Exam #2 Name: R ' (416 1

Instructions: The exam is taken without any material beside writing material and in silence. Answer the following
problems, trying to be as clear and as accurate as possible. Take the time to read each statement carefully before

answering. If you need more space, write on the back of your test and indicate it clearly.

Problem 1(35p.) Observe thie flow graph on p. 7 and answer the following, assuming A is the entry node:

1. Part I - Dominators

) What are the nodes dominated by A?
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(b) What are the nodes dominated by C?
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(¢) What are the nodes dominating :L(j 1 h.,\' cl LW &) we Bn ‘Lb A"’é-i'D')” ‘“)I.)

K, 6,>,3 A

(d) Give the definition of an immediate dominator.
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(e) Draw the immediate dominator tree.
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Exam #2

2. Partll - Loops

(a) Theset{D, H} isaloop. Give
« its header(s tb( becarse i I'au?lhlhhhd H)

+ its latch(es): H (luwki L\p?-, A[\u (&0 ’h) Hﬂ L(ld(l/)

02 ,,____J-T—S-EXLLHg es‘,f THG" =T
« its exit block(s 6 angl L.

(b) List the other loop(s) present in this graph.

0\ T g “
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; % vtA !
L ((i?}v\){' (]]D]’r 4'--|€ j< 0 \;\-\3“? \A. \,,0“’
(c) = (but everybedy is welcome to try) One can define back edges and loops using dominators: [7& b o¥
5 )
An edge from node W to node X is a back edge if X dominates)(. The body of the loop defined X JJ" .\'

2.4

‘) Prove that the “other” definition of loop we studied in class (i.e. a subset of nodes such that a. it is strongly
‘D‘R- : connected, b. all edges from outside of it points to the same node inside of it, c. is the maximal such subset)
is equivalent to this one, or illustrate how they diverge.
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f Il a wo hu" w L wa, poin \; o by - Ih/ loes, OF R, Thew 2 41,y
ﬁ-a. -J A‘ P

by a back edge from W to X includes W and X, as well as all predecessors of W (direct and \jU"‘ .3
indirect) up to X (that is, X’s predecessors are not included).

}
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Exam #2

Problem 2 (35 p.) Consider the following code, assuming that int variables x, y and z have been declared and initial-

ized.

if (x < 10) {x = 15;}
while (x > 10) {
X}

¥=1
’BL if (z > 0) {y = 3;}
else {y = 5;%}

}
f ; /7 Do nothing

1. Give the final values of x, y and z assuming the following initial values W Zi

Y

Beforecs Stas iy sasrhoAfren e

s lo 3 l
10 10 10 {0 lo
L o (o 5 -
11 0 1 lo 3 [

2. Draw the control flow graph of this code, writing the actual code in each basic block.

J (x<1o)

VAL

x=1S
\ v
Wil (o10)
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é(7>°)
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et SN

o

ey C s T\

.
i

) (;»‘X\\ &“"/

3. Are there any instructions that can be hoisted (moved from inside the body of the loop to outside of it)?
If yes, indicate them and where you would move them, if no, explain why.

NOPLE o e boistedl unless Moo s ywmt/ rhmlu? aow Ll x50 .
awud,.{'ou : - H\m all LY} w.,b( L,Lm‘sftd(
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Exam #2

4. Using the semi-colon (;) as a “do nothing” instruction, transform your flow graph so that your loop has a
pre-header and only one latch (sometimes called a “postbody”). You can abbreviate the code if you want.

'd)(x)w)
TL/ :

x=1$ preneadde,

Y

1 4
i)
Postoef —v ",

g /
5. Convert your flow graph to SSA form, writing the actual code in each basic block.
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Exam #2

6. Rotate this loop: transform it(s non-SSA form) into a do..while (..) loop, making sure the semantics is
exactly preserved.

l <., _ | H / / },’
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,/[, OJLJ|P«IN[ 'P)u ‘7 W€ ey ,/
7. Optimize this code “as much as you can”, avoiding useless repetition,br

anchi Ings or asmgnments

i
\.
\

J(720) fy=3;)

else {y:f;}
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Exam #2

Problem 3 (30 p.) Considerthe codeon p.7 (courtesy of https://anoopsarkar.github.io/compilers-class/
llvm-practice.html), and answer the following:

1. What is the return type of gcd?

.‘32/ Po, kyr

2. Explain what the following do:

%al = alloca i32 ¢&————— “A”O(ﬂ-t‘/}' [LLMVYOW }'f'-/)t"’h {”‘mq (%flh ;"*/

tL l t%/;? store i32 %a, i32% Yal QM( Atowr ;h 46{5{1455 b dua i TLFS iSule
e VALV .
l/{(a UTN‘.M?' an/ v Ajf-rd/o.‘/m«'i go/‘aufmmhc, \/M:,.lrea, .

3. Explain what the following do:

MWIYCK‘M br label ¥ifstart B »
ad dus S conditionly Timsor W satil flow b o fdnd

"_T.[- S a [)bu«cl-i w?H—. okl/ 4 l)ramu

4. How many basic blocks there is in this code? . r .
S, allic Heame Juretion

5. Draw the control flow graph for this code. No need to copy the code, simply use the labels of the blocks.

o] feve
—)2»117;’ —)'afs\'.w" /i \A

\'.(?(?.lk —p end.

6. "Retro-translate” this code into C code, knowing that

The srem instruction returns the remainder from the signed division of its two operands.

iw\’ Ju{ (iu"a , iul' ()) ])

l} (L==0){ refovie a /—>
eln {'\Jui (b, a%é);>

Yekuw«/

reluve 0,’ e o o]l v
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