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After intro CS

“Faort objectdran.;
public class Frog
s P77 Neignt of the frog tmage
private static final dosie FROGHELGHT = 48;
/7 This should refer to the iscge of the frog. Note that it {s not
77 nisialize by
private Visiblelmoge froginage;
public FrogO) {
)
public booleon averlaps(Visiblelnage vehtclelooge) {
return false; 7/ Y0U NEED TO OUNGE THIS!
pubic votd KO
)
public votd retncarnate) {
)
public votd hopTomardCLocation point) {
)
public boolean isALiveO) {
return false; // YU NEED TO CHANGE THIS!

“heport objectdran.;

public class Frog {
17 Weight of the frog insge

private static Final dousle FROGNEIGHT  48;

77/ This should refer to the inage of the frog. Note that it is rot
private Vistblelasge froglaoge:

e Frog0> ¢
y

P ks T et 10 et sy ¢
Pibtic void KO €

)

pubtic voia reincarnateO) ¢

)

pubtic votd napTomardCiocation point) (

)

public bosleon TsALiveO) €
return false; /7 Y0U NEED TO GHANGE THIS!

After 5 weeks of ¢s52

Toa r1 0 0 :
Toa r2 r0 0 ;
add r3 r0 ro

ble rl r0 endloop

add r3 r3 r2 :
sbe rlrl 1 ;
blt 0 r1 Toop ;

endloop
sto r0 r3 0 ;
it ;

i result = 0;

get a value for a
get a value for b

test if a <= 0

result 4= b;

a--;

return for another iteration

write the value of product
halt

endloop

What now?

Toa r1 0 0 i get a value for a
Toa r2 r0 0 i get a value for b

add r3 r0 r0 ; result = 0;

ble r1 r0 endloop ; test if a <= 0

add r3 13 r2 i result 4= by

sbc rlrl 1 Pa-i

b1t r0 r1 loop i return for another iteration

sto r0 r3 0 ; write the value of product
it ; halt
end

One last note on CS52

Instruction View
0000 :

h1t

Toa rl r0O
loa r2 ro0
add r3
bge ro
add r3
sbc rl
b1t r0
sto r0 r3

r0 r0
rl 0010
r3 r2
rl 1l
rl 000a

binary
representation
of code

memory address

How do we get this?

T

instructions (assembly code)
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Encoding assembly instructions

4 2 2 2 6
[opcode [ wx [ vy [ rz ] auxcode |
4 2 2 8
| opcode | rX [ rY ]] argument |
Instruction View
0000 : I/0 1001 0100 0000 0000
0002 : 9400 Toa rl r0
0004 : 9800 Tloa r2 r0
0006 : cc00 add r3 r0 roO 1001 1000 0000 0000
0008 : 7106 bge r0 rl 0010 1100 1100 0000 0000
000a : cf80 add r3 r3 r2
000c : f501 sbhc rlrl 1l "
000e : 61fa blt r0 rl 000a opeodenc Ty
0010 : 8300 sto r0 r3
0012 : 1000 hlt

Binary numbers revisited

What number does 1001 represent in binary?

Depends!
Is it a signed number or unsigned?
If signed, what convention are we using?

Twos complement

For a number with n digits the high order bit
represents -2

unsigned
23 22 2! 20
signed
(twos complement) 22 2 20

Twos complement

What number is it2

. 1 0 0 1
unsigned
23 22 2! 20
. 1 0 0 1
signed
(twos complement) 22 2 20
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Twos complement

What number is it2

unsigned ! ! ! !
23 22 2! 20
. 1 1 1 1
signed
(twos complement) 9 o 20

15

Twos complement

What number is it2

. 1 1 0 0
unsigned
23 22 2! 20
. 1 1 0 0
signed
(twos complement) 2 o 20

12

Twos complement

How many numbers can we represent with each
approach using 4 bits?

16 (24) numbers, 0000, 0001, ...., 1111
Doesn’t matter the representation!

unsigned
23 22 21 20
signed
(twos complement) 2 o 20

Twos complement

How many numbers can we represent with each
approach using 32 bits?

232 = 4 billion numbers

unsigned
23 22 2! 20
signed
(twos complement) 9 N 20




4/8/17

Twos complement

0000 0
0001 1
. 0010 2
What is the range of numbers that we can oo
represent for each approach with 4 bits? —
0101
unsigned: 0, 1, ... 15 0110
signed: -8, -7, ..., 7 o1
1000
1001
unsigned 1010
23 9 o 20 1011
1100
signed 1101
(twos complement) 2 o 20 1110
1nn
0000 o 2 0000 0 0
0001 1 0001 1 1
0010 2 0010 2 2
0011 3 0011 3 3
0100 4 0100 4 4
0101 5 0101 5 5
o110 6 o110 6 6
o111 7 o111 7 7
1000 8 1000 8 2
1001 9 1001 9
1010 10 1010 10
1011 n 1011 n
1100 12 1100 12
1101 13 1101 13
1110 14 1110 14
1 15 1nn 15
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0000
0001
0010
0011
0100
0101
0110
o1
1000
1001
1010
1011
1100
1101
1110
1

V0 ©® N O U AW N

U A w N = O

N o oA w N

0000
0001
0010
0011
0100
0101
0110
o1
1000
1001
1010
1011
1100
1101
1110
1mm

V0 ©® N O L AW N

O A w N = O

0000
0001
0010
0011
0100
0101
0110
o111
1000
1001
1010
1011
1100
1101
1110
1mn

V0 ©® N O L AW N

0o A w N = O

How can you tell if a
number is negative?

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1

V0 ©® N O LA W —

u N W N = O

High order bit!
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A two’s complement trick

You can also calculate the value of a negative number
represented as twos complement as follows:

Flip all of the bits (0 = 1 and 1> 0)

Add 1

The resulting number is the magnitude of the original
negative number

flip the bits add 1

1101 == 0010 m==» 0011 m=p .3

A two’s complement trick

You can also calculate the value of a negative number
represented as twos complement as follows:

Flip all of the bits (0 2 1 and 1> 0)

Add 1

The resulting number is the magnitude of the original
negative number

flip the bits add 1

1110 == 0001 m=» 0010 mw» .2

Shifting

Shifting shifts the binary representation of
the number right or left

Shifting

Shifting shifts the binary representation of
the number right or left

37>>2 7

number to be shifted number of positions to shift

right shift
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Shifting

Shifting shifts the binary representation of
the number right or left

37 >>2

37 100101 1001 9

shift right two positions

(discard bits shifting off) decimal form

number in binary

Shifting

Shifting shifts the binary representation of
the number right or left

37>>3 7

Shifting

Shifting shifts the binary representation of
the number right or left

37 >>3

37 100101 100 4

shift right three positions

(discard bits shifting off) decimal form

number in binary

Shifting with fixed bit representations

In real computers, we generally have a
fixed number of bits we use to represent a
number (e.g. 8-bits, 16-bits, 32-bits)
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Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

37 >>2

What is 37 as an 8-bit
binary number?

37 == 00100101

pad with Os
number in binary

Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

37 >>2

How do we fill in the
leftmost bits?

37 == 00100101 w=

shift right two positions

number in binary (discard bits shifting off)

Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

37 >>2

How do we fill in the
leftmost bits2

37 == 00100101 == 00001001

shift right two positions

number in binary (discard bits shifting off)

Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

37 >>2

37 == 00100101 == 00001001 == ©9

shift right two positions

(discard away bits shifting off) decimal form

number in binary
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Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

15 << 2

Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

15 << 2

15 ww) ?

number in binary

Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

15 << 2

15 == 00001111

number in binary

Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

15 << 2

15 w5 00001111 e ?

shift left two positions

number in binary (discard bits shifting off)

10
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Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

15 << 2

15 w5 00001111 == 00111177

shift left two positions

number in binary (discard bits shifting off)

Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

15 << 2

15 == 00001111 == 00111100

shift left two positions

number in binary (discard bits shifting off)

Shifting 8-bit numbers

Shifting shifts the binary representation of
the number right or left

15 << 2

15 == 00001111 == 00111100 == 60

shift left two positions

(discard bits shifting off) decimal form

number in binary

Shifting mathematically

What does left shifting by one position do
mathematically?

0 A B C

28 22 2! 20

11
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Shifting mathematically

What does left shifting by one position do
mathematically?

0 A B C

28 22 2! 20

23 22 2! 20

Shifting mathematically

What does left shifting by one position do
mathematically?
0 A B C =A¥2"4B¥2'4+C*2°

23 22 2! 20

=A*2°+ B*2? + C*2!

23 22 21 20 =2*(A*22+B*21+C*20)

Shifting mathematically

What does left shifting by one position do
mathematically?

0 A B C =A*2*+B*2'+C*2°
23 22 2! 20

Doubles the number!

A B C 0 =A*2°+B*2*+(C*2'

23 22 21 20 =2*(A*22+B*2]+C*20)

Shifting mathematically

What does left shifting by n positions do
mathematically?

Multiply by 2" (double n times)

12
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Shifting mathematically

What does right shifting by one position do
mathematically?

0 A B C

28 2?2 2! 20

Shifting mathematically

What does right shifting by one position do
mathematically?

0 A B C

28 22 2! 20

23 2? 2! 20

Shifting mathematically

What does right shifting by one position do
mathematically?

0 A B C

28 2?2 2! 20

=A*2' + B*2°

23 22 2! 20

=A*2>+B*2' +C*2°

=(A*2?+B*2' +C*2°) div 2

23

23

Shifting mathematically

What does right shifting by one position do
mathematically?

A B C =A*24+B*2'+C*2°
22 2! 20
Integer divide by 2
0 A B =A*2'+B*2°
22 o 20  =(A*2*+B*2'+C*2") div 2

13
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Shifting mathematically

What does right shifting by n positions do
mathematically?

Integer division by 2" (halve n times)

Shifting 4-bit numbers
Shifting shifts the binary representation of
the number right or left

-4 >> 1

?

Shifting 4-bit numbers

Shifting shifts the binary representation of
the number right or left

-4 >>1

What is -4 as a 4-bit
binary number?

-4 w1100

number in binary

Shifting 4-bit numbers

Shifting shifts the binary representation of
the number right or left

-4 >>1

How do we fill in the
leftmost bit?

-4 w1100 == 7110

shift right one position

number in binary (discard bits shifting off)

14
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Shifting 4-bit numbers

Two types of right shifts:

- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-
order bit

4 = 1100 == 2?2110

shift right one position

number in binary (discard bits shifting off)

Shifting 4-bit numbers

Two types of right shifts:

- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-
order bit

4 w5 1100 == 2?2110

shift right one position

number in binary (discard bits shifting off)

Shifting 4-bit numbers

Two types of right shifts:

- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-
order bit

-4 w1100 == 1110

shift right one position

number in binary (discard bits shifting off)

Shifting 4-bit numbers

Two types of right shifts:

- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-
order bit

-4 >> ]

-4 w1100 w1110 = ?

shift right one position

(discard bits shifting off) decimal form

number in binary

15
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Shifting 4-bit numbers

Two types of right shifts:
- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-

order bit

-4 >>1

-4 w5 1100 == 1110

shift right one position

number in binary (discard bits shifting off)

- -2

decimal form

Shifting 4-bit numbers

Shifting shifts the binary representation of
the number right or left

-4>>2

?

Shifting 4-bit numbers

Two types of right shifts:
- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-

order bit

-4 >>2

shift right two positions

number in binary (discard bits shifting off)

-1

decimal form

Arithmetic shifting mathematically

What does right arithmetic shifting by n positions do
mathematically for signed numbers?

Integer division by 2" (halve n times)

Same thing!!

16
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Shifting 4-bit numbers

Two types of right shifts:

- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-
order bit

4 = 1100 == 2?2110

shift right one position

number in binary (discard bits shifting off)

Shifting 4-bit numbers

Two types of right shifts:

- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-
order bit

-4 m» 1100 == 0110

shift right one position

number in binary (discard bits shifting off)

Shifting 4-bit numbers

Two types of right shifts:

- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-
order bit

-4 >>> 1

-4 w5 1100 == 0110 == ?

shift right one position

(discard bits shifting off) decimal form

number in binary

Shifting 4-bit numbers

Two types of right shifts:

- logical shift: always shift in Os

- arithmetic shift: shift in the same as the high-
order bit

-4 >>> 1]

-4 w=» 1100 == 0110 == 6

shift right one position

(discard bits shifting off) decimal form

number in binary

17
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Left shifts

Two types of left shifts?
- logical shift: always shift in Os
- arithmetic shift: ¢

arithmetic

3<< ] ?

logical

<< ?

Left shifts

Two types of left shifts?
- logical shift: always shift in Os
- arithmetic shift: ¢

arithmetic

3<<1 1101 w1017

logical

3<<< 1 101 == 1010

(double the number)

Left shifts

Two types of left shifts?
- logical shift: always shift in Os
- arithmetic shift: 2

arithmetic

3 << 1101 == 1010

logical

3<<< 1 M1M01 == 1010

Only one type of left shift

(double the number)

Shifting summarized

Arithmetic shift:
Right shift n
= shift n bits to the right
= discard right n bits

= left n bits match high-order bits of original number

w Effect: Integer division by 2" (halve n times)
Left shift

= shift n bits to the left

= discard left n bits

= right n bits are Os

m Effect: multiply by 2" (double n times)

Logical shift right:

left n bits are Os (no mathematical guarantees for negative numbers)

18
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Adding numbers base 10

Add: 456 and 735

Adding numbers base 10

456
+ 735

Adding numbers base 10

101

456
+ 735

1191

Adding numbers base 5

Add: 2235 and 414,

19
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Adding numbers base 5

223,
+ 414,

2

Adding numbers base 5

101

223,
+ 414,

1142,

Adding numbers base 5

101

223, 63y,
+ 414, 109,,

11425 172,

Adding numbers base 2

Add: 0001, and 0101,

20
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Adding numbers base 2

0001,
+0101,

2

Adding numbers base 2

001

0001,
+0101,

0110,

Adding numbers base 2

001

0001, 1,0
+0101, 5,
0110, 6,

Addition with 4-bit twos complement numbers

0001,
+0101,

e

21
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Addition with 4-bit twos complement numbers

001

0001,
+0101,

0110,

Addition with 4-bit twos complement numbers

0110
+ 0101

(Note: I'm going to stop writing the base 2 ©)

Addition with 4-bit twos complement numbers

0110
+ 0101
10112

Addition with 4-bit twos complement numbers

0110 6

+ 0101 5
] 01 ] 2 -52 (11 unsigned)

Overflow! We cannot represent this number (it’s too large)

22
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Addition with 4-bit twos complement numbers

Addition with 4-bit twos complement numbers

0110

0110
+ 1101 + 1101
2 0011
Addition with 4-bit twos complement numbers Subtraction
0110 6
ignore the last carry
+ 1101 -3 Ideas?
0011 3

23
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Subtraction
Negate the 2™ number (flip the bits and add 1)

Add them!

Midterm

Average: 28 (77%)

Q1l: 24.9 (70%)
Median: 28.5 (81%)
Q3: 32 (21%)

24



