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Please sign the following. | have not given nor received arguthorized help on this exam.
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Problem 1 (25 points)

Part a (5 points): A 2-way set-associative physically indexed, physicallyged write through cache implements
LRU replacement. Memory spaceds®, memory is byte-addressable, and the physical addresargitassigned as
follows:

15 7 6
Tag bits | Index bits | Byte on block bits

What are the total number of bits of storage required to imglet a perfect LRU replacement policy for this cache.

Q?

Part b (5 points): If a cache is virtual, we avoid confusion as to what each aidirethe tag store means by one of
two ways. Name one of them.

“Tlosh codt on e switdes |
- \C@Zp proass ID of each CO\CL\Q, blocke (n l{'S %g S{'QYQ Qh"'g

Part c (5 points): Interrupt priority is determined by the urgency of handlthg event. Is any event more urgent than
"loss of power.” Explain.

cl/\! Q CL\QC{C: A pVoCaSﬂ» HMA— Joo; V\o-l wwri( m
/\/\0‘ W ;‘S WAV Se 'H,wm A PVDCQSY(J'V %.‘. O(QQS y\“} W()Y'L(‘

Part d (5 points): IEEE Floating Point uses radix 2 for dealing with exponefitise old IBM 360, currently called
IBM Z-series, uses radix 16. Two advantages of radix 2 ovdixra6 are:

TThe wmosk ggnui}caﬂ‘l' it dees
Swaller wobble not have fo be stored

Part e (5 points): Seymour Cray, in many ways the "father” of the vector compudil not like the notion of cache
memory, so the Cray | did not have caches. What is it aboutecammory that he did not like?

nan — detorming sin
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Problem 2 (15 points)

Consider a floating point data type with all the IEEE chanasties except it contains 9 bits, rather than 32 or 64 bits.
Your job: How many bits of exponent, how many bits of fraconhe bias is 4.

We can represerﬁi and% exactly.

If the rounding mode is round-toward-zero, comput(n@?i + 1_16) + 1i6 ) producesthe resuﬂi, and computing
1 1 1 3
( (E + 1_6) + 21 ) produces the resuﬁg.

Part a (3 points): Given that computing( (Qi + %6) + % should produce the resuﬂ%, why was the result
computed aQi?

, (I [ [ \
¢ QZ\(_ “IJZ) =257 CannaT 2@ v gpresantRll XaCTy G (s

)’QW\O\\'vg + 2 - Oy, Heve ae not ev\ov\gl\ Frackion bits for
inker mediade msjiy of ADIDs , whidn vesalts W YOW\O\\’M eyvars.,

21 _19.0l
Part b (7 points): =1 QQ\ X 2
Number of bits of fractior’ 4 Number of bits of expone*t 4 ft—é =0, 000 X 2—4
=0.9000/¥X QJ
|
Part ¢ (5 points): 2_27_( ,(_T/o_/ - 2% =\.001QI X2
3. e Lrockvon Lits
How would you represerﬁg in our 9 bit floating point format? hou! }7
’ sionlot 2R

'CQL/&V ‘[‘L\N\ 6

Oic' (ol 'o0 |

ngqvw’, 3\7_ ‘I'ZZ/F

—

" |
05 _1.00l x2
ol |
- l.a0] x2
%FQV\QYA' = 4%\ =5= Oflol —‘{_O.Doo\ X2
T ool xo'
is )fQ}oYSZSQ\AM QXOC’%

Se Hhur an Qxacug 4 ﬁf‘\;‘i‘;"
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Problem 3 (15 points)

A processor/PAU and three device controllers are conneotad asynchronous bus as shown.
form BR1 and BR2. BR2 is of higher priority.

A

Bus requests are of the

D

K

Processor

PAU

BR1

CNT

CNT

CNT

BR2

BG1

BG2

SACK

BBSY

In class, we showed timing diagrams feainsactionson the bus. In this problem, we will examine the timing diagra

for arbitration , as shown on the next page.



Name;

Cech o
.5 PQ?YT'/'S

L — A B

At t0, a bus master asserts BBSYo, allowing arbitration far hext bus cycle to begin. If you examine the entire

timing diagram, can you tell which controller acquires thus lat t07 C N TZ

(| point)

The PAU asserts BG1 as shown on the diagram. The next foualsigre unlabeled. Your job: provide the labels.

At some point, the current bus master completes the bus apdeeleases the bus. This causes controller 1 to provide
signals A or controller 3 to provide signals B.

Does controller 1 want the bus for the next bus cycle? @e_sblu:Ke one). Explain.

Q pints No, sinc it daiy hains 126! 4 ?//\/T}

Does controller 3 want the bus for the next bus ¢ycle?) Yes /@il one). Explain.

2 poink [Yas, stng it accepts BG( by assertng SACK

l PQ’W\{' What signal(s), if any, are represented by A. NQM

'% PQ(\I\'\\'Y What signal(s), if any, are represented by @@ S >6 / f\/\§>/ N [ A.AAV



siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash

siavash


Name;

Problem 4. (20 points)

Suppose we have a byte-addressable machine with a virindbyed, physically tagged cache. The cache is two way
set associative and is initially empty. The cache uses gErfRU replacement.

The machine has a 16 bit virtual address space, with a 128agfe size. The physical address space is 11 bits.
Assume the virtual address has the form:

Leftover bits | Y Index bits | Z Byte on line bits

Part a: How many cache lines are there in the 16 bit virtual addreasesp Solve in terms of Z.

?folr\‘ls 0 (€ —=

Part b: Suppose you know one set of the cache is full, and nothingtahewther sets. How many cache lines in

1§ V-7
2.2 ¢ _ 2
The following are consecutive memory accesses
t ade i 122> 8 b ﬁ s O’“"g‘l LQH (2 [agk @Cw

Virtual Address Physical Address Cache Hit/Miss \QQ l/\ {'

g /)QW\+

the virtual address space atefinitely not in the cache? Solve interms of Y and

1 [70000 00P1 1000[0000 0111 0000000 Miss
\ | (£ wavt Jrkwnb’ bids
2 | 0000 00pP1 100011000 01110001000 Miss A L\Q
AYQL WNSe QX(@
3 [70000 00P1 1000/1100 0111 0001100 At @) sh
should Ve beam
4 [TII100pI 1000 0000 0101 0000000 Miss ~ it

5 | 0001 0011 1000 0000 0001 0000000 Miss [€ 'H/\-QrQ Are L\QWQV:UI\M(\

6 | 0000 0001 10000100 01110000100 Miss é ‘Qﬁl‘s (ASCO{ PM’ ly\d“zﬁ"‘ﬂ

7 [70000 00p0 1000 0001 1110 0000001 Miss @ canngfF lo 0 & h 4
8 A 000T XXKXXKX Hit sihg @) & @ wadld
9 ["0000 0001 1100 0100 0111 1000100 B replac

Part c: What range of virtual addresses can A be? Write your answieiniary.

& powts | 0091 001 1000 OXXX

{ Jpq\v\ Partd: Which bits of the virtual address are used for indexihd?A (& * 3 ]

2 pQ'\Y%Yﬁ-Parte: Is B a hit ora missp WAS S
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Problem 5 (25 points)

Consider an Out-of-Order exeuction/In-Order retiremawntpssor. The ISA specifies 8 registers, RO to R7. The mi-
croarchitecture contains one non-pipelined adder and onepipelined multiplier. Fetch and Decode take one cycle
each. ADD execution takes 2 cycles, MUL execution takes 4esy@nd in both cases one cycle is needed to write
the result to a destination register. There is no data bypgsEhe adder and multiplier each has a 3-entry reservation
station. They are initially empty, and are filled from top wmttom. Each instruction remains in the reservation station
until it retires.

A program consisting of five instructions takes 17 clock egdio execute on this processor. The state of the register
file is shown before execution starts (i.e., before cyclafi)he end of cycle 7, and at the end of cycle 17.

V Tag Value V Tag Value V Tag Value
RO| 1 - 4 RO|1 - 4 RO| 1 - 4
R1|1 - 5 R1| 0| = - R1| 1 - 5
R2 |1 - 0 R2 | 1 - 20 R2| 1 - 31
R3| 1| - 20 R3[| 0| 7 - R3| 1] - 26
R4 | 1 - 6 R4 | 1 - 6 R4 | 1 - 6
R5 |1 - 3 R5| 1 - 3 R5| 1 - 3
R6 | 1| - 2 R6 | 1| - 2 R6 | 1| - 2
R7 |1 - 7 R7 | 1 - 7 R7 | 1 - 7

Before Cycle 1 End of Cycle 7 End of cycle 17

The state of the reservation stations at the end of cycle Zraven below.

V TAG VALUE V TAG VALUE vV TAG VALUE V TAG VALUE
(1 - 3 |1 - 2 a
T |1 — | 20 o ¢ - 1] — | 3 (1) —| 2 |B

Reservation Stations at the end of cycle 7
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The following chart shows the cycles when the adder and plidtiare in use.

1

213

45|67 |8|9|10|11] 12

13| 14| 15| 16 | 17

Multiplier EIE|E|E|E|E|E]| E
Adder E|E E| E E | E
Part a (20 points): Specify the five-instruction program.
instruction
Mol Re RO, K R2 «— 20

APD Rl, RG, kg

Kl —5

mWiL K3, RS, ks

R3e— g

1
2
3
4
5

App R3, RZ, R3S

CE: e

Alp R, Rl K3

Part b (5 points): : How big is the Reorder BufferExplain. Hint: Instructions are allocated to the reorder at the
same time they are placed in a reservation station.

A+ Stna Ha S instru
APD YQ)’QYva&iov\ S-’J'O\‘l’\'%\'\ iy\#\l

MH’V\ACJH'QV\ Cg\/\(o{ V\()'I" l’\i\V‘{ 172%

and of cycle 7, Hund watns Gt

Fon aes not exist in Fa
ol(@g[szd dune 4o Reovdw 1Budley bei -@Jl
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