CS573
Final Exam
Solutions

The following exam is open book and open notes. You may feeltio use whatever additional reference material you wistmd
electronic aids are allowed. Please note the following instructions. Thélebe a ten point deduction for failure to comply with them:

e start each problem on a new sheet of paper
e write your social security number, but not your name, on esgtet of paper you turn in
e show your work whenever appropriate. There can be no partdit unless | see how answers were arrived

e be succinct. You may lose points for facts that, while true,reot relevant to the question at hand
You have until 12:30 to finish the exam. The questions arelgguwaighted.

1. Some computers (including VAX) use a single set of regisie hold both integer and floating point values. Most, haveuse
a set of integer registers and a separate set of floating pagjigters. How does this decision affect the ease of cartsigithe
CPU - in which case is the register file(s) easier? In whicle eais the datapaths simpler?

Having two sets of registers — integer and floating point — esatke datapath implementation simpler, by allowing us teeha
essentially two completely separate datapaths. Firstjriteger registers only need to have enough read ports totfeedhteger
units, and enough write ports to support their results. &iny, the floating point registers only need to support tleafing point
units. One complexity that does arise is that we need to havechanism to do a register transfer from one side to the o®ee
student brought up that we’'d need more space for two regsstes; a valid point, but it's not clear how important a poitiight
be.

A number of students brought up some other points, whichntemat | was asking for but seem worth considering. It'®lik

it will be possible to have more registers by using sepamateger and floating point sets, due to the space constraintee
instruction set. If we only have five bits to specify a registenber, using a single set of registers lets us have 32tmgisvhile
having two sets lets us have 64. This shouldn’t end up trammsfeinformation to op code space, since we already haveateeh
for instance, separate integer and floating point additiestiuctions. It might appear that we could use the registeose flexibly

if we have a single register set, but that's only true if thekmumber of registers is the same in both situations (¢hérg else
being equal). The Alpha paper mentions this, and a bit ofegfia shows the author hadn't clearly thought it out... A fnemof
people thought building the register file would be easiehi@ tombined case; | wound up looking to see if there was samgeth
in the Alpha paper that would lead people to believe that aarde up empty...

A huge number of people brought up the claim (from the Alphgepathat using a single register file would make passing
parameters easier. First, it isn’'t clear to me that this isi@rfor a language that uses proper function prototypes, awbisd
what does it have to do with the question? Similarly, whikenitloubtedly allowed for an easier two-chip implementatishat
relevance does that have today (other than pointing to tiparsge-datapaths argument | wanted people to make, andhathic
don’t think anybody who brought up this red herring folloy/2d\nd what does the possibility of an integer-only versiamehto

do with the question | asked?

2. The Intel Pentium 4 processor uses a “trace cache” todem®ded instructions, instead of a normal instruction eatbring them
in their original non-decoded form. So far as I've been ablénd, they have been quite secretive regarding exactly gbes
in a decoded instruction in the trace cache (as well theyldhml). One thing thegould put there would be branch prediction
information (so every decoded instruction in the trace eagbuld also have information regarding whether or not itlisanch,
and a prediction as to whether it would be taken if it is). Hbovg twvould compare to using a normal branch target buffer -levou
it cost more or less? would it be more or less accurate? woblkla good idea?

In answering this question, it's important to remember wthegt Pentium 4 already does regarding branch prediction. desl
in fact have a predictor in the trace cache (this was statethspaper), but Intel is pretty vague about just how it works
a good assumption, though, that it's a fairly normal BTBlesfyredictor (answers based on doing prediction based omnded
instruction being a bad idea took a bad left turn right thgre!
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So the question is whether it would be good to tag each dedmdeath instruction with the information that would normalie
in the branch predictor. Doing so could increase accuraéyds there could never be a case of two instructions gettorgused
with each other in the predictor), but would be much, mucheeapensive since the decoded instructions would have todmes.|
On balance, it probably wouldn’t be a good idea.

There were many, many answers based on comparing doing lbediction in the trace cache rather than based on IA-32
instructions; that wasn't the question. The answers thaevjest cutting-and-pasting the paragraphs on trace cadna® the
paper were particularly off the mark.

3. Calculate the frame check sequence for the following Lehbssage and 4 bit polynomial:

Message:  0x9b3

Polynomial: x3+x%+1
My notes on CRC are unclear; | show how to do the division, hetfull CRC computation. Because of this, I'm
accepting two answers. The first one is just dividing the amsby the polynomial, it isn’t actually computing a FCS.
Here itis:

100110110011
1101
10010110011
1101
1000110011
1101
101110011
1101
11010011
1101
0011

So the “FCS”is011

To compute the actual FCS of a message, you need to multiphtlite degree of the polynomial before doing the divisionit So
looks like this:

100110110011000
1101
10010110011000
1101
1000110011000
1101
101110011000
1101
11010011000
1101
0011000
1101
010

So the real FCS i910. If we replace th®00 that was appended to the original message with the FCS1d¥, then when we
perform the division we’ll end up with a remainder @fwhich will tell us the message was transmitted OK.

-3 Went a step too far or not far enough
-3 Mistook hexadecimal for duodecimal
-5 Used polynomial notation???

-5 Didn’t use modulo-2 arithmetic

-3 Unexplained extra bits tacked on

Amazingly, several students attempted to compute the F@&wgentirely in polynomial notation. Not surprisinglypne made
it throught without an error. This was going so far out of theay to make the problem harder that | felt | just had to takenfm

4. Consider the following snippet of C code, to be execute@ @mocessorsx is a shared variable, and the system uses serial
consistency.
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P P
1; X = 2;
X + 2; X =X + 1

X
X

In answering the following questions, use the notation femmry accesses we've been using throughout the semester.

(@) Show how this code can produce a sequence of memory reddergies such that can end up with a value of 2.

P1: w(x)1 rx)1 w(x)3
P2:  w(x)2 r(x)1 w(Xx)2
(b) Show how it can produce a sequence of memory reads aresvgrth that can end up with a value of 4.
P1. w(Xx)1 r(x)2 w(x)4
P2: w(x)2 rx)2  w(x)3

(c) Show how a sync poir8 can be inserted in the code which will guarantee thatll end up with a value of 3.
If the code is changed to

P1 P2
S;
X =1 X = 2,
X =X+ 2 X =X+ 1
S;
then the memory actions become
P1: S wXx)1 r(x)1 w(x)3

P2: wkX)2 r(x)2 wXx3 S

-3 processor writes wrong value

-5 accesses put out of order

-7 missing accesses

-5 no sync point forcing result

-3 Doesn’t show sync point works

-3 syncin wrong place

-7 claims impossible

-5 didn't use notation

-2 extra accesses
Probably the biggest surprise in grading this one was the lmemof people who seem to be under the impression that
“X = x + 1;”is an atomic operation. One particular class of wrong sadutts to part 4c looked basically like this:

PL: w1 r(x)1 S w(x)3
P2: wiXx)2 S r(x)2 w(x)3
The thing is, with the sync point there, the sequence of meapmrations could just as easily have wound up as
P1L. w(Xx)1 rx)2 S w(x)4
P2: w(x)2 S rx)2 w(x)3

so it didn’t force the result to be 3 (there are quite a few atidns here, but the point is that it doesgltarantee the
reads and writes must occur in an order that will give the riegghanswer).

5. Some of the relevant characteristics of the MassivelglR&Processor are:

e Operations can be performed on all of the processing elensémultaneously, or can be “masked” by a special bit plane
called theG plane. A masked operation is only performed by PEs whoseegieof theG plane has a value df (of course,
they are still performed simultaneously for all enabledPEs

e Itis possible to perform Boolean operations involving thel@ne. In particular, it is possible to set elements ofGlpdane
to 0 when an arbitrary condition is satisfied for some other plane

e There is a one-bit output available calleen or . When an operation is performed in the machine, this bitdakealue of.
if the result of the operation ison any PE in the machine.

So... itturns out MPP is able to find the largest element ofreayan time linear in the number of bits in the values in theagr
Describe, using either pseudocode or clearly in Englisty, this can be performedHint: start with the most significant bit of the
array, and see if any of the PEs have a 1 in that bit. Rememlag¢ptice a PE has been established as not containing the gteate
value, it doesn’t ever need to be considered again.

Assume the array is in a set of N planes called array[N], arat the have access to the G plane and sum-or tree output. We can
solve the problem in C-like code as:
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G=1;

for (i = N1; i >=0; i--) {
where G {
if (sumor(array[i]) == 1) {
val[i] = 1;
G=array[i];
} else
val[i] = 0;
}
}

Of course, other forms of pseudocode are also OK.

6. Draw a %9 Benes network using>x33 crossbars switches. Since I've put a figure showing theche# on this page, that might
be a good starting point.

I hore/ pfeiffer/classes/ 573/ sem s03/ nt/f| nal ansf 1. eps not found!
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