
CS573Final ExamSolutionsThe following exam is open book and open notes. You may feel free touse whatever additional referen
e material you wish, but no 
al
ulators areallowed. Please note the following instru
tions. There will be a ten pointdedu
tion for failure to 
omply with them:
• start ea
h problem on a new sheet of paper
• write your so
ial se
urity number, but not your name, on ea
h sheet ofpaper you turn in
• show your work whenever appropriate. There 
an be no partial 
reditunless I see how answers were arrived
• be su

in
t. I will take o� points for fa
ts that, while true, are not relevantto the question at handYou have until 12:30 to �nish the exam. The questions are equally weighted.1. Assume the three numbers below are eight bit integers prote
ted with aSECDED s
heme as presented in 
lass. Assume the order of the bits is

M8M7M6M5C8M4M3M2C4M1C2C1P(this is the order given in the de�nition in the notes). For ea
h of thenumbers, tell whether (1) there is no error, (2) there is a one-bit error(and tell whi
h bit is wrong), or (3) there is a two-bit error.I'll show how to work the answers by showing a row for ea
h 
he
k bit,with only the bits used to determine that 
he
k bit shown. Sin
e I'm usingthe 
he
k bit itself in the 
al
ulation, I should get a 
olumn of all 0's; if Idon't, the 
he
k bits will 
ontain the bit number of the erroneous bit.(a) 00110010111000011001011100 0 P00110 0 C80 0101 0 C401 01 11 0 C20 1 0 0 1 0 0 C1All 
he
k bits (in
luding P) show OK; there is no error.(b) 0110010100100 1



0110010100100 1 P01100 0 C80 1010 0 C411 10 01 0 C21 0 1 1 0 0 1 C1The parity shows an error, and C1 shows an error: there is a one-biterror, in bit C1. Bit C1 should 
ontain a 1 instead of a 0.(
) 11101100010011110110001001 1 P11101 0 C81 1000 0 C411 10 10 0 C21 0 1 0 1 0 1 C1The parity shows an error, and so does bits C1. So there is an errorin bit C1. Bit C1 should 
ontain a 1 instead of a 0.Grading notes:
• Didn't realize a 
he
k bit 
an be wrong: -3
• Parity wrong, didn't tell me how it was 
al
ulated: -3
• Got di�erent answers for B and C after 
omputing 
orre
tly: -3
• Con
lude 2 bit error in B, C; not 
lear how: -5
• Con
lude 2-bit error; tell me whi
h bits: -5
• Used odd parity for C: -5
• Cal
ulated parity on C bits only: -52. Here's a problem J Strother Moore des
ribed during his 
olloquium Mon-day (I'm 
hanging the presentation a bit, but it's the same problem):Suppose you have two pro
esses, ea
h running the following 
odeglobal int x;lo
al int t1, t2, t3;t1 = x;t2 = x;t3 = t1 + t2;x = t3;(assume the initial value of x is 1)(a) Using the notation for global memory intera
tions that we've used in
lass, show how it is possible to have interleavings of reads and writesto x that will result in x having a �nal value of 2, 3, or 4, assumingstri
t 
onsisten
y.Just to be 
lear, the notation I mean is the one that looks somethinglike 2



P1: R(x)1---------------------------P2:P1: R(x)1 R(x)1 W(x)---------------------------P2: R(x)1 R(x)1 W(x)gives a result of 2P1: R(x)1 R(x)1 W(x)---------------------------P2: R(x)1 R(x)2 W(x)gives a result of 3P1: R(x)1 R(x)1 W(x)---------------------------P2: R(x)2 R(x)2 W(x)gives a result of 4(b) Insert syn
hronization primitives of your 
hoi
e to guarantee the re-sult will be 2.global int x;lo
al int t1, t2, t3;t1 = x;t2 = x;barrier();t3 = t1 + t2;x = t3;will guarantee that the results of the addition 
an't propagate be-tween pro
esses:P1: R(x)1 R(x)1 B W(x)---------------------------P2: R(x)1 R(x)1 B W(x)Grading notes:
• Tried to use a read lo
k; didn't keep �rst pro
ess from 
ompletingbefore se
ond a
quired lo
k: -5
• Shows lo
al reads/writes: -5
• Doesn't show all global reads/writes: -53. Here's a statement about instru
tion sets I found on Usenet a while ago:Subje
t: Re: Is RISC dead? (was: Re: K7's FPperforman
e in
hes past P-III's)Date: 1999/05/19Author: Pier
arlo Grandi <pier
arl�Dial.PIPEX.
om>3



Well, my take here (and I said so in "
omp.ar
h" quite awhile ago) is that _ar
hite
ture_ is dead: with essentiallyinfinite sili
on/design budgets virtually any ar
hite
ture,in
luding x86, 
an be made to perform; in other words onlyimplementation matters.Have we rea
hed the point that the instru
tion set is irrelevant, be
ausewith 
urrent te
hnology any pig 
an be made to �y? Are some aspe
ts ofthe ar
hite
ture still important, and others less so? Justify your answer.Grading notes: the grading of this question is ne
essarily subje
tive, andI'll be trying to assign points based on (1) the extent to whi
h you make
omments relative to the question, and (2) the extent to whi
h your 
om-ments support your position.My own view is that there are aspe
ts of ar
hite
ture, traditionally de�ned,that are inarguably still relevant: word size 
omes to mind immediately.Beyond that isn't so 
lear; the extent to whi
h IA32 is now implemented bytaking the 
ode as generated and translating it at run-time into somethingmore amenable for res
heduling argues in favor of Pier
arlo's point. Itwould appear that Intel themselves don't believe it, though, sin
e they'vedevoted billions of dollars to getting a 64-bit, non upward-
ompatible in-stru
tion set to work pre
isely be
ause they anti
ipate 
ompilers 
an dothis better than the hardware 
an.A point brought up by one student is that ISA is important, not fromany sort of performan
e reason, but be
ause maintaining 
ompatibilityhelps hold on to 
ustomers. Not the way a 
omputer ar
hite
t normallythinks, but very important indeed! Another student brought up a relatedpoint, that it's likely the re
y
ling of ISA from generation to generation(spe
i�
ally in IA-32) gives an advantage to the 
urrent ISA that a 
lean-sheet, equally 
omplex, instru
tion set would not enjoy (too bad this onedidn't get developed in the answer...).One di�
ulty that arises in grading this is that the question is reallyaimed at narrow-view (i.e. instru
tion set) ar
hite
ture, while our 
lasshas been about broad-view (i.e. also implementation) ar
hite
ture; I'll bea

epting arguments regarding implementation as well (and if you in
ludeimplementation, the 
laim be
omes patently absurd sin
e of 
ourse theimplementation is still important!).4. Suppose you are sele
ting a network topology for transmitting 128 bytemessages. You 
an have either a wormhole-routed 2D square grid withwith a one-byte �it, or a store-and-forward binary hyper
ube. Links inthe two topologies have identi
al bandwidths.How many nodes would you need to have before the hyper
ube was fasterthan the grid (determined by worst-
ase time to send a 128 byte message,assuming no blo
king)? 4



One hard thing about this problem is �nding the right way to express thenumber of pro
essors � if we express the number of pro
essors as n, thenwe end up 
omparing √
n with log

2
n, whi
h is a mess. But if we 
onsider

n2 pro
essors, we end up 
omparing n to 2 log2 n, whi
h isn't nearly sopainful. So, with that in mind...Worst 
ase in a grid is 
orner-to-
orner; if we have n2 pro
essors, we need
2(n−1) hops to get the �rst �it a
ross. We have a 128 byte message, and a�it is (
onveniently) one byte, so the total time is 2(n−1)+127 = 2n+125.In the hyper
ube, the worst 
ase is 2 log

2
n hops; sin
e it's store-and-forward every hop takes 128 time units for a total of 256 log2 n. Thatmeans we just need to solve 256 log2 n < 2n + 125; a little algebra trans-forms this into log2 n < n

128
(that pesky 1/2 isn't going to be noti
eable sowe'll ignore it). At this point I'll admit to just doing an exhaustive sear
h;

log
2
1024 = 10, while log

2
2048 = 11 so the 
rossover happens at n = 2048;sin
e we really have n2 pro
essors this means the wormhole-routed grid isfaster than the hyper
ube until we have more than 1, 000, 000 pro
essors.This leaves open the possibility that the 
rossover is really at 221 or at 222;trying them shows that 256×10.5 > 1500+125 but 256×11 < 2000+125(1500 >

√
221).No wonder Intel swit
hed.Grading notes:

• Sorry, guys, but big-O notation is no help whatever when trying to
ompute 
rossover points like this. You need all those pesky 
on-stants...
• Combined big-O with 
onstants (like O(log n) ∗ 128): -5
• Ignored 
onstants: -8
• Numbers from Mars (near as I 
ould tell): -155. Data�ow and s
oreboarding (out-of-order exe
ution as used in the Cray1 or the Pentium Pro) are alternative ways to extra
t the maximum par-allelism from programs. Compare the two approa
hes. Is one more likelythan the other to be able to extra
t maximum parallelism?The two are really mu
h more similar than they appear on the surfa
e:register reservations 
an be viewed as ar
s in a graph; the produ
ing in-stru
tion is the sour
e, and any 
onsuming instru
tions are sinks. Withthat view, the s
oreboard is being used to maintain a subgraph of thedata�ow graph of a program, and the CPU is exe
uting that subgraphe�e
tively as a data�ow 
omputer. This be
omes parti
ularly true whenwe start doing register renaming so the register name be
omes a reallyabstra
t label, de
oupled from a
tual registers.On
e we've taken that view, there is no reason to suppose either approa
hwould have an inherent advantage in exploiting parallelism. If we 
anhave an arbitrarily large number of pipes in our 
onventional 
omputer,5



we should be able to make use of as mu
h parallelism as the �ow graphmakes available. Bran
hes remain problemati
, but in
reased parallelismmakes in
reased use of predi
ation more appealing too.Grading notes: like 3, grading this is unavoidably subje
tive; the mainpoint I'll be looking for is that s
oreboarding is data�ow on a small s
ale.6. Ba
k in the Golden Age of Super
omputers, one of the distinguishing
hara
teristi
s of a super
omputer was the 
apability to perform ve
toroperations. Today, 
urrent pro
essors seem to have almost 
ompletelyabandoned that te
hnology; even things like Intel's MMX or SSE2 exten-sions to IA32 
an only operate on trivially short ve
tors. Given that thereis still a need to perform the sorts of problems that ve
tor instru
tionswere aimed at, why has this happened?Well, what did the ve
tor instru
tions really give us? Parallelism. It letus have a number of instru
tions in �ight simultaneously. Today, for thesame (or less) money, we 
an wire up a pile of PCs to get vastly moreparallelism.
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