CS 351 Computer Architecture                                           Fall 2009
Practice problems for Mid-Semester # 2, November 16, 2009
In all the problems below, FP means IEEE 754 FP format.

1. Write a MIPS assembly language program that compares two FP real numbers (single precision, IEEE 754 format) stored in registers $t0 and $t1, and sets register $t2 to 0, 1 or 2 according as the result is <, > or =. Your code should not use any FP operation.
Hint: Assume that the inputs are not special numbers such as NaN or + or – infinity. In this case, just compare them as if they are signed integers (i.e., using slt or beq). The larger one as integer is also larger as a FP number. 
2. What is the smallest positive real number that can be represented as a normalized single precision FP number?
Answer: 2^(-150)
3. How many real numbers in the interval [0,1] can be exactly represented as single-precision FP numbers? 

Answer: 2^30 – 2^23
4. What is the result of adding the two FP numbers 0x 0000005b and 0x 0000000b ?
Answer: 0x 00000066
5. Exhibit three real numbers X, Y and Z such that using the algorithm for floating point addition presented in the text, (X + Y) + Z was not equal  X + (Y + Z). 
Can be found in the lecture slides.

6. Find the shortest sequence of MIPS instructions to determine if there is a carry out from the addition of two registers, say registers $t3 and $t4. Place a 0 or 1 in register $t2 if the carry out is 0 or 1, respectively. 
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7. Calculate the number of denormalized single-precision FP numbers.
2^24 – 1 

8.  Consider the integer operations (in 2’s complement) A + B, and A – B

a. Can overflow occur if B is 0?
No, no

b. Can overflow occur if A is 0?
No, yes.

6.    Shown below is the block diagram of the optimized serial multiplier:


[image: image2]
Describe the I/O relationships of the computation of the 32-bit ALU in the above diagram. Specifically, let x be the 32-bit coming from the product register, y the 32-bit multiplicand and c the 1-bit coming from control test. Let w be the 32-bit output produced. Describe the function F where w = F(x, y, c). 
F(x,y,c) = the most significant 32 bits of the sum x + y if c = 1

                   x                                                                              if c = 0  

7. Shown below is the floating-point adder (Fig 3.16, page 254 of text):

[image: image3]
(a) The diagram does not show the role of the sign bits of the operands. Add additional wires that show how these sign bits are used in computing the sum.
Sign bits of the input operand will be used to determine if the Big ALU performs addition or subtraction. 
(b) One of the modules used in the above circuit is “shift right” module. How many input bits does this module get from the control unit? 
5 bits since the amount of shift could be as high as 23.

(c)  Design a 1-bit shift right module controlled by a control bit b and 4 input bits. If b = 0, the output is the same as the input; if b = 1, the input should be right shifted by 1 bit. Thus, if b = 1, and the input is 0110, the output should be 0011. 
(d) How many bits should be sent from the control unit to increment or decrement module? What are the largest possible increments and decrements that need to be performed?

Increment is 1, decrement can be up to 23.

8. What is the floating point representation of 1/3 as a single precision FP number? What are the absolute and relative errors in this representation?

Answer: 0 01111101 0101 0101 0101 0101 0101 010
Relative error:  5.960464471987947e-008
The exact value of representation of 1/3 in single-precision FP is:

¼*(1+1/4 + ¼2 + … + ¼11)
9. With x = 0x 46d80000 and y = 0x bee00000 representing single precision FP numbers, compute x + y and x*y.
[image: image4.png]Comvert +1.1011 * 2" +-1.11+272
11011 0000 0000 0000 0000 000

~0.0000 0000 0000 0001 1100 000
T1010 1111 1111 11100100 000

01000110 1101 0111 1111 1111 0010 0000

. Calculate new exponent:

11111

1000110 1
401111101
10000101 0
~0111111 1 minus bias
111111

T000101 1 new exponent
Multiply significands:

1.101 1000 0000 0000 0000 0000
x1.110 0000 0000 0000 0000 0000

11
11011 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
11 0110 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
+1.10_1100 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

10.11 1101 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
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10.
[image: image6.png]B.13 (5] <§§4.2, B.2, B.3> Assume that X consists of 3 bits, x2 x1 x0, and Y con-
sists of 3 bits, y2 y1 y0. Write logic functions that are true if and only if

m X <Y, where X and Y are thought of as unsigned binary numbers

<Y, where X and Y are thought of as signed (two’s complement) numbers
=y

Use a hierarchical approach that can be extended to larger numbers of bits. Show
how can you extend it to 6-bit comparison.

B.14 (5] <§$B.2, B.3> Implement a switching network that has two data inputs
(A and B), two data outputs (C and D), and a control input (S). If S equals 1, the
network is in pass-through mode, and C should equal A, and D should equal B. If
S equals 0, the network is in crossing mode, and C should equal B, and D should
equal A.




B,13    (a) X = Y     ~((y2 xor x2) V (y1 xor x1) V (y0 xor x0))

(b) X < Y as unsigned integers : (x2 < y2) V (x2 = y2 & x1 < y1) | (x2 = y2 & x1 = y1 & x0 < y0) where

X < y is ~x & y, x = y is ~(x xor y)

  11. Describe the effect that a single stuck-at-0-fault (i.e., regardless of what it should be, the signal is always 0) would have for the signals shown below in the single-cycle datapath in Figure 4.24. Which instructions, if any, will not work correctly?
(a) RegWrite = 0        
(b) ALUop0 = 0

(c) Branch  = 0

(d) MemRead = 0

(e) MemWrite = 0

Solution:

a) RegWrite = 0: All R-format instructions, in addition to lw, will not work because these instructions will not be able to write their results to the register

file.
b) ALUop0 = 0: beq instruction will not work because the ALU will perform addition instead of subtraction (see Figure 5.12), so the branch outcome may be wrong.
c) Branch (or PCSrc) = 0: beq will not execute correctly. The branch instruction will always be not taken even when it should be taken.
d) MemRead = 0: lw will not execute correctly because it will not be able to read data from memory.
e) MemWrite = 0: sw will not work correctly because it will not be able to write

to the data memory.

12) Suppose we want to add a new instruction sll $r1, ($r2) k  to the -MIPS design of Figure 4.24. Is it possible to do this without adding any new datapath wires? How should the control signals (RegWrite, ALop0, etc.) be set for this instruction?
A modification to the data path is necessary  (ref: figure 4.24) to feed the

shamt field (instruction[10:6]) to the ALU in order to determine the shift amount. The control signals should be set suitably to implement this R-format instruction. 
13)
[image: image7.png]We wish to add an instruction that is a variant of 1w (load word), which sums two registers
to obtain the address of the data to be loaded and uses the R-format. Add any necessary
datapaths and control signals to the single cycle datapath described in Figure 1. Update

the table shown in Figure 2 to include the new instruction, the new control signals and
any other changes you make.
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Figure 1
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Figure 2. Control Signal values for the various instruction formats




PAGE  
7

[image: image1.png]addu $t2, $t3, $t4
sTtu $t2, $t2, $t4



[image: image10.wmf]S

m

a

l

l

 

A

L

U

E

x

p

o

n

e

n

t

d

i

f

f

e

r

e

n

c

e

C

o

n

t

r

o

l

E

x

p

o

n

e

n

t

S

i

g

n

F

r

a

c

t

i

o

n

B

i

g

 

A

L

U

E

x

p

o

n

e

n

t

S

i

g

n

F

r

a

c

t

i

o

n

0

1

0

1

0

1

S

h

i

f

t

 

r

i

g

h

t

0

1

0

1

I

n

c

r

e

m

e

n

t

 

o

r

d

e

c

r

e

m

e

n

t

S

h

i

f

t

 

l

e

f

t

 

o

r

 

r

i

g

h

t

R

o

u

n

d

i

n

g

 

h

a

r

d

w

a

r

e

E

x

p

o

n

e

n

t

S

i

g

n

F

r

a

c

t

i

o

n

