CSE 471 Autumn 1998

Computer Design and Organization

Final Exam

F rida y Decem b er 11th

NAME :

Do all y our w ork on these pages. Do not add an y pages. Use bac k pages if necessary

. Sho w y our

w ork to get partial credit.

This exam is w orth 100 p oin ts. After eac h question, y ou will �nd the n um b er of p oin ts it is w orth.

Y ou should sp end appro ximately x min utes on a question w orth x p oin ts (e.g., 25 min utes on

question 1 w orth 25 p oin ts). That will lea v e y ou with 20 min utes to lo ok o v er y our w ork.

I. 25 p oin ts

I I. 10 p oin ts

I I I. 20 p oin ts

IV. 20 p oin ts

V. 25 p oin ts

1

I. (25 p oin ts) (This question con tin ues on the next page)

Consider the follo wing simple dual-issue CPU (cf. Figure b elo w) for arithmetic-lo gi cal op erations

only

. It has 2 pip elined functional units A and B that share an Instruction issue stage (fetc h +

deco de) and a single Register W rite-bac k stage . Allo cat ion of the Register W rite-bac k stage is done

during the Instruction issue stage. F orw arding is implemen ted, i.e., the execute latency of A is 1

(result a v ailable at the output of EX2) and that of B is 0. Instructions are required to execute

either on A or on B (this is dictated b y their op co des, i.e., there is no c hoice) and they ha v e to b e

issued in-or der but do not necessarily complete in order.

Issue

EX1

EX2 EX

WB

Pipe A Pipe B

1. t a en time t is it ossible to e instructions in progress ultaneously (if no, justify

our er in one tence; if es, just y es)

� in stages EX1 e A), EX2 e A), and EX e B).

� in stages EX2 e A) and EX

� in stages EX1 e A) and EX2 e A)

2

2. t time t, o instructions, y i and i + 1, are in the issue stage and the EX1, EX2, and

EX stages y or y not ecessing previous instructions. Instruction i is to execute in e A and instruction i + 1 in e B. State the conditions, i.e., ccupancy of e stages y

previous instructions and data hazards, under h:

(a) Both instructions will e in their execute stage, ely EX1 e A) and EX e

B) at time t + 1

(b) No instruction will e in its execute stage at time t + 1

3. What are the hanges in the conditions for (a) and (b) e (if y) when w instruction

i has to execute on e B and instruction i + 1 on e A.

3

I. (10 ts)

1. What are the 3 �elds in the bit-string tation of a ter?

2. Within that tation, what is a normalized er?

3. y A is an y of e normalized t single-precision (32 bits) ts.

The y is to e sorted in ascending order. Can one use an algorit hm h considers h

32-bit t as a 32-bit teger? Justify our er.

4

I. (20 ts)

Consider the wing paragraph tained in the description of a t duct, a single-issue elined cessor:

\The memory system comprises an 8KB data he, yciae, with 4 32-bit ords er

line. It is write-through and es not cat e on a write miss. Line h is erformed with the

addressed ord �rst and is king, wing hit-under-miss."

What do ou think ens:

� On a he read hit

� On a he read miss (in particular what is the implication of \addressed ord �rst" and es the eline ys stall to ait for the miss to e ed, i.e., w do ou terpret king, wing hit-under-miss")

� On a he write hit

� On a he write miss

5

IV. (20 ts) (This question ues on the next page)

1. What is the e rage memory access time (for data) of a memory y that consists of

� A ed L1 he with hit rate of 90% and access time of 1 cycle (on a hit).

Read and write misses will incur the same y .

� A y set ciati e L2 he with hit rate of 60% and access time of 10 cycles (on

a hit)

� The access time to main memory is 100 cycles

2. A victim he of 4 tries is w added to the memory y as an assist to the L1 he.

Explain what ens on:

� An L1 read hit

� An L1 read miss

6

3. Assume that 25% of the misses in L1 hit in the victim he and that the access time (on a

hit) to the victim he is 2 cycles. Hit rates to L1 and L2 remain the same. What is the

new erag e memory acce ss time.

7

V. (25 ts) (This question ues on the next page)

1. The state diagram w ws the 3 necessary states for a v alidate y he

coherence col as ell as the he state transitions based on requests from the CPU

to h the he is hed. Complete the diagram with transitions based on requests ed from the bus.

Explain what ens on read/write hits and misses.

Dirty

Clean Invalid

Read miss

Read hit

Write miss

Read hit

Write hit

Write hit