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* pop =0;
for (i = 0;i < 32;i++){

if (x& |) pop =pop + [;

X=x>>|;

}
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» pop =0; R 5D e SR L%
for (i = 0;i < 32;i++){ BRBATRG I HEAREBHE
if (x& |) pop=pop + I; (HLIHFLI) HIIREL,
X=x>>|; TN A x W) — ] R s
} BEAL O | BYER A 5,
B — G IR I 1.5k
add, |{&kand, |{Kshift,
2B, AT
#7732 X5.5=176kiaH
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* pop = 0;
while (x) {

— MR B B R A 2 R
R, ZRERIFRT AiH ROR S,
Bt DA 24 A 88 ZEx 5L 8 e O g Fiof
fk GXEPx{E A 40) AT ARk

pop = pop + (x & 1); AR 1o 5 —A Bl R4

X =x>>|;

;
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Pop = % F R B R VB
while (x) { x & (x - 1) AR il RAB L R
pop = pop + |; H—A “1” fiEZE. B—IK
X=x&(x- 1) IR L—A 1”7, MitE
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static char table[256] ={0, 1,1,2,1,2,2,3,...,8};

pop = table[x & OxFF] + table[(x >> 8) & OxFF]
+table[(x >> 16) & OxFF] + table[x >> 24];
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Divide and conquer is an important
technique that should be near the top
of every programmer's bag of tricks.

Henry S.Warren, Jr.
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2 O(N"'log, N) , [FIEBHMEFIITHEIEESIZI.

o REFZLABFEZMARA T HRENEE, b= o5&k PJuf
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= RA+BICHD T A Sk A+B=EF,
0AOC =ABCD >>2 & 010l  C+D=GH,

+ 0BOD = ABCD & 0101 EF+GH=IJKL, Jjf PASE 3 DA
EEGH SEUB ., NiEia JIRE
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x = (x & 0x55555555) + ((x >> 1) & 0x55555555);
x = (x & 0x33333333) + ((x >> 2) & 0x33333333);
x = (x & OXOFOFOFOF) + ((x >> 4) & OxOFOFOFOF);
x = (x & 0xOOFFOOFF) + ((x >> 8) & OxOOFFOOFF);
x = (x & 0x0000FFFF) + ((x >>16) & Ox0000FFFF);

Ox55555555 1 480101, 0x33333333
H8ErHJ0011, OxOFOFOFOFA4B:i700001111,
OxO00FFOOFF 4 2 Bz 7000000001 LT TTTTT,

0x0000FFFF A Hij | 66 A0 J5 16147 1

RICTTERHSKREAL 100K 15, SUNIE 20
KHAIZH
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X = (x & 0x55555555) +
((x >> 1) & 0x55555555);

int pop(unsigned x) {

J

X =x - ((x>>1) & 0x55555555);

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

x = (x & 0xOFOFOFOF) +

((x >> 4) & 0xOFOFOFOF); X = (X + (x >> 4)) & 0xOFOFOFOF;

X =x + (x >> 8);

x = (x & 0xOOFFOOFF) +
((x >> 8) & 0xO0FFOOFF);

X =x+ (x >> 16);

x = (x & 0xO000FFFF) +
((x >>16) & 0xO0000FFFF);

111

return X & 0x0000003F;

—
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int pop(unsigned x) {
x = x - ((x >> 1) & 0x55555555); LR SIKBAL, 4
x = (x & 0x33333333) + ((x >> 2K, 4L, 11Kk

& 0x33333333); %, EI4REHEH
Y= ~ \ Y Y > Y VA Y
x = (x + (x >> 4)) & 0xOFOFOFOF; W T 6IKFLAIB I«
X =x+ (x >> 8); (IEPSYEIR AR LNy )
x = x + (x >> |6); A TN B

return x & Ox0000003F;
}
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int popcount_mult(unsigned x) {
x -= (x >> |) & 0x55555555;
x = (x & 0x33333333) + ((x >> 2)
& 0x33333333);
X = (x + (x >> 4)) & OxOFOFOFOF;
return (x * 0x01010101)>>24;
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* int pop(unsigned x) {
unsigned n;

n=(x>>1)&033333333333;

X = X —n;

n=(n>>1)&033333333333;

X =X - n;

X=(x+(x>>3)) &
030707070707;

return x%63;

}

R E 2 BRI R
0%, MRT— A% X5
AR

B R B— PR
Ai—AH, HE=LHM.
2y IR
x=(abc)=4*a+2*b+c,
x>> | & 1= 2*a+b,
x>>28 ' H2=a,

T x- O>>1&HEH] )

- (X>>2&"I%"§Q2) =

at+b+c
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* int pop(unsigned x) {
unsigned n;

n=(x>>1)&033333333333;

X = X —n;

n=(n>>1)&033333333333;

X =X - n;

X=(x+(x>>3)) &
030707070707;

return x%63;

}

BoERE Mz E,
X B A6 —4H, PAI2
PEEEE (240) M,
x=(ab)64 = a%64 + b, LI,
a*64+b = a+b(mod 63). &
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pop(x) = =% (xai)
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e popcount_naive: |.6666e+07 iters in 688 msecs for nsecs/iter
QY KRS

e popcount_8: |e+08 iters in 995 msecs for 9.95 nsecs/iter

e popcount_6:2e+08 iters in 1725 msecs for 8.625 nsecs/iter

e popcount_hakmem:2e+08 iters in 1411 msecs for nsecs/iter
[IHAKMEMELE , B Sl A BRI B 1 1]

» popcount_keane: e+09 iters in 6566 msecs for 6.566 nsecs/iter

e popcount_3: le+09 iters in 6270 msecs for nsecs/iter

e popcount_2: |e+09 iters in 5658 msecs for nsecs/iter
B2 §Ti RS

e popcount_mult: [e+09 iters in 4169 msecs for nsecs/iter
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JCSA (carry save adder) {34; 1'JJ][I

LS i, seabug b B — A
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h=(a|b)&(b|c)&(c|a)=(a|b)&(a&b)|c=a|b&(a

b)|c
I=(a\b)"\c
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o #define CSA(h,l, a,b,c) \

{unsigned u = a 2 b; unsigned v = c; \

h=@&b)| (u&v);I=u’v;}
int popArray(unsigned A[], int n) {

int tot, i;

unsigned ones, twos;

tot = 0;

ones = 0;

for(i=0;i<=n-2i=i+2){
CSA(twos, ones, ones,A[i],A[i+1])
tot = tot + pop(twos);

/I Initialize.

tot = 2*tot + pop(ones);

if (n& 1) /I If there's a last
one,
tot = tot + pop(A[i]); //additin.
return tot;

}

AN YR
| 1A

XNF3432460 7, XfHF—%
DB B34 3 A A g =
gt (a,b,c)

A3 ‘17 Mh=1,
24 “1” Mlh=1, L=0;
1A~ “1” h=0, L=1;
o4~ “1” Mjh=0, L=0;
WS AN R — AL R 2L
ﬁij@2h+L

L=1;

= 0110 1001 1110 0101 9
|:| = 1000 1000 0100 0111 &
c = 1100 1010 0011 0101 &
1 = 0010 1011 1001 0111 9
h = 1100 1000 0110 0101 7%2 = 14
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* int popArray(unsigned A[], int n) {
int tot, i;
unsigned ones, twos, twosA, twosB,
fours, foursA, foursB, eights;

tot = 0; //(;nitialize.

f =t = =0; s PN

for (1= 01 2= n-8i=i+8){ T T VSR CSARY B AT
Coowosh, ones,ones Al A1) T — KA S RO TIRT R

CSA(twosB, ones, ones, A[i+2], A[i+3])
CSA(foursA, twos, twos, twosA, twosB)
CSA(twosA, ones, ones,A[i+4], A[i+5])
CSA(twosB, ones, ones, A[i+6],A[i+7])
CSA(foursB, twos, twos, twosA, twosB)
CSA(eights, fours, fours, foursA, foursB)
tot = tot + pop(eights);

tot = 8*tot + 4*pop(fours) + 2*pop(twos) +

pop(ones);
for (i=i;i <n;i++)  // Simply add in the last
tot = tot + pop(A[i]); // 0to 7 elements.
return tot;

}
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ntz(x) = pop (~x & (x -1))=32 — pop(x | -x)
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[T Hamming Weight:

[2] popcount:

[3] HAKMEM ITEM 169:

[4] Popcount:

[5] HAKMEM 169 and other popcount implementations:







