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1 étatic int N, L; B ik

2 |int foo() { .. IH SP
3 Tnt al[100]; iR [k RA

i int s = 3; IFi s FP

5 int b[N];

6 register int 1ij; %&ﬁia

7 for (i = 0; 1 < L; i++) { ﬁ%s FP
8 b[i] = i * 1i;

( B2l b

9 } sl SP
10 a[10] = b[5];

11 return s; Y [rzihiln

12 |}

Hp, 1 GAEERAAAE To o (TAERR L) o ARG S S5 1 Se AR AR Bl bk RA 55 IHFS
£ FP, Z i I UM FRAFESEA a fIAS i s, HatRAFEhiSEA b HypH FP 17
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2. TEHEA KB, TS HITAE RN R (B4 a FI4EH s) MIH FP. RA POt =S
], ZJEHR b s, A RISC-V HAMUSATBrR, iiiwhas H b i (ks
o

1| func_prologue:

7|slli a0, a0, 2 A0 <- A0 * 4

SP <- SP - A0

2 |addi sp, sp, ______ # SP <- SP + 22?2
3| sw ra, ______ # Mem[SP + ?2?] <- RA
4| 8w fp, ______ # Mem[SP + ?222] <- FP
5| mv fp, sp # FP <- SP
6 |1w a0, 0x4000(zero) # A0 <- Mem[0z4000]

#

#

g | sub sp, sp, a0




3. BELh al10] = b[5]; XAEAXT AR B HARCES, wErhe .
1|1lw ao, (sp) # AO <- Mem[SP + 227]

2 |sw a0, (fp) # Mem[FP + 222] <- A0

4. PR HAFAE— A Zerh D A, 2R L A{ER T NS B b B, Bt
A RE AR Ak i — s . AR T RE S S ER BRI A R, IR, A
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1. AN + 412 775,

2. WFPIR

1 |func_prologue:

2|addi sp, sp, -412

3| sw ra, 408

4| sW fp, 404

5 |mv fp, sp

6| 1w a0, 0x4000(zero)

71s1li a0, a0, 2
8 | sub sp, sp, a0

3. WR R
1|1lw a0, 20(sp)
2|sw a0, 44(fp)

4. L >N+ 1 BEFRREME, L> N +103 KRR bk,




Q2. AR RRMRIEIE 1 — BefUhD . HOEREA S C s 2, ECRriER B, A
Ve (2RM Python). fRIGEEIL, FATH BIHE R R EHAREA SERR B, &K
RO B — SR, P T LB S . AR Sl R AR R AR (S
f# SL. #i754E DL, & Wk RA) R4 pifEIESAEWIRASE . AR HITE] foo O $5H
TR AR TR, KA B SR OB A T AR RE, N oS (T
B, EFERYPIEA S R, IS S M RE SR ) .

0 0 (SL)
1 0 (DL)
2 RA
3 a
1int a, b; 4 b
2 [void foo() { 5 0 (SL)
3 int x; 6 0 (DL)
4 void bar() { 7 RA
5 int x, a; 8 baz.x
6 a = 3; 9 0 (SL)
. if (a > b) baz(); 10 5 (DL)
8 x = 11 RA
9 } 12 foo.x
10 bar () ; 13 9 (SL)
11 X = ... 14 9 (DL)
12 |} 15 RA
13 |void baz() { 16 bar.x
14 int x; 17 bar.a
15 if (a < b) foo(); 18 (SL)
16 X = ... 9|  (DL)
17 | } 20
18la = 1; 21
19 |b = 2; 22 (SL)
20 | baz () ; 23 (DL)
24 RA
25 X

L whaisf TR R i o

2. R Display RS, RECR M RAEH LR A —1 Display I35, H.
RIS SL AR . 1848 H H AR TIRES T Display RINE, PARAIEEICR
HITERAFIA Display RIAKNZ (RIEHBrA SL AL ERH A A)

3. R HBNSIE RN, R PITRER S Z oA AT ? (5 28—k TR AN F By
LR )




L HATE 18-23 HI MR 0, 13, RA, bazx, 0, 18.

2. 3qi Display &K+ D[0] = 0, D[1] = 22, D[2] = 13, {&HlkHHIT 0, 5, 9, 13, 18, 22 iy
WAk Tesk, Tk 5, JeRk, 9, 18,

3. LESIKHUTEISE 15 77, 2RSS, T a = 1,b =2, HIATKHEA foo0):
%%{j]ﬁﬁ;ﬂ%jﬁk%ﬂmu’ mlJ a = 3,[) = 2, ﬁtx%ﬂ%ﬁﬁ foo().



Q3.

41a

5| b

R8N T R AR .

=1 9|c = e + d
1= 2 10 |if (d < 100) goto 2
f (a < c) goto 5 nld := a + 4d
= e 12 |if (d < 100) goto 11
= 2 13|e = c¢c - a
= a - 14|la = c + e
=b + 2 15|if (a < 100) goto 5
=a-b 16 | return
WA RIS BRI RIRIE . 0 By, B, B EA, JOR A S e
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B :
B;: By :
(2) c:=2
(1)a:=1 (3) if (a < ¢) goto 5 (16) return
- /
B3 Bs :
(4) a:=e (13)e:=c—a
(14) a:=c+e
(15) if (a < 100) goto 5
B4 /
(5) b:=2
(6)e:=a—10 Bs:
(1) d:=b+2 (11)d:=a+d ’)
8)e:=a—10 (12) if (d < 100) goto 11
(9) c:=e+d
(10) if (d < 100) goto 2

2. By WS G N {B1, B2, Ba}, T By WA (B, B2), FETFi%BEIE H R
&Fﬁ {B27B3aB4aBSaB6}°

3. PR,

Def LiveUse | Liveln LiveOut
By {a} 0 {e} {a,e}
B, {c} {a} {a, e} {a, e}
B; {a} {e} {e} {a}
B, | {b,c,d,e} {a} {a} {a,c,d, e}
Bs 1) {a,d} | {a,c,d} | {a,c,d}
Bg {e} {a,c} {a,c} {a}
B; 0 0 0 0

4. MFFR. (B 04 Kill 55TV G4 6, WTATRELSL, T&HA In fo Out byt )

Gen Kill In Out
By {1} 0 0 {1}
B, {2} {9} {1,4,5,7,8,9, 14} {1,2,4,5,7,8,14}
Bs {4} {1,14} {1,2,4,5,7,8,14} {2,4,5,7,8}
By | {5,7,8,9} | {2,11,13} | {1,2,4,5,7,8,9,11,13,14} | {1,4,5,7,8,9,14}
Bs {11} {7} {1,4,5,7,8,9,11,14} {1,4,5,8,9,11,14}
Bs | {13,14} {1,4,8} {1,4,5,8,9,11,14} {5,9,11,13,14}
B 0 0 {5,9,11,13,14} {5,9,11,13,14}

5. UD 4k {1,4,14},



6. DU % {3}.

7. AR PR

N
()

8. WD RCH IR/ NFAFAECH 2 4. AT @ REAE P TER A .



Q4. NHESH T —MAEEIREFM AT, R T AR AT R R R
AR, WK . ot SRITERIEN 2 =1, 2=y, 2=y +2z ZFIE
AP i,
B,
{ } Bs :
(1) {e} {d, e}
{a} ——
(2) a:=1 {a,e} (M b:=1 {b,d,e}
(3)d:=a {d, e} 8)a:=1 { }
(4)
B,
(5)
(6)
BHER
B:
{a} B3 :
l (e=a {c) (d.¢)
(2) a:=1 {a,e} (M b:=1 {b,d,e}
(3)d:=a {d,e} (8) a:=1 {b,d,e}
(4) c:=1 e, d,e} \
B2 . B4 .
{c.d} {b.d, e} 0
(5)b:=1 {b,e,d} 9) f:i=e+b {d}
(6) e:=c {b,d,e} (10) a:=d {a}







Q5. FEMREL b, =2~ 1V Z AL . B, FRA TS P A i “ Always-Defined”,
WAV — AR o FEPOER] d (RS 2P0 ad . B IE N HiRE, o
FETRA) 2 A1 3 B IOE X, w FEIRA) 5 HBESRBUE X, (2 y iR 1 I A28
TE LYo

B;:
() z:=5+y
A @z=cta ~
B,: B;:
3)w:=z+a . A (4) w =4
B,:
(5) y:==wx2

N T SEPLX AR “Always-Defined” 70, FRATHEE AD(d, z,OUT) F£RAE « fEi5A] d
WIEFPATIE R R — e XL, AD(d,x, IN) FR a5 o TR d BIRFHATRZ S — @ g L.
AD(-,-, ) BRECRABANEE: True 1 False,

L iz ERIaG e AD(, -, ) BREC
2. WTER d:x = e (e HEEFRERX), ATIHHE AD(d,z,0UT)?

3. XTiEA d:a=e (e WEERENX), WHHE AD(d, 2, IN)?

SHER:
L P AD(, -, ) BIfRfkl False,
2. AD(d,z,0UT) = True,

3. AD(d,x,IN) = True >4 HACYX TG E#FA d B9iE4) p, AD(p,z,0UT) = True.

Q6. F U FEEA

1|B := 32 7|I = A x C
2|D := A + C g|J = H + 1
3|E 1= A x C 9|/K := B x b
4|F =D + E w|L =K+ J
5/G = B *x F 1n|M =L

6|H := A + C

L ARG ZEEASRPAT N A A% . SRS (BUE s R P8 5 5 - Imosii .
Gk, L) AIFCHE. WEAR, SHIKEMIERFS. (THSHPR2E)

2. M3& DAG. (R IERI— ML)
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3. BT E—MK) DAG, RiAA L AEREASEHEZEHEN ., 5HIErEma s,

BEER:

L. W N s

1|B = 32 7|I := A x C
2D = A + g|J :=H + I
3|E = A % 9 |K := 160
4|F =D + w|L = 160 + J
5/G = F << b 11 |M := L

6|/H := A + C

2. WFPIR

3. W R

1|/D := A+ C
2|E := A x C
3|/F = D + E
4|L := 160 + F
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Principles and Practice of Compiler Construction HW

Due: 12/30/2025

If you have any suggestions, feel free to contact the TAs.

Q1. For the following C function section, its runtime activation record is organized as in the

right figure.

1 |static int N, L; High address
2 |int foo () { Old SP
3 int a[100]; Return address RA
4 int s = 3; Old frame pointer FP
5 int b[N];
6 register int i; Array a
7 for (i = 0; 1 < L; i++) { Variable s FP
8 b [1] =i *x i 5
Array b
. } Y SP
10 a[10] = b[5];
11 return s; Low address
12 }

Where, 1 is stored in register TO rather than on the stack. The activation record first store the
return address RA and old stack frame pointer FP, and then store array a and variable s in the
order of definition, at last store the dynamic array b.

We use FP to store the stack top pointer SP before allocating dynamic array b. In this problem,
array element are stored in the stack from low address to high address in the order of index,
for example, b[0] is stored at the address pointed by SP.

Suppose the memory address of global variable N is 0x4000. The word length is 4 bytes.

1. How many bytes is the total size of the stack frame (activation record) of the function?

Write as expression of N.

2. When entering the function, we should first allocate stack space for all fixed-sized variables
(array a and variable s) and old FP, RA. After that, allocate space for dynamic array b.
The RISC-V code generated is as follows. Please fill the blanks.




1| func_prologue:

2 |addi sp, sp, ______ SP <- SP + 222

3| sw ra, ______ Mem[SP + 222] <- RA
4 |sw fp, ______ Mem[SP + ?22] <- FP
5| mv fp, sp FP <- SP

6 |1lw a0, 0x4000(zero)
7|!slli alO, a0, 2

A0 <- Mem[0z4000]
A0 <- 40 * 4
SP <- SP - A0

HOW W W™ W W W

8 | sub sp, sp, a0

3. Statement a[10] = b[5]; in the function is translated into the following target code.
Please fill the offsets.

(sp) # AO <- Mem[SP + 227]

(fp) # Mem[FP + 222] <- A0

4. There is a buffer overflow vulnerability. If the value of L is greater than N will cause the
array b to out-of-bound access, and may overwrite data on the stack.
Overwriting data may cause the function to return bad values. The more serious problem

is, if the data overwritten is the return value, the function may return to bad value.

Please fill: return value will be overwritten when L is greater than , return address
will be overwritten when greater than . Use expressions of N.
Solution:

1. 4N + 412 bytes.

2. As follows.

1| func_prologue:

2 |addi sp, sp, -412

3| sw ra, 408

4|8W fp, 404

5 |mv fp, sp

6 |1lw a0, 0x4000(zero)
7|!slli a0, a0, 2

8 | sub sp, sp, a0

3. As follows.

1|1lw a0, 20(sp)
2|sw a0, 44(£fp)

4. Overwrite return value when L > N + 1, overwrite return address when L > N + 103.




Q2. Following is a code section of a simple language. Its grammar is almost the same with C,

but it supports nested function declaration and global statements as in Python.

To simplify, all the functions we discuss here has no arguments nor return value. Each function

has a static scope, program running uses static scoping.

The progress activation record consists of control information (static link SL, dynamic link DL,

return value RA) and the variables declared in the current scope.

The right figure shows the runtime stack state when the program calls foo() the second time,

where variable names stand for the position stores the value of the variable, left of the box is

10

11

12

13

14

15

16

17

18

20

item index.
Notice: usually the address is expanded from high to low, but here the index is from low to high.
0 0 (SL)
1 0 (DL)
2 RA
3 a
int a, b; 4
void foo() { 5 0 (SL)
int x; 6 0 (DL)
void bar() { 7 RA
int x, a; 8 baz.x
a =3 9 0 (SL)
if (a > b) baz(); 10 5 (DL)
= ’ 11 RA
¥ 12 foo.x
bar () 13 9 (SL)
* = ’ 14 9 (DL)
¥ 15 RA
void baz () { 16 barx
int x; 17 bar.a
if (a < b) foo(); 18 (SL)
* = ’ 19 (DL)
¥ 20
a = 1; 21
b=2; 92 (SL)
paz O 23 (DL)
24 RA
25 X

1. Fill the blanks in the runtime stack.

2. We use Display table to replace the static link. Suppose we only store one Display table
entry in the activation record, and the entry takes the place of SL in the figure.

Please point out the content of Display table in the current running state, and the Display




table entry stored in each activation record. That is, the new contents of the SL positions.

3. If we use dynamic scoping, what’s the difference of the running result of the program?

Just point out the first time when the control flow is different.

Solution:
1. Ttem 18-23 has the value 0, 13, RA, baz.x, 0, 18, respectively.

2. The current Display table is: D[0] = 0, D[1] = 22, D[2] = 13.
Ttem 0, 5, 9, 13, 18, 22 has the value: invalid, invalid, 5, invalid, 9, 18, respectively.

3. When the program reaches line 15 for the second time, if we use static scoping, then a =
1,b =2, foo() will be called again; if we use dynamic scoping, then a = 3,b = 2, foo () will
not be called.



Q3. Consider the following IR.

1jla =1 9|c 1= e + d

2lc = 2 10|if (d < 100) goto 2
3|if (a < ¢) goto 5 nld := a+d

ala = e 12|if (d < 100) goto 11
5/b 1= 2 13|e = ¢Cc - a

6|le 1= a - 4la = c + e

7|1d 1= b + 2 15 |if (a < 100) goto 5
gle = a - b 16 | return

1. Give the basic block partitioning and flow graph of the code. Use By, By,

--- to name the

basic blocks, where the order should be consistent with the order of the first line of the

basic block.

2. Please write down: (1) dominator set of the basic block containing Line 5, (2) back edge

starting from this basic block, (3) natural loop based on the back edge.

Use the basic block name of the last problem.

3. Use the method of solving data flow equations iteratively to analyze live variable infor-

mation of the code. Give the sets Def, LiveUse., Liveln. LiveOut of each basic block.

Suppose the LiveOut set of exit basic block is empty set.

4. Use the method of solving data flow equations iteratively to analyze reaching definitions

information. Give the sets Gen., Kill, In, Out of each basic block. Suppose the In set

of entry basic block is empty set.

5. Give the UD chain of variable a at Statement 11.

6. Give the DU chain of variable ¢ at Statement 2.

7. Draw the register interference graph.

8. According to the graph coloring register allocating algorithm in the lecture. If we do not

want to spill registers to the memory during the coloring process, what is the minimum

number of phisical register needed? Give a possible coloring scheme.

Solution:

1. As follows.




B2 :
B1 : B7 :
1)a:=1 (2)e:=2 (16) return
( — (3) if (a < ¢) goto 5 /
B3 : B6 :
(4) a:=e 13)e:=c—a

(
(14) a:=c+e
(

15) if (a < 100) goto 5
B4 /
(5) b:=2
(6)e:=a—10 Bs:
(1) d:=b+2 (11)d:=a+d
8)e:=a—10 (12) if (d < 100) goto 11
(9) c:=e+d
(10) if (d < 100) goto 2

2. Dominator set of By : {B1, Bo, By}; back edge from By : (By, Bs); natural loop : {Bs, Bs, By, Bs, Bg}.

3. As follows.

Def LiveUse | Liveln LiveOut
By {a} 0 {e} {a,e}
By {c} {a} {a, e} {a, e}
By {a} {e} {e} {a}

By | {b,c,d, e} {a} {a} {a,c,d, e}
Bs 0 {a,d} | {a,c,d} | {a,c,d}
Bs {e} {a,c} | {a,c} {a}
By 0 0 0 0

4. As follows.
Whether the Kill set of Bg includes 6 or mot is both possible. It does not influence the

computation of In and Out.

Gen Kill In Out
By {1} 0 0 {1}
B, {2} {9} {1,4,5,7,8,9,14} {1,2,4,5,7,8,14}
Bs {4} {1,14} {1,2,4,5,7,8,14} {2,4,5,7,8}
By | {5,7,8,9} | {2,11,13} | {1,2,4,5,7,8,9,11,13,14} | {1,4,5,7,8,9,14}
Bs {11} {7} {1,4,5,7,8,9,11,14} {1,4,5,8,9,11,14}
Bs | {13,14} {1,4,8} {1,4,5,8,9,11,14} {5,9,11,13,14}
By 0 0 {5,9,11,13,14} {5,9,11,13,14}




5. UD chain : {1,4,14}.
6. DU chain : {3}.

7. As follows.

N
(aF—=)

8. Minimum register number needed is 4. A possible coloring scheme is given in the solution of

last problem.



Q4. Here is an incomplete flow graph and register interference graph. The live variable list
after each statement is attached to the graph. Fill in the missing parts.
The missing statements must be chosen from such forms: z:=1, x:=y. z:=y+ z.
B1 .
{ Bs:
1) fe} {d,e}
{a} ——
(2) a:=1 {a,e} (M) b:=1 {b,d,e}
(3)d:=a {d, e} 8)a:=1 { }
(4)
B2 :
{b,d, e}
— {}
(5) {d}
(6) {a}
Solution:
B,
{CL} B3 :
We=a {e} {d,e}
{a} ——
(2) a:=1 A{a,e} (M) b:=1 {b,d,e}
(3) d:=a {d,e} (8) a:=1 {b,d,e}
(4) c:=1 e, d,e}
Bz : B4 :
e, d} {b.d,e} 0
(5)b:=1 {b,c,d} (9) f:==e+b {d}
(6) e:=c {b,d,e} (10) a:=d {a}







Q5. In class, we've learned many types of data flow. Now we want to design a new data flow
type “Always-Defined” , to help us decide whether a variable x is always defined before used
in statement d.

Consider the following flow graph, « is always defined in statements 2 and 3, w is always defined

in statement 5, but y is not always defined in statement 1.

B;:
(I)z:=5+y
7 (2)z:=a0+x gy
B, : Bs:
B)w:=z+z - - (4) w:=4
B,:
(5) yi=w x 2

To implement such ”Always-Defined” analysis, we use function AD(d,z,OUT) to signify
whether variable z is always defined after the execution of statement d, AD(d, x, IN) to signify
whether x is always defined before the execution of statement d.

Function AD(-,-,-) has only two possible values: True and False.
1. We should use which value to initialize function AD(:,-,)?
2. For statement d : x := e (e is any expression), how to calculate AD(d,x,OUT)?

3. For statement d : x := e (e is any expression), how to calculate AD(d,x,IN)?

Solution:
1. Initialize all AD(-,-, ) as False.
2. AD(d,z,0UT) = True.

3. AD(d,z,IN) = True if and only if for any statement p that directly succeeded by d, AD(p,z, OUT) =

True.

Q6. Consider the following basic block.

1|B = 32 7|I = A x C
2|D := A + C g|J = H + 1
3|E 1= A x C 9|/K := B x b
4|F =D + E w|L =K+ J
5/G := B *x F 1n|M =L

6|H := A + C

1. Perform the following optimizations on the basic block in sequence: constant propagation,

strength reduction (assuming the operations from fastest to slowest are: addition/sub-
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traction, shift, multiplication), combining known quantities, and constant propagation.
Write the optimized statement sequence.

Notice: No need to write the intermediate steps.

2. Construct the DAG.

Notice: Do not consider the optimization in the last problem.

3. Based on the DAG of the last problem, suppose only L will be used after this basic block,

give the optimized statement sequence.

Solution:

1. As following.

1|B = 32 7|I := A x C
2D := A+ C g|J = H+ I
3|E := A x C 9K := 160
4|F :=D + E w|L = 160 + J
5/G := F << b 11 |M :=1L
6|H := A + C

2. As following.

3. As following.

1|/D := A+ C
2|E = A x C
3|F = D + E
4|L := 160 + F
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