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Example from last time....

Activity 2. Consider the C instruction
A[300] = h + A[300]

A. Write the equivalent MIPS code for the aboven§tnuction assuming $t1 contains the base
address of array A (i.e., address of A[0]) and &u2tains the value of h




Agenda for Today

Number representations

MIPS Logical Instructions




Decimal to Binary Conversion

Any integer, N can be N :Zblzi wheren = floor (log, N) = ﬂoor(llogNj

represented as follows = 0g?2
If N is odd, then b, = 1, N—1><2°:Zb|2i for N odd, b, =1
otherwise is by =0 N =+ .
N=> b2 for Nevenhb,=0
i=1

n




g

Case 1: Convert 445, _to binary representation.

ten

Answer:
loq445
n = floor J =8
log 2
8 7 6 5 4 3 2
1 1 0 1 1 1 1 =445
0 2 6 12 26 54 110

/

Numbers in this row

MUST be even




Binary to Decimal Conversion

Case 2: Convert the following binary number to decimal
representation: 110011001

two

\(1>< 28)+ §1x 27)+ (0>< 26)+ §0x 25)+ glx 24)+ glx 23)+ (0x 22)+ (0>< 21)+ (1x2°)

%/_J

256 128 0 0 16 8 0 0 1

= 409,




AT

. Hexa | Decimal
Any integer, N can be n i 0
represented as N = Z h 16 1
follows =0
logN
wheren = floor (log,, N) = floor
log16

Divide integer by 16 N [16= | +E

| = floor (N /16)

h, =16(N /16— floor (N /16))

Repeat until left with | = Z h 161 =J+-0 hl

integer less than 16 16"
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Case 3: Decimal to Hexadecimal Conversion l0g445 _
Example: Convert 445 into hexadecimal "= roor( l0g16 J =2 Hexa | Decimal
2 1 0
1 b(11) |d(13) |=445
0 1 27

445ten = 000001bdhex in 1 word

Case 4: Hexadecimal to Decimal Conversion
Example: Convert 000001ghto decimal

(1x162)+(dx16')+(bx16°)
%6 208 11

= 4756“

D |QI0|IT|IY (OO NOO|ORIWINIFIO

i e
TN s e e R eI e P N R =




Binary to Hexadecimal Conversion

Any integer, N can be represented as follows

n | H
N = Z bl 2I = Z (b4k+3 23 + b4k+2 22 t b4k+121 T b4k )24k

1=0 k=0

= i h 16




Case 5: Hexadecimal to Binary Conversion
Example: Convert 000001fginto binary

©+0+0+@©+0+0+Q+0-+E@

—— —— —— -
000Q,, 000Q,, 000Q,, 000Q,, 000Q,, 000Q,, 000%,, 1011,, 110,

Case 6: Binary to Hexadecimal Conversion
Example: Convert 0000 0000 0000 0000 0000 0001 1001, to hexadecimal

(0009 + (0009 + (0000 + (0000 + (0009 + (0000 + (0003) + (1013 + (1101

0hex Ohex Ohex Ohex Ohex Ohex 1hex bhex dhex

Activity 1: Convert 1998, into binary using the hexadecimal shortcut.

AT
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MIPS uses 2’s complement to represent signed atsnb

In 2’s complement, a positive number is represetnsing a 31-bit binary number

— Example: +2,is represented as 0000 0000 0000 0000 0000 OOGD (),
or 0000000¢,,

In 2's complement, a negative numb,,, is represented by taking the complement of its
magnitude X  plus 1.

— Example:-2,,
Represent the magnitude in binary format
2..n1S represented as 0000 0000 0000 0000 0000 OOGD (L),
Take the complement of each digit
The results is 111111111111 11211111 1111 1101}
Add 1
—2.niSrepresented as 1111 1111 11111111 1111 111M11M10Q,

or fffffffe .,

11



2's Complement (2)

4. The MSB (329hit) is the sign bit.
5. To convert a 32-bit number in 2's complementédoinhal

30
(b31 X _231) + Z b 2
i=0

— Example:
0000 0000 0000 OO0O0 0000 0000 0000 QLS represented by 2




.

MIPS has a separate format for unsigned and sigregers
1. Unsigned integers

are saved as 32-bit words
Example: Smallest unsigned integer is 0000QQGO0,,,
Largest unsigned integer is ffffffff, = 4,294,967,295,

2. Signed integers

are saved as 32-bit words in 2's complement wighMI$B reserved for sign

If MSB = 1, then the number is negative

If MSB = 0, then the number is positive

Example:

Smallest signed integer: 1000 0000 0000 0000 0000 0000 0000,
= —(23Y),~ —2,147,483,648

Largest signed integer: 0111111111111111 11111111 111],
=(231-1),~ 2,147,483,644

13



MIPS Logical Instructions

1. Shift logical left (shift right logical — srl):

sl $t2,$s0,4 #reg $s0 =reg $s0 << 4 bits
2. AND:

and $t0,$t1,$t2 #reg $t0=reg $t1l &reg $t2
3. OR (NOR, XOR):

or $t0,$tl,$t2 #reg $t0=reg $t1|reg $t2




MIPS Branch Instructions for if (1)

1. Branch if equal to:

beq $s1,$s2,L1 #if $s1 == $s2, goto L1
2. Branch if not equal to:

bne $s1,$s2,L2 #if $s1 I= $s2, go to L2
3. Unconditional jump:

j L3 #goto L3
Example:

if (I ==])gotoLl,;




MIPS Branch Instructions for if (2)

Example: C instructions
if (1 ==)
f=g+h;
else
f=9g-nh;
Assume that the five variables f, g, h, i, andg stored in the registers: $s0 to $s4

MIPS Code:




