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Problem 1: 
Consider two types of MIPS datapaths. The clock rates for single-cycle and multicycle implementations are 250MHz and 1GHz, respectively. The following subroutine is used for estimating the performances. The argument register $a0 contains a very large positive integer (a million or greater):


repeat

beq
$a0, $zero, finish





addi
$a0, $a0, –1





jump
repeat



finish

add
$v0, $a0, $zero


Determine:

(a) Average cycles per instruction (CPI) for two datapaths.





(b) How much faster is the multicycle execution of the program 




(ratio of single-cycle to multicycle execution times)?
Answer:
(a)
Single-cycle CPI = 1.0, because each instruction executes in one cycle.


The instructions from repeat to jump are executed a0 (several million) times. Therefore, we neglect the two add instructions preceding repeat and finish, which are executed only one time each. Thus, the instruction mix for multicycle datapath is:




beq takes 3 cycles and is executed a0+1≈ a0 times.



jump takes 3 cycles and is executed a0 times.

add and addi each takes 4 cycles; add is executed once (neglected) and addi is executed a0 times.


Multicycle CPI
=
(3×1 + 3×1 + 4×1)/(1 + 1 + 1) = 10/3 = 3.33
(b)
 The multicycle clock period is 1ns and the single-cycle clock period is 4ns. Therefore,



Performance ratio = (single-cycle time)/(multicycle time) = 4/(1×3.33) = 1.20
Problem 2: 
A single-cycle MIPS datapath contains memories, ALU and register file each requiring within 5ns to operate. The delay of other hardware is negligible. The processor is being designed for an instruction-specific clock generated from a fundamental external clock of period 5ns. Thus, the datapath clock period will be an integer multiple of 5ns. How many 5ns 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 5ns external 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 will count to 111 state and then inhibit the 


clock. Thus, the processor stops. This would be the condition for an illegal 

opcode. Restart will require asserting the external reset.


[image: image1]
Problem 3:
The control for a multicycle MIPS datapath is implemented as a finite-state machine. Suppose, all possible 6-bit opcodes are classified into one of five types:



1.
load or store



2. 
R-type



3. 
Branch type



4. 
Jump type



5. 
Illegal


All illegal opcodes require the same action, i.e., exception, for which the control signals required by the datapath have been determined. Illustrate what modification you will make to the state diagram.

Suppose the FSM is implemented with random logic and four flip-flops. Suggest a state assignment to reduce the dynamic power consumption, assuming that R-type is the most frequently executed instruction.
Answer: A modified state diagram is shown below:

[image: image2]
In the state assignment shown, when an R-type instruction is executed, only one flip-flop changes state in each cycle. This is the minimum possible activity. The state transitions for this case are 0000→0001→0011→0010→0000.






Clocking circuit for Problem 2.
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