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g Energy consumption of Al poses environmental
A || problems B

H lﬁ /) Data centers and large Al models use massive amounts of energy and are harmful to TeChTarget
the environment. Businesses can take action to lower their environmental impact.

7

Sources: https://www.techtarget.com/searchenterpriseai/feature/Energy-consumption-of-Al-poses-environmental-problems; https://wwwwired.com/story/ai-great-things-burn-planet/.
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IEEE Spectrum 3 ~t &

Intel Starts R&D Effort in Probabilistic Computing for
Al >»Seeks ways to help self-driving cars and autonomous

robots deal with the uncertainty of the real world

e

Source: https://spectrum.ieee.org/intel-starts-rd-effort-in-probabilistic-computing-for-ai.
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— Infer WB A XA https://fbinfercom/docs/next/checker-cost/
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T%f}/?\:—:

INSL 22 : Infer PR

void loop(ArraylList<Integer> list) {
FOF €int 1 = 0; 1 <= list.sizel); 1t+¥)

Infer WB A X A4 https://fbinfercom/docs/next/checker-cost/
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INSL 22 : Infer PR

void loop(ArraylList<Integer> list) {
FOF €int 1 = 0; 1 <= list.sizel); 1t+¥)
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T7<7\}/—§1:_:

INSL 22 : Infer PR

void loop(ArraylList<Integer> list) {
for (int 1 = 0; 1 <= list.size(); 1++) {
}

h

void loop(ArrayList<Integer> list) {
for {1nk 1 = 0; 1 <= list.sizel): 1ttt} +
print(list);

¥

Infer WB A X A4 https://fbinfercom/docs/next/checker-cost/

8| list| + 16 = O(| list])
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T%f}/?\:—:

void loop(ArraylList<Integer> list) {
FOF €int 1 = 0; 1 <= list.sizel); 1t+¥)

}

s,
e
Rt

void loop(ArrayList<Integer> list) {
for {1nk 1 = 0; 1 <= list.sizel): 1ttt} +
print(list);
}

Infer WB A X A4 https://fbinfercom/docs/next/checker-cost/

8| list| + 16 = O(| list])

O( | list|*)
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T%f}/?\:—:

INSL 22 : Infer PR

void loop(ArraylList<Integer> list) {
FOF €int 1 = 0; 1 <= list.sizel); 1t+¥)

void loop(ArrayList<Integer> list) {
for {1nk 1 = 0; 1 <= list.sizel): 1ttt} +
print(list),;
J
}

Infer WB A X A4 https://fbinfercom/docs/next/checker-cost/

8| list| + 16 = O(| list|)
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OCAML

gA

let rec append 11 12 =
match 11 with

Pl 12
| XiiXs > x.::(append xs 12)
R e i

[HDW17] ). Hoffmann, A. Das, and S.-C. Weng. 2017. Towards Automatic Resource Bound Analysis for OCaml. In POPL17.
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OoCAML
append : (L’(a) X L%(a),3) — (L%a),0)

gA

let rec append 11 12 =
match 11 with

Pl 12
| XiiXs > x.::(append xs 12)
e ey

[HDW17] ). Hoffmann, A. Das, and S.-C. Weng. 2017. Towards Automatic Resource Bound Analysis for OCaml. In POPL17.
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gA

let rec append 11 12 =
match 11 with

Pl 12
| XiiXs > x.::(append xs 12)
e ey

[HDW17] ). Hoffmann, A. Das, and S.-C. Weng. 2017. Towards Automatic Resource Bound Analysis for OCaml. In POPL17.
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OCAML

A SRHAEE R A

gA

let rec append 11 12 =
match 11 with

L) —> 12
| xiixs -> x::(append xs 12) {)C}:—I@ﬁﬁ_lz;“/"%%E/]__fl\:

VNl +3=0(7])

[HDW17] ). Hoffmann, A. Das, and S.-C. Weng. 2017. Towards Automatic Resource Bound Analysis for OCaml. In POPL17.
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----------------------------------------------------------------
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TRHAERT LS RSt A — T AE SRR
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B BEATT A

let rec append 11 12 =

match 11 with

| 1] >
12

| Xiixs ->
let () = tick(1) in
let rest = append xs 12 1n
Xiirest

13



let rec append 11 12 =
match 11 with

j 11~

//\\ RN 4 o 50 | RS LE L EE LRI TR EELEEEEEE SCLELEEESEREIEEEE LLLEER ‘
%EILEq ﬂ$%ﬁ%£; ;;et () = thK(1) 1n;

let rest = append xs 12 1n
X.:rest

13
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append : (L'(a) X L(a),0) = (L°(a),0)

let rec append 11 12 =
match 11 with

COSt: ‘fl‘

L]
S . L 12
i t:!./fl\( llJL:T:t/':/T/::— | Y.tyc
X::rest

13
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Cost = | £y | append : (L'(a) X L%a),0) = (L%),0)

let rec append 11 12 =
match 11 with

Y
—

W3 tick & RAARTE |

o M SRR A

L1 2
12
X:iXs ->

llllllllllllllllllllllllllllllllllllllllllllllllll

--------------------------------------------------

let rest = append xXs 12 in

X::rest
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Cost = || | append: (L'(a)x L%a),0) = (L%a),0)

let rec append 11 12 =
match 11 with

Y
—

W3 tick & RAARTE |

o M SRR A

L1 2
12
X:iXs ->

llllllllllllllllllllllllllllllllllllllllllllllllll

--------------------------------------------------

let rest = append xXs 12 in

X::rest
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DIRme——————
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#Err 7 p BBAVHY
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Cost = | £y | append : (L'(a) X L%a),0) = (L%),0)

let rec append 11 12 =
match 11 with

Y
—

W3 tick & RAARTE |

o M SRR A

L1 2
12
X:iXs ->

llllllllllllllllllllllllllllllllllllllllllllllllll

--------------------------------------------------

let rest = append xXs 12 in

X::rest
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LP(a)

DIRme——————

3P BB TR AR

#Err 7 p BBAVHY
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Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0)

let rec append 11 12 =
match 11 with

Y
—

W3 tick & RAARTE |

o M SRR A

L1 2
12
X:iXs ->

llllllllllllllllllllllllllllllllllllllllllllllllll

--------------------------------------------------

let rest = append xXs 12 in

X::rest

13

NP

LP(3) Bl 3 B T R AR

DIRme——————

#Err 7 p BBAVHY

[11: Li{a), 12: 1%a)]; 6 LALES

e




A HAEAR SR KA
LP(3) Bl 3 B T R AR

Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0) ——————

let rec append 11 12 =

Y p LRI AL

[11: Li{a), 12: 1%a)]; 6 LALES

match 11 with /] 11 $OEFE
=2

e 12

B tick RAFE | | yiixs ->

$%)-$ E/‘] /jl—l\\fﬁ‘;l/ $%7|;%; iet():tlck(’|)1n

--------------------------------------------------

let rest = append xXs 12 in
X:.rest
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Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0) ——————

let rec append 11 12 =

Y p LRI AL

[11: Li{a), 12: 1%a)]; 6 LALES

match 11 with /] 11 BB FE
[ LT => [12: 19(3)]: O Upits
| - 12
BT tick BRI | | yiixs o>

et ()= G i)

let rest = append xXs 12 in
X:.rest
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LP(3) Bl 3 B T R AR

Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0) ——————

let rec append 11 12 =

Y p LRI AL

[11: Li{a), 12: 1%a)]; 6 LALES

match 11 with /] 11 #EFE
| [} > [12: L°(3)]; O units
. - 12 12 B iR B R ARG 524
3T tick BXXARE | X:iXSs -> /1 o i B
R e g R LLLLLCEEE T e EREE LECEEE S ST PILTEE [CLEER -
%%)_?El/\]/'_'\/)?\/ %%7':%} :let () — thK(1) 1n§

--------------------------------------------------

let rest = append xXs 12 in
X:.rest

13
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Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0) W——

let rec append 11 12 = [11

match (11) with /] 11 BOHFE
[12: L9(a)], O units

/] 12 #EFE B R BI XRS5 25
[12: L(a), x: a3, xs: LY(a)]; 1 unit)

#m Y p B HRE

s L1(a), 12: L9(a)l; O URLES

T tick B FRE
=S NRAR ISP S Rie

1et rest = append Xs 12 1in
X:.rest

13
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Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0) ——————

let rec append 11 12 =

Y p LRI AL

[11: Li{a), 12: 1%a)]; 6 LALES

match 11 with /] 11 $OEFE

L 1] > [12: [9Ca)]; O URits
Bt tick Btk 1¢ /] 12 #EFE HiRBIZERAIGE£2 4
B e [12: 19(2), X3 3, xsi L'(2)]; 1 unit
L Rk §1EL () = tick(1) 1in: [12: Le(a), x: &, Xxs: Li(a)l; @ Uik

--------------------------------------------------

let rest = append xXs 12 in
X:.rest
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Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0) W——

let rec append 11 12 =

Y p LRI AL

[11: Li{a), 12: 1%a)]; 6 LALES

match 11 with /] 11 BOHFE

| [} > [12: L°(3)]; O units
o e 12 /] 12 $UBFE HIRBIZKXAIG S35
B e [12: 19(2), X: 3, xsi L'(a)]; 1 unit
L Rk §1EL () = tick(1) 1in: [12: Le(a), x: &, Xxs: Li(a)l; @ Uik

--------------------------------------------------

let Fest = append xs 12 1N [x' 5, pest: 18(a) | @ Hnit:
Xiircest
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Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0) ——————

let rec append 11 12 =

Y p LRI AL

[11: Li{a), 12: 1%a)]; 6 LALES

match 11 with /] 11 $OEFE

L 1] > [12: [9Ca)]; O URits
Bt tick Btk 1¢ /] 12 #EFE HiRBIZERAIGE£2 4
B e [12: 19(2), X3 3, xsi L'(2)]; 1 unit
L Rk §1EL () = tick(1) 1in: [12: Le(a), x: &, Xxs: Li(a)l; @ Uik

--------------------------------------------------

let Fest = append xs 12 1N [x' 5, pest: 18(a) | @ Hnit:
X:.rest /] x 0 rest #EAE HiR B LRI 55242
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Cost = |Z,| | append: (L'(a)x L%a),0) = (L%a),0) m———

let rec append 11 12 =

Y p LRI AL

[11: Li{a), 12: 1%a)]; 6 LALES

match 11 with /] 11 BOHFE
L[] > [12: L°(a)]; O units
] 11 12 olEE LR B A% 4
$§?Eq§k:ﬁ%;%g;f e [12: L°(a), X' a, xs: Li(a)]l; 1 e
st et () = tick(1) in: [12: L°(a), xi 3, xsi L'(a)]; @ units
let Fest = append xs 12 1N [x' 5, pest: 18(a) | @ Hnit:
X:.rest /] x K0 rest #HAE HiR B 2L RIG 5222

JRE: FMERF R FEER SRR RIEN
LIRS R R SR BUAR TR E
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BT

let rec append 11 12 =
match 11 with

L] >
12
} %iixs —>

det () = tick(1) in
let rest = append xs 12 1n
X . rrest

54
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BT

append : (LP(a) X LY (a), r) — (L*(a), 1)

let rec append 11 12 =
match 11 with

L] >
12
} %iixs —>

det () = tick(1) in
let rest = append xs 12 1n
X . rrest
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ERLXI Y
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ERLXI Y

let rec append 11 12 =
match 11 with

L] >
12
} %iixs —>

det () = tick(1) in
let rest = append xs 12 1n
X . rrest
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Pt RAMYPIEE

* L 4
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EALXI BB HE T

llllllllllllllllllllllllllllllllllllllllllllllllll

let rec append 11 12 =

match 11 with

>
12

} %iixs —>
let () = tick(1) 1in
let rest = append xs 12 1in
¥ FPest

*
--------------------------------------------------
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Pt RAMYPIEE

* L 4
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EALXI BB HE T

llllllllllllllllllllllllllllllllllllllllllllllllll

let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
>
12
} %iixs —>
let () = tick(1) 1in
let rest = append Xs 12 1in
¥ FPest

*
--------------------------------------------------
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Pt RAMYPIEE
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EALXI BB HE T
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let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
>
12
} %iixs —>
let () = tick(1) 1in
let rest = append Xs 12 1in
¥ FPest

*
--------------------------------------------------
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Pt RAMYPIEE

* L 4
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EALXI BB HE T

llllllllllllllllllllllllllllllllllllllllllllllllll

let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
I => [12: [a(a)]: 0 units
12
. xiixs >
ek () = tick(1) in
let rest = append xs 12 1in
X:.rest

*
--------------------------------------------------
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let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
I => [12: [a(a)]: 0 units
12
. xiixs >
ek () = tick(1) in
let rest = append xs 12 1in
X:.rest

*
--------------------------------------------------
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p,a,15t R ANFBEE

EALXI BB HE T

..................................................... S HEEAS
o | 5,450, 0, 556, 656"
let rec append 11 12 = [11: Lr(a), 12: Ls(a)]; r units 5 5
match 11 with
0k > [12; [9(a)];  units :
¢ 25, P2t

} xiixs >
et () = tick(1) 1in
let rest = append xs 12 1in
X:.rest

*
--------------------------------------------------
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p,a,15t R ANFBEE

EALXI BB HE T

..................................................... L2 R
s le _ 530,450,730, 530, 130
let rec append 11 12 = [11: le(a), 12: [(a}l, © Units : :
match 11 with
LI > f12: (a3} ]; P units :
12 :q2s,r>t
| Xiixs ~> [12: 19(3), X 3, ¥<:le(a)]; rptp Units

det () = tick(1) in
let rest = append xs 12 1n
X . rrest

*
--------------------------------------------------
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p,a,15t R ANFBEE

* L 4
lllllllllllllllllllllllllllllllllllllllllllllllllll

EALXI BB HE T

L2 R

llllllllllllllllllllllllllllllllllllllllllllllllll

append : (LP(a) X LY (ax), ) — (L*(), 1) o oop fe.
[11: LeCa), 12: [(a)]; & Units i §

let rec append 11 12 =
match 11 with
1] > [12: I9ta)]l; I Units s
12 925, P2t
| xiixs -> [12: L9(3), X: 3, xs: LP(3)]; r+p units
let () = tick(1) 1n [12: L9(3), x: 3, xsi Lp(3)]; r+p-1 unitsi
let rest = append xs 12 in :
X:.rest

*
--------------------------------------------------

14



BT

lllllllllllllllllllllllllllllllllllllllllllllllllll

p,a,15t R ANFBEE
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append : (LP(a) X LY (a), r) — (L*(a), 1)

let rec append 11 12 =

match 11 with
| |1 > [12: I363)]: r Units

EALXI BB HE T

L2 R

llllllllllllllllllllllllllllllllllllllllllllllllll

:p20,920,r>0,520,t>0

11 Leta), 12: Li9(a)); F units

12 925, P2t
| xiixs -> [12: L9(3), X: 3, xs: LP(3)]; r+p units

8L L) = tick(1) in [12: L9(3), x: 3, xsi LP(3)]; r+p-1 unitsir+p-120

let rest = append xs 12 1in :

Xiirest

*
--------------------------------------------------
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EALXI BB HE T

L2 R

llllllllllllllllllllllllllllllllllllllllllllllllll

:p20,920,r20,520,t20 :

let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
Pl > Fl2: I49(a)]l; r upats

12 925, P2t
| Xiixs -> [12: L3(a), X: 3, xs: Lr(a)]; r+p units

et () = tick(1) in [12: La(3), X: a, xs: LP(3)]; r+p-1 unitsir+p-120

let rest = append xs 12 in [x: a, rest: Ls(a)]; p-1+t units 5

X:i:Fest

*
--------------------------------------------------
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EALXI BB HE T
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let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
Pl > Fl2: I49(a)]l; r upats

12 §q25,r2t
| xiixs -> [12: L9(3), X: 3, xs: LP(3)]; r+p units
llet () = tick(1) in [12: La(3), X: a, xs: LP(3)]; r+p-1 unitsir+p-120
e pash = append xs 12 in [x: a3, rest: Ls(3)]; p-1+t units SPZP;q2Q;P+P-1ZP
X..[est :
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let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
Pl > Fl2: I49(a)]l; r upats

12 §q25,r2t
| xiixs -> [12: L9(3), X: 3, xs: LP(3)]; r+p units
llet () = tick(1) in [12: La(3), X: a, xs: LP(3)]; r+p-1 unitsir+p-120
e pash = append xs 12 in [x: a3, rest: Ls(3)]; p-1+t units SPZP;q2Q;P+P-1ZP
X..[est :
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p,a,15t R ANFBEE

* L 4
lllllllllllllllllllllllllllllllllllllllllllllllllll

EALXI BB HE T

L2 R

let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
| |1 > [12: I363)]: r Units

12 925, P2t
| xiixs -> [12: L9(3), X: 3, xs: LP(3)]; r+p units
2BE () = tick(1) in [12: L(3), x: a, xs: Lr(a)]; rrp-1 unils f i 108
e pash = append xs 12 in [x: a3, rest: Ls(3)]; p-1+t units SPZP;q2Q;P+P-1ZP
X::rest :p-1+t2s+t

*
--------------------------------------------------
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L2 R

let rec append 11 12 = [11: LP(3), 12: Ls(a)]; r units

match 11 with
| |1 > [12: I363)]: r Units

12 925, P2t
| xiixs -> [12: L9(3), X: 3, xs: LP(3)]; r+p units
2BE () = tick(1) in [12: L(3), x: a, xs: Lr(a)]; rrp-1 unils f i 108
e pash = append xs 12 in [x: a3, rest: Ls(3)]; p-1+t units SPZP;q2Q;P+P-1ZP
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PR 515

- let rec make_fair (p:prob) =
let rec gr Alice Bob =

. : let = tick p*(1-p) 1in
match Alice with : :
1f flip(p)
bk > ()
. then
ia. . ta > : _
. let = tick p*(1-p) 1n
match Bob with - :
1f flip(p)
[d => () :
. then make_fair p
hbl l-tb _>
] : else H
jet = tick(1) 1in
if f1ip(0.5) o
1 1 ¢ - :
121P let = tick p*(1-p) 1in
then gr ta (ha::Bob) if flip(p)
else gr (hb::Alice) tb SR
then |

else make_fair p
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bk > ()
. then
ia. . ta > : _
. let = tick p*(1-p) 1n
match Bob with - :
1f flip(p)
[d => () :
. then make_fair p
hbl l-tb _>
] : else H
jet = tick(1) 1in
if f1ip(0.5) o
1 1 ¢ - :
121P let = tick p*(1-p) 1in
then gr ta (ha::Bob) if flip(p)
else gr (hb::Alice) tb SR
then |

else make_fair p

|Alice| * | Bob| 1/(p 0P

18



he

X




SN E U A B

PHP

1CVE - CVE-2011-4885: https://cve.mitre.org/cgi-bin/cvename.cgi’?name=CVE-2011-4885
2 PHP 5.3.8 - Hashtables Denial of Service: https://www.exploit-db.com/exploits/18296/
3 PHP: PHP 5 Changelog: http://www.php.net/Changelog-5.php#5.3.9

20


https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2011-4885
https://www.exploit-db.com/exploits/18296/
http://www.php.net/ChangeLog-5.php#5.3.9

i

Eriﬂ: = /R/WJlTEHZ

PHP

- CVE-2011-4885: https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2011-4885

2 PHP 5.3.8 - Hashtables Denial of Service: https://www.exploit-db.com/exploits/18296/

im

P. PHP 5 Changelog: http://www.php.net/Changelog-5.php#5.3.9

20

—_—

[ 1

o

L

é,

6 ik 55

(Denial-of-Service)

ezag

N/

=iy


https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2011-4885
https://www.exploit-db.com/exploits/18296/
http://www.php.net/ChangeLog-5.php#5.3.9

@y

=N

H

Q%fw

71

F - CVE-2011-4885: https://cve.mitre.org/cgi-bin/cvename.cgizname=CVE-2011-4885

2 PHP 5.3.8 - Hashtables Denial of Service: https://www.exploit-db.com/exploits/18296/

im

P. PHP 5 Changelog: http://www.php.net/Changelog-5.php#5.3.9

20

2 26 Al 55
S P RA B

R/WJEEEBZ

(Denial-of-Service)

T SE | 2

ezag

N/

=iy


https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2011-4885
https://www.exploit-db.com/exploits/18296/
http://www.php.net/ChangeLog-5.php#5.3.9

@y

BRI U A BY

PHP

F - CVE-2011-4885: https://cve.mitre.org/cgi-bin/cvename.cgizname=CVE-2011-4885

2 PHP 5.3.8 - Hashtables Denial of Service: https://www.exploit-db.com/exploits/18296/

im

P. PHP 5 Changelog: http://www.php.net/Changelog-5.php#5.3.9

20

HFHIIEZ4 AR5 (Denial-of-Service) 7

K
™7

58 B BRI 7 5245 2

ezag

N/

=iy



https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2011-4885
https://www.exploit-db.com/exploits/18296/
http://www.php.net/ChangeLog-5.php#5.3.9

SN E U A B

R IAE IR H 15'1?
VA B & & 2 B
& 52 I BEFH X H bug !

1CVE - CVE-2011-4885: https://cve.mitre.org/cgi-bin/cvename.cgi’?name=CVE-2011-4885
2 PHP 5.3.8 - Hashtables Denial of Service: https://www.exploit-db.com/exploits/18296/
3 PHP: PHP 5 Changelog: http://www.php.net/Changelog-5.php#5.3.9

20


https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2011-4885
https://www.exploit-db.com/exploits/18296/
http://www.php.net/ChangeLog-5.php#5.3.9

BT S HAATHERME NI AE Y



BT S HAATHERME NI AE Y




BT 5 AT NERAE FUNAEBX

Taemnrse 1 O)—-O)—O)— - —>()




BT 5 AT NERAE FUNAEBX

Al BE AT S |

O st @ ma
q R qO )ﬁ_\lﬁ’\; \;\I

14 |



R+ ITHN A

meeprsz 1 O)—-O)—(O)—> -
Taewnagz,  O—e-O—O)—> -
sz (O)—=-O)—()—> -

TaenrgEn O—eO—eO)—> -

= /R/J”Jﬁi)ﬁ

~ ~\ |/
~ ~
o= |

D
:

JRIHFE 2

BN
S

~/y
\
/E[
B 4

JHAE 3

JRIBEFE n




R+ ITHN A

= /R/J”Jﬁi)ﬁ

TaewnaEzr 1 O)—-O)—O)— -—()
Taewmrszs,  O—-O)—O)— -—>()
Taemnirses  O)—-O)—O)— - —>()

TaemrzEn O—e-O—>O— - —()

PEIARANY), HR—FKH

S B AN R IRTHFE AR P A TS 2

~ ~\ |/
~ ~
o= |

D
:

JRIHFE 2

BN
S

~/y
\
/E[
B 4

JHAE 3

JRIBEFE n




5 n] DA

R+ ITHN A

Al BE AT S |
A BE M AT ERAS 2
Al BE AT B 1S 3

Al BE LA T BTSN

D ot @ s e

E— AL, #r—5H

RSB IR TS S

<7‘<§F

S ST R FRD

= /R/IJ_‘Jl_t_&L_EE

() )it
(e el )

S B AN R IRTHFE AR P A TS 2

Lﬁ7

N \\l/
~ ~
HoBxE |

5
>

JRIHFE 2

BN
S

~/y
\
/E[
B 4

JHAE 3

JRIHFE n




I . RRE SFEAE LR LN

D. Wang and ). Hoffmann. Type-Cuided Worst-Case Input Generation. In POPL79.

o
A5




I . RRE SFEAE LR LN

D. Wang and ). Hoffmann. Type-Cuided Worst-Case Input Generation. In POPL79.

XD q AT BN BNEIR T m
P

J, s




I . RRE SFEAE LR LN

D. Wang and ). Hoffmann. Type-Cuided Worst-Case Input Generation. In POPL79.

XD _* /ﬁ_%a@a@fﬁff\wﬁ m
~T
P

5

B PAHBIEFMERIER, T8
BINMEIEI NS RE

22

L




IR H S ST

let rec 1pairs 1 =
match 1 with
[ ) > I
| ) iixs ->
match xs with
[ i > 1]
f x2iixs’ —>
1f X1 < X2 then
let () =[tick(2)] in
(X1 :x2);:: (lpairs Xs’)
else
1pairs Xs’
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let rec 1pairs 1 =
match 1 with
[ 1~ |]
| ) iixs ->
match xs with
[ i > 1]
f x2iixs’ —>
1f X1 < X2 then
let () =[tick(2)] in
(x1.%2)::(1lpairs xs')
else
1pairs Xxs’

23



IR H ST ST

let rec 1lpairs 1 = £ — [int',int?, int’, int]
match 1 with
[ 1~ |]
| X, ixXs >
match xs with
[ i > 1]
[ X2iixs" ->
1f X1 < X2 then
let () = [rick(2) in
(x1.%2)::(1lpairs xs')
else
1pairs Xxs’
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let rec 1lpairs 1 = £ — [int',int?, int’, int]
match 1 with
[ ) > I
| X, ixXs >
match xs with
i ed B X = int,x o int,
[ X2iixs" ->
if x1 < x2 then x5’ [int’,int"]
let () =[tick(2)]in
(x1.%2)::(1lpairs xs')
else
1pairs Xxs’
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let rec 1lpairs 1 = £ — [int',int?, int’, int]
match 1 with
| Ly > | ]
| xliixs >
match xs with D=1y +2=4

[ 1 X intl,x2 e intz,
f %2 x5’ >

if x1 < x2 then x5’ [int, int"]
let () = in
O .21 :(lpairs xs)

else
1pairs Xxs’
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match 1 with
| Ly > | ]
| xliixs >
match xs with D=1y +2=4

[ 1 X intl,x2 e intz,
f %2 x5’ >

if X1 < x2 then xs' — [int3,int4]
LOSt =2 let () =_ in
O .21 :(lpairs xs)
else
1pairs Xxs’
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let rec 1lpairs 1 = £ — [int',int?, int’, int]
match 1 with
| Ly > | ]
| xliixs >
match xs with D=1y +2=4

el L int x> int,
[ X2 s’ >

o
1f X1 < x2 then xs' = [int”, int’}

Cost=2 __let () =[tick(2)]in

(x1.%2)::(1lpairs xs')
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let rec 1lpairs 1 = £ — [int',int?, int’, int]
match 1 with
| Ly > | ]

| Xi x5 ->
match xs with D=1y +2=4

[ 1 X intl,x2 - intz,
[ X2 s’ >

o
1f X1 < x2 then xs' = [int”, int’}

Cost=2 __let () =[tick(2)]in

(x1.%2)::(1lpairs xs')

else k\\\\\\\ / /
(lpair‘s V(D =y )
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let rec 1lpairs 1 = £ — [int',int?, int’, int]
match 1 with
Eaed
| X, ixXs >
match xs with D= |xs'|+2=4

i ed B X = int,x o int,
[ X2 s’ >

e 30
1f X1 < x2 then xs' = [int”, int’}

Cost=2 __let () =[tick(2)]in

(x1.%2)::(1lpairs xs')
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let rec 1lpairs 1 = £ — [int',int?, int’, int]
match 1 with

i ed i - i
[ s > ﬁ ! /ﬂ‘\$ fLﬁL/T_

e xs wien 0= [w|12=4  (IAIRERE, AT

S ] i D e r
| []”> ’[]_> / x; = Int, x, = Int”, /% xiﬂia/] Kﬁ

f X2::Xs o
1f X1 < x2 then xs' = [int”, Int”]

Cost=2 __let () =[tick(2)]in

(x1.%2)::(1lpairs xs')

RN === s \(I)’ / 2
FHREIR 5T (1Pair‘sV = |xs'| =
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let rec 1lpairs 1 = £ — [int',int?, int’, int]
match 1 with
[ L o | ] i . .
| X1::xs -> MR — KRR FHATE ?§7£ﬁ
match xs with @ = |xs'|+2 =4 E‘E{T ﬁlé/ﬁ%l-}) ﬂK/A\’E’—/’fi
[t > | ] I tl : t2 VREnrs aitens
i, [/ aritineoint | BERIRE RGN

o
1f X1 < x2 then xs' = [int”, int’}

Cost=2 __let () =[tick(2)]in

NN s \_.\ N ::/: E
(x1.%2)::(1lpairs xs') iHE LJ 33/\{:,\5\/@(9 T;(%\Ei!
else
HHEIR L - :\CD’= | xs'| =2
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var quickSort = function(arr) {
1if (arr.length < 2) {

return arr;

}

const pivot = arr[0];

let left = [];
let right [1/
let equal = [];

map (function(val) {
if (val < pivot) {
factor (3);
left.push(val);
} else 1f (val > pivot) {
factor (2);
right.push(val);
} else {
factor (1) ;
equal .push(val);
}

}, arr);

return quickSort (left) .concat (equal, quickSort (right));
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var quickSort = function(arr) {
1if (arr.length < 2) {

return arr;

}

const pivot = arr[0];
let left = [];

let right = [];

let equal = [];

map (function(val) {
if (val < pivot) {
left.push(val);
} else if (val > pivot) {
right.push(val);
} else {

factor (1) ;

equal .push(val);
}

}, arr);

return quickSort (left) .concat (equal, quickSort (right));
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e factor (c) FR/RE = AT
} B XS ZUBER 50 ¢

const pivot = arr([0];
let left = [];

let right = [];

let equal = [];

map (function(val) {
if (val < pivot)

left.push(val);

} else 1f (val > pivo

factor (2) ;

right.push (val);

} else {

factor (1) ;

equal .push(val);
}

}, arr);

return quickSort (left) .concat (equal, quickSort (right));
}

£ WebPPL s I R R HE 7

2



var quickSort = function(arr) {

if (arr.length < 2) { factor(c) %%4%“/ Eﬁﬂﬁl?ﬁd

}

168 1T D O B3 ifr A2 RO 3

retamn ez BRAZ BN BB R IB 0 ¢

const pivot = arr([0];
let left = [];

let right = [];

let equal = [];

KB 5 IR
1 tick (c) LR AH A |

map (function(val) {
if (val < pivot)

left.push(val);

} else 1f (val > pivo

factor (2) ;

right.push(val);

} else {

factor (1) ;

equal .push (val) ;
}

}, arr);

return quickSort (left) .concat (equal, quickSort (right));
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R factor (c) F/F S BIHALAT
| B XS ZUBER 50 ¢

const pivot = arr([0];
let left = [];

let right = [];

let equal = [];

KR S ERAHTF
HY tick(c) R AH [A] |

map (function(val) {
if (val < pivot)

left.push(val);

} else 1f (val > pivo

factor (2) ;

right.push(val);

2L

pr—
f—
——

} else {

. o &I N KE R 5 6 STEOA,
E= 100 RSB B B AAARKEA A
o arm); ® [0.936, 0.548, 0.519, 0.139, 0.093]

return quickSort (left) .concat (equal, quickSort (right));
}
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[Atkey10] R. Atkey. 2010. Amortised Resource Analysis with Separation Logic. In ESOP10.
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