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po  let n = Box::new(1l);
D2 let mut r = &’r; n;
D4 if **r == 2 {
D6 let m = Box::new(2);
P8 r =&’ry m;
}
P10 println! ("{}", 1);
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error [E0597]: ‘m¢ does not live long enough

--> error-rust.rs:6:13

|
5 | let m = Box::new(2);
| - binding ‘m‘ declared here
6 | r = &m;
| "~ borrowed value does not live long enough
7 | b
| - ‘m‘ dropped here while still borrowed
8 | println! ("{}", 1);
I

- borrow later used here

error: aborting due to 1 previous error
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@
» Run | & Debug
fn main() {
let n: Box<i32> = Box::new(1);
let mut r: &Box<i32> = &n;
if xxr == 2 §

® let m: Box<i32> = Box::new(2);
r = &m-
1 variable m is required to live here

Srintln!("{}", r);
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Algorithm 1 MIROOOOOOOOOODODOOODOOODOOODOOODOOOODOOOOD
goog

1: function GET_REGION_INCLUDING_POINTS( ValidRegions)
2 RegionPoints = { }

3 for all (p, R) € ValidRegions do

4 for all ’r € R do

5: RegionPoints = RegionPoints|’r — RegionPoints(’r) U {p}]
6 end for

7 end for

8 return RegionPoints

9: end function

10: function GET_REF2VAR(AIllVars, Borrows)

11: Ref2Var={ }

12: for all v € AllVars do

13: for all b € Borrows(v) do

14: Ref2Var = Ref2Var[b — v]
15: end for

16: end for

17: return Ref2Var

18: end function

19: function GET_ALL_SUBSETS(PointSubsets)
20: Subsets = { }

21: for all (_, S) € PointSubsets do

22: for all (°r,R) € S do

23: Subsets = Subsets[’r — Subsets(’r) U R]
24: end for

25: end for

26: return Subsets

27: end function

28: function GET_REGION_REQUIRED_POINTS(Subsets, RegionPoints)
29: RegionRequired = { }

30: for all (°r, R) € Subsets do

31: for all ’ry;, € R do

32: RegionRequired = RegionRequired]’r — RegionRequired(’r) U RegionPoints(’rsyp)]
33: end for

34: end for

35: return RegionRequired

36: end function




Algorithm 2 MIROOOODOOODOOOODOODOODODODOODOOOODOO
: function GET_VARIABLES_MUST_LIVE(AllVars, PoloniusOut)

1

2 { ValidRegions, Borrows, PointSubsets, PointRegionBorrows} = PoloniusOut

3 RegionPoints = GET_REGION_INCLUDING _POINTS( ValidRegions)

4: Ref2Var = GET_REF2VAR(AllVars, Borrows)

5 Subsets = GET_ALL_SUBSETS( PointSubsets)

6 RegionRequired = GET _REGION_REQUIRED_POINTS(Subsets, RegionPoints)

T // 0000000000000 0000000OO0MIROOOOOOOODO PODOO
gooon

VarRequired = { }

for all (p,r2B) € PointRegionBorrows do

10: for all (*r,B) € 2B do

11: for all b € B do

12: v = Ref2Var(b)

13: VarRequired = VarRequired[v — VarRequired(v) U RegionRequired(’r)]
14: end for

15: end for

16: end for

17: return VarRequired

18: end function
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fn split<’a>(src: &’a str, del: &str) ->
(&4’a str, &’a str) {

let p = src.find(del) .unwrap();
src.split_at (p)

3

fn main() {

ql. Why does this program cause an
error?
1. The variable s does not live
long enough.
2. The variable rep does not live
long enough.

3. The variable tail does not live

let s = String::from("Hello, world!");
let (head, mut tail) = split(&s, ","); long enough.
if head.len() < 5 { 4. &s is an invalid reference.
let rep = s.replace("!", "."); 0002
tail = split(&rep, ",").1; . . . .
} g2. On which line is the variable
println! ("{head} {taill}"); dropped?
¥ 00011000 12
3. Does this program cause a dead-
use std::sync::Mutex; lock?
) ) 000 No
fn add(r: &mut i32, n: i32) A . .
¥T 4= 1; q4. If so, on which line does the pro-
} gram get stuck?

fn dead_lock () {
let mutex = Mutex::new(0);
let mut write = mutex.lock().unwrap();
add (&mut *write, 3);
drop (write) ;
if 0 < *mutex.lock().unwrap() {
println! ("value: {}", #*mutex.lock
() .unwrap O));

O s5.0000000000000000000O0001

0 3.00000000000000000 (%0 CohenO dOOOO WelchO ¢t00O0 pO

00 Aquascope RustOwl d P
ql 75.0 94.4 0.55 0.049
q2 69.4 86.1 0.40 0.156
q3 55.6 75.0 0.41 0.137
qb 69.4 88.9 0.49 0.082
OO 67.4 86.1 0.63 0.010
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g5. Which function uses more mem-
use std::{thread::sleep, time::Duration}; ory?
000 functionl
// make a large vector

let vl: Vec<_> = (1..100000000) .
collect ();

1
2
3 fn function1l () {
4
5

6 // sleep 10 seconds
7 sleep (Duration::from_secs (10));
8 // make a large vector
9 let v2: Vec<_> = (1..100000000) .
collect ();
10 // sleep 10 seconds
11 sleep (Duration::from_secs (10));
12 drop (v2);
13 drop(vl);
14 %
15
16 fn function2() {
17 // make a large vector
18 let v: Vec<_> = (1..100000000) .collect
O3
19 // sleep 10 seconds
20 sleep (Duration::from_secs (10));
21 drop (v);
22 // make a large vector
23 let v: Vec<_> = (1..100000000) .collect
O3
24 // sleep 10 seconds
25 sleep (Duration::from_secs (10));
26 drop (v);
27}
06.00000000000000O0O0OOOOO 2
V=)L T L DR V=)L ML DIEEE
_ 1.0 S
Tq 0.8 EEE Aquascope
S B RustOwl
T 3 0.6
- 3
g H 0.4
T
0 0.0
Aquascope o RustOwl ql Q2 93 a5
B
O 7.00000000000400 O 8 0000O0OOOoOoOooOO
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0 4. 00000 Rust00000000 (%000 NOCohenO d00OOO WelchO t000 pO

ooo Aquascope (N) RustOwl (N) d D
First time 50.0 (8) 79.2 (6) 0.81 0.126
Beginner 77.5 (10) 80.8 (13) 0.13 0.778
Intermediate 67.3 (13) 93.2 (11) 0.87 0.037
Proficient 75.0 (5) 93.8 (4) 0.56 0.400
Expert - (0) 87.5 (2) — -

0O 5.000000000000000 (0)DUDOOOUOO0O0O0OO0OO0OO NOCohenO dOOO
O WelechO tO0O0O pO

oo Aquascope (N) RustOwl (N) d D
ql0 g2 194 (31) 247 (36) 023 0.349
a3 180 (31) 208 (36) 0.22 0.374
ab 115 (32) 111 (36) -0.03 0.910
g 746 (36) 1020 (36) 0.40 0.091

O0000RestOWI OO OO0O0OOD0OODOODOODOODODOODOOOOOOODOODOODOODOO0
ql00000000000000RustOWI DO 0000000000000 DODOO000O0000O000
O000D000oooDooooooooog

Aquascope 0 RustOWl O 00000000 DOOD0OO0OODOOOODOOODOOCohend dO00O0OO
WelchO t 000 pO0040000Rust00000 Expert 000000000 O0OOOOOODO
0000000000000 00 400 0RustOwl O Aquascope 01000 00 O 00O Intermediatel
O000000oo000ooooo0o0oooooooooooooooooooooooooon
Rust 000000000000 DOO0O00DODODOFirsttimeJO0O0D0O0O00OOD OO ProficientOd
Oo000ooooooooooon

0000000000000 000000000000000O000000 Ah000000dq1
0q2000000000000000000020000000000000000000000
000000000000 000000000 5000RustOwWl 0 Aquascope0 00000000
Oo00ooooooooooooo

6.3 U0O4OoOooOO

0000000000000 00000000000000000000000000O00000
oo0ooooooog

e 6. How often do you use the tool when writing programs?
1. T did not use it at all.
2. T used it a little.
3. T used it frequently.

e (7. Can the tool be used for debugging?
1. Not at all.
2. It worked sometimes.
3. It was helpful for debugging.

e 8. Can the tool be used for memory optimization?
1. Not at all.
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0 6.000000000CohenO d0000O Mann-Whitney J U O0O00O

00 Aquascope RustOwl d p
q6 1.89 1.83 -0.07 0.768
q7 2.11 233 0.30 0.192
q8 1.69 2.08 0.53 0.028
q9 1.17 1.08 -0.25 0.293

2. It worked sometimes.
3. It was helpful for memory optimization.
e 9. Do you find the tool helpful for understanding ownership or lifetimes?
1. Yes
2. No
0000000000000 000o0oOoo0oo0odDOOo0o0o0ooooOooogn CohenO
ddO00 Mann-Whitney O U 0000000000 600000600000 g8 100 RustOwl
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Please open the Src/
examplel. rs file. examplel.rs 1 X
src » examplel.rs > @ main

Why does this program cause an
Y Prog #! [allow(unused)]

error?

O The variable S does not live fn split<'a>(src: &'a str, del: &str) —> (&'a str, &'s

long enough. t p: usize = src.find(del).unwrap();
() The variable rep does not
live long enough.

O The variable tail does not
live long enough.

src.split_at(mid: p)

O &s is an invalid reference. fn main() {
() . Ctpd _ R " ) iy .
On which line is the variable 9 s: String Strlng...fr‘om( Hello, w<')rld. )8
dropped? et (head: &str, mut tail: &str) = split(src: &s, ¢
) if head.len() < 5 {
Line: — rep: String = s.replace(from: "!", to:"."
z tail = split(src: &rep, del: ",").1;
NeXt:‘ X ®2A0 WO rust-analyzer Ln9, Col12 Spaces:4 UTF-8 LF {} Rust & Layout:US. 0
('skip |

Manual

You can read a textbook on ownership and lifetimes here (in Japanese).
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