[TOACUET EAMHUYHBIX BUTOB

MaTepuan x Bunzeonekuuu «bBecemp o mporpamvuposanuy 011»
KapaBaeB AprtéM Muxaimosuu, 13.02.2016
TexkcT aBnAeTCA HEOTbEMJIEMOHM YaCTblo BUAEO3alNCHU
http://zealcomputing.ru

Bcrynaenue

AN MCCAEAOBAHUSI TPOU3BOAUTEABHOCTY aATOPUTMOB OBIAM HANKWCAHLI yuebHBIE
mporpaMumesl Ha s3blke C+4-. KoMnuasinmus nporpaMM nnposepeHa Ha VISUAL CH-+-,
INTEL C++4, GCC u CLANG mocaepHUX BepCUil (Ha MOMEHT BUAEO3AIIUCH).

TecTupoBaHMe IPOBOAMAOCEL HA KOMIIBIOTEPE C IIPOIIECCOPOM
Core 2 Duo E8400 @3GHz ma 64-x buroBo#t Windows 7.
ANST TECTUPOBAHMUST MCIIOAB30BAACS TOABKO KOMIIMASTOP VISUAL C++ 2015.

AeMoHCTpanuss QYHKIINYN B IIPE3€HTAIINY BLITOAHEHA TaK>Xe Ha A3bike C++, npu
9TOM HCIOABL3YIOTCS IICEBAOHUMBI AASI TUIIOB AAHHBIX

typedef unsigned char us;
typedef unsigned short int ulf;
typedef unsigned 1int u32;

typedef unsigned long long u64;



Meton O

HawBHEBII MeTOA ITOCAEAOBATEABLHO IIEPEUYUCASIET OMTHI YUCAA.

u8 CountOnesO (u8 n) {
u8 res = 0;
while (n) {
res += n&l;
n >>=1;
+

return res;

}

Jerko obobiraeTcsa Ha cAyday dmceA AODOOTo pasMepa.



TecTupoBaHVE BLIIOAHSETCS Ha IOTOKE U3 232 YUCeA B XaOTHUIHOM IIOPSIAKE.
Bpewmst B cekyupax. [Torpemuocts mopsiaka 0,1 c.

Twumo n
usd ul6 u3?2 u6c4d
X386
CountOnesO | 38,18 | 72,00 | 130,49 | 384,76
x64
CountOnesO | 37,72 71,51 131,47 | 227,46

OyHKIIUA

YTUAUTa U3MEPEHUSI BPEMEHU runexe
http://code.google.com/p/runexe

Y moab3oBaTeAeld Linux eCcTb BCTPOEHHBIE (PYHKIINY U3MEPEHUSI BPEMEHMU.



Metop 1

OcHOBaH Ha YAAAEHUM MAJAIIETO EAMHUYHOI'O bmTa.
[Iycte n = 232.

nl11101000
n—1/11100111

n&Mm—1)/11100000

u8 CountOnesl (u8 n) {
u8 res = 0;
while (n) {
res ++;
n & n-1;
+

return res;

}

J\erko obobimaeTcss Ha CAy4dalk 9mcen A0OOro pasMepa.



DOyHKIUS

Tumo n

us

ul6

u32

u6d

x386

CountOnesO

CountOnesl

38,18
44,73

72,00
55,88

130,49
72,02

384,76
300,78

x64

CountOnesO

CountOnesl

37,72
40,96

71,51
69,16

131,47
79,13

227.46
126,72




Meton 2

[IpeammopcU€eT B 3apaHee IOATOTOBAEHHON TabOAUIIE.

u8 BitsSetTableFF[256] ; // 3mechb BCe OTBETH IJIsI ONHOTO bOaliTa
u8 BitsSetTableFFFF[65536]; // 3mech BCe OoTBETH mOJs IOBYX OaiT

u8 CountOnes2_FF (u8 n) A
return BitsSetTableFF [n];

}

u8 CountOnes2_FF (u32 n) {
u8 *p = (u8x)é&n;
n = BitsSetTableFF [p[0]]
+ BitsSetTableFF[p[1]]
+ BitsSetTableFF [p[2]]
+ BitsSetTableFF([p[3]];
return n,;

}



u8 CountOnes2_FFFF (u32 n) {
ulé *p = (ul6*)&n;
n = BitsSetTableFFFF [p[0]]
+ BitsSetTableFFFF([p[1]];
return n;

}

[IpyMeHSATHL METOA MMEET CMBICA TOTAA, KOTAA
® BaM HE >KAaAKO IIaMSTH,

e UKCAO ObpalleHu K QYHKINY MHOIOKPATHO IIPEBLINIAET YUCAO
3AEMEHTOB B TabAUIIE
(«OTHIIPaThy BpeMsI Ha 3alOAHEHUE TabAUITED),

o O6paI.TJ;eHI/I€ K T&6AHH€ HE€ BBITECHSIET YTO-TO BAa’KHOE M3 K3IIIA.




Tumo n

Pymrm usd ul6 u3?2 u6c4d
x36

CountOnes0 38,18 72,00 130,49 | 384,76

CountOnesl1 44,73 55,88 | 72,02 | 300,78

CountOnes2_FF 0,01 | 1,83 | 21,07 | 36,25

CountOnes2_FFFF| — | 0,05 | 7,95 | 13,01
x64

CountOnes0 37,72 |71,51 131,47 | 227,46

CountOnesl1 40,96 169,16 | 79,13 | 126,72

CountOnes2_FF 0,01 | 1,44 | 24,79 | 26,84

CountOnes2_FFFF| — | 0,07 | 8,49 | 13,01




MeTop, 3

YMHOKEHIE I OCTATOK OT AeAeHusi. Hauuem ¢ 1-ro baitTa

n'=n-0x010101 =

_|_

n =

+ abcdefgh

abcdefgh

abcdefgh

abcdefgh

Takol mpueM OyAeM Ha3bIBATH CAOBOM «THPa’KUPOBAHUEY.

abcdefghabcdefghabcdefgh

n-0x010101|la b c|d e flgh albcd/e f ghablcdelfgh

0x249249 0 0 1|0 0 1/0 01001001001 001/001
2 4 9 2 4 9

n'&0x249249/0 0 ¢c/0 0 f/0 0 a0 0 d0O0g0O0b/00e00N




n - 0x010101&0x249249/0 0 c|0 0 £ 0 0 a0 0 d|0 0 g|0O0Dbj0O0e|00hN

OcraTok oT peAeHES Ha 7 = 25 — 1 paéT CyMMy yKa3saHHBIX 6AOKOB ITO MOAYAIO 7.
(Cu. becepy 004).

B mHamewMm caydae:

(h-2+e-22+b-2°4¢g-27+d-2"+a-2°+f-2%+¢c-2)mod (2 — 1) =
(h+e+b+g+d+a+f+c)mod(2°—1).
g

u8 CountOnes3 (u8 n) A
if (n == 0) return O;
if (n == OxFF) return 8;
n = (0x010101*n & 0x249249) % 7;
if (n == 0) return 7;
return n;

}

u8 CountOnes3 (ul6 n) {
return CountOnes3 (u8(n&0xFF)) + CountOnes3 (u8(n>>8));

}




n’ =n-0x08040201 =

0 abc

defg

h0ab

cdef

g hOa

bcde|f

abcdlef

0001

0001

0001

0001

0001

0001

00010

n'&0x111111111 paét 9 4-6UTOBEIX ODAOKOB, OAUH M3 KOTOPEIX HYAEBOIA.

OcTaToK OT pAeAeHES Ha 15 pacT cyMMy 4-OMTOBBIX OAOKOB IO MOAYAIO 15.

u8 CountOnes3 x64 (u8 n) {
return ((u64)0x08040201*n & Ox111111111) % 15;

}

IIpobreMa B TOM, UTO 3AECH TPebyeTcss paboTaTh C YMCAaMU pa3MepoM 64 buTa.

3A€eCh MBI 3aAeMCTBOBAAM AMINEL 9 -4 — 3 = 33 bura.
MaxcuMyM, ITO MBI MOXKEM Cebe ITO3BOAUTDL ITUM CIIOCOOOM, 3TO ducaa A0 14 6uT
(bOABIIIE HEAB3SI U3 32 OCTATKA OT AeAEHUS Ha 15).

u8 CountOnes3_x64 (uld4 n) { // 910 He omewarka (u He HonxHO paboTaTh)!
return (n*0x20004000800111u & Ox11111111111111111u) % 15;

}




u8 CountOnes3_x64 (ul6 n) {
u8 leastBit = n&l;
n >>= 1;
if (n == 0) return leastBit;
if (n == Ox7FFF) return leastBit + 15;
return leastBit + (n*0x20004000800111u & Ox11111111111111111u) % 15;

}

B BapuanTe pAst 32-X 6uT yA0OHO paccMaTpMBATh MOAS IO 12 6uT.

u8 CountOnes3_x64 (u32 n) {
if (n == 0) return O;
if (n + 1 == 0) return 32;
u64d res = (n&OxFFF)*0x100100100100111u & 0x8421084210842111u;
res += ((n&O0xFFF000)>>12)*0x100100100100111u & 0x8421084210842111u;
res += (n>>24)*0x100100100100111u & 0x8421084210842111u;
res %= Oxl1F;
if (res == 0) return 31;
return res;

KoMbrHUPYSI pa3Hble MHOKUTEAN U OMTOBBIE MAaCKM, MOXXHO CO3AATh
O4YeHb MHOT'O IIOAOOHBIX TPIOKOB.




Tumo n

Pymrm usd ul6 u3?2 u6c4d
x36
CountOnes0 38,18 72,00 130,49 | 384,76
CountOnesl1 44,73 55,88 | 72,02 | 300,78
CountOnes2_FF 0,01 | 1,83 | 21,07 | 36,25
CountOnes2_FFFF| — | 0,05 | 7,95 | 13,01
CountOnes3 12,42 130,57 — —
CountOnes3_x64 | 39,78 60,48 |146,78| —
x64
CountOnes0 37,72 71,51 131,47 | 227,46
CountOnesl1 40,96 169,16 | 79,13 | 126,72
CountOnes2_FF 0,01 | 1,44 | 24,79 | 26,84
CountOnes2_FFFF| — | 0,07 | 8,49 | 13,01
CountOnes3 13,88133,88|, — —
CountOnes3_x64 | 6,78 | 12,28 | 31,12 —




BMecTo B3sTHSI OCTaTKa MOXKHO CyMMEUPOBATh OAOKK YMHOMKEHUEM.
BepréMmcs cHOBa K gucAy m = n - 0x010101&0x249249 (1 6a#T).

00c0O0fO0O0a00d/00g/00Db/0OO0¢el00HN
C F A D G B B H

m - 0x249249 =
CFADGBEH
+ CFADGBEH
+ CFADGBEH
+ CFADGBUEH
+ CFADGBEH
+ CFADGBEH
+ CFADGBUEH
+ CFADGBUEH

u8 CountOnes3 x64 m (u8 n) {

if (n == O0xFF) return 8;

return ((u64(0x010101*n & 0x249249) * 0x249249) >> 21) & 0x7;
+



u8 CountOnes3_x64_m (ul6 n) {
u8 leastBit = n&l;
n >>= 1;
return leastBit
+ (( (n*0x20004000800111u & Ox11111111111111117w)*0x11111111111111111u
>> 56) & O0xF);
b

u8 CountOnes3_x64_m ( u32 n ) A
if (n+1 == 0) return 32;
u64 res = (n&OxFFF)*0x100100100100111u & 0x8421084210842111u;
res += ((n&O0xFFF000)>>12)*0x100100100100111u & 0x8421084210842111u;
res += (n>>24)*0x100100100100111u & 0x8421084210842111u;
return (res*0x8421084210842111u >> 55) & Ox1F;



Tumo n

PymKm usd ul6 u3?2 u64
x36
CountOnes0 38,18 72,00|130,49 384,76
CountOnes1 44,73 55,88 | 72,02 | 300,78
CountOnes2_FF 0,01 | 1,83 | 21,07 | 36,25
CountOnes2_FFFF — |1 0,06| 7,95 | 13,01
CountOnes3 12,42 130,57 — —
CountOnes3_x64 |39,78 60,48 146,78 —
CountOnes3_x64_m| 12,66 42,37 99,90 —
x64
CountOnesO 37,72 71,51|131,47|227,46
CountOnesl1 40,96 69,16 | 79,13 | 126,72
CountOnes2_FF 0,01 | 1,44 | 24,79 | 26,84
CountOnes2_FFFF — 10,07 | 8,49 | 13,01
CountOnes3 13,881 33,88| — —
CountOnes3_x64 6,78 12,28 | 31,12 —
CountOnes3_x64_m| 3,54 | 4,51 | 18,35 —




Metopn 4

[lapaanenbHOE CYMMUPOBAHIUE.

CaokuM O6UTBI Ka>XKAOM IIaphl MEXXAY COOOIA.

n = ((n>>1) & 0xb5) + (n & 0x55);

n

ab

x=n&0xbb
y=(n>1)&0x55

0 Db
0 a

0 d
0 c

0 f0

0 e

Xty

at+b

c+d

e+f

CAOKEM COCEAHUE ITaphl MEXKAY CODOMH.

n = ((n>>2) & 0x33) + (n & 0x33);

n

a+b

c+d

e+f

g+h

x=n&0x33
y=(n>2) &0x33

0
0

c+d

a+b

g+h

e+f

X+y

at+b+c+d

e+f+g+h




CAOKUM YETBEPKU.

n = ((n>>4) & 0xOF) + (n & OxOF);

n | atb+c+d |e+f+g+h

x=n&0x0F 0 etf+g+h
y=(n>>4) &0x0F 0 a+b+c+d

x+y | atb+ct+d+e+f+g+h

u8 CountOnes4 (u8 n) {
n = ((n>>1) & 0x55) + (n & 0x55);
n = ((n>>2) & 0x33) + (n & 0x33);
n = ((n>>4) & 0xOF) + (n & O0xO0F);
return n;

¥

u8 CountOnes4d (ul6 n) {
n = ((n>>1) & 0x5555)
n = ((n>>2) & 0x3333)
n = ((n>>4) & 0xOFOF)
n = ((n>>8) & 0xO00FF)
return n;

(n & 0x5555);
(n & 0x3333);
& OxOFOF) ;
(n & O0xOOQFF) ;

+ + 4+ +
N\
B



u8 CountOnes4d (u32 n) {

n = ((n > 1) & 0x55555555) + (n & 0x55555555) ;
n = ((n> 2) & 0x33333333) + (n & 0x33333333);
n = ((n> 4) & 0xOFOFOFOF) + (n & OxOFOFOFOF) ;
n = ((n > 8) & 0xO0FFOOFF) + (n & OxOOFFOOFF) ;
n = ((n > 16) & O0x0000FFFF) + (n & Ox000QOFFFF) ;
return n;

¥

u8 CountOnes4 (u64 n) {

= ((n>>1) & 0x555555555555555511u)
= ((n>>2) & 0x333333333333333311u)
= ((n>>4) & 0xOFQOFOFOFQFOFOFOF1llu) + (n & OxOFOFOFOFQOFOFOFOQF11lu) ;
((n>>8) & O0x00FFOOFFOOFFOOFFllu) + (n & OxOOFFOOFFOOFFOOFF1llu) ;
= ((n>>16) & 0x0000FFFFOO0OFFFFllu) + (n & OxO000FFFFOOOOFFFF1llu) ;
= ((n>>32) & 0x00000000FFFFFFFF1llu) + (n & 0x00000000FFFFFFFF1llu) ;
return n;

(n & 0x555555555555555511u) ;
(n & 0x333333333333333311u);

+ + + +

n
n
n
n
n
n



Bo3morxHa HEOOABIIAS ONTUMU3AIXS (Ha IpuMepe 32-X 6uT).

Brino:

u8 CountOnes4 (u32 n) {

n = ((n> 1) & 0x55555555) + (n & 0x55555555) ;
n = ((n> 2) & 0x33333333) + (n & 0x33333333);
n = ((n > 4) & OxOFOFOFOF) + (n & OxOFOFOFOF) ;
n = ((n > 8) & 0xO0FFOOFF) + (n & 0xOOFFOOFF) ;
n = ((n > 16) & O0xO0000FFFF) + (n & O0x000QOFFFF) ;
return n;

¥

Crano:

u8 CountOnes4_opt (u32 n) A

-= (n>>1) & 0x55555555;

= ((n>>2) & 0x33333333 ) + (n & 0x33333333);

= ((n>>4) + n) & O0xOFOFOFOF;

= ((n>>8) + n) & 0xOOFFOOFF;

= ((n>>16) + n);

return n; // 3mecb IPoOuUCXOIUT HesdgBHOe obpe3aHue 1o 8 MiuagmuM OUTaM.

B B B B B

¥

IToOdcxasxa x svivuMmaHU0: ABYXOUTOBLIZ ODAOK ab mMeeT 3HadyeHUE 2a+b.



Tumo n

PymKm usd ul6 u3?2 u64
x36

CountOnes0 38,18 72,00|130,49 384,76
CountOnes1 44,73 55,88 | 72,02 | 300,78
CountOnes2_FF 0,01 | 1,83 | 21,07 | 36,25
CountOnes2_FFFF — |1 0,06| 7,95 | 13,01
CountOnes3 12,42 130,57 — —
CountOnes3_x64 |39,78 60,48 146,78 —
CountOnes3_x64_m| 12,66 42,37 99,90 —
CountOnes4 7,52 114,10| 21,12 | 62,70
CountOnes4_opt 7,18 11,89 18,86 | 65,00




Tumo n

PyHKI us ul6 u32 u64
x64

CountOnesO 37,7271,51131,47|227,46
CountOnesl1 40,96 169,16 | 79,13 | 126,72
CountOnes2_FF 0,01 | 1,44 | 24,79 | 26,84
CountOnes2_FFFF — | 0,07 | 8,49 | 13,01
CountOnes3 13,8833,88, — —
CountOnes3_x64 6,78 12,28 | 31,12 —
CountOnes3_x64_m| 3,54 § 4,51 | 18,35 —
Count(Ones4 8,06 {11,89| 21,30 @ 22,59
CountOnes4_opt 8,09 10,27 | 19,20 | 19,20




MeTopn, 5

KoMburHallys mapasreAbHOTO CAOXKEHUSA 1 YMHOKeHUs1. Ha nmpumepe 32-x OuT.
CHagana MapasneAbHBIM METOAOM IIOAYYaeM CYMMY OMT B Ka>kpAoM bOaiiTe.

n -= (n>>1) & 0xb5555555;
n = ((n>>2) & 0x33333333) + (n & 0x33333333);
n = (((n>>4) + n) & 0xOFOFQFOF) ;

Tereps ckAaAbIBaeM 4 OaiiTa yepe3 YMHOXKEHUE

n= A B C|D

n - 0x01010101 =
A BCD

+ A BCD
+ A BCD
+ ABCD

u8 CountOnesb5 ( u32 n ) {
n -= (n>>1) & 0xb55555555;
n = ((n>>2) & 0x33333333 ) + (n & 0x33333333);
n = ((((n>>4) + n) & O0xOFOFOFOF) * 0x01010101) >> 24;
return n; // 3mech IpouCXOIUT HesABHOe obpe3aHue mo 8 MuagumuM OuTaM.

}



u8 CountOnes5 (ul6 n) {
n -= (n>>1) & 0x5555;
n = ((n>>2) & 0x3333) + (n & 0x3333);
n = ((((n>>4) + n) & O0xOFOF) * 0x0101) >> 8;
return n; // 3mech IpPOUCXOIUT HesiBHOe obpesaHue MO 8 MIaAmuM OuTaM.

¥

u8 CountOnesb5 ( u64 n ) {
n -= (n>>1) & 0x555555555555555511u;
n = ((n>>2) & 0x333333333333333311u ) + (n & 0x333333333333333311u);
n = ((((n>>4) + n) & 0xOFOFOFOFOFOFOFOF11u)
* 0x0101010101010101) >> 56;
return n; // 3mech IpPOUCXOIUT HesiBHOe obpesaHue MO 8 MIaamuM OuUTaM.

}



Torosoe cpaBHeHUE (X86)

BHuMAHUE! ObparieHre K TabAUIIE C TPEATIOACYETOM XAOTUIHOE.

DOyHKIUS Tmm o

ugd ul6 u32 u64
HauBHEE MeTOI 38,18 | 72,00 | 130,49 | 384,76
Yrmanenue Miammeid enIVHUYKU 4473 | 55,88 | 72,02 | 300,78
[lpennoncueTr - 1 GaiT 0,01 /1,83 | 21,07 | 36,25
[lpepnoncuéer - 2 baiiTa — 0,05/ | |7,95| | 13,01
YMHOXeHMe M ocTaToK (32 6ura) 12,42 | 30,57 — —
YMHOXeHMEe M ocTaToK (64 6uta) 39,78 60,48 | 146,78 —
YMHOXeHUE ¥ yMHOXeHuUe (64 6uTa) 12,66 | 42,37 | 99,90 —
[lapayenbHOe CyMMUpPOBaHUE 7,52 | 14,10 | 21,12 | 62,70
[lapannenvHoe cymmumpoBanume (omTumusanus) ||7,18(]/11,89| 18,86 | 65,00
KoMbuHMpOBAHHLY METOL — | 17,65 |/13,60|| 52,65




ToroBoe cpaBHeHUE (x64)

BHuMAHUE! ObparieHre K TabAUIIE C TPEATIOACYETOM XAOTUIHOE.

DOyHKIUS Tmm o

u3 ul6 u32 u64
HauBHBEE MeTOI 37,7271,51131,47|227,46
Ymanenue Miaanmeid eIUHUYKU 40,96 169,16 | 79,13 | 126,72
[lpemmoncuer - 1 6aut 0,01/|]1,44|| 24,79 | 26,84
[lpepnoncueTr - 2 bafiTa — 110,07/| 8,49| | 13,01
YMHOXeHMe M ocTaTok (32 6uta) 13,88 133,88 — —
YMHOXeHMe M ocTaTok (64 6bura) 6,78 112,28 | 31,12 —
YMHOXeHUE ¥ yMHOXeHue (64 6uta) 3,54|14,51|| 18,35 —
[lapannenbHEOE CYyMMUPOBaHUE 8,06 11,89 | 21,30 | 22,59
[lapannenvHoe cymmupoBanume (omrumuszanus) | 8,09 |10,27| 19,20 | 19,20
KoMbHVDPOBAHHLY METOZ — 110,53 /13,60 | (9,41




3aMedaHue

TecTupoBaHNEe IPOBOAMAOCEL Ha KOMIIBIOTEPE C IIPOIIECCOPOM
Core 2 Duo E8400 ©3GHz Ha 64-x buToBoiz Windows 7.
AN TECTMPOBAHUS UCIOAB30BAACSI TOABKO KOMIUAATOP VISUAL C++4 2015.

[Ipu MCIOAB30BAHUM APYTUX KOMIMASTOPOB MAM IIPOIIECCOPOB
(0ocobeHHO ¢ APYTo#l apXUTEKTYPOIL),
PE3YABTATEI MOT'YT OYEHb CUABHO U3MEHUTHCSI.

BEIAY U3A0KEHEL AU OA30BbIE IPUEMEI, KOMOMHUPYS KOTOPbIE MOXKHO IIOAYYUTD
MHOT'O Pa3AUYHBIX aATOPUTMOB. AaAbIlle TBOPUTE caMu!



