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1) Short Answer Questions (30 points— 3 points each unlessmarked)

A) A program consist of 15 subroutines — each run once You know the CPI for each subroutine and how
many instructions are in each subroutine. Which mean should be used to compute the CPI for the entire
program?

Weighted Arithmetic Mean

B) A wel-encoded variable-length instruction set has better code density than a well -encoded fixed-length
instruction set (true or false).

True

C) All acaumulator machines must use self-modifying code to traverse alinked list (true or false).

False

D) Increasing a5-stage DLX pipeline to a 6-stage pipdli ne by breaking the exeate stage into two stages will
add how many additional stall cyclesto the foll owing code:

ADD RlI,R2,R1
LW R2, 0(R2)
ADD R1,R2,R1
J | abel

1 extra stall
5 stage pipeline:

FRAMW
FRAMW
FR - AMW
FR - AM W

6 stage pipeline:

FRAAMW
FRAAMW
FR - - AAMW
FR - - AAMW

E) What isthe asymptatic prediction acauracy of atwo-bit branch predictor on the repeating pettern
TTNTTTTNTTTTNTT... (T=taken, N=not taken).

80% - eventually the predictor will hit the strongly-taken state after 4 T's— after that it will alwayspredict T
and be wrrect 80% of thetime.
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F) An out-of-order superscalar implementation of a RISC architedure an sometimes have a higher CPI than

an in-order multi ple-issue implementation with similar exeaution resources. (true or false)
True

G) (6 points)
Rewrite the fallowing program from a 3-addressDLX architedure using a 2-addressversion of the DLX
architedure.
Example: 2 addressDLX

ADD R8,R9 (R8 = R8 + R9)
Be sure that your program is exactly equivalent. (Asume RO isaways 0)
XOR R3,R2,R1
ADD R6,R5, R4
ADD R7,R3, R6
For example:

XOR  R3,R3
XOR R3,R2
XOR R3,R1
XOR R6, R6
XOR R6,R5
ADD R6, R4
XOR R7,R7
XOR R7,R3
ADD R7,R6

H) Adding afaster floating-point unit to a machine will give a speedup of 3 on instructions that make up 7%

of the runtime on the original machine. What isthe overall speedup of the machine due to this
modification.

Speedup = old execution time/ new execution time

1)

=1/(.25* 1+ .75* 1/3)
=15
=2

In order to reorder two store operations on an out-of-order superscalar processor, what two conditi ons must
be met?

2 of the following:

The two stores cannot have overlapping addr esses
There cannot be any loads or storesto overlapping addr esses between the two stores
There cannot be any unrecover able exceptions from the second store
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2) Pip€lining (25 points)

Consider the following 8-cycle pipelined processor that we will call SUPER-DLX.

IF1 Instruction fetch 1. send addressto |-cache

IF2 Instruction fetch 2: recave instruction from I-cache

ID1 Instruction deade begins, branch or jJump target computed
ID2 Read registers, branch condition computed

EX ALU operations computed (addressfor load/store alculated)

MEM1 | Memory 1. send addressto D-cache

MEM2 | Memory 2. read/write data to D-cache

WB Write results back to register file

In SUPER-DLX, the writes to the register file ocaur in the first half of the gycle and the register reads ocaur in the
seaond half of the gycle. You can assumethat the IF and MEM stages are pipeli ned so that oneinstruction fetch (1F)
and one data access(M) can begin each cycle.

A. (7 points) Assumethat all possble useful bypasspaths will be incorporated into this pipdine. List all of the
bypasspaths.

First look at your producersand consumersin the pipeline.

Producers. EX, MEM 2

Consumers; EX, MEM2, ID1, ID2 (note: MEM 1 isnot a consumer because the addressis calculated during
the EX stage).

EX->EX MEM 1->EX MEM2->MEM?2

EX->ID2 MEM1->1D2 MEM 2->EX

EX->ID1 MEM1->ID1 MEM 2->1D2
MEM2->|D1

B. (6 points) List all forwarding paths that are exercised to exeaute the foll owing code on the SUPER-DLX.
How many stall cycleswill occur, if any?

LW R, 8(R4)
ADD R3, R, R5
ADD R4, Rl, R3
SW R4, O(R6)

PR

Forwarding Paths

1) MEM2->EX (LW to ADD)
2) EX->EX (ADD to ADD)
3) MEM2->MEM2 (ADD to SW)
(also accepted EX->EX for ADD to SW)

| Number of Stall Cycles | 2

There are 2 stalls between the LW and ADD. No other stalls occur.
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C. (6 paints) For the following pieceof code how many stall cycles will occur from the first SUB to theinstruction
at END if the branch istaken? Assume that the branch target is always corredly predicted if the branch istaken.
Answer the question for no prediction, predict not taken, and predict taken.

1. SUB R3, R7, R8

2. BEZ R3, END /1 branch if R3 ==

END: SW R3, 4(R9)
scheme # Stall Cycles
no prediction 4
predict not taken 4
predict taken 1

Also accepted 3 for predict taken case sinceyou were not
explicitly told where the tar get prediction occurs.

For “no prediction” casethereisone stall between the SUB and BEZ. Then 3 more stallsare incurred in
waiting until the ID2 stage hasfinished exeauting. Thisbringstotal stallsto 4.

For “predict not taken” case thereisone stall between the SUB and BEZ. Then the pipeline hasto squish 3
instructionsthat wereincorrectly fetched. Thisbringstotal stallsto 4.

For “predict taken” casethereisone stall between the SUB and BEZ. Sincewe asauumethetarget ispredicted
correctly in the IF1 stage (which isthe normal placeit would occur), weincur no aher stalls. Thisbringsour
total stallsto 1. If you did not assume a prediction of tar get then you would know where to branch at the end
of the D1 stage and would then incur atotal of 3 stalls.

D. (6 points) For each of the foll owing instruction sequences, spedfy any forwarding path used and/or the number
of stall cyclesthat arerequired on the SUPER-DLX.

Type Instruction Sequence Forwarding Path Stalls

1 ALU Rx, -, - MEM2_i=> 0
Store Rx, 0(-) MEM?2 i+1

2 Load Rx, 0(-) MEM2_i=> 2
ALU -, -, Rx EX_i+3

3 Load Rx, 0(-) MEM2_i=> 3
Branch Rx, Ry, target |ID2 i+4

4 ALU Rx, -, - EX_i=>1D2 i+2 1
Branch Rx, Ry, target

5 Load Rx, 0(-) MEM2_i=> 1
ALU Ry, RO, RO EX_i+3
ALU -, -, Rx

6 ALU Rb, -, - EX_i=>EX_i+1 0
Store -, O(Rb)
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3) Branch Prediction (20 points)

Consider the foll owing fragment of “C” code:

for(i=0;i<5;i++) {
/1l block a
if(i&) { // if i is odd
/1 block b
}

}

and suppose that the “for” statement and the “if” statement are bath realized with a BNZ instruction. Remember
that in “C”, theloop test is performed prior to exeauting the logp body.

(@ (5 points) In the steady state, what is the prediction accuracy for each of the following predictors on these two
branches. Fill i n the blanksin the table

Predictor Acauracy on “for” | Acauracy on “if”

Static, predicting taken for bath the for and the if

One-bit predictor

Two-hit predictor

Pattern-based predictor with afour-hit pattern

Pattern-based predictor with afive-bit pattern

Suppose that this machine has a 9-stage pipeli ne with the foll owing stages

F1 — start the fetch, predict if theinstr. isabranch, whether it istaken or not, and if taken, the target address
F2 — compl ete the fetch

D — demde the instruction — know it’sabranch at the end of D, branch addressavail able at the end of this gage
R —read the registers, resolve branch condition

Al -—start ALU operation

A2 — complete ALU operation

M1 — start memory operation

M2 — complete memory operation

W —write the result to registers

(b) (4 points) What is the penalty for a mispredicted branch?
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(©) (4 points) What is the penalty when a branch is corredly predicted as taken, but the branch addressis
incorredly predicted?

(d) (7 points) Assume the foll owing

Thereareno stall sin this pipeline except for branch instructions.

Branch instructions acoount for 20% of all i nstructions

30% of branch instructions are taken

Branches are arredly predicted 90% of thetime

Thetarget addressfor ataken branch is corredly predicted 50% of thetime

gpONE

What isthe CPI for this machine?
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4) Dynamic Scheduling (25 points)

A loop bady has been naively compiled as.

LOOP:
1. LW R4, O(R1)
2. LD F2, 0( R2)
3. LD F4, O( R3)
4, ADD R4, R4, R3
5. LD F6, O( R4)
6. MULD FS8, F6, F4
7. MULD F10, F8, F2
8. ADDD F8, F8, F2
9. SUBI R1,R1, #4
10. SUBI R2, R2, #4
11. SUBI R3, R3,#4
12. SUB R5, R1, R6
13. BNEZ R5, LOOP

The exeaution time of the operations (the time from which the instruction enters the first exeaute stage of the
pipeline until the result is avail able for bypass is as foll ows:

LWor LD (hit)
LWor LD (mss)
ADDD or SUBD
MULD

cycl es (Pipeis FRAMW
cycl es

cycl es

cycl es (Pipeis FRAAAAW

AWOWNDN

All other operations have a1 cycle exeaution time.  All exeaution units are full y pipelined and can start a new
operation every cycle. Assumethat all | oads and stores hit in the data cache and that there are no instruction cache
mises. TheF, R, and W stages are 1 cycle for all operations. The number of A and M stages differ based on the
operation and can be determined from the information above. An instruction is complete when it completes the W
stage. The general-purpose register fileis sparate from the floating-point register file (one floating point register
and one general-purpose register can be written each cycle). All possbleforwarding paths exist. Nothing can issue
unlessawrite port will be available when it reaches the write stage.

Y ou may find the templates at the end of the exam useful in computing your answer. |f you wish the gradersto
consider information on these templates it must be labeled clearly. Ambiguous information will be disregarded.

A. (7 points) How long does oneiteration of thislogp take to exeaute on a statically scheduled, in-order issue
machine that can issie at most one instruction per cycle. Measure from when thefirst instruction starts (F stage)
until all i nstructions complete the W stage. Do not modify the code.

Number of Cycles 22
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B. (5 points) Now assume that your statically scheduled machine an fetch and issue up to 6 instructions per
cycle. (Thereare enough register ports (read and write), memory ports, and execaution units for any 6 instructions
per cycle) However, instructions gill must issuein order —an instruction cannot issue (enter the A stage) before an
earlier instruction. Now how many cycles does it take to exeaute the ade?

Number of Cycles 16

C. (7 points) Manually reorder the ade to give the best posshle exeaution time on the single-issue, in-order
machine from part A. Indicate the new ordering and give the exeaution timein cycles.

New Order 1 3 4 5 2 6 9 10 11 7 8 12 13

Number of Cycles 17

D. (6 points) Now consider a dynamicall y-scheduled, out-of-order machine that can issue up to 2 instructions per
cycle. Asaume that the machine an fetch upto 15 instructions ahead and always exeautes the earliest instructions
that areready. The write stage an complete 2 instructions per cycle. How many cycles will it t ake to exeaute one
iteration of thisloop using the original code?

Number of Cycles 16
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