PBO071 — Principy nizkourovinového
programovani

Textoveé retezce, const, argumenty main,
funkCni ukazatel

Slidy pro komentare (dekuji!):
https://drive.google.com/file/d/1zdbtY1QHL6JcXq
adNziiXiPiWpInOmL-/view?usp=sharing
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Textove retezce
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Pole znaku, retézce

® Jak uchovat a tisknout jeden znak?
e (umime, char)
e jak uchovat a tisknout celé slovo/vétu?
® Neprakticka moznost — nezavislé znaky
e char first = 'E’; char second = 'T’;
o printf("%c%c”, first, second);

LI 4 VAL

e char sentence[10];
o for (inti = 0; i < sizeof(sentence); i++) printf(*%c”, sentencel[i]);

® Jak ukoncit/zkratit existujici vetu?
e \0 binarni nula - specialni znak jako konec
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Retézce v C

® Retézce v C jsou pole znakd ukon&enych binarni nulou

® "Hello world N B ) ) ) o

® Diky ukonCovaci nule nemusime udrzovat delku pole
e pole znaku prochazime do vyskytu koncové nuly
o fetézec lze “zkratit” posunutim nuly
e vznika riziko jejiho prepsani (viz. dale)
® Deklarace fetézcu
e char myString[100]; // max. 99 znakl + koncova nula
o gl:llar myString2[] = "Hello"; // délka pole dle konstanty, viz
ale
® Od C99 Ize i Sirokeé (wide) znaky/fetézce

e wchar_t myWideString[100]; // max. 99 Sirokych (typicky
Unicode) znak® + koncovd nula
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Retézcova konstanta v C

® Je uzavrena v uvozovkach "' ("retezcova_konstanta")

® Je ulozena v statickeé sekci programu

® Obsahuje koncovou nulu (binarni 0, zapis 0 nebo \0)
o pozor, ‘0’ NENI binarni nula (je to ascii znak s hodnotou 48)

® Priklady

e “ (pouze koncova 0)

e “Hello” (5 znaku a koncova nula)

e “Hello world”, “Hello \t world”
® Konstanty pro siroke retézce s maji predrazene L

e L"Désné stavnatoucké"

o sizeof(L"Hello world") == sizeof("Hello world") * sizeof(wchar_t)
® Pozn.: Lokalizace programu se ale typicky resi jinak

e V kodu unikatni Cisla retézcu, samotné fetézce jinde (soubor, res)
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Inicializace retézcu

® Pozor na rozdil inicializace retézec a pole
o char answers[]={"a’,'y','n'};
e nevlozi koncovou nulu

o char answers2[]="ayn";

Vsimnéte si rozdilu

e vlozi koncovou nulu
® Pozor na rozdil ukazatel a pole
o char* myString = "Hello";
e ukazatel na pozici fetézcové kanstanty
o char myString[50] = "Hello";

e nova promenna typu pole, na zaCatku inicializovana na “Hello”

® Pozor, fetezcove konstanty nelze ménit
o char* myString = "Hello";
o myString[5] ="y'; // Spatné
e vhodné pouzit const char* myString = "Hello";
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Inicializace retézcu

® Proménnou muzeme pfi vytvareni inicializovat

e doporucCeny postup, v opacnem pripade je poCateCnim obsahem
pfedchozi ,smeti“ z pameéti
e inicializace vyrazem, napf. konstantou (int a = 5;)

® Pole |ze take inicializovat
e int array[5] = {1, 2};
e zbyvajici polozky bez explicitni hodnoty nastaveny na 0
e array[0] == 1, array[1] == 2, array[2] ==
® Retézec je pole znakll ukon&ené nulou, jak inicializovat?
e jako pole: char myString[] = {'W', 'o', 'r", 'I', 'd’, \O};
e pomoci konstanty: char myString2[] = "World";

o sizeof(myString) == sizeof("'Hello") == 6 * sizeof(char)
e Pro zjisténi velikosti fetézce ale Iépe pouzit strlen() ze standardni knihovny
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Jak manipulovat s retezci?

1. Jako s ukazatelem

e vyuziti ukazateloveé aritmetiky, operatory +, * ....
2. Jako s polem

e vyuziti operatoru []
3. Pomoci knihovnich funkci

e hlaviCkovy soubor <string.h>
e strcpy(), strcmp() ...

| PBO71 - Retézce, const, argumenty main, funkéni ukazatel



Ukazatelova aritmetika s retezci

myString (adresa)

v o o myString[3]
® Retézec ~ pole znakt s \0 ~ ukazatel / eiens
o char myString[] = "Hello world";

+ myString[41; *(myString + 4) IIIIIIIIIII

e myString + 6 => "world"

String2 (agresa).,
® M(zeme uchovavat ukazatgl%%s#eéjmleho fetézce

e char* myString2 = myString + 6; // myString2 contains "world"

® Muzeme retézec ukondit vloZzenim nul
Cnyserinato) = o [ I

® Pozor, retézce v C neméni automaticky svou velikost
e nedochazi k automatickému zvetSeni retéezce na potrebnou délku
e nekorektni pouZiti muze vést k zapisu za konec pole

® myStringl + myString?2 je s€itani ukazatelu retézcu
e nikoli jejich retéezeni (jak je v C++/Jave pro typ string)
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Kdy pouzit ktery zapis?

® Zapis v kodu by mel vyjadrovat zamyslene pouziti
o | kdyz pro prekladac to bude stejné
e Programator by mel z kodu pochopit semantiku poziti
® myString[4];
e Pokud pracujeme s daty myslenkove jako s polem
® *(myString + 4)

e Pokud pracujeme s daty myslenkove jako s ukazatelem
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Knihovni funkce pro praci s retéezci

® Hlavickovy soubor string.h
e #include <string.h>

® Kompletni dokumentace dostupna napr. na
http'/lwww cplusplus.com/reference/clibrary/cstring/

A v v

® strcpy, strcat, strlen, strcmp, strchr, strstr...

[ V)’/piS fetézce: puts (myString) ,printf (“*$s”,myString);//stdio.h
® Obecna pravidla

1. funkce predpokladaji korektni C retézec ukonceny nulou

2. funkce modifikujici retezce (strcpy, strcat...) oCekavaji dostateCny
pamétovy prostor v cilovém retézci

e jinak zapis za koncem alokovaného mista a poskozeni

3. pfi modifikaci vetSinou dochazi ke korektnimu umisténi koncové
nuly

® pozor na vyjimky
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Jak cist dokumentaci? ..

Run this code

strcpy, strcpy s

#define _ STDC_WANT_LIB_EXT1_ 1

Diefired in header <string.h=

char #strcpy( char *dest, const char *src ); 0 funtil C33) an{uge :sg;ﬂgﬁz}
char *strcpy( char *restrict dest, const char *restrict src }; " lsince C33) ZILSR2 SoiiEe:
g . . . — : #include =stdlib.h=
ermmo_t strcpy_sichar *restrict dest, rsize_t destsz, const char #*restrict src): (2} (simce C11)
1} Copies the null-terminated byte string pointed to by src. including the null terminator. to the character array int main{void)
whose first element is pointed to by dest. 1
The behavier is undefined if the dest array is not large encugh. The behavior is undefined if the strings overlap. ) char #src . Take thl'?' test.”; . .
The behavior is undefined if either dest is not a pointer to a character array or src is not a pointer to a null- /f srcl@] = 'M' ; // this would be undefined behavior )
terminated byte string. char dstlstrlen(src) + 11; // +1 to accomodate for the null terminator
2} Same as (1), except that it may clobber the rest of the destination array with unspecified values and that the strcpy {dst, srch:
following errors are detected at runtime and call the currently installed constraint handler function: dst[B] = "M'; // OK
o =rec or dest is a null pointer printf("src = ¥swndst = %s'n", src, dst):

destsz iszero or greater than RSIZE_MAX .
: i ¢ srnl o destezll- i ) #ifdef __STDC_LIE EXT1 .
« destszisless orequal strnlen_s(src, destsz) ;in other words, truncation would occur set_const ramt_hanﬂ'[er_s { 1gnore_hand1er_s F

» overlap would occur between the source and the destination strings int r = strcpy s{dst, sizeof dst, src):

printf{"dst = \"%s\", r = d\n", dst, r):

r = strcpy_sidst, sizeof dst, "Take even more tests."):
printf("dst = \"%s\"., r = d\wn", dst, r):

The behavier is undefined if the size of the character array pointed to by dest <= |strnlen_s(src, destsz)
< destsz; in other words, an erreneous value of destsz does not expose the impending buffer overflow
&z with all bounds-checked functions, stropy_s is only guaranteed te be available if __STDC_LIB EXT1 s

#endif
defined by the implementation and if the user defines |_ STDC_WANT_LIB EXT1_ | to the integer constant 1 i
before including string.h.
Parameters Possible output:
dest - poHnterto the character. array to \mte.to crc — Take the test.
src - pointer to the null-terminated byte string to copy from dst = Make the test.
destsz - maximum number of characters to write, typically the size of the destination buffer dst = "Take the test.”, r=20

dst = ", r =22

Return value
1) returns & copy of dest

2} returns zero on success, returns nenzero on errer. Also, on error, whiteszers to dest[8] {unless dest is a null
pointer or destsz is zero or greater than RSIZE_MAX). References

» (11 standard {ISO/IEC 9899:2011):

Notes )
strepy_s is sllowed to clobber the destinaticn array from the last character written up to destsz in order to improve * 7.24.2.3 The strepy function (p: 363)
efficiency: it may copy in multibyte blocks and then check for null bytes. s K.3.7.1.3 The strcpy s function (p: 6815-616)

The functien strcpy_s is similar to the BSD function stricpy, except that
Py Py, excep s €99 standard (IS0/IEC 9899-1999)
« strilcpy truncates the source string to fit in the destination (which is a security risk)

+ strilcpy does not perform all the runtime checks that strcpy_s does s 7.21.2.3 The strcpy function (p: 326)
. ;;t.i'lcpy does not make failures obvious by setting the destination to a null string er calling a handler if the call & (CB9/CO0 standard (ISOIEC 9399:1990):
alls.
Although stropy_s prohibits truncation due to potential security risks, it's possible to truncate & string using bounds- * 4.11.2.3 The strepy function
checked strncpy_s instead.
See also
Example : : !
strocpy copies & certain amount of characters from one string to another
Run this code strocpy_sici1) {function]
#define  STDC WANT LIB EXT1 1 memcey copies one buffer to another
.':ij_nclude_{st ring.h=" - memcpy_s (C1L) {functien]
#include =stdio.h= wCscpy  (C35) copies one wide string to another
#include =stdlib.h= WCscpy s (C11) (function)
int mai I = P—
i v .
rha -
Prevzato z hitps://en.cppreference.com/w/c/string/byte/strcpy
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Jak cist dokumentaci? .

Run tIis code jméno funkce

strepy, strcpy s
#define  STDC WANT LIB EXT1 1

Definzd in header <string.h= #include =string.h=
char #*strcpy( char *dest, const char #*src ): IeH {until C59) ::iinclude -:stdlogh,

char *strcpy( char *restrict dest nst char *restrict src }; (since C33] : =
- 8 . . o : #include =stdlib.h=
errmo_t strcpy_sichar #*restrict dest, r t destsz, const char *restrict src): (20 isince C11)

1) Copies the null-terminated byte string pointed to by including the null terminator. to the character array int main{void)

whose first element is pointed to by dest.

The behavior is undefined if the dest array is not large enough. ehavior is undefined if the strings overlap. ) char *src =, "Take thl'?' test.”: ) )
The behavior is undefined if either dest is not a pointer to & character or sre is not a pointer to a null- /f srcl@] = 'M' ; // this '-'-lDLﬂ-Cl be UITdE‘flﬂEd bEhEI'-'lD r )
terminated byte string. char dedeadlean . = = = i
2} Same as (1), except that i clubber the rest of the destination array with unspeeid Lihy trcpWldst, sr
following errors are detected at r e and call the currently installed constraint handlerfunctlon dst[@l = 'M'; fdaklarace fu nkce (fu nkcnl
« srcordest is a null pointer printfj{“src = %s\ndst = %s'\n", spc, i
« destsz iszero or greater than RSIZE_HAX sitaer o Bgmmetry, navratova hodnota...
+ destszislessorequal strnlen_s(src, destsz): her words truncation would cccur ' SE"I:_C e rmm“ g e J -
« overlap would occur between the source and the destinatio J.n‘!: r = strcpy_s(dst. Sizeaf dst, src):
The behavior is undefined if the sze of the character array pointed to by desT™== strnlen s{src, destsz) Erin;:f ﬁcgits?ds‘t . Lzegf:di‘g\“ "Taggtevgl!l more, tes‘ts T
< destsz; in other words, an erronecus value of destsz does net expose the impen & P A("dsT = \"%s\", r =
&z with all bounds-checked functions, stropy_s is only guaranteed te be available if __STDC_LIB EXT1 s #endE—' : pbplgtc Ovanl
defined by the implementation and if the user defines |_ STDC_WANT_LIB EXT1_ | to the integer constant 1 }
before including string.h.
Parameters Possible output:
dest - pointer to the character array to write to .
< T Fekcg the tes H ° P
src - pointer to the null-terminated byte string to copy from dst = Maks the tesﬂ.eta“y k parametrum, jejICh
destsz - maximum number of characters to write, typically the size of the destination buffer dst = "Take the test.", r=0 s s
dst = **, |r = 22 ocekavany tvar
Return value

1) returns & copy of dest
2} returns zero on success, returns nenzero on errer. Also, on error, whiteszers to dest[8] {unless dest is a null
Referenges

pointer or destsz is zero or greater than RSIZE_MAX). o “ugr vr y
- citsenerd (scbk@zkazpouziti, velmi prinosné

» 7.24 2 % The strcpy function (p: 363)

MNotes
strepy s is sllowed to clobber the destination array frem the last character written up to d
efficiency: it may copy in multlby‘te blocks and then check for null bytes. s K.3.7.1.3 The strcpy s function (p: 6815-616)

The fi ti t
< function strepy_s is + £99 standard {IS0/IEC 9859:1999):

« strlcpy truncates thefsource string to fit i inatian [ which i ity [
mﬁ%\f arﬁa%.rdu ==y & 7.21.2.3 The strcpy function (p: 328)

+ strilcpy does not perf§rm all the runtime
* stricpy does not make failures obvious by setting the d ation to a null string or calling a handler if the call & (CB9/CO0 standard (ISOIEC 9399:1990):
e 4.11.2 3 The strcpy f i

z in order to improve

fails.

Although stropy_s prohibits truncation dus to g
checked strncpy_s instead.

ial security risks, it's possible to truncate a string using bounds-

e | ee also
xample

P trncpy copies & certain amount of characters from one string to another
Run this code w7 - . wr s trncpy_s ic11) {function]

) = p"buzne a sou‘"seJICI funkce, lemcpy copies one buffer to another
e e BT = kud zob 4 funk femcpy_s (C11) ffunctiorl
éinc%uge .xsig}obhﬁ p"nosne, po ua zobrazena runkce wscpy  (C3s] copies one wide string to another
#1nclude <stdlib.h> v e 4 2 ycscpy_s (C11) (function)
I nesplnuje nase pozadavk =
— main (void) P J P y trdup (Gynamic memary TR ?ﬂgcctit.ﬁ a copy of a string

rhar ger = tTake the e C++ documentation for strcpy
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W u AL a4

® strlen (a) — delka retezce bez koncové nuly
o strlen("Hello”) ==
® strcpy (a,b) — kopiruje obsah retezce b do a

e vraci ukazatel na zacCatek a
e a musi byt dostatecne dlouhy pro b

® strcat (a,b) — pfipoji retezec b za a
e nutna délka a: strlen(a) + strlen(b) + 1; (koncova nula)
® strcmp (a,b) — porovhnashoduasb

e vraci nulu, pokud jsou shodnée (znaky i délka), !0 jinak
e vraci > 0 pokud je a véetsi nez b, <0 pokud je b > a
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Nejdulezitéjsi funkce pro retézce

® strchr (a,c) — hleda vyskyt znaku c v retezci a
e pokud ano, tak vraci ukazatel na prvni vyskyt c, jinak NULL
® strstr (a,b) — hleda vyskyt retézce b v retézci a
e pokud ano, tak vraci ukazatel na prvni vyskyt b, jinak NULL

® Pro manipulaci se sirokymi znaky jsou dostupné
analogické funkce v hlaviCkovém souboru wchar.h
e Wide Character String (WCS)

e nazev funkce obsahuje wcs namisto str
e napr. wchar t *wecscpy(wchar t*, const wchar t *);
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Testovani znaku v retézci <ctype.h>

Klasifikace znaki - vysledek je nenulove éislo (true) nebo 0 (false)

isalpha (znak) |Je znak pismeno (malé nebo velke)?

isdigit({znak) |Je znak dekadicka ¢islice?

isxdigit(znak)|Je znak hexadecimalni éislice (0-9, a-f A-F)7

isalnom(znak) |Je znak pismeno nebo Eislice?

ispunct (znak) |Je znak specidlni (tisknutelny, ale ani pismeno ani ¢islice)?

isprint (znak) |Je znak tisknutelnv (pismeno, ¢islice, specialni nebo mezera)?

isgraph(znak) |Ma znak grafickou podobu (pismeno, &islice, specialni, ale ne mezera)?

isspace (znak) |Ide o bily znak (mezer, tabulator, novy fadelk, navrat voziku, vertikalni tabulator, nova stranka)?
isentrl (znak) |Ide o fidici znak (v kadu ASCII jsou to znaky s kodem <32 nebo =127)7

isupper (znak) (Je znak velké pismeno?

islower (znak) |Je znak malé pismeno?

Pievod znaki - z malvch pismen na velka nebo naopak (jen jediny znalk, ne fetézec!)

toupper (znak) |Je-l znak malé pismeno, je viysledek odpovidajici pismeno velkcé, jinak je vracen znak pivodni

tolower (znak) |Je-l znak vellé pismeno, je vysledek odpovidajici pismeno malé, jinak je vracen znak pivodni

For the first set, here is a map of how the ariginal 127-character ASCII set is considered by each function (an x indicates that the function returns true on that character)

ASCII values characters iscntrl|isspace|isupper|islower|isalpha|isdigit|isxdigit|isalnum|ispunct|isgraph|isprint
0x00 .. 0x08 |NUL, (other control codes) %

0x09 .. 0x0D |(white-space control codes: "t',"\£","\v","\n',"\ " )[x X

0x0E .. 0x1F |(other control codes) %

0x20 space (" ') e X
0x21 .. 0x2F |'"#53s" () *+,-./ X X X
0x30 .. 0x39 |01234567830 ¥ e X X X
0x3a .. Ox40 |:r<=>20 % X X
0Ox41 .. Ox4o |RBCLEF X X X X X X
0x47 .. Ox5A |GHIJHELMNOPQRSTUVWEYZ % " " " "
0x5B .. Oxe0 |[\]~_° X X %
Ox61 .. Ox6b |abedef ® ® % ® X X
0x67 .. Ox7A |ghijklmnopgratuvwiyz X % % % "
0x7B .. Ox7E [{I1~ % X X
0x7F (DEL) X
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Casté problémy char myStringl(] = "Holio";

strcpy(myStringl, "Hello world");
puts (myStringl) ;

® Nedostatecne velky cilovy retézec
® napft. strcpy char myString2[] = "Hello";

ver s , String2[strl String2)] = '!'
® Chybgjici koncova nula ["YStringzlstrien (myString?) ]
e nasledné funkce nad retézcem nefunguji korektné
e vznikne napf. nevhodnym prepisem (N+1 problém)

® Nevlozeni koncove nuilv

char myString3[] = "Hello";
¢ Strnpr strncpy (myString3, "Hello world", strlen(myString3));
® Delkalvelikost retézce bez mista pro koncovou nulu
e strlen char myString4[] = "Hello";
® if (MyStringd == "Hello") { } | S00,) tnystrings, nuceringn:
e chybné, porovnava hodnotu ukazatell, nikoli obsah fetézcu
e nutno pouzit if (strcmp(myString, "Hello") == 0) { }

® Scitani retézcu pomoci + (sgita ukazatele namisto obsahu)
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Pole retézcu

® Pole ukazatelu na retézce
® Typicky nepravouhlé (fetézce jsou ruzné dlouhé)

® Pouziti Casto pro skupinu konstantnich retézcu
e napf. dny v tydnu
e char* dayNames[] = {"Pondeli", "Utery", "Streda"};
e pole se tfemi polozkami typu char*

e dayNames[0] ukazuje na konstantni retézec "Pondeli"
® Co zpusobi strcpy (dayNames[0], "Ctvrtek™) ;?

e zapisujeme do paméti s konstantnim fetézcem

e pravdépodobné zpusobi pad, je vhodné nechat kontrolovat
prekladacem (kliCcové slovo const — viz. dale)
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Demo — problémy s retezci

void demoStringProblems () {
char myStringl[] = "Hello";
strcpy(myStringl, "Hello world");
puts (myStringl) ;

char myString2[] = "Hello";
myString2[strlen(myString2)] = "!';
puts (myString2) ;

char myString3[] = "Hello";
strncpy (myString3, "Hello world", sizeof(myString3));

char myString4[] = "Hello";
char myString5[strlen(myString4d)];
strcpy (myStringd, myStringb) ;

char myString6[] = "Hello";
if (myString6 == "Hello") { }

char* dayNames[] = {"Pondeli", "Utery", "Streda"};
puts (dayNames[0]) ;
strcpy(dayNames[0], "Ctvrtek");
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Umi C aritmetiku s mixovanymi typy? ©

‘ “_0.5” + 1 —— ?
® ProcC funguje?
® Kdy funguje?

luna @&
R ©@lunasorcery

a lot of people don't know this - C actually lets you do
arithmetic with mixed types, much like JavaScript:

® Luna@sappho:~$% bat -p c-Jjs.c
<stdio.h>

int main() {
puts("-0.5" + 1);

}
® Luna@sappho:~$%$ gcc c-js.c && ./a.out

0.5
® Luna@sappho:~$% l

7:50 PM - Mar 18, 2022 - Twitter Web App
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Klicové slovo const
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Klicové slovo const

® Zavedeno pro zvyseni robustnosti kodu proti
nezamernym implementacnim chybam

® Motivace:
e oznacit promennou, ktera nesmi byt zmenena
e typicky konstanta, napfr. poCet mésicu v roce

® A chceme mit kontrolu primo od prekladace!

® Explicitné vyznacCujeme promennou, ktera nebude
menena
» jejiz hodnota by nemela byt ménéna
e argument, ktery nema byt ve funkci ménén

® Siroce pouzivany koncept (Java final, C++ const)
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Klicové slovo const - ukazka

void konstConstantDemo (const int* pParam) {
//const int a, b = 0; // error, uninitialized const 'a'
const int numMonthsInYear = 12;
printf ("Number of months in year: %d", numMonthsInYear) ;

numMonthsInYear = 13; // error: assignment of read-only variable

*pParam = 1; // error: assignment of read-only location
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Klicové slovo const

® Pouzivejte co nejcasteji
e zlepsuje typovou kontrolu a celkovou robustnost
e kontrola ze omylem nemeéenime konstantni objekt
e umoznuje lepsi optimalizaci prekladacem

e dava dalsimu programatorovi dobrou predstavu, jaka
bude hodnota konstantni ,promenné” v miste pouziti

® Proménné s const jsou defaultné lokalni v
daném souboru

o Nelze je (defaultné) pouzivat z jinych souboru (aby
nedoslo k nezamérné kolizi)

o (viditelnost lze zvetSit pomoci extern)
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Retézcové literaly

®printf("ahoj");
o fetézec “ahoj” je ulozen ve statické sekci
e je typu char*, ale zaroven ve staticke sekci

char* konstReturnValueDemo () {return "Unmodifiable string"; }
const char* konstReturnValueDemo2 () {return "Unmodifiable string"; }

void demoConst () {

char* value = konstReturnValueDemo () ;
value[l] = 'x'; // read-only memory write - problem
char* value2 = konstReturnValueDemo2(); // error: invalid conversion

}

® Pouzivejte tedy const char*

e prekladac hlida pokus o zapis do statické sekce
o const char* dayNames[] = {"Pondeli", "Utery", "Streda"};
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const ukazatel

® Konstantni je pouze hodnota oznaCené promennée
e plati i pro ukazatel vCetné dereference
e int value = 10; const int* pValue = &value;

® Neni konstantni objekt promennou odkazovany
e const je ,plytké”

e konstantni proménnou lze modifikovat pres
Valuez nekonstantni ukazatel [___ . 1.0 - .

7 const int* pValue = &value;
<?;> int* pValue?Z2 = &value;
— pValue value

(D 10 value = 10; // error

— const *pValue = 10; // error
*pValue2 = 0x1234; // possible
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Konstantni proménna typu int

Varianty const

Ukazatel na proménnou typu const int

® int value = ® value = 10; //0OK

® const int value2 = 0; ® value2 =10; //ERROR

® const int * pValue = ® *pValue = 10; //ERROR
&value; ® pValue = &value; / /0K

® int * const pValue2 = @ *pVvalue2 = 10; / /0K
&value;

o c:{)/nist igt *8(4: nlst_ ® *pValue3 = 10; //ERR
pvalues = &vaiue, ® pValue3 = &value; //ERR

Konstantni ukazatel na proménnou typu int

4
-
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Pomucka

® “const se aplikuje na typ vlevo, pokud to nejde,
tak na typ vpravo”

® Priklad («» oznacuje, na co se bude aplikovat):
«const T» * var
«T const» * var
T «* const» var
«const T» «* const» var
«const T const» * var (chyba)
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Predani const ukazatele do funkce

void foo(const int* carray) {
carray[0] = 1; // error: assignment of read-only location '*carray'
int* tmp = carray;

tmp[0] = 1; // possible, but unwanted! (array was const, tmp is not)
}
int main() {

int array[10];

foo (array) ;

return O;
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Argumenty funkce main()
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Motivace

® Jak muze program prijimat vstupni data/info?

® Standardni vstup (klavesnice nebo presmerovani)
® Otevreni souboru (disk, stdin...)

® Sdilena pamet (sdilena adresa, virtualni soubor)
® Prikazova radka (argumenty pri spusteni)

® /Zpravy (message queue)

® Sitova komunikace (sokety)

® Preruseni, semafory...
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Argumenty funkce main

® Funkce main muze mit tfi verze:
e int main(void) ;
e bez parametrl
® int main(int argc, char *argv([]):;
e parametry pfedané programu pfi spusténi
® **3rgv == *argv][]
e int main(int argc, char **argv, char **envp);
e navic promeénne prostredi,
® binary.exe -test -paraml hello "hello world"

® argc obsahuje podet parametru
e Pokud argc > 0, tak je prvni cesta ke spusténému programu
® argv[]je pole fetézcu, kazdy obsahuje jeden parametr
e argv[0] ... cesta k programu
e argv[1] ... prvni parametr
e Posledni polozka argv[argc] == NULL
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Parametry funkce main - ukazka

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
int main(int argc, char *argv[], char *envp[]) {
if (argc == 1) {
printf ("No extra parameters given\n");

}
else {
for (int 1 = 0, 1 < argc; i++) {
printf ("%d. parameter: '$s'\n", i, argv[i])
if(strcmp(argv[i], "-paraml") == 0) {
printf (" Parameter '-paraml' detected!\n");
}
}
}
// Print environmental variables. Number is not given,
// but envp ends with NULL (==0) pointer
printf ("\nEnvironment parameters:\n");
int 1 = 0;
while (envp[i] !'= NULL) printf("%s\n", envpl[i++]);

return EXIT SUCCESS;

zpracovani
> | parametru
spusténi

v

M

zpracovani
>~ proménnych
prostredi

AV

PBO/1




Demo: Vyuziti promennych prostredi

® Jednotlivé polozky ve formatu NAZEV=hodnota
PROCESSOR ARCHITECTURE=x86

|lze manualné parsovat retézec
|ze vyuzit funkci getenv () funkce v stdlib.h

posledni polozka obsahuje ukazatel na NULL
® Retézce z envp nemodifikujte

Jsou z promennych systemu kopirovany do vaseho programu a po
jeho konci zanikaji

int

}

main(int argc, char *argv[], char *envp[]) {

const char* host = getenv ("COMPUTERNAME") ;

const char* cpu = getenv ("PROCESSOR IDENTIFIER") ;
const char* cores = getenv("NUMBER OF PROCESSORS") ;
printf ("Computer '%s' oo .. I

return EXI T_S UCCESS . i CAQR\gtcreator-2.4.1\bin\qtcreator_process_stub.exe o o= S |

Computer 'FEMIX’, ‘x86 Family 6 Model 23 Stepping 6, Genuinelntel’ with 2 cores

v - Prezs <RETURM} to close this window...
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Funkcni ukazatel
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Funkcni ukazatel - motivace

® Antivirus umoziuje proveést analyzu souboru
e funkce int Analyze (const char* filePath);

® Antivirus bezi na pozadi a analyzuje vsechny
soubory pri jejich cteni nebo zapisu na disk
® Jak ale antivirus zjisti, ze ma soubor analyzovat?
e trvalé monitorovani vSech souboru je nemozné
e vlozeni funkce Analyze() do vSech programi nemozné

® Obsluha souboroveho systemu cCteni i zapis zna

e antivirus si muze zaregistrovat funkci Analyze na
udalost Cteni/zapis

e Jak registrovat? — funkcni ukazatel (callback)
® Udalostmi rizené programovani (Event-driven)
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Funkcéni ukazatele

® FunkCni ukazatel obsahuje adresu umisteni kodu funkce
e namisto bézné hodnoty je na adrese kod funkce

® Ukazatel na funkci ziskame pomoci operatoru &
e &Analyze // bez kulatych zavorek

® Ukazatel na funkci Ize ulozit do proménné
® navratovy typ (*jméno proménné) (typy argumentud)
® nap¥. int (*pAnalyze) (const char*) = &Analyze;

® Ukazatel na funkci lze zavolat jako funkci
® pAnalyze("C:\\autoexec.bat");

® Ukazatel na funkci muze byt parametr jiné funkce
e void foo(int neco, int (*pfFnc) (float, float))
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Funkéni ukazatel - signatura

® Dulezita je signatura funkce
e typ a pocet argumentu, typ navratové hodnoty, volaci konvence

e jméno funkce neni dulezité

® Do funkéniho ukazatele s danou signaturou muzeme
priradit adresy vsech funkci se stejnou signaturou

int Analyze (const char* filePath) {..}

int Ahoj (const char* filePath) {..}

int main(void) {
int (*pFnc) (const char*) = &Analyze;
pFnc("c:\\autoexec.bat") ;
pFnc = &Ahoj; // mozne take jako: pFnc = Ahoj;
pFnc("c:\\autoexec.bat");
return 0;

}
® Neodpovidajici signatury kontroluje prekladac
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Funkcni ukazatel - vyuziti

® Podpora ,pluginu® v systému (napf. antivirus)
e plug-in zaregistruje svuj callback na zadanou udalost
e napr. antivirus na udalost ,pristup k souboru na disku”

e pri vyskytu udalosti systém zavola zaregistrovany
callback

® V systému Ize mit nékolik antivirt

e seznam funkénich ukazatelu na funkce
e seznam zaregistrovanych funkci ,Analyze ()"

® Jak system pozna, ze neni zadny antivirus?
e zadny zaregistrovany callback
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Funkcni ukazatel - vyuziti

® Podpora abstrakce (napr. I/O zarizeni)
e program si nastavi funkCni ukazatel pro vypis hlaseni
e na obrazovku, na display, na tiskarnu, do souboru...
e provadi volani nastaveného ukazatele, nikoli vybér
funkce dle typu vystupu
e (simulace pozdni vazby znamé z OO jazyku)

//printScreen(), printLCD(), printPrinter (), printFile()...
void (*myPrint) (const char¥*) ;

myPrint = &printLCD;

myPrint ("Hello world");
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Funkcni ukazatel - vyuziti

® Aplikace ruznych funkci na interval prvku
e napf. simulace for_each znamého z jinych jazyku
e prehledngjsi a rychlejsi nez switch nad kazdym prvkem

int add2(int value) { return value + 2; }
int minus3(int value) { return value - 3; }

void for_each(int* array, int arrayLen, int(*fnc)(int)) {
for (inti = 0; i < arrayLen; i++) {
array[i] = fnc(array[il);
>

by
int main(){

const int arrayLen = 10;

int myArray[10] = {0};
for_each(myArray, arrayLen, &add2);
for_each(myArray, arrayLen, &minus3);

return 0;
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Funkcni ukazatele — konvence volani

® Pri funkCnim volani musi byt
e nékdo zodpoveédny za uklid zasobniku (lokalni proménné)
o definovano pofadi argumentu

® Tzv. konvence volani
e uklizi volajici funkce (cdecl) — default pro C/C++ programy
o uklizi volana funkce (stdcall) — napfr. Win32 API

® GCC: void foo(int a, char b) attribute ((cdecl));
® Microsoft, Borland: void  cdecl foo(int a, char b);
® Pri nekompatibilni kombinaci dochazi k poruseni zasobniku
® Vice viz.

e http://en.wikipedia.org/wiki/X86 calling conventions

e http://cdecl.org/
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Samostudium — detaily funkénich ukazatelu

® Lars Engelfried, The Function Pointer Tutorials
nttp://www.newty.de/fpt/index.html
® http://www.newty.de/fpt/zip/e fpt.pdf
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Shrnuti

® Retézce — pozor na koncovou nulu

® Pole a retezce — pozor na nechteny prepis pameti

® const — zlepsuje Citelnost kodu a celkovou
bezpecnost

® Argumenty funkce main() umoznuji prijmout
informace z prikazoveé radky

® Funkcni ukazatel — funkce muze byt také
argument

o Predame misto, kde je zapis toho, co se ma pustit
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DIKY ZA VAS CAS AV
PONDELI| ZASE NA VIDENOU
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Bonus ©

| PBO71 - Retézce, const, argumenty main, funkéni ukazatel



1 4

To
] - - . , ‘ | |
Bitcoin blok Y JSOU binagpj e masm
o j 1395577 BTC - Transaction

j‘> M 17MypmznvzdKBHuuukAdanPngbGBADgQWg

B 1.331 BTC - Transaction

A 16FZb6QHFMMoxQfisMBDRVMPKoQG7FgRIN
B 712.10757837 BTC - Transaction

020000000 cf8adb46bf0cf23beabd1al7a1b0527313cbefcc6a2206ef3b31
ada7ba9d4bcd000000006a4730440220467b9bf307bcc58a5043eecb16c5
d620333fa244db81a6db836b5a34ec858e3b022007acf82a4d9153414c2¢c3
8c30053fc7f1d76ede596701b4f52d54ced16b946a101210363fe557e457fa
aa11720a82ea0fc3d1c30c8b4d5e09cea3528e45chbb6a2ad5931|{1ii1ii02f97
6c8c100000001976a914a22c933352021477deb4a19dd0932567f7309d
588ace0f1ee07000000001976a91445c8820bbedff6198c48d405609a166b

& Interpret or debug

II

2eb4d4788ac68700700

https://nioctib.tech/#/transaction/f2f398dace996dab12e0cfb02fb0b59de0ef0398be393d90ebc8abh397550370b



https://nioctib.tech/#/transaction/f2f398dace996dab12e0cfb02fb0b59de0ef0398be393d90ebc8ab397550370b

Retézce v Bitcoinu

® Bitcoin bloky obsahuji prevazné binarni data
e hash, podpis, lock/unlock script, txid, hodnota...
® MuZe ale obsahovat i lidsky Citelné rfetézce

e Nejedna se typicky o standardni Bitcoin transakci
e Stale binarni, ale aby mélo v ASCII kddovani vyznam

® Jak si sami vyzkousite?
e Nainstalujte si Bitcoin full node (https://bitcoincore.org/en/download/)

e Spustte bitcoin-qgt, nechte synchronizovat alespon ¢ast blockchainu
e Soubory blkOOxxx.dat obsahuji ¢asti blockchainu po cca 134MB

e V adresari /Bitcoin/blocks/ spustte strings -n 20 *.dat
e Najde vSechny tisknutelné fetézce o délce alespon 20 znaku
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Retézce v Bitcoinu

c:\Bitcoin\blocks>strings -n 20 *.dat
EThe Times 03/Jan/2009 Chancellor on brink of second bailout for banks

BN C\Windows\Systern32\cmd.exe

c:\Bitcoinm\blocks>strings -n 28 *.dat
Times 83/Jan 89 Chancellor on brink of second bailout for banks

Eaf Out from £5I

More than 900 great restaurants, including
four Gordon Ramsay favourites from £15

c:\Bitcoinm\blocks>

Michael Sheen
= | Frost, Nixon

D Lister - [c'\Bitcoinblocks\ blkD0000, dat]
File Edit Options Enceding Help

g e e et naeen e taaeneananan .- “lip22{ .Bz},>quiialiL. #2021 B-~K." AV ¢V 2\ M
L S - [ [ = The Times O Chancellor on brink of

o ant --z.*%....CA.9Q second bailout for banks  ~*
BEMUH 022308, .\ ;(a?.2yba0) .a HIH7LN8-<U.o 4. I\BH=] . iWBLp+ke. %....439f.. s —

..... 0 i.{2 P 20F«c=00.3eNZ . Ehp. ... .. 02.K2Dy!h. 2.g{I0:T. .= .U . alfl
-« -nbi - .- c.z.%....CA.08
ctnSl]Er] | [P Eii: h|Fv'iTii{|.l<H METD. L@ .7 Liipor. F b. 5.:.- #BLxglﬁ....-——Jr....
e N0 .. VBE"BBU.AOFQYRANAUG. . . L 2T % 0.220e zHE- FABGAENS 17 L G F T

B T cezo®... . CALF. S
[PR{=:r.L .+~ . FUK™7 {2 200> 5 QUEDIj0.8RT- 19> HdF: lsya cA*nTRWG. ..

JSgipigim. s 1p-i-id%ike. bj. .. .Dr T EL vl L. (gnd{oyvIv] A Psli]HFTL .. .a
L e aeas ez %, . CALB|LCL] .
Yoo-B Bffiy L] 0;00F: .-|..#—ie'qiiéi.'&—tl.-Ptsi-.u_}EP{{-tﬂ.u{--!ﬁ....----+ ....... I
DFOb«. ,t'Hoq.0>@ |L=208U.46....2.Q0-0].28&+{cl1=S7Ej»"p Oc0. . +™iF] . _ +Ba-
...................................... e eea - *....EFl..I]E. ii\nk
Fhe$. =gy @ .T.a0,i. .t H07R. .1,..k-|2[:?>?«1a- L [EIATY 1 -SRI E T S a.J
dHAZI" .0 Y. - 8°00E-UMIN. . . .0 . HE— <% . L3=#7 U8 #%\«f .¢=6,E(RcDFI .. ..Zw._.

- ra HLWGA_D./LE-h
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Kde vsude mohou byt lidsky cCitelné retezce?

® Variabilni Cast tzv. coinbase transakce (unlock scriptSig)

o Typicky identifikace minera (napf. :™s €-+1a’/Foundry USA Pool
#dropgold/Q@@-xuZ@OGG OO~ )
o Lzeijinéretézce: The Times 03/Jan/2009 Chancellor on..

e Musi vlozit miner (pouze ten vytvari coinbase transakci)

® Ruzny ,hack” standardnich polozek béznych transakci
1. Platba na neexistuijici, ale ,Citelnou” adresou

2. Vanity adresy - opakované generovana adresa dokud neni
zadouci prefix (https://github.com/samr7/vanitygen) $
.Jvanitygen 1Love

e Address: 1LoveRg5t2NCDLUZh6Q8ixv74M5YGVxXaN
3. Hodnota pfevadéenych satoshies tak, ze ,nahodou” déla retézec...

® Data v instrukci QP. RETURN (lock script)

B 0BTC-not spent yet

[ MaX_ 40 batlj B ScriptPubKey - NULL DATA S, charley loves heidi
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Slavné retezce

® Genesis blok [blok O]

e “The Times 03/Jan/2009 Chancellor on brink of second bailout for
banks”

® Bitcoin 2020 posledni pred halving [blok 629999]

e NYTimes 09/Apr/2020 With $2.3T Injection, Fed's Plan Far
Exceeds 2008 Rescue

® OP_RETURN: Mark of the Beast [blok 666666]

e “Do not be overcome by evil, but overcome evil with good -
Romans 12:21”

® Elon Musk “In retrospect, it was inevitable” [blok 668197]
o ..
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Retézce v Bitcoinu

® Pokud nechate chvili bitcoin-qgt
synchronizovat...

c:\Bitcoin\blocks>strings -n 20 *.dat

® blkO0003.dat

® Dokazete zjistit, jak bylo ascii
art viozeno?
A kolik to stalo?

https://blockstream.info/tx/930a2114cdaa86elfac46d15c74e81 s

--Dan Kaminsky,
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