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Presnost vypocth
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Presnost vypocti

Presnost vypoctu - Priklad souc¢tu dvou cisel

1  #include <stdio.h>

3 int main(void)

4 o

5 double a = 1le+10;

6 double b = 1e-10;

8 printf("a : %24.121f\n", a);

9 printf("b : %24.121f\n", b);

10 printf("at+b: %24.121f\n", a + b);
12 return O;

13}

15 clang sum.c && ./a.out

16 a : 10000000000.000000000000
17 b 0.000000000100
18 at+b: 10000000000.000000000000

lec13/sum.c
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Presnost vypocti

Presnost vypoctu - Priklad déleni dvou Cisel

1  #include <stdio.h>

3 int main(void)

4+ o

5 const int number = 100;

6 double dV = 0.0;

7 float fV = 0.0f;

9 for (int i = 0; i < number; ++i) {
10 dv += 1.0 / 10.0;

11 fV += 1.0 / 10.0;

12 }

14 printf ("double value: %1f ", dV);
15 printf (" float value: %1f ", fV);
17 return O;

18}

20 clang division.c && ./a.out
21 double value: 10.000000 float value: 10.000002 lec13/division.c
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Presnost vypocti

Presnost vypoctu - strojova presnost

m Strojova prfesnost €, - nejmensi desetinné Cislo, které prictenim k 1.0 dava vysledek
rtzny od 1, pro |v| < ep,, plati

v+1.0==1.0.

Symbol == odpovida porovnani dvou hodnot (test na ekvivalenci).
m Zaokrouhlovaci chyba - nejméné ¢,,.

® Pfesnost vypoctu - aditivni chyba roste s po¢tem operaci v fadu VN - e,.
= Casto se véak kumuluje preferabilné v jedno sméru v fadu N - .

Jan Faigl, 2024 BOB36PRP — Prednaska 13: Presnost a rychlost vypoctu 7/ 38



Presnost vypocti

Zdroje a typy chyby

Chyby matematického modelu - matematicka aproximace fyzikalni situace.
Chyby vstupnich dat.

Chyby numerické metody.

Chyby zaokrouhlovaci.

Absolutni chyba aproximace
E(x) = X — x, X presna hodnota, x aproximace.

Relativni chyba RE(x) = £
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Presnost vypocti

Podminénost numerickych dloh

relativni chyba vystupnich adaji
relativni chyba vstupnich Gdaja *

Podminénost alohy C, =

Dobte podminéna aloha C, ~ 1.

Vypocet je dobfe podminény, je-li malo citlivy na poruchy ve vstupnich datech.

Numericky stabilni vypocet - vliv zaokrouhlovacich chyb na vysledek je maly.

Vypocet je stabilni, je-li dobfe podminény a numericky stabilni.
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Presnost vypocti

Moznosti zvySeni presnosti

m Reprezentace racionalnich Cisel - podil dvou celociselnych hodnot, napf. Homogenni
souradnice.

m  Libovolna presnost” - specialni knihovny, napf. gmp az do vyse volné paméti.
https://gmplib.org/manual/index
® Souradnice x,y - 7511164176768 346868669952 3739567104 ~ 2008,57; 92,76.
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Presnost vypocti

Soucin dvou velkych ¢isel knihovnou gmp - 1/2

= VV HWO04B je uveden priklad (995663 - 995669)% jako prvociselny rozklad ¢isla
932865073719992059629773513614789388266580305083920591925740371392254317064584855785088915745761.

https://cw.fel.cvut.cz/wiki/courses/b0Ob36prp/hw/hw04
® Pouzijme knihovnu gmp pro mocninu a soucin dvou Cisel, #include<gmp.h>.
https://gmplib.org/
m Typ celych Cisel mpz_t, pomocné funkce mpz_init_set_str(), mpz_init (), gmp_printf ()
a mpz_clears() a operace mpz_pow_ui() a mpz_mul().
Mocnina unsigned integer a nasobeni - multiplication.
® Knihovna nemusi byt soucasti operacniho systému, proto miZze byt nutné specifikovat
cestu k hlavickovému souboru a vlastni knihovné (-1gmp).
® Mizeme zadat cestu ruéné pfi kompilaci (nebo do Makefile).
® Alternativné mizeme pouzit nastroj pkg-config (nebo pkgconf).
https://wuw.freedesktop.org/wiki/Software/pkg-config/ http://pkgconf.org/

® Argumenty pro preklad (CFLAGS). ® Argumenty pro linkovani (LDFLAGS).
$ pkgconf --cflags gmp $ pkgconf --libs gmp
-I/usr/local/include -L/usr/local/lib -lgmp
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Presnost vypocti

Soucin dvou velkych ¢isel knihovnou gmp 2/2
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24

Jan Faigl, 2024

#include <stdio.h>
#include <stdlib.h>

#include <gmp.h>

const char* resultSrc =
"932865073719992059629773513614789388266580305083"

"920591925740371392254317064584855785088915745761" ;

int main(int argc, char *argv[])
{
int ret = EXIT_SUCCESS;
mpz_t nl, n2, result;
mpz_init_set_str(al,
mpz_init_set_str(n2,
mpz_init(result);

"995663", 10);
"995669", 10);

gmp_printf ("nl: %Zd\n", n1);
gmp_printf("n2: %Zd\n", n2);
gmp_printf ("%Zd~%d x %Zd~%d\n\n", ni,

mpz_pow_ui(nl, nl, 8);
mpz_pow_ui(n2, n2, 8);

8, n2, 8);

gmp_printf ("%Zd x %Zd\n\n", nl, n2);

27

28 mpz_mul (result, nl, n2);

29 gmp_printf ("%Zd\n\n", result);

30

31 printf ("Result from HWO04\n%s\n", resultSrc);
32

33 mpz_clears(nl, n2, result, NULL);

34 return ret;

35}

$ ./demo-gmp-mpz
nl: 995663

n2: 995669
99566378 x 99566978

965826124294607867982699926255695296863400309121 x
965872686868261151537037082260231566481047775841

93286507371999205962977351361478938826658030508392059

1925740371392254317064584855785088915745761

Result from HWO4
93286507371999205962977351361478938826658030508392059
1925740371392254317064584855785088915745761

lec13/gmp/demo-gmp-mpz.c
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Presnost vypocti

Racionalni ¢isla knihovny gmp - 1/3

m  Libovolné presnosti” reprezentace, napf. soufadnic v roviné jako vysledek operaci
vypocetni geometrie, miizeme realizovat podilem dvou (,libovolné velkych™) celych
Cisel.

m Souradnice x,y - 7511164176768 346868669952 3739567104 ~ 2008,57; 92,76.

m Knihovna gmp k tomuto Gcelu poskytuje typ mpq_t, kromé typu necelého Cisla mpf_t,
ktery vyuzijeme pro prevod mpq_t na necelé Cislo typu double.

49 double mpq2d(const mpq_t *op)

O

51 double ret;

52 mpf_t v;

53 mpf_init(v);

54 mpf_set_q(v, *op);
55 ret = mpf_get_d(v);
56 mpf_clear(v);

57 return ret;

58 )

lec13/gmp/demo-gmp-mpq.c
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Presnost vypocti

Racionalni &isla

1 #include <stdio.h>
2 #include <stdlib.h>

4 #include <gmp.h>

knihovny gmp - 2/3

6 double mpg2d(const mpq_t *op);

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

o {

10 int ret = EXIT_SUCCESS;

12 unsigned long x1 = 75111641767681;

13 unsigned long yl = 3468686699521;

14 unsigned long denl = 37395671041;

15 const unsigned int digits = 21;

17 double xd = 1. * x1;

18 double yd = 1. * yl;

19 double dend = 1. * denl;

21 printf("unsigned long: %lu %lu %lu\n", x1, yl, denl);

22 printf ("double: %.01f %.01f %.01f\n", xd, yd, dend);
24 printf("double x,y (.2): %.21f %.21f\n", xd/dend, yd/dend);
25 printf("double x,y (.46): 7.461f 7.461f\n\n", xd/dend, yd/dend);

Jan Faigl, 2024
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mpq_t X, y;

mpq_inits(x, y, NULL);
mpq_set_ui(x, x1, denl);
mpq_set_ui(y, yl, denl);

mpq_canonicalize(x);
mpq_canonicalize(y) ;

mpf_t xmpf, ympf;
mpf_inits(xmpf, ympf, NULL);
mpf_set_q(xmpf, x);
mpf_set_q(ympf, y);

gmp_printf ("mpq x,y (canonical form): %Qd %Qd\n", x, y);

gmp_printf ("mpf x,y (to %d decimal digits):

%.*Ff . *Ff

\n", digits, digits, xmpf, digits, ympf);

gmp_printf ("mpq x,y (double .46):

%.461f %.461f\n",

mpq2d (&x) , mpq2d(&y));

mpq_clears(x, y, NULL);
mpf_clears (xmpf, ympf, NULL);

return ret;

lec13/gmp/demo-gmp-mpq.c
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Presnost vypocti

Racionalni ¢isla knihovny gmp - 3/3
m Souradnice x,y - 7511164176768 346868669952 3739567104 ~ 2008,57; 92,76.

$ make

clang -c¢ -I/usr/local/include -g demo-gmp-mpq.c -o demo-gmp-mpq.o
clang demo-gmp-mpq.o -L/usr/local/lib -lgmp -o demo-gmp-mpq

clang -c¢ -I/usr/local/include -g demo-gmp-mpz.c -0 demo-gmp-mpz.o
clang demo-gmp-mpz.o -L/usr/local/lib -lgmp -o demo-gmp-mpz

$ ./demo-gmp-mpq

unsigned long: 7511164176768 346868669952 3739567104

double: 7511164176768 346868669952 3739567104

double x,y (.2): 2008.57 92.76

double x,y (.46): 2008.5651541681761500512948259711265563964843750000
92.7563700036227487544238101691007614135742187500

mpq x,y (canonical form): 399190273/198744 1536231/16562

mpf x,y (to 21 decimal digits): 2008.565154168176146200000 92.756370003622750875500

mpq x,y (double .46): 2008.5651541681759226776193827390670776367187500000
92.756370003622748754423810169100761413574218750

lec13/gmp/demo-gmp-mpgq.c
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Presnost vypocti

Makefile s pkg-config a gmp

O W N s WN

HoHE e e
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14

-
(&

Jan Faigl, 2024

CFLAGS+=$(shell pkg-config --cflags gmp)
LDFLAGS+=$(shell pkg-config --libs gmp)

CFLAGS+=-g

DEMO_MPQ=demo-gmp-mpq
DEM0O_MPZ=demo-gmp-mpz

TARGETS+=$ (DEMO_MPQ) $(DEMO_MPZ)
bin: $(TARGETS)
info:

@echo $(CFLAGS)
@echo $(LDFLAGS)

17 $(DEMO_MPQ): $(DEMO_MPQ) .o

18 $(CC) $< $(LDFLAGS) -o $@

19

20 $(DEMO_MPZ): $(DEMO_MPZ) .o

21 $(CC) $< $(LDFLAGS) -o $0@

22

23 %.0 : h.c

24 $(CC) -c $(CPPFLAGS) $(CFLAGS) $< -o $@

25

26 clean:

27 $(RM) $(DEMO_MPQ) $(DEMO_MPZ) *.o

lec13/gmp/Makefile

$ make info

-I/usr/local/include -g
-L/usr/local/lib -lgmp

$ gmake

clang -c¢ -I/usr/local/include -g demo-gmp-mpq.
clang demo-gmp-mpq.o -L/usr/local/lib -lgmp -o
clang -c¢ -I/usr/local/include -g demo-gmp-mpz.
clang demo-gmp-mpz.o -L/usr/local/lib -lgmp -o

c -o demo-gmp-mpq.o
demo-gmp-mpq
c -o demo-gmp-mpz.o
demo-gmp-mpz
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Presnost vypocti

Reprezentace necelych
= Realné Cislo x se zobrazuje

Cisel — IEEE 754

ve tvaru Zaklad 2.

x = (—1)°mantisa - 28xPonent—bias IEEE 754, ISO/IEC/IEEE 60559:2011

® Mantisa je normalizovana
m float — 32 bitdi (4 bajty): s

na prvni jednicku vlevo (v soustavé o dvojkovém zakladu).
— 1 bit znaménko (+ nebo —), exponent — 8 bitd, tj. 256 moznosti.

mantisa — 23 bitd ~ 16,7 milionu moznosti.

3130

2322 0
|

Sign bit

Exponent Mantissa

|IEEE 754 Single Precision Format

= double — 64 bitii (8 bajti).

® 5 — 1 bit znaménko (+ nebo —).
= exponent — 11 bitd, tj. 2048 moznosti.
= mantisa — 52 bitd ~ 4,5 biliardy moznosti (4 503 599 627 370 495).

® bias umoznuje reprezentovat exponent vzdy jako kladné Eislo.

Jan Faigl, 2024

Lze zvolit, napf. bias = 2¢6=1 — 1, kde eb je pocet bitii exponentu.
http://www.root.cz/clanky/norma-ieee-754-a-pribuzni-formaty-plovouci-radove-tecky
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Presnost vypocti

Priklad reprezentace float hodnot dle IEEE 754

IEEE 754 Converter (JavaScript), V0.22

sign Exponent Mantissa
Value: 1 28 1.0029296875
Enceiied 1 135 24576
as:
5 - vOU0UMy U000 0000MM00000000000
Binary: v
) U

You entered -256.75

Value actually stored in float: -256.75 -

Error due to conversion: 0.00 -

Binary i 110000111000000001

Hexadecimal Representation  0xc3806000

IEEE 754 Converter (JavaScript), V0.22
sign Exponent Mantissa
Value: =il 28 1.0028905868530273
z‘,‘“'d 1 135 24248
" = vOO00OUM 0000000 0MUOMMMMUMUNMMMO
Binary: ] S
) uo

You entered -256.74) ‘

Value actually stored in float: -256.739990234375 -

Error due to conversion: 0.000009765625 -

Binary i 11000011 111010111000

Hexadecimal Representation 0xc3805eb8

m Chyba reprezentace -256.75 vs -256.74.

® Infinity (0x7f800000), -Infinity (0xff800000), a NaN (Ox7fFfffff).
https://wuw.h-schmidt.net/FloatConverter/IEEE754.html
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Presnost vypocti

Priklady reprezentace hodnot typu float

Jan Faigl, 2024

Reprezentace Cisla 85,125 (float)
85 odpovida 1010101 3).

0,125 odpovida 001
= 0,125/271 =0,25 |
= 0,125/272 =0,50 |
= 0.125/273=1.00 | 1

85, 125 odpovida 1010101, 001(3) =
=1,0101010015) x 29,

Bias pro float je 127.

Exponet je 127 + 6 = 133

133 odpovida 10000101 3).

Normalizovana mantisa je 0101010015, kterou do-
plnime nulami na 23 bitd (zprava, je to desetinné ¢islo).

0-10000101-01010100 100000000000 000.
01000010 10101010 01000000 00000000.

V Sestnactkové soustavé 0x42 Oxaa 0x40 0x00, tedy
0x42aa4000.

0
0
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Reprezentace ¢isla 0,1 (f1loat)

0,1 ma periodicky rozvoj
0,1%x2=0,2 |

onhswhH
o
©
*
orrROOO

|

|

|
. 0,2%2=0, I
Opakuje se 0011, 23-biti tak reprezentuje mensi hodnotu.
0, 1(10) ~ 0,0001 1001 100110011001 1001 100(2) =
=1,1001 1001 1001 1001 1001 100(2) x 274,

Exponet je 127 — 4 = 123 odpovida 01111011 5).
Normalizovana mantisa 471001100 110011001100 1100.
0-0111 1011-10011001100110011001100.
00111101 11001100 11001100 11001100.

V Sestnactkové soustavé to je 0x3d Oxcc Oxcc Oxcc, tedy
0x3dcccccc.

Prakticky je 0,1 prevedeno na o néco vétsi Cislo
0x3dcccced, protoze absolutni chyba je mensi.
lec13/floats.c
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Presnost vypocti

S¢itani mnoha malych necelych éisel - 1/2

= Na prikladu souétu dvou velmi odlignych &isel (napt. 1 x 1010 4 1 x 10719) dochazi z diivodu omezené
reprezentace mantisy k zaokrouhlovaci chybé.
=V piipadé naivni implementace souctu velkého poctu (nap¥. 23%) velmi malych hodnot (napi. 1 x 10~20)

maze dojit vlivem zaokrouhlovani k vyznamné chybé. lec13/addition.c

// small value to be sum float sum_naive(size_t n, float *v) float sum_alter(size_t n, float *v, size_t power)
float v = 1e-20f; //float literal { {
float r = 0; float r = 0;
// 1073741824 is 23° values (1e9) for (size_t i = 0; i < nj; ++i) { const size_t order = power - 1;
const size_t power = 30; r += v[i]l; size_t k = 2;
size_t n = 1l<<power ; } for (size_t 1 = 1; 1 < order; ++1, k *= 2) {
return r; for (size_t i = 0; i < nj; i +=k) {
// multiplication factor for print } v[i] = v[i] + v[i+k/2];
const double k = lell; }
¥
float *values = init_values(n, v); k /= 2;

for (size_t i = 0; i < n; i += k) {
r += v[i];

}
return r;
}
double suml = v*n * k; double sum2 = sum_naive(n, values) * k; float sum3 = sum_alter(n, values, power) * k;
P¥imé nasobeni - vysledek Naivni soucet - vysledek S¢itani po dvojicich - vysledek
1.073741789925 364 287 228 1. 0.022737 367 544 323 205947 9. 1.073741793 632507 324 218 8.
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Presnost vypocti

S¢itani mnoha malych necelych Cisel -

-

© ® N OGN WwN

Jan Faigl, 2024

#include <stdio.h>
#include <stdlib.h>

float* init_values(size_t n, float v);
float sum_naive(size_t n, float *v);

float sum_alter(size_t n, float *v, size_t power);

int main(void)

{
float v = 1e-20f; // small value to be sum
const size_t power = 30; // try 3 vs. 30
size_t n = 11<<power ; // 1073741824 is 230 yalues
const double k = lell;
float *values = init_values(n, v);
double suml = v * n * k;
double sum2 = sum_naive(n, values) * k;
float sum3 = sum_alter(n, values, power) * k;
printf("Sum of %lu numbers of the value 7%.221f\n",
printf("Suml (multiplication): %.221f\n", suml);
printf ("Sum2 (naive) : %.221f\n", sum2);
printf ("Sum3 (alter) : %.221f\n", sum3);
free(values);
return EXIT_SUCCESS;

}

2/2

float* init_values(size_t n, float v)
30 {

31 float *r = malloc(n * sizeof(v));

32 if (Ir) {

33 fprintf (stderr, "ERROR: MEM_ALLOC\n");
34 exit(-1);

35 ¥

36 for (size_t i = 0; i < mn; ++i) {

37 r[il = v;

38 ¥

39 return r;

40 )

$ clang addition.c -o addition && ./addition

Sum of 1073741824 numbers of the value
0.0000000000000000000100

Suml (multiplication): 1.0737417899253642872281

Sum2 (naive) 0.0227373675443232059479

Sum3 (alter) 1.0737417936325073242188

$ calc "1e-20 * 2730 * lell"
1.073741824
lec13/addition.c

= |mplementujte s vyuzitim knihovny gmp.
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Maticové nasobeni Rychlost vypoctu Comparing C to Machine Code Paralelni vypocet

Cast Il

Cast 2 — Rychlost vypoctu (programu)
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Maticové nasobeni
Maticové nasobeni - Naivné

1 void simple_multiply(const int n, const double *a, const double *b, double *c)
2 {

3 for (int 1 = 0; i < n; ++i) {

4 for (int j = 0; j < nj; ++j) {

5 double prod = O;

6 for (int k = 0; k < n; ++k) {

7 prod += ali * n + k] * b[k * n + j];

8
9

}

cl[i * n + j] = prod;
10 }
11 }
12}

® Pro prehlednost predpokladame kompatibilni rozméry matic a spravné alokované.
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Maticové nasobeni

Maticové nasobeni - Naivné s transpozici

1 void simple_multiply_trans(const int n, const double *a, const double *b, double *c)
2 {
3 double * bT = create_matrix(n); // allocate memory for transposed matrix
4 for (int i = 0; i < n; ++i) {
5 bT[i*n + i] = bli*n + il;
6 for (int j =i + 1; j < m; ++j) {
7 bT[i*n + j] = b[j*n + il;
8 bT[j*n + i] = bli*n + j];
9 }
10 }
11 for (int i = 0; i < n; ++i) {
12 for (int j = 0; j < nj; ++j) {
13 double tmp = 0;
14 for (int k = 0; k < n; ++k) {
15 tmp += ali*n + k] * bT[j*n + kI;
16 }
17 c[i*n + j] = tmp;
18 }
19 }
20 free(bT);
21}
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Porovnani rychlosti nasobeni matic
Maticové nasobenf
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Rychlost vypoétu

Architektura procesoru a zptisob vypoctu

m Priklad nasobeni matic a nasobeni transponované
matice ukazuje, ze kromé instrukci ma zasadni vliv
organizace dat a pristup do pameéti.

® V modernich procesorech hraje cache zasadni roli
spole€né s fetézenim instrukci, tzv. pipelining, a
vyuzitim specifickych instrukci. L
SIMD - Single Instruction Multiple Data A C : :

I
| I

m Proniknuti do detailt fungovani cache a fetézeni .
instrukci  je naplni predmétu Architektura I--1m
poéitall (BOB35AP0), kde mate moznost se
seznamit s prichazejici architekturou RISC V.

https://cw.felk.cvut.cz/wiki/courses/b35apo/
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Rychlost vypoétu

Optimalizace kédu

m Kromé optimalizace vysledného spustitelného kédu pfi prekladii, je mozné optimalizovat
kédu za béhu nebo jiz existujicich binarni (prelozené) soubory.
m BOLT - Binary Optimization and Layout Tool, zrychleni o az 20 %-50 %.
https://arxiv.org/abs/1807.06735
https://dl.acm.org/doi/10.5555/3314872.3314876
® Vyuziti specialnich instrukci v zakladnich funkci maze vypocty (programy) vyrazné urych-
lit, zejména pokud se funkce pouzivaji masivné.
® AVX2 a EVEX instrukce (ze sady SSE4.2) ve funkcich porovnani fetézcli str{n}casecmp ()
— az 0 38 % méné potrebného Casu.
03/2022 - https://www.phoronix.com/news/Glibc-strcasecmp-AVX2-EVEX

m V obou pripadech (a obecné) je vhodné rozumét principu a vyuZzit instrukce Assembleru.
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Compiler Explorer

€& > C @& godboltorg/#g:!((g:!((g:!((h: ditor,i: (fil op :14,fontUsePx:'0' j:1,lang:c%2B%2B,select... < & ¥ O O & O .

{ :COMPII.ER = = H T o ci o) o
=, EXPLORER Add.. More Templates Check out our stats page = Backtrace |nte|_ FSindsY Share Policies Other
Csource #1 & X O X | Preprocessor Output x86-64 goc 12.2 (Editor B 3| | x86-64 goo 12.2 (Editor #1) & X o x
A~ @ 4+~ v @c - A~ x86-64 gec 12.2 ~ | & Compiler options... D

1 int square(int num) [ Filter headers O Apply clang-format A~ &~ Y- B ++ /-
2 1 /* <7 lines filtered> .
3 return num * num; ; square: h b
us| i
4 1 2 int square(int num) 3 :uv rb:; .
5 || 5
4 B
. . . 4 mov DWORD PTR [rbp-4], edi
° ?t nain(vold) 5 return num * num; 5 mov eax DWORD[PT; [abp-:i]
7 6 3} ; "
8 int a = square(10); 7 g 1:“1 ‘::Xr eax
9 return 0; 8 int main(void) : e "
10
N : 9  main:
1} 10 int a = square(10); 0 ] Fo
12 1 return 9; 11 mow rbp, rsp
12 12 sub rsp, 16
12 } 13 mov edi, 10
14 14 call square
15 mov DWORD PTR [rbp-4], eax
16 mov eax, @
17 leave
40 rat
C' B Output (0/0) xse-64gec122 i -399ms 39648) ~248 ines fiterea Lt
Compiler License

https://godbolt.org/z/K9rieliqcd
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Rychlost vypoctu

Compiler Explorer — Analyza optimalizovaného kodu

= Vliv optimalizace -02 na vysledny kéd, ktery obsahuje nedefinované chovani, preteceni celého Cisla.
Priloha 3. prednasky.

COMPILER  pqq. - More~ Templates Check out our stats page » ‘ Sponsors 5 Backtrace intel Share > Policies @~ Other~
EXPLORER 5
Csource #1 & X O X | x86-64 gec 12.2 (Editor #1) & X O X | x86-64 gec 12.2 (Editor #1) & X
A~ Bsavelload +Addnew..> WVim @c x86-64 gec 12.2 ~ @ Compiler options... D x86-64 gec 12.2 >~ @  -02 B
1 int main(void) A~ @ouput.~ YFiter..~ BELibraries +Addnew..~ ,* Addtool..~ A~ @ Output..~ Y Fiter..~ B Libraries
2 )
3 f int ret = 1 main: 1 main:
4 for (int i = 2147483640; i >= 0; ++i) { 2 push  rbp 2 L2 i
5 ret += i; 3 mov rbp, rsp 3] imp .12
5 ! 4 mov WORD PTR [rbp-4], ©
7 T 5 mov DWORD PTR [rbp-8], 2147483640
8 } 6 jmp .L2
7 .13:
8 mov eax, DWORD PTR [rbp-8]
9 add DWORD PTR [rbp-4], eax
10 add DWORD PTR [rbp-8], 1
1.z
12 cmp DWORD PTR [rbp-8], ©
13 jns .L3
14 mov eax, DWORD PTR [rbp-4]
15 pop rbp
16 ret
C' B Output (0/0) x86-64 goc 122 § - 622ms (32008) ~196 lines fitersy Ll C B Output (0/7)
Compiler License Compiler License  _ s26ms ar23s ~ 108 inos fitereg L

https://godbolt.org/z/G3GEz4vbv
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Comparing C to Machine Code

https://www.youtube.com/watch?v=y0yaJXpAYZQ
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Paralelni vypocet

Priklad pouziti OpenMP - Maticové nasobeni 1/2

® Open Multi-Processing (OpenMP) - aplikaéni programové rozhrani (API) multiplatform-
nich vypocti se sdilenou paméti. http://www.openmp.org

m Direktivou preprocesoru midzeme instruovat kompilator k vytvofeni kédu paralelniho
vypoctu, napf. paralelizace pfes vné&jsi proménnou i.

1 void multiply(int n, int a[n][n], int b[n][n], int c[n][n])

2 {

3 int i;

4 #pragma omp parallel private(i)

5 #pragma omp for schedule (dynamic, 1)

6 for (i = 0; i < n; ++i) {

7 for (int j = 0; j < nj; ++j) {

8 c[i]1[j] = 0;

9 for (int k = 0; k < n; ++k) {

10 clil[j]1 += alilk] * blk][j];

11 }

12 ) i lec13/demo-omp-matrix.c
12 } Pro prehlednost uvazujeme ctvercové matice stejnych rozméri.
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Paralelni vypocet

Priklad pouziti OpenMP - Maticové nasobeni 2/2

= Priklad nasobeni matic 1000 x 1000 s vyuzitim OpenMP na iCore5 ® Nasobeni matic 5000 x 5000 (Ryzen 9 5950X).

1
2
3
4
5
6
7
8
9

10
11
12
13
14

(2 jadra s HT ~ 4x vypocetni jednotky).

gcc -std=c99 -02 -o demo-omp demo-omp-matrix.c -fopenmp

./demo-omp 1000

Size of matrices 1000 x 1000 naive
multiplication with 0(n~3)

cl ==c2: 1

Multiplication single core 9.33 sec

Multiplication multi-core 4.73 sec

OMP_NUM_THREADS=2 ./demo-omp 1000

Size of matrices 1000 x 1000 naive
multiplication with 0(n~3)

cl ==c2: 1

Multiplication single core 9.48 sec

Multiplication multi-core 6.23 sec

i7-6700K:
= 1x vlakno 0.80s;
= 2x vlakna 0.39s;
® 4x vlakna 0.24s.

Jan Faigl, 2024

OMP_NUM_THREADS=16 ./demo-omp 5000
Size of matrices 5000 x 5000 naive
multiplication with 0(n~3)
Multiplication single core 256.00 sec
Multiplication multi-core 18.05 sec

lec13/demo-omp-matrix.c
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Diskutovana témata

Shrnuti prednasky
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Diskutovana témata

Diskutovana témata

Numericka presnost.

Knihovna gmp.

Maticové nasobeni a organizace paméti.

Rychlost vypoctu a architektura procesoru.

Paraleni vypocty OpenMP.
Domaci tkol HW10B.
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