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1. bitAnd

* bitAnd - x& using only ~ and [
*  Example: bitAnd(6, 5) = 4
*  Llegal ops: ~ |
*  Max ops: 8
*  Rating: 1
*/
int bitAnd(int x, int y) {
int ans = ~((~x)[(~y));
return ans;

}
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2. upperBits

/*
* upperBits - pads n upper bits with 1's
*  You may assume © <= n <= 32

* Example: upperBits(4) = ©xF0000000
* legal ops: ! ~ & " | + << >>

* Max ops: 10

* Rating: 1

*/

int upperBits(int n) {
int a = 1 << 31;
int b = n + (~0);
int k = ((!!n) << 31) >> 31;
return k & (a >> b);
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3. anyEvenBit

/*
* anyEvenBit - return 1 if any even-numbered bit in word set to 1
*  Examples anyEvenBit(6xA) = @, anyEvenBit(OxE) = 1
*  legal ops: | ~ & N [ + << >>
*  Max ops: 12
*  Rating: 2
*/
int anyEvenBit(int x) {
return 1((x | (x >> 8) | (x >> 16) | (x >> 24)) & Ox55);
¥

4. leastBitPos



* LeastBitPos - return a mask that marks the position of the

& Lleast significant 1 bit. If x == 0, return @
*  Example: leastBitPos(96) = 0x20
*  Llegal ops: | ~ & " [ + << >>

*  Max ops: 6
*  Rating: 2
4
int leastBitPos(int x) {
return (~x + 1) & x;
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5. byteSwap

/*
* byteSwap - swaps the nth byte and the mth byte
* Examples: byteSwap(0x12345678, 1, 3) = 0x56341278
& byteSwap (0xDEADBEEF, ©, 2) = OxDEEFBEAD
*  You may assume that © <= n <= 3, 0 <=m <= 3
* legal ops: ! ~ & " | + << >>
* Max ops: 25
* Rating: 2
*/
int byteSwap(int x, int n, int m) {
int xn = n << 3;
int xm = m << 3;
int x1 = (x >> Xxn) << xm;
int x2 = (x >> xm) << Xxn;
int ans = (x & (~(@xff << xn)) & (~(Oxff << xm))) | (x1 & (OxFff << xm)) | (x2 & (OxFff << xn));
return ans;

}
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6. isNotEqual

/*
* 1sNotEqual - return © if x ==y, and 1 otherwise
*  Examples: isNotEqual(5,5) = 0, isNotEqual(4,5) = 1
*  legal ops: | ~ & N [ + << >>
*  Max ops: 6
*  Rating: 2
*/
int isNotEqual(int x, int y) {
return !l (x%y);
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7. float_neg



* float_neg - Return bit-level equivalent of expression -f for

*

*

*/

floating point argument f.

Both the argument and result are passed as unsigned int's, but

they are to be interpreted as the bit-level representations of
single-precision floating point values.

When argument is NaN, return argument.

Legal ops: Any integer/unsigned operations incl. |[[, &&. also if, while
Max ops: 16

Rating: 2

unsigned float_neg(unsigned uf) {
unsigned result= uf ~ @x80000000;// f&/H 141/ 5F 3 HIFEIGIN 15 ST IR B K912

unsigned tmp = uf & Ox7fFfffff;// K F—F LT AENaNHHEH
if(tmp > ©x7f800000)// ik EXKFNELIEE, L1515

result = uf;//ENaNZl, EFEFE, ERYEEREA SRR BATE

return result;
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8. implication

/*

*

implication - return x -> y 1in propositional Llogic - @ for false, 1

* for true

*
*
*
*

*

*/

Example: implication(1,1)

1}
Q R

implication(1,0)
Legal ops: ! ~ ~ [
Max ops: 5
Rating: 2

int implication(int x, int y) {

return (!x) | (!ly);
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9. bitMask

*

*

*/

bitMask - Generate a mask consisting of all 1's

Lowbit and highbit

Examples: bitMask(5,3) = 6x38

Assume © <= lowbit <= 31, and © <= highbit <= 31
If Lowbit > highbit, then mask should be all ©'s
Legal ops: | ~ & [ + << >>

Max ops: 16

Rating: 3

int bitMask(int highbit, int lowbit) {
int i = ~0;
return (((i << highbit) << 1) ~ (i << lowbit)) & (i << lowbit);
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10. conditional

/*
* conditional - same as x ? y : z
*  Example: conditional(2,4,5) = 4
*  legal ops: | ~ & " [ + << >>
*  Max ops: 16
*  Rating: 3
*/
int conditional(int x, int y, int z) {
intm=~Ix + 1;

return (y & ~m) | (z & m);
)
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11. isLessOrEqual

* islessOrEqual - if x <=y then return 1, else return ©
*  Example: islLessOrEqual (4,5) = 1.
*  legal ops: ! ~ & N [ + << >>
¥  Max ops: 24
*  Rating: 3
*/
int islLessOrEqual(int x, int y) {
int signx=x>>31;

int signy=y>>31;

int sameSign=(!(signx~signy));
return (sameSign & ((x+(~y))>>31)) | ((!sameSign) & signx);
}
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12. isPositive

/*
* isPositive - return 1 if x > @0, return @0 otherwise
*  Example: isPositive(-1) = @.
*  legal ops: | ~ & N [ + << >>
*  Max ops: 8
*  Rating: 3
*/
int isPositive(int x) {
return ! ((x>>31)|(!x));
}
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/*
* satMul3 - multiplies by 3, saturating to Tmin or Tmax if overflow
*  Examples: satMul3(0x10000000) 0x30000000

* satMul3(0x30000000) = Ox7FFFFFFF (Saturate to TMax)
v satMul3(6x70000000) = Ox7FFFFFFF (Saturate to TMax)
& satMul3(0xDooooooo) = 0x80000000 (Saturate to TMin)
g satMul 3 (0xA000o0o0) = 0x80000000 (Saturate to TMin)

* legal ops: ! ~ & | + << >>
* Max ops: 25
* Rating: 3
*/
int satMul3(int x) {
int two = x << 1;
int three = two + Xx;
int xSign = x & (Ox80 << 24);
int twoSign = two & (0x80 << 24);
int threeSign = three & (0x80 << 24);

int mask = ((xSign ~ twoSign) | (xSign ~ threeSign)) >> 31;
int smask = xSign >> 31;

return (~mask & three) | (mask &((~smask & ~(@x1 << 31))|(smask & (0x80 << 24))));
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14. float_half



*

*

float_half - Return bit-level equivalent of expression @.5*f for
floating point argument f.
Both the argument and result are passed as unsigned int's, but
they are to be interpreted as the bit-level representation of
single-precision floating point values.
When argument is NaN, return argument
Legal ops: Any integer/unsigned operations incl. |[[, &&. also if, while
Max ops: 30
Rating: 4

*/

un
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signed float_half(unsigned uf) {

t round, S, E, maskE, maskM, maskS, maskEM, maskSM, tmp;
round = ! ((uf & 3) ~ 3);//LEREETE, BTEANFEYSH
maskS 0Xx80000000;

maskE = Ox7F800000;

maskM = Ox007FFFFF;

maskEM= Ox7FFFFFFF;

maskSM= Ox807FFFFF;

E = uf & maskE;//HFHIB2 7 FNaN$

S = uf & maskS;// Z#/FEHr

if (E > @x7F800000) return uf; //HE£1, FFe/E%l, NaN#E E:&/[F

if (E == 0x00800000) {//MIHRERE N1, K22 /FEENIMELI, ZI/ /B EE, I EEGS T %
return S | (round + ((uf & maskEM)>>1));

if (E == 0x00000000) { //Mi5+0, WHELE0, EALEIEHENHE, HELE A REFEN
tmp = (uf & maskM)>>1;
return S | (tmp + round);

}
return (((E>>23)-1)<<23) | (uf & maskSM);//HE1LH, EFLE, HF5H—
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15. float_i2f



* float_1i2f - Return bit-level equivalent of expression (float) x
*  Result is returned as unsigned int, but
* it 1s to be interpreted as the bit-level representation of a
*  single-precision floating point values.
*  Legal ops: Any integer/unsigned operations incl. [[, &&. also if, while
*  Max ops: 30
*  Rating: 4
*/
unsigned float_i2f(int x) {

int sign = x>>31 & 1; // HKFFE

int i;

int e; //B15

int f = @; //EH

int d;

int f_mask;

if(x==0)
return x; //K0HTE, £EGTE, £FEH, FFENEA0, (ErBEEEREX.
else if(x==0x80000000)

e=158;
else
{
if (sign)
X = -X;// B, BHEI P IES
i = 30;

while ( I(x >> i) )
fl=eg [/ THEPIGE, BFRERKHIAFERIEHAEEL

e = i+ 127; // W L1GE EHEZHG
X =X << (31 - i);//HEBLERE
f_mask = Ox7fffff;
f = f_mask & (x >> 8);//FLELRBNS L
X = X & Oxff;//MHEHABUITHEA
d=x > 128 || ((x == 128) 8& (f & 1));// AF256#)—F, A% F128
// [T 25— (7 BE B EE i 2 B9 — 17 gl B35 (B A EEEA), d = 1,
f += d; //HTEEE754 FREXT B Hf HITIEIE
if(f >> 23) J/WRBHBEIE (+1) BEEHF#HL2317, WiZEEREHH—1r//E0, REH BN
{

f &= f_mask;
e += 1;
¥

)
return (sign<<31)|(e<<23)|f; //7EZ|EE
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16. howManyBits



/* howManyBits - return the minimum number of bits required to represent x in

& two's complement

*  Examples: howManyBits(12) = 5

& howManyBits(298) = 10

* howManyBits(-5) = 4

* howManyBits(e) = 1

* howManyBits(-1) = 1

g howManyB1its (0x80000000) = 32
* legal ops: ! ~ & " | + << >>

* Max ops: 90
* Rating: 4
*/
int howManyBits(int x) {
int t=x~(x>>31);
int Zero=!t;

int notZeroMask=(!(!t)<<31)>>31;
int bit_16,bit_8,bit 4,bit_2,bit 1;
bit_16=!(!(t>>16))<<4;

t=t>>bit_16;

bit_8=!(!(t>>8))<<3;

t=t>>bit_8;

bit_4=!1(!(t>>4))<<2;

t=t>>bit_4;

bit_2=1(!(t>>2))<<1;

t=t>>bit_2;

bit_1=!(!(t>>1));
t=bit_16+bit_8+bit_4+bit 2+bit 1+2;

return Zero| (t&notZeroMask) ;
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17. tc2sm

/*
* tc2sm - Convert from two's complement to sign-magnitude
*  where the MSB 1s the sign bit
< You can assume that x > TMin
*  Example: tc2sm(-5) = 0x80000005.
*  legal ops: | ~ & N [ + << >>
*  Max ops: 15
*  Rating: 4
*/
int tc2sm(int x) {
int sign = x & (0x80 << 24);
int mask = ~(sign >> 31);

return sign | ((~mask) & (~x + 1)) | (mask & x);
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