EE 560 Advanced Computer Architecture — Final Exam Name:
You have two hours (120 minutes) to complete this test. |
’J_DP{-g 1. Consider the iron law of performance. Note that we have used two versions of the Law.

RISC: 1/Performance = Cycles / Instruction  * Seconds / Cycle  * Instructions / Task

'S
Upks 2 . -
a. How did RISC attempt to improve the first term (CPI)?

Ppelinieg - o get close v 4 CPT

b. How did RISC attempt to improve the second term (SPC)?
Simp la‘(}l‘q ctrl. (ogic

c. Would you expect RISC to make the third term better or worse?
worse- eath iastrh dogs  (ess  weork

Superscalar: Performance = Instructions/ Cycle * Cycles/Second  * Task / Instructions

d. How did Superscalar attempt to improve the first term (IPC)?
By alling mu byl bdwe elemeats o puralle(

e. In general, superscalar’s internal control logic is much more complicated. Would
you expect superscalar to make the second term (CPS) better or worse?

Worse — opposite of RSC
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2. Given a non-pipelined and pipelined design, both shown below, answer the following
309*5 questions.

PC (1 ns tcp)
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y
Instr. Cache 6 ns Instr. Cache 6ns | Stage 1
3
InStruCtion l As
A A 4
Instr. Decode 4 ns Instr. Decode 4ns Stage 2
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Write . .
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Reg. File write v
(3 ns tsy)
Pipeline DFF’s: tcg = tsy = 1ns
Pets . .
a. Compute the cycle time and latency of both designs. _
Von- Plpe: 14644 + $H( 48485 = 33 pg (m‘enc, /Cyc fe +ime [I/la'ﬂ’\ _err\f
“~ e
P"?{Z (0 as cpele +ime 9 f&; /M\S“’

6¥0<= 6O As (a\‘en(y

7{*‘» b. Compute the speedup of the pipelined design relative to the non-pipelined design.

§peez€af: 33 - 3.3
0




7p1‘$ d.

In the pipelined design, how many stages have a delay that is less than the cycle
time? What is the average stage delay?

v Y
Y shges i‘g_; £:71%= 73345

Can pipeline stages be removed from the pipelined design without increasing the
clock-cycle time? If so, which stages?

9

No‘,

20 (,\3 3. Consider a processor with a 32-bit virtual address and a 32-bit physical address.

Level 1 Cache: 64kByte, 16 byte cache line size, 1% miss rate, 1 ns access time
Level 2 Cache: NONE

RAM: 15 ns access time

TLB: 4 kByte page size

The Level-1 cache and TLB are accessed in parallel.

6 a

Is the L-1 cache addressed with virtual or physical addresses?
—eviriual

. For the L-1 cache, how big are the offset, index, and tag fields?

0sef-= U bits
indey = % bits
1'47 (€6 bts

(r 11

For the TLB, how big is the VPN (virtual page number)?
12- bit et = 20— bt VPN

. How many bits of address are needed to resolve cache aliasing?

{ bits

Calculate the average access time in ns. \ . . ,L(
9% ¢ las = 044 as Ra T &
[9 & LSns = 0.5 s

[.1Y ns




4. Consider a RISC processor with a 6-stage pipeline, and how to convert the processor
from RISC to Superscalar.

20 pte

Sa.

In changing to a processor that is 3-way superscalar (that is, a processor that tries
to execute 3 instructions in parallel), would you expect the complexity to go up by
less than a factor of 3, exactly a factor of 3, or more than a factor of 37

More Hhan 3

. What types of buffers have to be added before and after the functional units, and

what are the purposes of the buffers?
Reordderiag bulters -
behre! Aspatvh when (astrs are sady
after: cetire A original oastr. ocder
L Mo parpose i ~ 3 . . .
Since it is Superscalar, what ﬁas 1€ responsibility for checking the instruction
dependencies — the hardware or the compiler?

hardwure

. If the processor were VLIW instead of Superscalar, which would have the

responsibility for checking dependencies — hardware or compiler?
Com Ioﬂe e




