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Pipeline:

You ALREADY Know & Understand
Pipelining.
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Scenario 1.
Pipelining

in Construction
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Scenario 2.

Oil Pipeline
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An Overview of Pipelining

Never waste time. Pipelining is an implementation technique in which multiple instructions are
American proverb m-'erapped in execution. Today, pipelining is nearly universal.
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Pipeline:

Pipelining improves etficiency by
executing multiple instructions
simultaneously.
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Pipeline:

Pipelining is an implementation
technique in which multiple instructions
are overlapped in execution.

Today, pipelining is nearly universal.
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Main Course:
Pipelining
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Next Example:
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Consider how the idea of pipelining can be used in a computer. The processor
executes a program by fetching and executing instructions, one after the other. Let F;
and E; refer to the fetch and execute steps for instruction ;. Execution of a program
consists of a sequence of fetch and execute steps, as shown in Figure 8.1a.

Now consider a computer that has two separate hardware units, one for fetching
instructions and another for executing them, as shown in Figure 8.15. The instruction

fetched by the fetch unit is deposited in an intermediate storage buffer, B1. This buffer
is needed to enable the execution unit to execute the instruction while the fetch unit is
fetching the next instruction. The results of execution are deposited in the destination
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Interstage buffer

Instruction §

fatch Execution
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Clock cycle

{c) Pipelined execution

Figure 8.1 Basic idea of instruction pipelining.
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Example:

4 Stage Pipelining
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Fiqure 8.2 A 4-stage pipeline.
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1. Performance:

In an IDEAL World
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2. Performance:

In Slightly Real World
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A 4-stage pipeline has the stage delays as 150, 120, 160 and 140 nanoseconds, respectively. Registers that are used between
the stages have a delay of 5 nanoseconds each. Assuming constant clocking rate, the total time taken to process 1000 data items
on this pipeline will be:

A. 120.4 microseconds

B. 160.5 microseconds

C. 165.5 microseconds

D. 590.0 microseconds

gate2004-cse co-and-architecture pipelining normal
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A 4-stage pipeline has the stage delays asl&')& 120, 160 and 140 nanoseconds, respectively. Registers that are used betwgen
the stages have a delay of 5 nanoseconds each. ssuming constant clocking rate, the total time taken to process 1000 q'ata items
on this pipeline will be: — Vv _

A. 120.4 microseconds C‘jd@ %M lﬂb _]L 5- —-— /55 M

B. 160.5 microseconds

\/165.5 microseconds (/f Q/
D. 590.0 microseconds ) C/f% _71_ ??? (-
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C & courses.engr.illinois.edu/cs
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Problem 1 |5 points]

Consider two different machines. The first has a single cycle datapath (i.e., a single stage, non-pipelined
machine) with a cycle time of 15 ns. The second is a pipelined machine with 5 pipeline stages and a cycle

time of 3ns.

Part (A) |1 point]

What is the speedup of the pipelined machine versus the single cycle machine assuming there are no stalls?
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Problem 1 |5 points]
/.-\-"‘—."‘\_—-I\._..r-——-'
Consider two different machings. The first has a single cycle datapath (i.e., a_single stage, non-pipelined

machine with 5 pipeline stages and a cycle

—m————
machine) with a cycle time of 15°ns. The second 1s a pipeline
—'__——___-“.'
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time of 3ns.
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What is th pf the pipelined machine versus the single cycle machine assuming there are no stalls?
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Problem 1 |5 points]

Consider two different machines. The first has a single cycle datapath (i.e., a single stage, non-pipelined
machine) with a cycle time of 15 ns. The second is a pipelined machine with 5 pipeline stages and a cycle
. —

time of 3ns. o
R

Part (A) [1 point]

What is the speedup of the pipelined machine versus the single cycle machine assuming there are no stalls?

Solution: The speedup is 19 nS/z s =5. i Qq_&

Part (C) |2 points]

Now consider a 4 stage pipeline machine with a cycle time of 3.1 ns. Again, assuming no stalls, is this
implementation faster or slower than the original 5 stage pipeline? Explain your answer.

G www.goclasses.in
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Problem 1 |5 points]

Consider two different machines. The first has a single cycle datapath (i.e., a single stage, non-pipelined
machine) with a cycle time of 15 ns. The second is a pipelined machine with 5 pipeline stages and a cycle
time of 3ns.

Part (A) [1 point]

What is the speedup of the pipelined machine versus the single cycle machine assuming there are no stalls?

Part (C) |2 points]

Now consider a 4 stage pipeline machine with a cycle time of 3.1 ns. Again, assuming no stalls, 1s this
implementation faster or slower than the original 5 stage pipeline? Explain your answer.

Solution: The 5 stage machine 1s faster. This i1s because 1t has a smaller cycle time, which results 1n a faster
overall execution time (since there are no stalls, they both have the same CPI).
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33. Two processors, M-5 and M-7, implement the same instruction set. Processor M-5 uses a 5-stage pipeline and a
clock cycle of 10 nanoseconds. Processor M-7 uses a 7-stage pipeline and a clock cycle of 7.5 nanoseconds.
Which of the following is (are) true?

[. M-7’s pipeline has better maximum throughput than M-5s pipeline.
[1. The latency of a single instruction is shorter on M-7’s pipeline than on M-5’s pipeline.
[II. Programs executing on M-7 will always run faster than programs executing on M-5.
(A) Ionly (B) II only (C) I'and III only (D) II and III only (E) I, II, and III
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33. Two processors, M-5 and M-7, implergent the same instruction set. Processor M-5 uses a 5-stage pipeline and a
clock cycle of 10 nanoseconds. Processqr M-7 uses a 7-stage pipeline and a clock cycle of 7.5 nanoseconds.
Which of the following is (are) true?

M M-7’s pipeline has better maximum throughput than M-5’s pipeline.

)< [1. The latency of a single instruction is shorter on M-7’s pipeline than on M-5’s pipeline.

)( [II. Programs executing on M-7 will(alwaysJrun faster than programs executing on M-5.

yy (B) II only (C) T'and III only (D) II and III only (E) I, II, and III
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