UCLA Computer Science 33 (Fall 2018)

Midterm 1

100 minutes, 100 points, open book, open notes.
Use a separate sheet of paper for each answer,
except for problem 1 where you should simply
write the answer on your copy of the exam.

Put a big problem number at each sheet's top.
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Consider the x86-64 assembly-language code (in

gcc -S format) and the C functions on the back
side of this exam.

1 (20 minutes). For each assembly-language
function (L1 through L14) that corresponds to a
C function (a through t), write the letter of
the C function next to the corresponding
assembly-language function. Note that some
assembly functions correspond to more than one
C-language function, and some correspond to
zero C-language functions.

2 (8 minutes). For each assembly-language
function (L1 through L14) that does not
correspond to any C-language function, write
the source code of a C-language function that
it *could* correspond to.

30.(10 minutes). For some arguments, L7 and L10
are equivalent (i.e., they return the same
results), and for other arguments they are not
equivalent. Give an example argument where
they agree, and an example argument where they
disagree. Give the exact set of arguments
where L7 and L10 agree and why.

3y(12 minutes). Trace through assembly
-language function L5 with the integer argument
-300, and state briefly what each instruction
does. |

-

4 (12 minutes). Briefly explain L5. Why is it
a correct translation of the corresponding C
source code? What does this function do, at a
high level?

Consider the following objdump -d output:

0000000000000000 <f>:

)
0: 48 39 d7 cmp %srdx /%rdi 9mmﬁv
32 7d 2b jge 30 _<f+0x30> @=x=xzo
5: 48 89 f9 mov  (Srdi,%srcx = rex=a
8: 31 cO xor %Beax,%eax cor e oX -
a: 48 f7 d1l not %IrcX vex =~ O
d: of 1f 00 nopl (srax) - e A e b
10: 40 f6 c7 01 test  $6x1, wm&d? 1% oo
14: 49 89 c8 mov %rcx,%r8 2 - E?m L
17: 4c Of 44 c7 cmove @muﬁrww N ,-_ws
1b: 48 01 f7 add %rsi,%srdi @ ="
le: 48 29 f1l sub %rsi,%rcx rexE™~a- b
21: 4c 31 cO xor %r8,%rax. rox-cex v8
24: 48 39 fa - cmp Ssrdi;,%srdx = ave B &
27: 7f e7 jg 10 <f+0x10>
29: c3 retq
2a: 66 Of 1f 44 00 00 nopw Ox0 (%rax,%rax, 1)
30: 31 cO xor %eax,%seax
32: c3 retq

5 (15 minutes). Reverse-engineer this code, and
write a C function that has the same effect.

6 (3 minutes). How often is the instruction
at offset 2a executed and why is it there?

7 (10 minutes). This implementation has
duplicate cmp instructions at offsets 0 and

24, each followed by a conditional branch.
Change the assembly code so that it has just
one cmp instruction and one conditional branch,
thus making the program a bit shorter.

8 (10 minutes). This implementation has a
conditional-move instruction. Rewrite that
part so that it doesn’t use a conditional of
any kind. If you combine (7) and (8), your
implementation should have just one conditional
jump instruction and no other conditional
instructions.



xorl %seax, %eax MH;WVHQH
ret movq %rdi, %rax
: sar 8, %rax
movq %srdi, S%rax 1mﬁa >
notq Ssrax L11:
ret movzbl %dil, S%eax
e i movl %edi, %ecx
sarg el wrdi: s B
» re
movzbl %dil, %eax \MHHNFHNH
—ret o leaq (%srdi,%srdi), %rax
//l\\\u\\. -!r/// H.m..ﬂ
movq %rdi, Ssrax \ L13:
mwﬂ“ Nﬁmw wrax i movl $1, %€ax - . er 1,
’ / ret
ret . @EH
e, "SR chvke Hﬂmw. N..&
estq rdi, %srdi movq rdi, S%rax
leaq 255(%rdi), %rax ret
movq %srdi, %rdx
cmovns  %rdi, %rax Hint: 'sarq %rdi' is equivalent to 'sarq $1,
sarq $63, %rdx Ssrdi’.
shrq $56, %rdx
addq %rdx, %rdi . gy =TT
sarq wm" %srax ) long a (long m) { return 0; } a4 T
movzbl %dil, %edi ¥long b (long m) { return -1 - m; }
subq *1a«. %srdi : ¥long ¢ (long m) { return m < 0@ ?7 -1:0;}
subq %rdi, S%rax : long d (long m) { return (m & 255) >>m; }
ret xlong e (long m) { return m / 256; } wo>2%
e L6: . N long f (long m) { return m / 256 - m % 256; }
movq %rdi, %rax rthn ol long g (long m) { return m << 63 << 1; }
= ret VAﬂo:m h (long m) { return m >> 63 >> 1; }

P i . . : . /
: - . . - TS SN long i (long m) { return m >> 8; } v AR
= testq %Srdi, &wau, crm redul A sF .nzaw 19K L long j (long m) { return m & m; } b %
Mmmn 255(%rdi), wﬁmx.tsgmusr‘: L g o P %ﬁozc k (long m) { return m * m; }

: o<:m\3whmpm;mhmm,.n ~F rone ! P long 1 (long m) { return m + m;- }
sarq $8, %rax.- long m (long m) { return m - m; }

9 ret L long n (long m) { return m / m; }

" | 8: . 7 15 , Xlong o (long m) { returd m >> m; }
movq %rdi, %srax (/r:e long p (long m) { return m ~ m; }
movl %edi, %ecx wral . long q (long m) { return m | m; }
sarq wmw\ %srax (or=2) long r (long m) { return (m >> m) & 255; }
ret - long s (long m) { return m >> (m & 255); }

L9: i flong t (long m) { return ~m; }

movq rdi, %rax \ =243
sarq $63, %rax AﬁL¢x> ’ g
ret
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