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1. Consider a pipeline having 4 phases with duration 60, 50, 90 and 80 ns. Given latch delay is 10 ns.
Calculate-

I.  Pipeline cycle time

II.  Single Cycle execution time

lll. Pipeline time for 1000 tasks

IV. Single cycle time for 1000 tasks

V. Speed up ratio (based on T and IV)

VI. Throughput

Ans:
I.  Pipeline Cycle time
= Maximum delay due to any stage + Delay due to its register
= Max { 60, 50, 90, 80 } + 10 ns
=90ns+10ns
=100 ns
II.  Single cycle execution time for one instruction
=60ns+50ns+90ns+80ns
=280 ns
lll. Pipeline time for 1000 tasks
= Time taken for 1st task + Time taken for remaining 999 tasks
=1 x4 clock cycles + 999 x 1 clock cycle
=4 x cycle time + 999 x cycle time
=4 x100 ns +999 x 100 ns
=400 ns + 99900 ns
=100300 ns
IV. 280 ns * 1000 = 280000 ns
V. speed up ratio = 280000/100300
VI. Throughput for pipelined execution
= Number of instructions executed per unit time
= 1000 tasks / 100300 ns
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2. Which of the following statements are true?

A. If two instructions try to write the register file at the same time, structural hazard occurs
we need to fetch the instruction from the Instruction Memory at the last stage

R-type instructions read the data from the Data Memory at MEM stage

In MIPS 5 —stage pipeline , Read registers are always done before write registers(structural hazard)

mo o

Pipeline rate limited by slowest stage
Ans: (a) (d) (e)

(b) first

(c) nothing is being done
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3. Pipeline is a technique that can effectively (choose the correct answer(s))
(a) reduce the latency of an operation

(b) increase the throughput of instruction execution

(c) increase the clock rate

(d) reduce the CPI

Ans: (b) ~ (c)

[group9]
4. E{tJEE WAR F1 WAW MIPS 5-stage HY pipeline i R @r&g4:?
Ans:

K EsFAHY instructions £ 5 stages * read —5E1E stage 2 > write —TE{F stage 5 ©

[groupl14] CEHLE)
5. STE—EAEES > (2 E R (pipeline) B TER A E LR BRI THIZE R > THIRH (a2 g0 2

(A) ZHEG LT AN EE hazard

(B) JZHE R LBUTHIRBERZ (throughput)

(C) EGLETRENS TS < [FIRF R THYZEE (maybe throughput)
(D) B4 TREME M B — e S TR

Ans:
(D) —F5HVB THF RTED = E EHY
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6. Which of the following statement is true for Pipelining?

(a) Pipeline is practical since the resources of processor can be shared by multiple instructions at the same
time

(b) Pipeline is cut into five stages, which are IF, RD, EX, MEM, JUMP

(c) A structural hazard occurs when two different types of instructions trying to access the same resource of
the processor

(d) By extending all types of instructions to finish after exactly five cycles, we solve the structural hazard

problem

Ans:

(c), (d)

(a) since “the resources can be used by one instruction after another one used it right away”
(b) IF, ID, EX, MEM, WB
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7. Consider the following MIPS assembly code and identify all pipeline hazards under the assumption that
there are no pipeline optimizations implemented-including forwarding. The first column of numbers
are line numbers that you can refer to in your explanation.

addi $3, S0, 100

addi $4, S0, 0

loop: addi $4, 54, 4

add $5, $4, $3

sw $5, 100(54)

addi 51, 51, -1

slt $2, 54, $3

bne $2, SO, loop

jr$31

W oo N Uk WN R

Ans:

Data hazards:

(a) Line 3 needs to wait for line 2 to evaluate the value of $4 (in the first iteration)
(b) Line 4 needs to wait for line 2 to evaluate the value of $4 (every iteration)

(c) Line 5 needs to wait for line 4 to evaluate the value of S5 (every iteration)

(d) Line 8 needs to wait for line 7 to evaluate the value of $2

Control hazard:

(a) Line 8 will stall while determining if S2 is equal to $0
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8. Determine whether the following statements is correct or not. If it is incorrect, correct it.
(A) Since the potential speedup equal to the stage of pipeline, more stage is better.

(B) Pipeline does improve the latency of single instruction.

(C) The latency of one stage is dominated by the most time-consuming stage.

(D) In MIPS, each instruction runs through all stages.

(E) In MIPS, the number of pipeline registers are equal

Ans:

(A): False. More stage, more hazard need to deal with. Once we counter the hazard, more stage will bring
us more penalty.

(B): False. Pipeline does improve the throughput of the CPU, not the latency of single instruction.
(C): True.

(D): True.

(E): False. The number of pipeline registers are different.
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9. If a pipelined processor has 5 stage and takes 100ns to execute N instructions. How long
will it take to execute 2N instructions. Assuming the clock rate is 500MHz and no pipeline
stalls occur?

Ans:

cycle time = 1/(50070"6) = 2ns
N+4 = 100/2 => N=46
2N time = (246+4) * 2 = 96 * 2 = 192ns#
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