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Data Hazards

Solution 1:
Hardware Solution




Consider the pipeline in Figure 8.2. The data dependency just described arises
when the destination of one instruction is used as a source in the next instruction. For
example, the two instructions

Mul R2,R3,R4
Add RS5,R4,R6

give rise to a data dependency. The result of the multiply instruction is placed into
register R4, which in turn is one of the two source operands of the Add instruction.
Assuming that the multiply operation takes one clock cycle to complete, execution
would proceed as shown 1n Figure 8.6. As the Decode unit decodes the Add instruction
in cycle 3, it realizes that R4 is used as a source operand. Hence, the D step of that
instruction cannot be completed until the W step of the multiply instruction has been
completed. Completion of step D, must be delayed to clock cycle 5, and is shown as
step D4 in the figure. Instruction I is fetched in cycle 3, but its decoding must be
delayed because step D3 cannot precede D;. Hence, pipelined execution is stalled for
two cycles.
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Data Hazards

Solution 2:
Software(Compiler)

Solution
T Y
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8.2.8 HANDLING DATAa HAZARDS IN SOFTWARL

In Figure 8.6, we assumed the data dependency is discovered by the hardware while the
instruction is being decoded. The control hardware delays reading register R4 until cy-
cle 5, thus introducing a 2-cycle stall unless operand forwarding is used. An alternative
approach is to leave the task of detecting data dependencies and dealing with them to the
software. In this case, the compiler can introduce the two-cycle delay needed between
instructions I; and I, by inserting NOP (No-operation) instructions, as follows:

I,: Mul R2R3,R4
NOP

NOP
b Add RS5,R4,R6
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If the responsibility for detecting such dependencies is left entirely to the software, the
compiler must insert the NOP instructions to obtain a correct result. This possibility
illustrates the close link between the compiler and the hardware. A particular feature

can be either implemented in hardware or left to the compiler. Leaving tasks such as
inserting NOP instructions to the compiler leads to simpler hardware. Being aware of
the need for a delay, the compiler can attempt to reorder instructions to perform useful
tasks in the NOP slots, and thus achieve better performance. On the other hand, the
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Data Hazards

Solution 3:
Operand Forwarding

Hardware Solution
7 ye—




SRC1,SRC2 | RSLT

‘— Forwarding path

(b} Position of the source and result registers in the processor pipeline

Figure 8.7 Operand forwarding in o pipelined processor.
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Consider a pipelined processor with the following four stages:

e [F: Instruction Fetch

e ID: Instruction Decode and Operand Fetch
e EX: Execute

e WB: Write Back

The IF, ID and WB stages take one clock cycle each to complete the operation. The number of clock cycles for the EX stage
depends on the instruction. The ADD and SUB instructions need 1 clock cycle and the MUL instruction needs 3 clock cycles in the
EX stage. Operand forwarding is used in the pipelined processor. What is the number of clock cycles taken to complete the
following sequence of instructions?

ADD R2,R1,R0 R2 + R1+R0
MUL R4,R3,R2 R4 < R3xR2
SUB R6, R5, R4 R6 <+ R5—R4

AT

B. 8

C. 10

D. 14

ewww.goclasse s.in
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1.18.10 Pipei'ning: GATE CSE 2007 | Question: 37, ISRO2009-37 wp v https:igateovertiowini23s [OR 0]
—— L
=]

Consider a pipelined processor with the following four stages:

¢ IF: Instruction Fetch ’74_1// ’A
—= [D: Instruction Decode and Operand Fetch &
9 79/7‘.

e ———
The IF, ID and WB stages take one clock cycle £ach to complete the operation. The_number of clock cycles for the EX stage
depends on the instruction. The ADD and SUB iifstructions need 1 clock cycle and th¢ MUL instruction needs 3 clock cycles in the
EX stage. Operand forwarding is used in the/pipelined processor. What is the number of clock cycles taken to complete the

following sequence of instructions?

ADD @%ﬂ
v MUL R4, R3/R2
e A

SUB R6, R57R4
—-

‘—EX: Execute
_—+"WB: Write Back

—

R2 < R14RO

R4 + R3xR2
R6 + R5—R4
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GATE Overflow Test Series | Mock GATE | Test 6 | Question: 38

(V) asked in CO and Architecture Jan 30, 2022 - edited Jan 30, 2022 by Lakshman Patel RJIT 1h 160 views

@ Consider a 5-stage pipeline - IF (Instruction Fetch), ID (Instruction Decode and register read), EX (Execute), MEM
(Memory), and WB (Write Back). All register reads take place in the second phase of a clock cycle and all register writes
2 occur in the first phase and there is no operand forwarding in use. Consider the execution of the following instruction

sequence:

e I
e I

o Iy
o Iy

: R1 «+ Ry + Rj
:Rg(—Rl—Rz

M[R;3] < R,
Ry < R3 * Rl

If the number of RAW (Read after write) hazards is denoted by A, WAR (Write after read) hazards by B and WAW (Write
after write) hazards by C', then 2A + 3B + C =

ewww.goclasses.in
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GATE Overflow Test Series | Mock GATE | Test 6 | Question: 38

Tt | oA
(O asked in CO and Architecture Jai 2022 - edited Jan 30, 2022 by Lakshman Patel RJIT < 4{( — i 160 views
L2 P

Phs
@ Consider a 5-stage pipeline - IF (Instruction Fetch), ID (Instruction Decode and register read), EX (Execute), MEM <

(Memory), and WB (Write Back). All register reads take place in the second phase of a clock cycle and all register writes
2 occur in the first phase and there is no operand forwarding in use. Consider the execution of the followmg instruction

O

141 = 3

sequence:

e I
o Iy :
Is:
'I4:R2<—R3*

2+R3
1 — Ry

:R1<—
)
3

1

1
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GATE Overflow Test Series | Mock GATE | Test 6 | Questlon 38

1 ] g‘/o/;;—

w nH
(O asked in CO and Architecture Jan 30, 2022 - edited Jan 30, 2022 by Lakshman Patel RJIT /{ — il 160 views

Phs
@ Consider a 5-stage pipeline - IF (Instruction Fetch), ID (Instruction Decode and register read), EX (Execute), MEM <

(Memory), and WB (Write Back). All register reads take place in the second phase of a clock cycle and all register writes
2 occur in the first phase and there is no operand forwarding in use. Consider the execution of the fo]lowmg instruction

SEQUEHCE

°11 1<—R2+Rs O

9 Ra 1 — R
'Ia R3]<—Rl
e Iy: Ry < Rax R4

If the number of RAW (Read after write) hazards is denoted by A, WAR (Write after read) hazards by B and WAW (Write

after write) hazards by C', then2A +3B+C = _________ %
EE— — e \_,,’//

ewww.goclasses.in
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1.18.33 Pipelining: GATEIT 2006 | Question: 8 ws ____________~ nspwowronnacz [OFID

I
A pipelined processor uses a 4— stage instruction pipeline with the following stages: Instruction fetch (IF), Instruction decode =
(ID), Execute (EX) and Writeback (WB). The arithmetic operations as well as the load and store operations are carried out in the EX
stage. The sequence of instructions corresponding to the statement X = (S — R+ (P+ Q))/T is given below. The values of
variables P,Q,R,S and T are available in the registers R0, R1, R2, R3 and R4 respectively, before the execution of the
instruction sequence.

ADD R5,R0,R1  ;R5« RO +RI
MUL R6,R2,R5  ;R6+ R2*R5

SUB R5,R3,R6  ;R5+« R3-R6
DIV  R6,R5, R4 . R6 + R5/R4
STORE  R6,X :X « R6

The number of Read-After-Write (RAW) dependencies, Write-After-Read( WAR) dependencies, and Write-After-Write (WAW)
dependencies in the sequence of instructions are, respectively,

S www.goclasses.in
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ruction sequence.

3 ?

. 5%’:1
; R6 < R2*R5 J
; RS

SUB  R5,R3,R6( ;R5« RI-R6 ~ 3
T.- o R L S
3 DIV R6, R5, R4 : R@Zm T z
£, —Ls STORE  R6,X X<R6 7 2~73 /X
T > .7}_‘ 2 ~2 3
s 'Zy S X

The number of Read-After-Write (RAW) dependencies, Write-After-Read( WAR) dependencies, and Write-After-Write (WAW)
dependencies in the sequence of instructions are, respectively,

e —— ,
XA 2,24 W’?W bq, ""1"3-3“@)
> B. 3,2,3 \p N
Ul - n
—h LI > — LYY

G www.goclasses.in
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A processor takes 12 cycles to complete an instruction I. The corresponding pipelined processor uses 6 stages with the
execution times of 3,2,5,4,6 and 2 cycles respectively. What is the asymptotic speedup assuming that a very large number of
instructions are to be executed?




ni..
.
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A non pipelined single cycle processor operating at 100 M Hz is converted into a synchronous pipelined processor with five
stages requiring 2.5 nsec, 1.5 nsec, 2 nsec, 1.5 nsec and 2.5 nsec, respectively. The delay of the latches is 0.5 nsec. The
speedup of the pipeline processor for a large number of instructions is:

gate2008-it co-and-architecture pipelining
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We have two designs D1 and D2 for a synchronous pipeline processor. D1 has 5 pipeline stages with execution times of
3 nsec, 2 nsec, 4 nsec, 2 nsec and 3 nsec while the design D2 has 8 pipeline stages each with 2 nsec execution time How much time

can be saved using design D2 over design D1 for executing 100 instructions?

A. 214 nsec

A

B. 202 nsec
C. 86 nsec

D. —200 nsec
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A five-stage pipeline has stage delays of 150,120, 150,160 and 140 nanoseconds. The registers that are used between the

pipeline stages have a delay of 5 nanoseconds each.
The total time to execute 100 independent instructions on this pipeline, assuming there are no pipeline stalls, is
nanoseconds.
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Consider the following code sequence having five instructions from I; to I5. Each of these instructions has the following
format.

OP Ri, Rj, Rk

Where operation OP is performed on contents of registers Rj and Rk and the result is stored in register Ri.
I: ADD RI1, R2,R3

I>: MUL R7,R1, R3

I3: SUB R4, R1, R5

I,: ADD R3, R2, R4

Is: MUL R7, R8, R9

.‘

Consider the following three statements.
S1: There is an anti-dependence between instructions I» and I5
S2: There is an anti-dependence between instructions [2 and Iy

S3: Within an instruction pipeline an anti-dependence always creates one or more stalls
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Consider the following code sequence having five instructions from I; to I5. Each of these instructions has the following [Efel:
format.
YesHngty,
OP Ri, Rj, Rk FngI7 oV
R

Where operation OP is performed on contents of registers Rj and Rk and the result is stored in register Ri.

I;: ADDRI, R2,R3

I;: MUL R7, R1, R3 Iz._I . wﬁw\/"’"

5
I3: SUB R4, R1JR5 5 D

I,: ADD R3, R2, R4 60’47(9 7
I5;MUIE_,R8,R9V WAK Dep. \fp/r

Consider the following thr

S1: There is an anti-dependence between instructions I» and Iy TN O NE(_/ : /
S2: There is an anti-dependence between instructions I2 and Iy \.{ ES *Z;, J 17
.
0

S3: Within an instruction pipeline an anti-dependence always creates one or more stalls
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E.l E

I:
Consider a 5—stage pipeline - IF (Instruction Fetch), ID (Instruction Decode and register read), EX (Execute), MEM =
(memory), and WB (Write Back). All (memory or register) reads take place in the second phase of a clock cycle and all writes
occur in the first phase. Consider the execution of the following instruction sequence:

I1: | subr2,r3,r4 /¥ 2 1r3—rd4d */
12: | subr4,r2,r3 /¥ rd 12173 */
I3: | swr2,100(r1) | /* M][rl+100] «+r2 */
I4: | sub r3,r4,r2 /¥ r3—rd—1r2 */

A. Show all data dependencies between the four instructions.
B. Identify the data hazards.
C. Can all hazards be avoided by forwarding in this case.
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GATE CSE 1999 | Question: 13

©) asked in CO and Architecture Sep 24,2014 - edited Oct 20, 2019 by Satbir ih 7,973 views

@ An instruction pipeline consists of 4 stages - Fetch (F'), Decode field (D), Execute ( E) and Result Write (W). The 5
instructions in a certain instruction sequence need these stages for the different number of clock cycles as shown by
33 the table below

Instruction | F | D | E| W
1 1121 1
2 112121
3 211 |3 2
4 1132 1
5 1121 2

Find the number of clock cycles needed to perform the b instructions.

G www.goclasses.in
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GATE CSE 2002 | Question: 2.6, ISRO2008-19

(V) asked in CO and Architecture « edited Jun 20, 2018 by Milicevic3306 ih 9,414 views

@ The performance of a pipelined processor suffers if:

27 A. the pipeline stages have different delays

@ B. consecutive instructions are dependent on each other
C. the pipeline stages share hardware resources
D. All of the above

gatecse-2002 co-and-architecture  pipelining easy isro2008
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Next Session:
WAW, WAR Hazards

X Register Renaming
- Y—




Hazards vs. Dependences

dependence: fixed property of instruction stream (i.e., program)

hazard: property of program and processor organization

* implies potential for executing things in wrong order
» potential only exists if instructions can be simultaneously “in-flight”

» property of dynamic distance between instrs vs. pipeline depth

For example, can have RAW dependence with or without hazard
» depends on pipeline

© 2009 by Sorin, Roth, Hill, Wood, ECE 252 / CPS 220 Lecture Notes
Sohi, Smith, Vijaykumar, Lipasti Pipelining
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8.6 SUPERSCALAR OPERATION

Pipelining makes it possible to execute instructions concurrently. Several instructions
are present in the pipeline at the same time, but they are.in different stages of their
execution. While one instruction is performing an ALU operation, another instruction
i8 being decoded and yet another is being fetched from the memory. Instructions enter
the pipeline in strict program order. In the absence of hazards, one instruction enters the
pipeline and one instruction completes execution in each clock cycle. This means that
the maximum throughput of a pipelined processor is one instruction per clock cycle.
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A more aggressive approach is to equip the processor with multiple processing units
to handle several instructions in parallel in each processing stage. With this arrangement,
several instructions start execution in the same clock cycle, and the processor is said to

use multiple-issue. Such processors are capable of achieving an instruction execution
throughput of more than one instruction per cycle. They are known as superscalar
processors. Many modern high-performance processors use this approach.




ey -« - Computer Organisation GO Classes

8.6.1 OUT-OF-ORDER EXECUTION

In Figure 8.20, instructions are dispatched in the same order as they appear in the
program. However, their execution is completed out of order. Does this lead to any
problems? We have already discussed the issues arising from dependencies among




GO Classes Test Series 2023 | Mock GATE | Test 8 | Question: 64

(O asked in CO and Architecture 3 days ago - edited 2 days ago by Lakshman Patel RJIT i 243 views

@ Consider the following instruction sequence for a hypothetical RISC processor.

5 T.R1 + R2 +R3
U.R4 < R5 + R6
V.Rb < R7 + R8
W.R9 + R5 + R1
X.R10 «+ R4 + R1
Y. R11 < R10 + R1
Z.R9 + R1+ R4

Which of the following is a possible legal execution order for the instructions on an out-of-order processor without
register renaming?

AT, U X V,W,ZY
B.T,U,X,V,Z,W,Y
C.T,V,U,X,W,Y,Z
D.U,T,V,Y,X,W,Z




GO Classes Test Series 2023 | Mock GATE | Test 8 | Question: 63

(©) asked in CO and Architecture 3 days ago -

@ A classical RISC five-stage pipeline is depicted below:

5

edited 2 days ago by Lakshman Patel RJIT

instruction
fetch

register
fetch

execute

memory
access

register
write back

The pipeline has the following characteristics.

* The register file is written at the end of the clock cycle.
* The pipeline does not have other bypassing/forwarding hardware.

Consider the following sequence of assembly instructions:

ih 265 views

#1:
#2:
#3:
#4:
#5:

ADD R1, R2, R3
SUB R4, R1, RS
AND R6, R1, R7
OR R8, R1, R9
XOR R10, R1, R11
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In all the above instructions, the destination register is the first (leftmost) register.

A read-after-write(RAW) data dependency occurs when a later instruction requires an input value that is set by an
earlier instruction. A RAW data hazard occurs when one instruction writes a value into a register that will be used as
input by a later instruction, but that value does not actually appear in the register by the cycle on which the later
instruction attempts to read it.

Note that a RAW data hazard always implies a RAW data dependency, but some RAW data dependencies do not imply a
RAW data hazard.

Identify the data hazards that would prevent the given sequence of instructions from executing correctly on the given
hardware design above, unless the compiler inserted one or more nop instructions for correct execution.

Which of the following statements is correct?

A. Every RAW dependency in the given program is a RAW data hazard for the given pipeline.

B. The number of RAW dependencies in the given program is 4 but only 1 of them is a RAW data hazard for the
given pipeline.

C. The number of RAW dependencies in the given program is 4 but only 3 of them are RAW data hazards for the
given pipeline.

D. The number of RAW dependencies in the given program is 1 and it is a RAW data hazard for the given pipeline.
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Next Session:
Control Hazards




