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Legendary Creature — Dog

Flash

Whenever Phelia, Exuberant Shepherd
attacks, exile up to one other target ‘
nonland permanent. At the beginning of
the next end step, return that card to the |
battlefield under its owner’s control. If it |

entered under your control, put a +1/+1 |
counter on Phelia.
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Two’s Compliment

* Reserve MShit for signedness

PRINCIPLE: Definition of two’s-complement encoding
For vector x = [x,,_1, X2, - . . , X

w—2

B2T (%) = —x, 2"7'+ ) x2 (2.3)

i=0
L

The most significant bit x,,_ is also called the sign bit. Its “weight” is —2"~!,
the negation of its weight in an unsigned representation. When the sign bit is set
to 1, the represented value is negative, and when set to (), the value is nonnegative.
As examples, Figure 2.13 shows the mapping, given by B2T, from bit vectors to
integers for the following cases:

B2T4([0001])) = —0-2°40-224+0-2'4+1-2° = 040+0+1 = 1
B2T,([0101]) = —0-2°41.-2240-214+1.2° = 0444+0+1 = 5
B2T,([1011])) = —1-2340-2241-2141.2° = 8404241 = -5
B2T,(1111)) = —1-241.2241.2141.2° = 8444241 = -1



Two’s Compliment: Continued

* Wikipedia Example:
— Convert -6 to binary
- baselO0 6 - base2 0110
- Flip MShit all bits to represent negative number

« 1001 - -8+1==-7 Bits: 1 0 1 0
— Add 1 Decimal bit value: -8 4 2 1
Binary calculation: —(1x23) [ (0x22)  (1x21) (0x20)

« 1010 - -8+2=-6

Decimal calculation: | —(1x8) |0 1x2 0
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Casting in C/C++

* Implicit casting
- Int x
- short c
~ if (x == ¢)

* What is the logical result for values less than 32767 and
greater than 327677 (215 - 1)

* How does truncation affect these checks?



Casting in C/C++

* Messy behavior.

1int x = b3191;
2 short sx = (short) x; /% -12345 %/
3 int y = sX; /* =12345 */



Signed to Unsigned

* Positive values are easy right?
-06=6
- Int == u_Int

* Casting works as you would think, mostly.
— Int X = Iint(u_int);



Signed to Unsigned : Continued

* What to do with two’s complement to unsigned?
- 1010 == -6 “signed”
- 1010 == 10 “signed”

* Which Is correct?



Addition Overflow

* Signed Overflow

PRINCIPLE: Two's-complement addition

For integer values x and y in the range —2* ! <x, y <2~ — I;

x+y—2w, 2w laygy Positive overflow
X+, y=4{x+y, —2v~l<x4+y<2*"! Normal (2.13)
xX+vyv+2¥ x+4+y< —ow-l Negative overflow



Addition Overflow: Off the end

e Overflow bit lost to the wind

x y X+y X,y Case

-8 -5 ~13 3 1
[1000]  [1011] [10011]  [0011]

-8 8 —16 0 1
[1000]  [1000] [10000]  [0000]

-8 5 -3 -3 2
[1000]  [0101] [11101]  [1101]

2 5 7 7 3
[0010]  [0101] [00111]  [0111]

5 5 10 —6 4
[0101]  [0101] [01010]  [1010]




Multiplication Overflow: Off the end

* Truncation is similar
* Machine is not aware of signedness

Mode X y Xy Truncated x - v
Unsigned [101] 3 [011] 15 [001111] 7 [111]
Two’s complement —3 [101] 3 [011] —9 [110111] —1 [111]
Unsigned 4 [100] 7 [111] 28 [011100] 4 [100]
Two’s complement —4  [100] —1 [111] 4 [000100] —4 [100]
Unsigned [011] 3 [011] 9 [001001] 1 [001]
Two’s complement [011] 3 [011] 9 [001001] 1 [001]




Division by bit shifting

* Each shift right is a power of 2
e 500>>2==7
- 500==1F 4 ==0001 1111 0100

- 000001111101 ==07D ==125
->>2==1/4



Signed Division by bitshifting

* Each shift right is a power of 2

* -500>>2==7
- -500==E 0 C ==1110 0000 1100
- 111171 1000 0011 == F 8 3 == -125
- >>2==1

* 1s padding?
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