobé (0000-9999). 8 char username [USERNAME_SIZE + 1];
1 int main(int arge, char *argy 7§ echo "9234567890123456789" | ./a.out . . L . ey - . ; *
I © DEBUG: ULONG_DECTHAL_DIGITS 19 6 char number[NUMBER DIGITS]; = Velikost slozeného typu je dana velikosti jednotlivych polozek. N char number [NUMBER _DIGITS]; s | if (record) €
. no’ 7} . JRn A s h w0 |}; . s
15 char buf [ULONG_DECIMAL_DIGITS + 1 + 115 // +1 for ’\n’ and ’\0 o 5‘"01() °°“V;'5*°ﬂ ”Z”q“mgm;“nw © main(oid) { = Pole zaznamii incializujeme se zarazkou (posledni prvek 4 € 4 o 3 P“‘"EE T“"’d\" )3 N . N N
14 sizet r = fread(buf, sizeof(char), ULONG_DECIMAL_DIGITS + 2, stdin); o int main(voi PSP ° 12 |void print_record(const struct record * record); | 37 printf("|- username: \"/s\"\n", record->username);
val\le 9223372036854775807 obsahuje prazdny fetézec v polozce username). " "
15 fprintf(stderr, "DEBUG: ULONG_DECIMAL_DIGITS %lu\n", ULONG_DECIMAL DIGITS);  , nq; v 10 struct record records(] = { e p Yy P ) 13 |void print(const struct record * const records); | printf("|- mumber: ");
' - 3 rint_chars (NUMBER_DIGITS, record->number);
16 if (r==0 Il xsspice(bnt[r 1) { . 13§ echo "12345678901234567890" | ./a.out 11 { .username = $ clang struct.c && ./a.out 15 |unsigned int £i11_numbers(struct record * const P o \(“)' )
i fprintf(stderr, "ERROR: No terminating white space character"); 1+ DEBUG: ULONG_DECTMAL_DIGITS 19 1 { .username = " DEBUG: size of struct 13 48); o printf ("\n\n");
1 return EXIT_FAILURE; 15 strtol) comersion: Result too large DEBUG: size of records 6 records); a // printf("|- number: %s\n\n"); // VyzkouSejte!
e 1 { .username : .
D 1 ermmo 1 vt - ecETEROEABSTERD 17 | #endif lec13/struct/record.h | | ¥
20 buf[r] = *\0’; // vstupni &islo musi byt zakonZené white space “m‘.'alue 9223372036854775807 1 { .username = = Na pikladu si ukazeme, jak prevést celé Gislo na textovou as |}
2 char *end oends M . 15 { .username = °\0’ } // null reprezentaci. k cemuz pouzijeme nekolik pomocnych funke 45 |void print(const struct record * const records)
2 char +mm = strtok(buf, " \n"); // space or "\’ 8 echo  AZUSCTOOOLIASETSN0" | /aou terminating array P! : pouzlj P Y : = V C nemiizeme pretézovat jména funkci, proto mame
m uint64_t val = strtol(mum, kend, 10); o ERROR, Input number ie mot terminated by a [CR = Implementujeme si funkce pro tisk zaznamu a pole zaznami. funkei print_record() a print(). | struct record const scur = records;
x ;:L;u:i:ﬁio comersion oy ize space heracter 18 fprintf(stderr, "DEBUG: size of struct = Polozku number naplnime programové z celého &isla « Funkce £111_numbers( i polozk bere o vhile <:ur L ;‘;r-ﬂ;smmm) <
3 = shell returne d B o N a0 rint_record(cur);
. e e . . 1u\n", sizeof (struct record)); s kontrolou, zdali se &islo vejde do NUMBER_DIGITS. unkee fill-numberst) vypinl polozky mnumbers P ¢
2 printf("errno: %d r: %lu; mum: \"/s\" value: %lu\n", errmo, r, num, val); . - tota i e u v posloupnosti hodnot typu struct record 1; // pointer arithmetic
27 printf("end: \"%s\"\n", end); 1 printi(stderr, UG: size of records = Slozeny typ a implementaci funkci realizujeme 5 b
= N return EXIT_SUCCESS; /u\n", sizeof (records)); v samostatném modulu record.h a record.c. 52 |} lec13/struct /record.c
2
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static unsigned short get_max_number(unsigned int digits)

unsigned int mumber = 1;
assert (sizeof (short) < sizeof (int));// 16 vs
for (unsigned int i = 0; i < digits; ++i) {

number *= 10;
assert (number <= USHRT_MAX); // short
return number - 1;

static void fill_record_number (unsigned short n, int
digits, char *number)
{ //number needs to be at least digits large
for (int i = digits - 1; 1 >= 0; —-1) {
number [i] = (n % 10) + *0°
n=n/10;

} lec13/struct/record.c

=V programu mame snahu testovat velikost pamétové
reprezentace.

static void print_chars(size_t digits, const char *number)
{ // number je ukazatel na konstantni hodnotu
for (size_t i = 0; i < digits; ++i, +tnumber) {

putchar (snunber) ;

lec13/struct/record.c

unsigned int £ill_numbers(struct record * const records)

{

struct record scur =
unsigned short n = 0;

records;

const short max_number = get_max_number (NUMBER_DIGITS) ;
while (cur && cur->username([0]) {
assert(n <= max_number); // Vypliujeme programové
£111_record_number (n, NUMBER_DIGITS, cur->number);
n+=1;
cur 4= 1;

return n;

lec13/struct /record.c
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® Lokalni pomocné funkce jsou static.

# Hodnoty polozky number vypliujeme programové

inkrementalné od hodnoty 0000.

a ukl
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#include <stdio.n>
#include <stdlib.h>

#include "record.h”

6 [int mamum ) {

| am = EXIT_SUCCESS;

o | struct record recordsf] = {

15 { ‘username = *\0’ }'// mull terninating array

6| %

1 | fprintf(stderr, "DEBUG: size of struct %lu\n", sizeof(struct
record));

1 | fprintf(stderr, "DEBUG: size of records %lu\n", sizeof (records

21| unsigned int n = £ill_numbers(records); // nusber!

2 | print(records);
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26 {
E write(records, sizeof(struct record), n, fd);
» printt ("DEBUG: saved bytes Alu out of %lu\n', saved » sizeof(struct record)
30 } else {
5 fprintf(stders, "ERROR: Cannot open \"/s\" for writting\n", fname);
Y R s
3 ¥
= lec13/struct /save_struct.c

$ clang -c record.c -o record.o
$ clang save_struct.c record.o -o save & ./save
DEBUG: size of struct 13
size of records 78

"user01”
0000

1 mmber:

Record

Koédovaci priklad

P

76 7 65 72 30
72 30 32 00 00
00 00 00 30 30
30 30 30 33 6a

g
g
g
g
g
2

00000041

§ chmod 0 records.dat
s ./save 1> /dev/nu)l oc)
DEBUG: size of struct 13
DEBUG: sive of resords T8
ERROR: Cannot open file "
1
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= Obsah ulozeného souboru miizeme zkusit pfimo otevfit v textovém editoru nebo pouzijeme
program hexdump.

$ clang ~c record.c -o record.o
$ clang save_struct.c record.o -o

save

0000use |

lusero1. ..

00 30 30 30 30 75 73 65
30 31 61 64 6d 69 6e 00
6£ 62 74 00 00 00 00 00
00 00 00 00 00 30 30 30

31 00 00
00 30 30
30 32 72
66 00 00

V pfipadé, Ze vytvorenému souboru records.dat odebereme prava zapisu,
napf. chmod 0 records.dat, program selze.

ho §7

rocords.dat” for writting
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ukladani struct 3/4

1 [#include <staio >
2 | #include <

4 | #include "recora.n”

o | #define NUM_RECORDS 2

o |int main(voia) {

o| const char +fname = "records.dat';

n | FILE +1d = fopen(fname, "r");

| ar () <

n perror("Error open file");

1 goto error;

16| struct record +records = malloc(NUM_RECORDS + sizeof(

struct record));

w | if (trecords) {

® perror ("Error malloc");

0 fclose(td); // Korektng soubor zaviréme.

2 goto error;

al 3

2 | ssize t loaded; lec13/struct/load _struct.c
= Nacteni bloku dat funkci fread().

Jan Faigl, 2026

while ((loaded = fread(records, sizeof(struct record), NUM_RECORDS, £d))) {
fprintf(stderr, "DEBUG: loaded records %lu\n", loaded);
for (sizet i =0 loaded; ++i)
print_record(krecords [11);

free(records);

fclose(fd);

goto leave;
error:

fprintf(stderr, "ERROR: during reading from the file \"is\"\n", fname);
return 1;

lec13/struct/save _struct.c

§ clang load_struct.c record.o o load &k ./load
DEBUG: loaded records 2

: "root”
0003

DEBUG: loaded records 1
Record

I- username: *jt"
I- number: 0004
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#include <stdio.h>
#include <stdlib.h>
#include
#define NUM_RECORDS 2

enun { ERROR_FILE = 101, ERROR_MEN = 102};
void print_error (int error);

"record.h"

int main(void) {
int ret = EXIT_SUCCESS;
const char +fname = “records.dat’;

FILE #£d = fopen(name, "r);

if (1fd & (ret = ERROR_FILE)) { // ret!
goto leave;

Struct record srecords = malloc(

NUM_RECORDS + sizeof (struct record));

if (!records && (ret = ERROR_MEM)) { // ret!
goto leave;

¥

Ssizet loaded;

Jan Faigl, 2026

d — Priklad detekce pF

anli a u

kladani struct 4/4 (lépe)

while ((loaded = fread(records, sizeof (struct record), NUM_RECORDS, £4))) {
fprintf (stderr, "DEBUG: loaded records %lu\n", loaded);
for (size_t 1= 0; 1 < loaded; ++1) {
print_record(krecords (11);

free(records) ;
Leave:
i (1) £
felose(1d);

3
print_error (ret);
return ret;

void print_error(int error)
switeh (error) {

case ERROR_FILE:
fprintf(stderr, "ERROR: open file\n");
break;

case ERROR_MEM:
tprintf (stderr, "ERROR: mem allocation\n");
break;

BOB36PRP — Prednaska 13: Prace se soubory

2)  Kédovaci priklad — Naitani a ukladani slozeného typu struct

56 / 47




