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Computer System Architecture
6.823 Quiz #4
November 22nd, 2006
Professor Krste Asanovic
Dr. Joel Emer

Name: DAU

This is a closed book, closed notes exam.
80 Minutes
13 Pages

Notes:

e Not all questions are of equal difficulty, so look over the entire exam and
budget your time carefully

e Please carefully state any assumptions you make

o Please write your name on every page in the quiz

e You must not discuss a quiz's contents with other students who have not
yet taken the quiz

-

Writing name on each sheet 2 2 Points
Question 1 26 28 Points
Question 2 L6 16 Points

Question 3 34 34 Points

TOTAL [% 80 Points
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Question 1: Directory-Based Protocol 1 (28 points)

oO<

Ben Bitdiddle wants to implement an array increment routine on a 4-processor system. The
system uses the directory-based cache coherence invalidate protocol from lecture 18 and
handout 11, which is reproduced at the end of the quiz for your reference. Each processor
has its own cache and register set.

Assume that the machine is byte-addressable and that the caches start out empty. Also
assume that the cache line size is 1 word. In this question we focus on the data caches

only.

The array has 128 elements. Assume that in each processor register R1 contains the address
of the first element of the array and register R2 contains 32. The following code segments
are executed on the four processors. All the code segments are identical except for the

offset in the LD and ST instructions.

Processor A

Processor B

Processor C

Processor D

L1: LD R3, O(R1)

L1: LD R3, 4R1)

L1: LD R3, 8(R1)

L1: LD R3, 12(R1)

ADDI R3, R3, #1 ADDIRIRA#] A\DDER3 RS, #
ST R3, O(R1) ST R3,4(R1) ST R3, 8(R1) ST R3, 12(R1)
ADDIRI1, R], #16 DDERGE.RI#IO ADDIRERLH#IO

SUBI R2, R2, #1

\i BIR2 R #]

SUBIRZORZ #Y

BNEZ R2, LOOP

BNEZ R2LOOP

BNEZ R2.LOOGP

Part A (6 points )\0

Assume that Processor A completes the first iteration of the loop before any of the other
processors start execution. Provide a sequence of messages that will be generated during
the first iteration of the loop on Processor A. -

Instructions Messages
L1: LD R3, O(R1) Shie ﬁ\ S home
Sh e N P
ST R3,0(R1) Tw Jile P > he e
{/7( QZL -~ home
TaRep < Py y
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Part B (6 points) v

Now assume that all the processors start execution simultaneously. Provide a sequence of
messages that will be generated during the first iteration of the loop on Processor A.

Instructions Messages
L1: LD R3, 0(R1) g Peq = heme
SL O?Q / - ?&
STR3, 0(R1) TusRep -2 Lowme
B Req — rb;M(
=K Pf(ﬁ —> HA /
Part C (6 points) k(,

Louis Reasoner learned from Professor X that longer cache lines improve performance. He
decides to change the cache line size to 4 words. When he runs the same code on the four
processors, he observes that it takes more time to execute. Explain why this might happen.

LV, ',..,)oré C%LL\C L "‘05/ Al Lf
"7roc~ €&l S 7B RS never Alel) ~> et~
% ﬂe Snme qu/b\t T e e g
V\v\o"’\«cf’ {’roc_e;;of"\ b/,/}’\z\ L,1 -»-uofJ
Nwes al) Aare oacess),
) QN «('L\
rache  line 5o /'L 7 = e
Ceq e st - e _L <7 Wl” L\W’L Yo
1 oA W rile - ‘\c,/g O~ 1Ave /'é\+@
from  Tue otuer Droc €s50CS  onm ek
ey At S5
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For a cache line size of 4 words, rewrite the code segment for each processor so that the

least possible number of messages is generated b\ \n,o
R4’
" V
Processor A Processor B Processor C/ % Processor D_-
/AN
A 70 7 ASTT| B, v [\ ADTR 72, Bl 4R %
AD@ b '@ADD) ARKAIN f jZ" %.’:) Tg't
} = 4
L 1 N
Lo o3, 0] |
W ?\3,?3,#‘ Fw(}“\ L.‘_,\BJ:;
T 23, OcRl) — A
‘ =
AL 21,7, H

$URT vt

Pvee ¥, L;_J
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Question 2: Directory-Based Protocol 2 (16 Points)

Consider a multiprocessor system with a directory-based cache coherence invalidate
protocol which preserves sequential consistency. Each processor has its own cache and
register set, and the cache lines are 4 words long.

Part A (8 Points) G,

A cache PP might receive an ExRep message when it is in the C-Nothing state. It
dequeues the message, changes the state of the cache line to C-Exclusive and updates the
cache data with the data in the message. Describe a scenario that will cause this situation.

gQﬂf'Obc A P"éf'?*v&\és A (Ceacle lLine,
oy deades Ho She TO T gomeseting
C

o Bx Teq . The prefeleh  gonernts
s Shlep, which Wl pob Ao e
[ - sheved sPde, /)7«\&,\ e Lome c/(r%»-/?/y
("W‘*S,%; processor B T p )
Tle ltl\Q b@’(Wr\e ol ul o

2, /”/\L$ 9w€b’“q+‘@~;

AV -
T S Q/ wLud,\ ""l/’ P

In A, I+
€ C V?Oﬂlv} j%«_/\(

\ L/L\‘efm
A s T xl e B F/ucesgec(’ ﬁ&

[cul»{-*er. %r&(‘v\) G\W,,‘.)_@A-.CL +romA B)

qg’?“ er 479 A | /
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Part B (8 Points) G

We have decided to slightly modify our directory-based cache coherence invalidate
protocol in order to speed up stores. On a store miss a cache PP changes its state to C-
Exclusive instead of C-Pending and sends an ExReq message to home. Upon receiving an
ExReq message, home either sends out InvReq messages to all the cache PPs which have
shared copies of the cache line, or an InvReq message to the cache PP which has an
exclusive copy of the cache line. Upon receiving the InvRep message(s), home moves
into the W(id) state. If no processor has either a shared or an exclusive copy of the cache
line, it moves into the W(id) state directly. It does not send an ExRep message to the
cache PP which requested the exclusive copy of the cache line.

Do you think the directory-based protocol will function correctly with this modification?
Explain your reasoning.

No, S\JQWO_SQ 07/0(63}0 — /q le f 4-5
¢ ache )ine exc lusive /7 an

A Certain

L\/l\.ﬁ V\/\OJ('/Ié'C) ﬂ\‘/( WO’(:X} \‘V‘\ l‘—}. I '7( 'f&’& ceSSor

B s emp?s +o otere ore  wer L .

/ﬂ/\Q_ N , Bt w," farS < F“’C@.S_SD/‘ A

Yo nvaldate Pe qu\fe bot- Wil neves
(e(Cive A e MOc[rALw torns o ’—)\\Q O/nt@ —
\)/0‘/;7 T ’h/\& ‘L‘/\C é(»/\r\(al/\ w eV d

vt ko~ sent 1w ke Ea 726,,/\

/

Page 6 of 13



Name DA N /POO‘L'T?

Question 3: Load-reserve & Store-conditional
(34 points)
In this question, we are going to experiment with two synchronization instructions: Load-

reserve and Store-conditional. The following are the definitions of the instructions given in
Lecture 16.

Load-reserve R, (m): Store-conditional (m), R:
<flag, addr> € <1, m>; if <flag, addr> == <1, m>
R € M[m]; then cancel other procs’ reservation
on m;
M[m] € R;
status € succeed;
else status € fail;

In this question, we will write code for multiple producers and multiple consumers sharing
a single queue.

Producer

Reai Iﬁtiu he? J &&I Rheaﬂ R

Producer L~

Riail R“‘—"—J Rheall R
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Part A (9 points)

try: Load-reserve Rpead, (head)
spin: Load Ry, (tail)
if Rhead == Rui goto spin
Load R, (Rhead)
Rhead = Rhead + 1
Store-conditional (head), Ryead
if (status==fail) goto try
process(R)

The above code is for the consumers. It is the same as the one given in Lecture 16.
Assume that multiple consumers execute the code at the same time and there are many
items to be consumed. Can deadlock, livelock or starvation occur? Explain your

reasoning for each case.
DC@\[JQ,\( (QU\Y\DJ'— pCLuF 2)6(—1\/>Q ’ﬁr\e/(
- ) )
Ave. ne Mép’}/\"'f”&'\f /h\‘\"“ A)D(_ l»/ So 7T S o‘.lwag
@‘055\}7)-6, ‘}\o k&@p ,Q/(QLU'BV\) (e/uey\ '_L )+ ,,S
NS of N\V\\V\7 )

‘L‘\UQ\PC,)( (qV\V\O”’ Do S O'\Q\ @(t:«ce.rsof“

Yol alwayg cvceeed i evte Uy Tl
Lo re < conditkrnal  (gnie he resevvatin
@V\\u). Q\go\rEA 5\7 awgher [precesgor Ve o occesstl
stoce ) - H(Q‘/\(e/ ane [Frocesser I e Le

?1‘07‘\35 5 2 La—x.) Aas /h'\WQ - L |+e,m.AS
N *L\C cﬁ\)c‘)e . '

'S

9}:«\/«)0\*&0’\ e ol 0~ onre processos
LonouanEs AT preasses gl 0
o -oxeptes  The lowd — restre Lot on,
OW(;r o he can | \J— il CoNgove. ’f"\é T,
o 07 /\kveme, 's o W\QL&‘G\M(SW’\ 7y @Asu}'Aj
’(/\\f nei(.
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Part B (5 points)

Ben Bitdiddle is responsible for writing the code for the producers. He looks at the code in
Part A and then modifies the code for the producer in Lecture 16 to give the following.

try: Load-reserve Ry, (tail)
Store (Riai), X
Riait = Reait + 1
Store-conditional (tail), Ry
if (status==fail) goto try

Alyssa P. Hacker looks at Ben’s code and says the code won’t work. What’s the problem"

bowler  The ll0 9 Zilenie OL € lhintr "

B

LD.cegerve
T
R ol =Rt

\—- ’4 h‘ v
SCL*cig;j‘ (o ‘24—‘\\\ ;?’Vq\\’\’\
CF - cond (H1O Aal
Part C (12 points) Aty ded
ar: points mr A ceATon Sullesde
v e "\’n\éx qve JC 15 ?oc.@ on B 5/
(0]

Rewrite the code in Part B to make it work correctly. You are allowed introduce
additional shared variables.

cpin . D-reme 2y, (flay
14 C Ry ==4)  goto spin
S10te — cordiomal  Hlag) 1
| # LQ*‘\’\TA //74\/ )) 40+2  4pin
Z/D OZ’\A(\} (-(»a\ ‘)
(/V‘)r’“’h\ K)Z/‘\V\‘l - Z"“‘ A l
peett ST (L),

5T (,Taxi)/ W/You)
sT «ﬁ'&j/ O

L Dserer Ve,
g
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Part D (8 points)

Ben now extends his in-order 5-stage pipeline machine to support load-reserve and store-
conditional. Prior to this, Ben has already modified his original direct-mapped cache design
into a snoopy cache with invalidate protocol. He remembers from the 6.823 lecture that the
implementation of Load-reserve and Store-conditional matches very well with the
invalidate protocol. To minimize hardware cost, he uses his existing cache design to track
the reservation instead of adding additional registers. In his scheme, when the processor
executes a load-reserve instruction, it will bring in an exclusive copy of the address to its
cache. Later on, when the processor executes a store-conditional on the same address, it
will succeed only if the exclusive copy is still in the cache (i.e., if the store hits in the

cache).

After the modification, Ben runs the producer/consumer programs from part A and part C
on his multiprocessor system. He discovers that no consumer is able to consume any item.

Suggest two possible causes for this to happen.

\) pVV \"\j ﬂ\i |v\5")/&)c—'—)7-" S

AO’/ e g (J‘Ztﬁ

(Doteserve  ond (T~ tomd (Viome \} e
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