55 \f!) Computer Organisation GO Classes
Pipeline

Complete Revision
Part 5

- Deepak Poonia

(IISc Bangalore; GATE AIR 53 & 67)
T —




g Computer Organisation GO Classes
Content of this Lecture:

1. Control Dependencies
». GATE PYQs

GATE 2024 Complete Course Link:

https://www.goclasses.in/s/pages/gatecompletecourse

OWWW.QGCIESSESJ n



s \m*j comPUter Organisation GO Classes
Instructor:

Deepak Poonia

[ISc Bangalore
GATE CSE AIR 53; AIR 67; AIR 206; AIR 256




cF™] - - Computer Organisation

Subscribe for

GO Classes

By GateOverflow + GO Classes

C & gateoverflow.in/payu-subscribe

= é QAT E eNHANCED BY Google

Q
ERFLOW

Subscription Option GATE QOverflow + GO Classes Test Series

GATE Overflow + GO Classes Test Series
GATE Overflow Test Series Only

GO Classes Test Series Only n
GATE Overflow GO Classes Full length Mock GATE

Link in the Description!!



GO
G CLASSES

GO
o CLASSES

GATE 2024

COMPLETE COURSE CS-IT

48

GO Classes



GO
G CLASSES

GO
¥ CLASSES

GATE 2025

COMPLETE COURSE CS-IT

GO Classes



s G
o S0, e ; CLASSES o

Discrete o -
Mathematics C Programmlng ‘: s

) NG @

2023 Discrete Mathematics 2023 C Programming
% % % % % 50(62ratings) % % % % % 50 (59 ratings)
Free Free



p.
vy O g6\
CLASSES s

On
“GATE-
Overtlow

%9

Website

G Ssses ' SBATE

GO Test Series
is now

GATE Overflow + GO Classes

2-IN-1 TEST SERIES

Most Awaited

O Test Series

is Here

REGISTER NOW
http://tests.gatecse.in/

More than 100 Mock Tests.
Quality Tests.

FROM

14th April

+91- 6302536274 +91 9499453136

GO Classes



GO
G CLASSES ¢

GO Classes

GO -\
G CLASSES GO

) GATE zoz“i

@) Live + EM Recorded Lectures
i Daily Home Work + Solution
ﬁf Watch Any Time + Any Number of Times
9 Summary Lectures For Every Topic
Practice Sets From Standard Resources
seo= Enroll Now
+91- 6302536274

www.goclasses.in

' -'-'f.
m linkedin.com/company/go-classes <) instagram.com/goclasses_cs



™ Computer Organisatio

Download the GO Classes Android App: e g

On the go!

Gain expert knowledge

https://play.google.com/store/apps/details?id=c
om.goclasses.courses [ sam vis |

Search “GO Classes”
on Play Store. e




Pipeline Hazards

“+ Hazards: situations that makes the pipeline to stall or idle.

1. Structural hazards

% Caused by resource contention
#* Using same resource by two instructions during the same cycle

2. Data hazards
#* An instruction may compute a result needed by next instruction
% Hardware can detect dependencies between instructions

3. Control hazards
* Caused by instructions that change control flow (branches/jumps)
* Delays in changing the flow of control

*+ Hazards complicate pipeline control and limit performance




G s I Five Stages of Pipeline

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

The stages of instruction execution / pipelining are
¢ |[F --- Instruction Fetch

¢ ID --- Instruction Decode / Register Read

% EX --- Execute in ALU / calculate address

* MEM --- Data memory access

*» WB ---- Write back in register

The data flows from the left stage to right stage.

But in WB the result is written back (right to left data flow) in
the register
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RESOURCE HAZARDS A resource hazard occurs when two (or more) instructions
that are already in the pipeline need the same resource. The result is that the

instructions must be executed in serial rather than parallel for a portion of the
pipeline. A resource hazard is sometime referred to as a structural hazard.
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RESOURCE HAZARDS A resource hazard occurs when two (or_more) instructions
that are already in the pipeline need the same resource. The result is that the

instructions must be executed in serial rather than parallel for a portion of the
pipeline. A resource hazard is sometime referred to as a structural hazard.
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1. Structural Hazard - Conflict due to Memory Access

N

N\

» Time

. 5 ID/Reg
Ifetch R:q

Iw $1, 100(30)

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle 7
: : T e — : : -

Instr 2 Ifetch

Instr 3 P |zfetch

Instr 4
add $1,$2, : :

Structural Hazard:
Instr 5 Can 't load data and
fetch Instruction 4

during clock cycle 4

Pipeline Hazards

Same memory
is used for
: instructions
Beg | i and data
Pl e—
DMem Reg
% DMem ﬂ[g
Ifetch Reg .s DMem Reg

Slide 4
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1. Structural Hazard - Conflict due to Memory Access

- . . . . . — Time
Cycle1 : Cycle2 : Cycle3 : Cycled : Cycle5 i Cycle6 : Cycle ‘:
s ID/Reg B - r : : :
Load  [;.n y Same memory
is used for
Iw $1, 100($0) . -
: : | instructions
Instr 2 P [Ffetch Beg | i and data
Instr 3 : : Ifetch DMem Reg
> |
Instr 4 2 DMem nlcg
add $1,$2,$3 ,
Structural Hazard:
Instr 5 Can t load data and Tfetch

fetch Instruction 4
during clock cycle 4

Reg .s DMem Reg
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Resolving structural hazards

+* Problem

* Attempt to use the same hardware resource (Memory) by two
different instructions during the same cycle

«* Solution 1: Wait
#* Must detect the hazard

% Must have mechanism to delay (stall) instruction access to
resource (Introduce bubble / NOP)

#* Serious: hazard cannot be ignored

“+ Solution 2: Redesign the pipeline
#* Add more hardware to eliminate the structural hazard

#* |[n our example: use twqQ memories with two memory ports
< Instruction Memory Q} Can be implemented as caches

< Data Memory

Pipeline Hazards Slide 5




Solution 1: Detect Structural Hazard and Delay
Time (clock cycles) \

Cycle 1 ECycfe 2 Cycle 3 Cch: 4 Cycle 5 Cycle 6 Cycle 7

. ID/Reg : -h__r
Load Ifﬂch:I: Reg 1

E eTC l
Instr 2 Tfatch I R‘F

Ins tr 3 Ifetch

ALU

- =

‘ A bubble is a
§|_NOP instruction

I &+ 003 N

Introduce a bubble | i
to delay instruction | &g
fetching

Instr 4 :I: .ﬁ DMem

Pipeline Hazards Slide 6
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Solution 2: Add More Hardware
(Use Instruction and dgta memory)

* Eliminate structural hazard at design time
+ Use two separate memories with two memory ports

* |nstruction and data memories can be implemented as caches

IF ! ID | EX | MEM '\ WB
IFID ID/EX EX/MEM MEM/WB
0 Cr e s
Inc —l—b i > | » 2 i i
B | immte : >g :r i
mm
B : 'm [ sero ;
i " ' :
1 i : :
%_) Address : Rs > * : e —- : ALU result h’ : g
Instruction p 1 | Rt Registers i >{\ ' I : a
o V[T * - | Address | %®
1 = . Sl 0 U : !
Instruction ' g ;4 ' m | Data > 1
Memory B E x | Memory i
i t 1 : 1 l-' \ l={Data_in :
' [Rd | : . :
! | ! :; =;_I

Pipeline Hazards Slide 7
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Next Topic:

Control Hazards




c¥™] - ' Computer Organisation GO Classes

el (EAC




55 &) Computer Organisation







cF™] - - Computer Organisation GO Classes

8.3.1 InNcoADITIONAL BRANCHFS

Figure 8.8 shows a sequence of instructions being executed in a two-stage pipeline.
Instructions I; to I5 are stored at successive memory addresses, and I, is a branch
instruction. Let the branch target be instruction I;. In clock cycle 3, the fetch operation
for instruction I5 is in progress at the same time that the branch instruction 1s being
decoded and the target address computed. In clock cycle 4, the processor must discard
I3, which has been incorrectly fetched, and fetch instruction I;. In the meantime, the
hardware unit responsible for the Execute (E) step must be told to do nothing during
that clock period. Thus, the pipeline is stalled for one clock cycle.
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Instruction T )’

I, (Branc) Execution unit idle
Iy \ é L/ éz
Ik

———

Figure 8.8 An idle cycle caused by o branch instruction.
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Figure 8.8 An idle cycle caused by o branch instruction.
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The time lost as a result of a branch instruction is often referred to as the branch
penalty. In Figure 8.8, the branch penalty is one clock cycle. For a longer pipeline,
the branch penalty may be higher. For example, Figure 8.9a shows the effect of a

branch instruction on a four-stage pipeline. We have assumed that the branch ad-
dress i1s computed in step E;. Instructions I3 and 1, must be discarded, and the tar-
get instruction, I;, is fetched in clock cycle 5. Thus, the branch penalty is two clock
cycles.




— Time
Clock cycle 1 2

o

(a) Branch address computed in Execute stage
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Next Topic:
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. Solution 1:
Stop fﬁ ﬁdef

..d

until the branch target is

resolved
7 p—
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from target? T B = B

Fetch inst (1 +7) or
from target? §

Branch resolved; Fetch
appropriate instruction

_ Condition and target

are resolved by now
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(_ontrol Hazards

Observation: Since the branch is resolved
only in the EX stage, there must be 2 stall
cycles after every conditional branch

instruction

— ————
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Solution@

Static Branch Predication
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Static Branch Predication

1. Predict Not Taken
2. Predict Taken
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Prediction

Playing the odds...

When a RISC machine encounters a branch instruction, there are only two possible outcomes, either the branch is taken, or the
branch is not taken. So, if you do not want to wait until the branch instruction completes, you must guess which instruction you
will execute next. This is prediction.

There are multiple methods of branch prediction, predict-taken, predict-not-taken, and dynamic-hardware-prediction will be
covered below. Predict-taken and predict-not-taken are just flip sides of the same coin. They both assume that more often than
not, a program will do the same behavior. With predict-not-taken, the hardware assumes that the next instruction to be executed
will be the instruction following the branch instruction in memory. This (possible) next instruction is placed in the pipe and
execution begins. If after the branch 1s finished executing, it is found that we really wanted to take the branch, then the (possible)
next instruction that we had been executing is thrown out by the hardware, and we being executing the correct instruction, the
branch target.

.www.gaclasse&i n
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Prediction

Playing the odds...

When a RISC machine encounters a branch instruction, there are only two possible outcomes, either the branch is taken, or the
branch is not taken. So, if you do not want to wait until the branch instruction completes, you must guess which instruction you
will execute next. This is prediction.

There are multiple methods of branch prediction, predict-taken, predict-not-taken, and dynamic-hardware-prediction will be
covered below. Predict-taken and predict-not-taken are just flip sides of the same coin. They both assume that more often than
not, a program will do the same behavior. With predict-not-taken, the hardware assumes that the next instruction to be executed
will be the instruction following the branch instruction in memory. This (possible) next instruction is placed in the pipe and
exccution begins. If after the branch is finished executing, it 1s found that we really wanted to take the branch, then the (possible)
next instruction that we had been executing is thrown out by the hardware, and we being executing the correct instruction, the
branch target.

OWWW.QGCIESSESJ n



4 ) . :
« =+ Computer Organisation GO Classes

Next Topic:
Performance Affected
By Control Hazards
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CONTROL DEPENDENCE QUIZ

e 257 OF ALl [NSTRUCTI/ONS ARE TAKEN BRANCH /ypmp

. J0-STAGE PIPELINE
v CORRECT TARGET FOR BRJIMP COMPVTED /N CTH STAGE

. FVERYTHING ELSE Flows SHOOTHLY
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An instruction pipeline has five stages where each stage take 2 nanoseconds and all instruction use all five stages. Branch

instructions are not overlapped. 1.e., the mstruction after the branch 1s not fetched till the branch instruction 1s completed. Under
ideal conditions,

A. Calculate the average instruction execution time assuming that 20% of all instructions executed are branch instruction. Ignore
the fact that some branch instructions may be conditional.

B. If a branch instruction is a conditional branch instruction, the branch need not be taken. If the branch i1s not taken,

the following instructions can be overlapped. When 80% of all branch instructions are conditional branch instructions, and
50% of the conditional branch mstructions are such that the branch 1s taken, calculate the average instruction execution time.




N ) e
ey « - Computer Organisation GO Classes

T —

An 1nstruction pipeline has five stages where each stage take 2 nanoseconds and all instruction use all five stages. Branch

. - e ——— . -——__———-—" . - . . L —
instructions are not overlapped. 1.e., the mstruction after the branch 1s not fetched till the branch instruction 1s completed. Under
O , ™ . : -

ideal conditions,

A. Calculate the average insty . hsuming that 20% Jof all instructions executed are branch instruction. Ignore
-i_l—_-—_

the fact that some brar tions may be conditional.
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An 1nstruction pipeline has five stages where each stage take 2
instructions are not overlapped. 1.e.
ideal conditions,

nanoseconds and all instruction use ail five stages. Branch
, the instruction after the branch 1s not fetched till the branch instructien 1s completed. Under

—

A. Calculate the average instruction execution timefassuming that 2(

/o of all instructions executed are branch instruction. [Ignore
the fact that some branch instructions may be conditional.

If a branch instruction is a conditional branch instruction, the branch need not be taken.
the following instructions can be overla

[f the branch 1s not taken,
ed. When 80% of all branch instructions are mndmmnl br'mt.,h instructions, and

50% of the conditional branch instructions are such that the branch 1s taken, calculate the ax n execution time.
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A CPU has a five-stage pipeline and runs at 1 GHz frequency. Instruction fetch happens in the first stage of the pipeline. A

conditional branch instruction computes the target address and evaluates the condition in the third stage of the pipeline. The
processor stops fetching new instructions following a conditional branch until the branch outcome is known. A program executes
10 instructions out of which 20% are conditional branches. If each instruction takes one cycle to complete on average, the total

execution time of the program is:

A. 1.0 second

B. 1.2 seconds
C. 1.4 seconds
D. 1.6 seconds
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hing new instructions following a conditional branch until the branch outcome is
q . - = -
10” instructions out of which

execution time of the program is:

A. 1.0 second
B. 1.2 seconds
=~1.4 seconds +~
D. 1.6 seconds
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