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QUESTION I:

Mark the following statements as either T (true) or F (false) and explain why.

1. Synchronous timing uses a global clock to coordinate bus transactions.
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2. An invalidation cache coherence protocol performs better than an update one
when shared data is typically written several times by a processor before
another processor reads it.

J—

l

3. A memory-mapped I/O architecture requires additional opcodes to specify I/O
access instructions.
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4. A processor using vectored interrupts does not require the exception PC
(EPC) to be stored when an exception or interrupt occurs.
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5. Caching of memory mapped I/O pages is a good way to improve performance.
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6. A 128-byte, fully associative cache with 16 byte cache blocks is the same as a
128-byte, 8-way set associative cache with 16 byte cache blocks.
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7. Predicated execution removes the need for jump and branch instructions in an
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"-:/ Qm}]()) (00(:3

-Quft(., Ca “

8. A virtual cache has shorter access time than a physical cache because it does
not require address translation as part of the access path.
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QUESTION II:

Give short answers to the following questions:

Suppose that you have an un-pipelined processor which requires 10 clock cycles
to perform a memory access, 4 cycles to perform a branch, and 2 cycles to

perform all other instructions. Suppose further that the processor clock frequency
1s 1500 MHz.

1. Suppose a program runs for 100 billion dynamic instructions. The dynamic
instructions consist of 30% memory accesses, 10%, branches, and 60% other
instructions. How much time will the program take to run?
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@2. A new design technique allows you to run the processor at 2000 MHz, but
memory accesses now take 15 cycles. How much faster would a processor
using the new design technique be?

(0,70-!5) + (80 )T (0.6 2)= 6.1 CfT

new Btae ~ 0% oy des
:iz :#Zg% ’ 6.1 cbT - 10o- Lo ke = L0710y
° J;m N (M - WA 305 sec.
. Ligs:-1 oo 1wt e
u’LVQf*'C) fatvod - -~ 6’(6»0)2; . ‘ oo b’; t/'t‘_l
< é&sk»f c r i 193
f dasyer

@ 3. Better compilation techniques might reduce the number of memory accesses.
What is the highest speedup (relative to the original processor) possible by
reducing the number of memory accesses if all other factors remain constant?
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QUESTION III:

The MIPS instruction set architecture contains a jump-and-link (jal) instruction and a
jump-register (jr) instruction to support function calls and function returns. The jal
instruction stores PC+4 in the register $ra and jumps to the specified function address.
The function can then return back to the caller by performing a jr to $ra.

If the jal instruction were removed from the ISA, could function calls and returns still be
implemented in this reduced MIPS ISA? Explain.
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QUESTION IV: Caches

1. A processor has a 32 byte memory and an 8§ byte direct-mapped cache. Table 0
shows the current state of the cache. Write hit or miss under the each address in the
memory reference sequence below. Show the new state of the cache for each miss
in a new table, label the table with the address, and circle the change:

PNl 10011 | 00001 | 00110 [ 01010 [ 01110 | 11001 {00001 | 11100 | 10100
H/M m H H m m m\ M m [

0. Initial state 1. 10011
Index V Tag Data
. 000 | N 000 | N
001 Y 00 Mem(00001) 001 | Y oo M o000 1]
010 | N 010 | N
011 Y 11 “Mem(11011) 011 | Y 10 M0 6((] 'S
100 | Y 10 Mem(10100) 100 | Y 10 m( [0i00]
101 Y 01 Mem(01101) 101 | ¥ ol m{ onoil
110 | vy 00 Mem(00110) 1o | Y 0o |mloouo]
111 N 111 | N
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g 0 Data de D )
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o1t | Y LO mllooi] o1t |y | O miioon]
100 Y | O m [ 1oi00] o0 |Y 1O m Ciolodd
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4. 1100\ 5. 0000\
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000 | 000 | v
001 |V L Mmool |€ oor | Y 00 m [oooo ) |&
010 |V ol wmCoteio) 010 Y Ol mloloie )
011 Y {0 mCioon) 011 Y | O m Liov]
100 |Y { O M (o107 100 |V i) m(ioio0]
100 Y ol mLonor) 101 Y ol m Lonoi)
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110 y 0| mloiied 1o |y G mLoLio])
TN 111 \




2. Do the same thing as in part 1, except for a 4-way set associative cache. Assume
00110 and 11011 were the last two addresses to be accessed. Use the Least Recently
/7 Used replacement policy.

M@OU 00001 [ 00110 | 01010 {01110 | 11001 | 00001 [ 11100 [ 10100
Miss Hit F h’ Miss Miss Misc ["in’ Miss Miss
0. inmital Shake
Set  Tag Data Tag Data Tag Data Tag Data
0 0011 | Mem(00110) 1010 | Mem(10100)*
1 0000 | Mem(00001) | 1101 | Mem(11011)*| 0110 | Mem(01101)
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3. What is the hit and miss rate of the direct-mapped cache in part 1?
M:
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4. What is the hit and miss rate of the 4-way set associative cache in part 2?

L

5. Assume a machine with a CPI of 4 and a miss penalty of 10 cycles. Ignoring
writes, calculate the ratio of the performance of the 4-way set associative cache to

the direct-mapped cache. In other words, what is the speedup when using the
machine with the 4-way cache?

Hbe -————L;i‘r weLl
g Miss 2 1§ o

& T:mg_ Dm

g+ 704 _ 9F+g _ FOHEIoG

——

-

1o+ 61t JH+12 76
582
e

b g




QUESTION V: Virtual Memory

Give short answers to the following questions:

1. What is a page table? |
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5.

Extra credit; can you page a page table? If your answer is yes, explain how
you would do this. If your answer is no, explain why it is impossible. : '
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QUESTION VI: Hazards and Optimization /

1. Describe the following types of processor pipeline hazards:
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2. Structural, data, and control hazards typically require a processor pipeline to stafl.
Listed below are a series of optimization techniques implemented in a compiler or
processor-pipeline designed to reduce or eliminate stalls due to these hazards. For
each of the following optimization techniques, state which pipeline hazards it
addresses and how it addresses it. Hint: Some optimization techniques may
address more than one hazard, so be sure to include explanations for all addressed
hazards.
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predication —
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increasing available functional units (ALUs, adders, etc.) —
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