631 exam practice mid-lerm
This program is Lo be used in questions 1-3.

50 il (& <= 1) golo L1
51 x=1

52 il (= > 2) goto L2
53 y = x+1

54 colo L3

39 L1 x=2

g6 L2 z=x-3
57 x =4

58 £ = x+7
59 L3 prinl x,y=

1. Control [low analysis

(a) Whal are the basic blocks?
(b) Show the control llow graph
(¢) Number the nodes ol the CFG in reverse postorder.

(d) Give the dominator tree [or this program

Answer:

Bl
if x <=1 goto L.1

N

B3 B2
gl Ll:x=2
ifz>2 goto L2 '
B4
B3 L2:z=x%x-3
y = x+1 x—4
S Z=3%X+7

B6
L3: print X,v,z




Bl

B2 B3

B5

B4

m

B6

2. Conirol dependence - which block(s) are control-dependent on which block(s)?

Block

B2 Bl — B2
B3 Bl — B3
B4

BS5 B3 — B5

15 control dependent on edge

B3—B4 and Bl — B2

3. Dominance [rontiers and S55A [orm

(a) For each block, give the dominance frontier and the iterated dominance frontier.

Block DI°
B2 B4
B3 B4,B6
B4 B6
B5 B6

DI+
B4,B6
B4,B6
B6

B6

(b) Give the (minimal) SSA form ol the program.

4. Dala llow latlices

L1
L2

L3

il (20 <= 1) golo L1

x = 1

il (20 > 2) golo L2
y1 = x1+1

rolo L3

Xg = 2

x4 = ¢(x1, x2)

%] = X4 &

X3 =

vy = Xz+7

x5 = ¢(x1, x3)
Yo = ‘:'3’[}’11 .‘.r’:]]'
g — ﬁf’{iﬁm 'irﬂ
]J'l'j]]'.. X5, ¥4

(a) Remember that we deline our C operator as « C v = u = v, A [rame work is
monotone il and only il w C v = f{u) C f(wv).

Prove or disprove that even if a [ramework is not distributive (i.e., f(ulw) = f(w)0f (),

monolonicily guarantees thal f(uMw) C f(u) N f(v).

Answer: IMirsl, we prove Lhal «Mwv C v. To prove Lthis, we need Lo prove uly = wlulMwe,
which is Lrue since I 18 associalive v M v = v,



Similarly, u Mw C .

To prove f(ulMwv) C f(u)N f(v), we need Lo prove thal f(uNv) = flufw) 0 f{w) 0 f(v).

Since ulMw» C u and [ is monolone, we have f(uMNv) C f(u) and therefore f(uMNwv) =
S(uMw) N f{u). Therefore, our prool obligation is reduced to f(uMw) = f(uMw) 0 f(v).

Similarly, we know f{uMw) C f(u) and use that o reduce our prool obligation to
S(unw) = f(uMwv), which is Lrivially true.

(b) Informally/intuitively, deseribe what would be true of a system thatl is nol monotone.

Answer: Learning more would result in you knowing less. The most likely situation
would be il the analysis decides thal a certain paih is unfleasible, it is templing Lo reset
the laitice value Lo T; don't do this, it makes the [ramework non-monolone.

9. Depth IFirst. Search tree and dominator tree:
eny|  DFS tree (unlabeled edges are tree edges)

'

6. We wanl Lo be able to deltermine il a pointer might be null. We wani to warn Lthe user and
refuse Lo compile when we [ind a stalement thal is a delinile error, and omil run-time null
poinler checks whenever possible.

Aszsume Lhal doing a relerence through a null pointer throws an exceplion that is nol caught
within the code we are analyzing.

For our analysis, iry Lo compule accurate information lor copy statements (e.g., aller p = q,
whalever we had previously known aboul q@ we now know about p) and pointer uses (e.g.,
alter p = g.x we know that q is non-null and don’t know anyilhing about p).

Formulale this problem as one or more data [low problems. There are several dillerent ways
Lo do this; the more accurale your solution the higher your grade.

Answer: This is like a constani propagation problem, where the possible values are null or
non-null. There are olher ways Lo do it, bul this is the way [ will be doing it.



