ELEC 5200-001/6200-001 Computer Architecture and Design 
Fall 2007
Homework 3 Solution
Assigned 9/15/07, due 9/24/07
Problem 1: 
Devise a MIPS pseudoinstruction that will swap the contents of two registers given as arguments.
Answer:
A pseudoinstruction




swreg $reg1, $reg2 
# exchange contents of $reg1and $reg2



can be implemented as





add $at, $reg1, $zero

# copy $reg1 to $at





add $reg1, $reg2, $zero
# copy $reg2 to $reg1





add $reg2, $at, $zero

# copy $at to $reg2
Problem 2: 
In a reverse engineering exercise the following sequence of machine code is found to be repeatedly used. Interpret it in as MIPS assembly code and optimize it if that is possible:



0000 0010 0011 0010 0100 0000 0010 0000



1010 1101 0010 1000 0000 0000 0000 0000




1000 1101 0011 0101 0000 0000 0000 0000




0000 0010 1011 0110 1010 1000 0010 0000

Answer: We interpret the code as follows (first six bits are opcode):

000000

10001 

10010

01000

00000

100000


R-type
  
17=s1

18=s2

8=t0

shamt

    add

101011

01001

01000

0000 0000 0000 0000


    sw

9=t1

8=t0


    0


100011

01001

10101

0000 0000 0000 0000


    lw

9=t1

21=s5


    0


000000

10101

10110

10101

00000

100000

R-type

21=s5

22=s6

21=s5

shamt

   add

The MIPS code is as follows:





add $t0, $s1, $s2
# t0 = s1 + s2




sw $t0, 0($t1)

# M(t1) = t0 = s1 + s2




lw $s5, 0($t1)

# s5 = M(t1) = t0




add $s5, $s5, $s6
# s5 = s5 + s6 = t0 + t6

The memory access instruction lw can be eliminated without changing the function and the contents of all registers and memory before and after executing these instructions. Thus, the optimized code will have three instructions:





add $t0, $s1, $s2
# t0 = s1 + s2





sw $t0, 0($t1)

# M(t1) = t0 = s1 + s2





add $s5, $t0, $s6
# s5 = t0 + s6

Problem 3:
A main program uses registers t1 and t2 in addition to using all saved registers. What assembly language instructions should the compiler insert in the program before and after the subroutine call to follow the register usage convention?
Answer: 
Since the saved registers will be undisturbed by the procedure, only t1 and t2 need to be saved in the memory and restored. The compiler will insert the following instructions for the procedure call:





. . .





. . .

# program instructions before procedure call





. . .


addi
$sp, $sp, -8

# move stack pointer by two words

sw

$t2, 4($sp)

# save $t2 in memory, 1 word above stack pointer

sw

$t1, 0($sp)

# save $t1 in memory, at stack pointer


<instructions for setting arguments, if any>


jal

procedure

# place return address (PC+4) in $ra and jump to 





# procedure


lw

$t1, 0($sp)

# restore $t1 from stack pointer address of memory


lw

$t2, 4($sp)

# restore $t2 from mem, 1 word above stack pointer

addi
$sp, $sp, 8

# move stack pointer to position before proc. call





. . .





. . .

# program instructions after procedure call





. . .

Problem 4: 
A single-cycle MIPS datapath contains memories, ALU and register file 
each requiring within 10ns to operate. The delay of other hardware is negligible. 
The processor is being designed for an instruction-specific clocking using a 
fundamental external clock of period 10ns. How many clock cycles should each 
type of instruction be given? Give the logic design for a clock generating circuit 
that will produce a clock signal for the program counter from the 10ns clock.
Answer: The numbers of clock cycles for various types of instructions are:


R-type


4 cycles



lw


5 cycles



sw


4 cycles



branch


3 cycles



jump


1 cycle

Clock control can be implemented with a three-bit counter synchronized with the external clock. Its operation is as follows:

(a) Whenever the counter is reset to 000 state, the datapath is clocked.

(b) Reset may be asserted externally to initiate program execution.

(c) Once reset, the counter is again reset after counts of 1, 3, 4 or 5, depending on which instruction is being executed. Control logic is modified to generate Jump, Branch, R_sw and lw signals that become true only when the respective instructions are executed.

(d) If the counter is not reset, it counts to 111 state and then inhibits the clock. Thus, the processor stops. This would be the condition for the end of a program or an illegal opcode. Restart will require asserting the external reset.
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Note: Also see remark 2 on page 315 in the textbook.
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Clocking circuit for Problem 4.








