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Consider the following processors (ns stands for nanoseconds). Assuine-that the pipeline registers have zero latency.

P1: Four-stage pipeline with stage latencies 1 ns, 2 ns, 2 ns, 1 ns.

P2: Four-stage pipeline with stage latencies 1 ns, 1.5 ns, 1.5 ns, 1.5 ns.

P3: Five-stage pipeline with stage latencies 0.5 ns, 1 ns, 1 ns, 0.6 ns, 1 ns.
P4: Five-stage pipeline with stage latencies 0.5 ns, 0.5 ns, 1 ns, 1 ns, 1.1 ns.

L ]

Which processor has thehighestpeak clocK Tregquency?
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P1: Four-stage pipeline with stage latencies 1 ns, 2 ns, 2 ns. 1 ns.

P2: Four-stage pipeline with stage latencies 1 ns, 1.5 ns, 1.5 ns, 1.5 ns. S

P3: Five-stage pipeline with stage latencies 0.5 ns, 1 ns, 1 ns, 0.6 ns, 1 ns. "9’—{ De/
P4: Five-stage pipeline with stage latencies 0.5 ns, 0.5 ns, 1 ns, 1 ns, 1.1 ns. —— -}L &
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Comparing the time T1 taken for a single instruction on a pipelined CPU with time T2 taken on a non-pipelined but identical
CPU, we can say that

. TI<T2
. TI=T2
. TI<T2
. Tl and T2 plus the time taken for one instruction fetch cycle
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Comparing the time T1 taken for .1 single instruction on a pipelined CPU with time T2 taken on a non-pipelined but identical e

CPU, we can say that ____==-"' \)

A TI<T2
TI=T2
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1.18.16 Pipelining: GATE CSE 2011 | Question: 41 wp

Consider an instruction pipeline with four stages (S1, S2, S3 and S4) each with combinational circuit only. The pipeline
registers are required between each stage and at the end of the last stage. Delays for the stages and for the pipeline registers are as

given in the figure.

Stage

Delay
ons

What is the approximate speed up of the pipeline in steady state under ideal conditions when compared to the corresponding non-

pipeline implementation?

A. 4.0

oOw
9 =N
© = n

Pipeline Register (delay 1ns)

Stage

DTelay
bns

Pipeline Register (delay 1ns)

-

Stage

ﬁelay
11ns

Pipeline Register (delay 1ns)

Stage

Delay
8ns

Pipeline Register (delay 1ns)
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1.18.16 Pipelining: GATE CSE 2011 | Question: 41 wp# EI%

Consider an instruction pipeline with four stages (S1, S2, S3 and S4) each with combinational circuit only. The pipeline 2
registers are required between each stage and at the end of the last stage. Delays for the stages and for the pipeline registers are as

given in the figure. i
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What is the approximate speed up of the pipeline in steady state uiider ideal conditions)when compared to the corres ¢ non-

pipeline implementation?
—

A.Fﬁl.ﬂ '\/

N - 7L

C. 1.1
D. 3.0
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Consider a non-pipelined processor with a clock rate of 2.5 GHz and average cycles per instruction of four. The same
processor is upgraded to a pipelined processor with five stages; but due to the internal pipeline delay, the clock speed is reduced to 2

G H z. Assume that there are no stalls in the pipeline. The speedup achieved in this pipelined processor is

gate2015-cse-set1 co-and-architecture pipelining normal numerical-answers
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Consider a non-pipelined processor with a clock rate of 2.5 G Hz and average cycles per instruction of four. The same =
processor is upgraded to a pipelined processor with fiyg stages: but due to the internal pipeline delay, the clock speed is reduced to 2
A Spea IS ToCRCeC 0 S

G H z. Assume that there are no stalls in the pipeline. The speedup achieved in this pipelined processor is
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The stage delays in a 4-stage pipeline are 800, 500, 400 and 300 picoseconds. The first stage (with delay 800 picoseconds) is =

replaced with a functionality equivalent design involving two stages with respective delays 600 and 350 picoseconds. The
throughput increase of the pipeline is percent.

gate2016-cse-set1 co-and-architecture pipelining normal numerical-answers
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The stage delays in a 4-stage pipeline are 800, 500, 400 and 300 picoseconds. The first stage (with delay 800 picoseconds) is

replaced with a functionality equivalent design involving two stages with respective delays 600 and 350 picoseconds. The
throughput increase of the pipeline is

gate2016-cse-setl co-and-architecture pipelining normal
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Llfe is Sooo Good
with Pipeline...
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Pipeline:

In this chapter you will learn about:

* Pipelining as a means for executing mac}}ine

instructions concurrently \—
*)Various hazards that cause performance
degradation in pipelined processors and means for

mitigating their effect
* Hardware and software implications of

P ip e Iining @www.goclasses.in
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8.2 DaTi Hazamns

\/

A data hazard is a sitmn which the pipeline is stalled because the data to be

operated on are delayed for some reason, as illustrated in Figure 8.3. We will now
examine the issue of availability of data in some detail.




.\I
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Any condition that causes the pipeline to stall is called a

hazard.

We have just seen an example of a data hazard.

A data hazard is any condition in which either the
source or the destination operands of an instruction are
not available at the time expected in the pipeline. As a
result some operation has to be delayed, and the pipeline
stalls.

ewww.goclasse&i n
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Data Dependency

AVAS
Data Hazards
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First we see:

Data Dependency
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First we see:

Data Dependency
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Detecting Data Dependencies

« Dependencies: Given two instructions, /and j (/i occurs before j).

« We say a_dependence exists between /and jif j reads the result

produced by /, and there is no instruction k which occurs between
i and j and that produces the same result as |I.

> No onge Shayu!d
UJY]“'Q /”n'h by
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C @ udacity.com/wiki/hpca/problem-set-solutions/pipelining/problem01
Pipelining/Problem 01
Consider following assembly-language program:

1: MOV R3, R7

%]

: LD R8, (R3)

3: ADD R3, R3, 4

4: LOAD R9, (R3)

u

: BNE R8, RS, L3

a) This program includes WAW, RAW, and WAR dependencies. Show these.
b) What is the difference between a dependency and hazard?
c) What is the difference between a name dependency and a true dependency?

e) Which of WAW, RAW, WAR are true dependencies and which are name dependencies?
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Pipelining/Problem 01
Consider following assembly-language program: rl ﬂ‘UU Di{’

1: MOV R3, R7 ]-2,\/
2: LD R8,\ (R3) | - 3 \/

3: ADD R3, R3, 4 3_\1 -

: LOAD hﬂ) q -5 g

5: BNE R8, R9, L3

a dependency and hazard?
r
K Sasisds,
d a truegep el'r:(;? 5

e) Which of WAW, RAW, WAR are true dependencies and which are name dependencies?

b) What is the difference be

c) What is the difference between a name dependenc
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Pipelining/Problem 01

Consider following assembly-language program:

WAL Dep

1: MOV R3, R7

: LD R8/ (R3) ,—g /

—

%]

3: ADD R3, R3, 4
4: LOAD R9, (R3)

5: BNE R8, R9, L3

a) This program include RAW, and WAR dependencies. Show these.
b) What is the difference between a dependency and hazard?
¢) What is the difference between a name dependency and a true dependency?

e) Which of WAW, RAW, WAR are true dependencies and which are name dependencies?
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Pipelining/Problem 01

Consider following assembly-language program: A }m ‘D

1: MOV R3, R7

2 -3 \—

%]

: LD R8, (R3)

3: ADD R3, R3, 4

4: LOAD R9, (R3)

5: BNE R8, R9, L3

'—"—__

a) This program includes WAW, RAW, a ependencies. Show these.

b) What is the difference between a dependency and hazard?
¢) What is the difference between a name dependency and a true dependency?

e) Which of WAW, RAW, WAR are true dependencies and which are name dependencies?

')
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Solution

WAW: L1-L3;

RAW: L1-L2,L1-L3, L3-L4 L2-L5L4-L5
WAR: L2-L3;

b) A hazard is created when there is a dependency between instructions and they are close enough that the overlap caused by pipelining (or reordering) would change the order of access to the

dependent operand.
c) In a true dependency information is transmitted between instructions, while this is not the case for name dependencies.

d) Name dependencies: WAR, WAW

True dependencies: RAW




+ .+ Computer Organisation GO Classes

Now we see:

Data Hazards
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Any condition that causes the pipeline to stall is called a

hazard.

We have just seen an example of a data hazard.

A data hazard is any condition in which either the
source or the destination operands of an instruction are
not available at the time expected in the pipeline. As a
result some operation has to be delayed, and the pipeline
stalls.

ewww.goclasse&i n
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8.2 DaTi Hazamns

A data hazard is a situation in which the pipeline is stalled because the data to be
operated on are delayed for some reason, as illustrated in Figure 8.3. We will now
examine the issue of availability of data in some detail.
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1: Ri € R2 + R3
2: R4/$< Rs + R6
3:R7€RI+R8 \

(s e e
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DEPENDENCIES
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DFPENDENCIES AND) HAZ2ARDS dUIZ
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DEPENDENCIES ANp HAZARDS AQAUIZ
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DEPENDENCIES AND HAZARDS QUIZ

SOLUTION
FETCH  REAO RE(  ME™
DECODE  Acv wr REG
MU L
ADD R, R2,R3 DEPENOENCE T HAZAR D 7
syg RS RI,RA Y Y
D'V RC’ R’,R7 Y e
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G Data hazards

« Why do they exist???
— Pipelining changes when data operands are read, written

— Order differs from order seen by sequentially executing
instructions on un-pipelined machine

- Consider this example: All instructions after ADD use
_ ADD R1. R2. R3 “ result of ADD
— SUB R4, R1, R5
— AND R6, R1, R7
— OR R8, R1, R9

— XOR R10, R1, R11 U This is a data hazard

ADD writes the register in WB
" but SUB needs it in ID.
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» Consider this example:
— ADD R1, R2, R3
— SUB R4, R1, R5

— AND R6, R1, R7
— OR RS, R1, R9
— XOR R10, R1, R11
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» Consider this example:
_ ADD(R1)R2, R3
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G& |llustrating a data hazard

CC1 CC2 CC3 CC4 CC5 CCes

ADD R1, R2, R3 Reg

SUB R4, R1, R5 Reg

AND R6, R1, R7

OR R8, R1, R9 - .\ 3

XOR R10, R1, R11

Time

ADD instruction causes a hazard in next 3 instructions
b/c register not written until after those 3 read it.
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Detecting Data Dependencies

« Dependencies: Given two instructions, i and j (/i occurs before j).

« We say a dependence exists between jand j if j reads the result
produced by /, and there is no instruction k which occurs between
i and j and that produces the same result as |I.

« We call a data dependence a hazard when an instruction tries to
read a register in stage 2 (ID) and this register will be written by a
previous instruction that has not yet completed stage 5 (WB).

« This is sometimes called a read-after-write hazard.
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Next:
Not All Data

Dependencies are Data
Hazards
7 p—
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Note:

1. Not All Data Dependencies are Data
Hazards.

2. WAW, WAR Dependencies are NEVER a
Hazard in any Single-Issue, In-Order

Pipeline.




