







CS150 









Week 9, lecture 1 

Covers:

1) Multiplication

2) Shifters

3) Floating point numbers

1) Multiplication

How do you multiply a number?

a3 a2 a1 a0 




b3 b2 b1 b0 


         b0 (a3 a2 a1 a0)





     b1 (a3 a2 a1 a0)





b2 (a3 a2 a1 a0)




          b2 (a3 a2 a1 a0)





Binary multiplication is the same. 

Note: The bn in bn (a3 a2 a1 a0) is just bn ( which equals 1 or 0) ANDed with a3 a2 a1 a0.

a3 a2 a1 a0 is a 4-bit number. (For example: 1011 ( a3 = 1, a2 = 0, a1 = 1, and a0 = 1).


b2   b2

b1 (a3 a2 a1 a0)   b0 (a3 a2 a1 a0)









?

Sequential Adder:


Pipelined:













Sequential multiplier:



Worst case N/2 odds:
a3 a2 a1 a0 = 0111

7 (a3 a2 a1 a0) = 8 (a3 a2 a1 a0) - (a3 a2 a1 a0)

2)
Shifters

Multiple bit shifts – a lot of hardware!


(Barrel shifter)

Shifting just one bit is more efficient:







Shifters:







3)
Floating point

Sign, significand (N), exponent (K+1):
( n2K+1-N    


1-2K < K < 2 K,
-2 N < ( n < 2 N


Bytes
K+1
N
MIN?
Min (Norm)
Max
2-N

Single
4
8
24
1.4x10-45
1.2x10-38
3.4x1038
6x10-8

Double
8
11
53
5x10-324
2x10-308
2x10308
10-16

Quad
16



E-4932
E4932


   Normalization: minimize exponent

2
2x20, 
2x21, 
½ x22, 
¼ x23

10,0
1,1
0.1,2
0.01,3

5.75
101.11x20,
1.0111x23,
0.10111x23
Write
2K+1-N n = ( 2K(1+f)
0<f<1




     




Don’t need to store this.

Problems:





     __


How do you represent ( and NaN (Not a number: 0/1,  (-1   )?

S?? normals:

 
K(most negative), f=0
2Kmin(1+0)
Min normalized number 


Next smallest normal:
2Kmin(1+0.000…001)

1 1111

0
2Kmin

     2Kmin(1.000…001)




       2-N
Would like S?? normals.

Encodings of ( 2K+1-N n


Sign
Exponent
Nth bit
Significand

NaN
?
11…11
1
1xxxx

Infinity
(
11…11
1
0

Normals
(

1


Subnormals
(
0
0
N < 2 N-1

Zero
(
0
0
0

(
K+1

N

S             e                      f

K = e + 1 - 2 K
Reserved:
     0, 111…111




Min    1 – 2 K    0000…001+
(Sorry. Looks like the page got cut off)



Max    111…110 + 1 – 2 K  =  0111…111 = 2 K-???





K + 1

( 2 K + 1 – N

OR

( 2 K( 1 + f ) N

K = 0 ( e = 0111…110
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Full adders





b3





b2





b1
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Register
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Full adders
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