Computer Science Comprehensive Examination
Computer Architecture
[60 points]

This examination is open book. Please do all of your work on these sheets, Do nol do your work in a blue
book,

By placing your number below you indicate that yon agree in the spirit of the Stanford Honor Code to
neither give nor receive unpermitted aid on this exam.

Problem | Max Score | Your Score

| | - .
2 25 - E
3 27

TOTAL | 100 B
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Problem 1: Short Answer [ 4 points each, 48 points total]

A, Cache A is an 8K-byte direct-mapped cache. Cache B is a 16K-byte four-way set associative cache.
Cache C is a 32K-byte four-way sel associative cache.  All caches have sixteen-byte lines, start in the
same initial state of all lines invalid, uee an LRI replacement policy, and see the same sequence of
memory references.  After this sequence of references, which of the following stalements are trae.
Circle all that apply.

(a) Cache B will always contain every ling in cache A
{b) Cache C will always contain every ling in cache B
(<) Cache C will always contain every ling in cache A

B. Compared to an 8K-byte direct-mapped cache, what type of misses will a 16K-byie direct-mapped
cache have fewer of 7 7 Circle all that apply.

{a) compulsory
() conflici
() capacity

C. Adding a cache memory (o a system chanpges which of the following memory parameters? Circle all
thet apply and denote the direction of change with an up ammow or a down arrow,

{a) Memory latency

(b} Memory bandwidih
() Memory address space
{d) Memory reliability

[ Ina 3XK-byte four-way set-associative cache with 32-bvie blocks, how large is the index febd vsed 1o
address the cache armay? (write down the mumber of hits)

E,  If the cache of gquestion D is physically tagped and physical addresses are 40-bits long, what is (he
minimum possible length the tag may be for correct operation? (write down the number of bits)

F, Which instraction st will give the best cade density?

{a) An accumualator instraction e

(b) A RISC instaction set with fixed 32-bit instroction formats
() A CISC instruction set with varisble-lengih instrction formats
{c) A stack instrection st
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Which mean should be used to combine execution times of programs? Circle all that apply.

(a) Aothmetic mean
(b} Geometric meam
() Harmonic mean

In the steady state, what will be the prediction sccuracy of a two<bit branch predictor on the sequence
TTTTHTTTTM (T=taken, M=ol taken)?

Wikich will have betier throughput, a machine that wses scorchoarding (with no bypassing) to avoid
read-after-write hazards, or a machine that uses bypassing 10 avoid these bazards?

(a) Scorchoarding with no bypassing
(b) Bypassing

A processor has a six-stage pipeline with stapes Fetch, Decode, Register Read, Execute, Memaory,
Register Write and is able (o excowte one instruction per cycle in (he absence of branches, All
branches are predicted a5 not taken.  When a branch is taken, the condition and address are both
gencrated during the Excoute pipeline stage 11 conditional branches account for 10% of all
mm%ﬂmﬁwm”mmwﬂlhdﬁMMﬂwﬂ
processor? Express your answer in clocks per insiruction (CP).

A machine with regisier renaming is able to reorder instructions withowt regard to what type of
dependencies? Circle all that apply.

(a) Daia dependencies
{b) Ountput dependencics
() Anti-dependencics
() Control dependencies

An instruction for protecied subsystem eniry (sometimes called system call) most change which subset
of the following five things atomically? (circle all that apply)

{a) The contents of a data register

(b} The program counter (sometimes called instmction poinker)
{c) The contents of the page table

{d) The contents of the cache

(&) The privilege level
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Problem 2: Pipeline Architecture [25 points total]
Suppose you have a CPU with a 6 siage pipeline containing the following stages:

F: insiruction fetch

I¥: instruction decode

E: regisier read (and branch sddress calculation)

A execute ALU operations (including determimnation of branch condifion)
i memory load and store

W wnite back to register file

The register file cannod read a value that is being written in the same cycle. The machine has bypass paths
from the output of the A, M, and W stages to both inputs of the ALL.

A

[5 points] What is the latency of an unconditional branch on this machine? Assome no prediction or
speculation is eraployed. [Mote: Latency is defined as the anmber of cycles from when this instruciion
is executed until the nexd instroction s executed. E.g, the Iatency of a simple instruction with no
dependencies is one, )

[5 points] What is the ktency of 3 conditional branch? Again asseme no speculation abool bramch
direction or distance,

[5 points] The instruction register at each pipeline stage is denotiad by TR for cxample IR, is the
instruction register at the ALTS stage, The source and destination fields of the IR are denoted [R_A
(soarce 1), IR.B (zource 2), and TR.C (the destination). For cxample, the destinalion feld of the IR at
the M stage is TRy, C. Each IR also has a valid feld TRV that indicates when it containg a valid
instruction. Using this notation, write a logical expression that indicates when the bypass path from
the: output of the M stage to the first (A) input of the A stage should be activated.
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D, [10 points] Consider the following instroction sequence:

Brz r5, EXIT

Add rl < £5 + r&E
Loacd r2 <= [l + 4]
Aadd r4 <- r2 + 3

Agguming that the branch is not taken and that no instractions anc fetched specalatively, how many
cycles does this take to execute from the time the [P peints to the branch instruction wstil the result of
the add is written to the register file? Explain your answer, Yon may want to draw a timeline.
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Problem 3. Instruction Issue [27 points total]

Consider the following instraction sequence:

LI
ADD
LD
AoD
Lo
ADD
MUL
ADD

@ =] oh LA s L R

X, Rl
Rl, #5,R2
Y, R3
Bi,R3, R4
Z,R5
A1, RS, RG
RE, R, BT
R7,#3, RE

i R2

"
r

Fd

217

! E7

a
r

R

Rl

RZ

RL
RB&

R? +

R4
3

You may assume that all arithmetic operations have two-cycle katency and all loads have four-cycle
latency. That is, the resolt of an arithmetic (memory) operation is available two (four) cycles after that
operation enters the first execution stage of the machine. Also assume that there is full bypassing, that all
loads hit in the cache, and (hat an arbitrary sumber of loads (and arithmetic operations) can be in I'Ilghlil:ta
single time, Hini: you need only consider the execution and memory stages of the pipeline to answer this

quecsLEon.

A [7 points] How many cycles docs this sequence take to execule on a single-issue in-order machine?
Mieasure time from the cycle that the first instroction issnes (enters the excoution stage) fo the cycle in
which last instruction completes, For example, the losd of instruction 1 issues in cyche 1 and
completes in cycle 4, This enables the ADID of instruction 2 to issue in cycle 5 and complete in cycle

6. Show vour work

B. [7 points] If issue order and resources are nol lindied, what is the shartes) time this sequence of

instructions coold take? Show your work.
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C. |7 poinis] How many cycles does this sequence take to execule on an in-order machine with multiple
issne (assume an issoe width as wide as you need)? Show your work

D. |6 poinis] Can you statically reorder the code to give the wide in-order machine of part C the
performance bound of part BY If so, show the now ordering.
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