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020 0000000 Coq

00000000000 CoqOOOODOOODOODO Curry-Howard OO O DO OO
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2.1 CoqU0OO

Coq [1]O0 INRIADOOOOOODDOOODDOODOOODOOODOOOOODOOODOOODOOO
O00000000Coq0DO000000DBDDO0 Calculus of Constructions (CoC) 0O OO
00 (Inductive) 000000 0000000000000 OODOO Calculus of Inductive
Constructions 000000000000 OCOODOOCOOODOOOOOOODOOOOODO
OUooobooooboooouobooooobCury-Howard OO OO0O0OO0OODOOO
0000000DODOO00OO000O0D0000O00obOOonD CoqOOODODOODOOOD
bbb bbooobb0ooobbobuooobog tactic OO
ooooooooogooooong

2.2 Curry-Howard O 0 O O

CoqO Curry-Howard DO OO0 OO0D0OOOOOODOODOO

Curry-Howard 00000000000 DO (CO0OOOOO0)OOOO,000000000
gboobobooboboobbooboobbobuoobuoobobobooboobobo
Oo0oDoobooooDboooooobOodCury-HowardOODOOOODODO 210000
ugboooboboood
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00 (00000000000
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RN CoqO OO
oo (0) o000 (-)
oo (o) 000 (and)
oo (0) 000 (or)
0000 (0) | 0000 (forall —: _, )
0000 (0) | 0000 (ex)
O True O
g False O
Definition plus (n m : nat) : nat :=

n + m.

0 2.1: 00O plus

gbobobbO 220 Fixpoint OO ODOODOO0O0OO00OOO0O0O0OO0O0OO0O0OO0DOO
googn

Fixpoint real_fact (n : nat) : nat :=
match n with(

| 0 — 10

| Sm —- n *x real_fact m

end.

0 2.2: 00O real_fact

U000 Definition [ Fixpoint UO OO DOODOOOOOOOOOOO0OOOO0OODOO
00000000 b0o0b00b000OFixpointU 00O Omatch OO0 O0OO0OOOO0O
O000000000000000000000000 00000 10000S m(nO m +
10000)00000000000000OO0O00DOoDUOOoOOO
O Fixpoint 000000000000 DOODOODOOODOODOOOODOOO0O CoqO
gboobbobooboobuoobobuodobduobobibdibdd Function O ooog
gbooobobooboobboobooboobboobooboobooobooon
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Theorem Test (P Q : Prop) : (P - Q) — P — Q.
Proof.

intro H.

intro H1.

apply H.

exact H1.
Qed.

02300000000

P— P
P-Q P = apply H

= intro H1

P —
) = intro H

(P—>Q)—P—Q

0 24: 000

0000250 fun H Hl=H HIOODOOOOODODODOOD (P—-Q)—»P—-QO000
gooooobogn

H:P—-Q Hl1:P
H H1:Q
fun H1= H H1: P —> (@
fun H Hl=HH1: (P—-Q)—P—Q

0 25000
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Lemma gcd_neqz (m n : nat) : n <> 0 -> gcd m n = gcd n (m mod n).
Proof.
move=> H.
induction n.
-unfold not in H.
contradiction H.
reflexivity.
-simpl.
reflexivity.
Qed.

U226 00000000000

UboooDb 260000 tacticDOOODOODO0ODOOOODOO tacticUDOODOO 10
00 tacticODOODO tactic OO DO ODOD0O0O0DOO0O0ODOODOOODOOOO0ODOOODO
gbobobooobobooboobobooobobooobooboboobobobooooo
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Ltac my_tac x H :=
induction x;
[unfold not in H; contradiction H; reflexivity|
simpl; reflexivity].

O 2.7: LtacO O

Lemma gcd_neqz (m n : nat) : n <> 0 -> gcd m n = gcd n (m mod n).
Proof.

move=> H.

my_tac n H.
Qed.
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Ubooopbonb sdO0skipO00DOooooooooobooooobooooooooo
0000000000000 00000000D0000I0D00000000000Coq0O
0000000 000000000000 ooooooo

a == vl|zl|ilatalaxala—al..
n= true|false|a==ala<a|bAb]|..
s u= skip|x u=a|{[}whilebdos|s;; s

| ifb b then s else s |call f

g 31:0000o0an

CoqDOO0OD0DOOO0ODODOO factdODOOO0O 32033000000000000O
00 CoqOOODOOOODDOOODDOODDOOODDOOOODOOODDOODDOOO
000000 320400000 stO00000O0OODODOOOODODODOOOO 3306000
fact O OO call factOOO OO

0d0doooooooooooooooooooboooooooboooooooooooo
000o0o000oooooooooo0o0oooooooDoboooooooooooooa
gooooooooooonodood 3.30 call factOOOO x ::=x - 100000
O00D0OD000D0OD000DO call fact(x - HOOODODODLDOODOODODOOD
00000000 oo0oooooooooooooboooobooooooDoooooooo
0ddddoooooooooooooooooobbioiob whileOOOOOOOGQOO
O0oooooooOoooooooooon
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Definition loop_fact := 1 |Definition call_fact :=

Z 1:= X;; 2 ifb (x == 0) then

y := 153 3 y :=1

{{(st y) * fact (st z) = 4 else

fact n}} 5 X ::=x - 1;;

while “(z == 0) do 6 call fact;;

y =y % zZ;; 7 X 1= x + 1;;

z :=z - 1 8 y 1:= y * X

U 32:.000000000on 033 000b0ddouuuoonoon
3.2 000
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< skip,0 >— 0o

<a,oc>—>m
< x:=a,0 >— om/z]

< 81,0 >0’ < 89,0 >— o
< 8153 82,0 >— o

< b,0 >— true < 81,0 >— 0o’
< ifb b then s; else s9,0 >— o’

< b,0 >— false < 89,8 >— o’
< ifb b then s1 else so,0 >— o’

< b,0 >— true < s,0 >0’ < {I}while b do s,0’ >— o”

< {I}while b do s,0 >— o”

< b,0 >— false
< {I}while bdo s,0 >— o

< body f,0 >— o’
<call f,o0 >— o’

03400000
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3.3 Hoarel [

HoareOO 2|0 00000000000 OOOO00OCOOOOODOO0OOOODOOOOHoare
O00000000000000 HoareDO OO {P}s{Q}O000PO QOODODOOOOS
Oo0000ooooo0oOooooooboO0 sbooooob0 pPOOOODOCOOOOOO Q
oobooooooobooboooobodob0 POODOODOOOOO sODOODOO
obooooooooooobobo bOoboooooooooobooOossb0oooooboOon
004 03100000000 «000000000CoqO0D000O0O0OO0OO0ODOOOO
Ooo0oo0o0ooo

OO0000 HeareUOOOOOOOOOOOOOOOOODOOOOOOOOOOOOO
{P}={P'}s{Q} 0 {P}s{Q'}={Q}0000000000000DO0DO0OOOUDOD
Oo000o00ooooooboooooooooo

03600000 CogOOOOOOOOOOOOUOOOOOODODOOOOOnOOODODO
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000000 0000000000000 CoqOOODODOOOO0O0OOOOOODODDOO

OooOO0OO0O0000 HeareUOOOOOO37oobocooooooOoOoOODOODD
Ooo00O0O0O0000D00f000000000O03.3020000800000 body fO
O0000CoqOOODO [11]0000 HoareO OO CoqUOUOOODDOOOUDOOMO Hoare
000000000000 HoareJOO [12/00000000000 NipkowO OO [9]10
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P = true|false|d =d|d <d|-P|PAP|PVP
| P=P|ViP|3 P

035 000on

Theorem loop_fact_correct (m : nat) :=
{(st x) = n}
zZ 1= X;;
y := 1;;
{{(st y) * real_fact (st z) = real_fact nl}}

while ~“(z == 0) do

y 1:i=y *x z;;

z ::= z - 1

{(st y) = real_fact n}

03600000000
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hoare_skip

C + {P}skip{P}

hoare_asgn

CF{Qla/z]}x = a{Q}

Ct+{P}s1{R} CF{R}s2{Q}
Cr {P}81; ) Sz{Q}

hoare_seq

C'+ {P}ifb b then s; else s2{Q}

hoare_if

CHA{INb}s{I}
C+ {I}({I}while b do s){I A —b}

hoare_while

P=P  CH{P}{Q} Q=0Q

ho are_consequence

CH{P}{Q}

CU{(Pcall f,Q)}F {P}body f{Q}
C'+ {P}call f{Q}

hoare_call

(P,call £,Q) e C
C + {P}call f{Q}

hoare_call2

O 3.7: HoareO O
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4.2 AppelO OO0

Appel 0000 [B|UOOD0OOO0OU0OOODOOODOUOOOUOOOODOOOOOOOCO
gboboboboobobbobooboobooboboboooooboboobooobo
00000 CompCert OOODOOOOOOODO

goooooogooocoooooOoOoooooOoooOoooooOooooDoooooo
gbobodbobobobooboboobobobobobobooboobobaoobo
gboboobobooobboobboobboobobooboooboboooobooooboboon
gboooooooooooooooooooooooooooooobooooboooonDog

gobobobbooooobooooooboboboooobobooobobobooooobooo
gboogoobooboobbooboobbooboobobooboobobooobooo
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5.1 U0

gbooobobooboobooboobobobobooboooboboobobooo
god

1. Joboboobooobooobooobooboboobboobbooon 330D
OO0000O0 hoarecall OO OOODOOOOOOODOODOOSOODOOODO

2. 00000b0DOOO000bODO0OU00b0bODOO0O0OORHeareb 00 if0000OO0ODO
gbobooboobboobooboobobooboobbosuouobbooonoo
goboobooobbooobooobobooobooobobooogaon

3. U000000b00b0b0ODHeare 0000 oooboobOOobO0bODODOD
O0000000O00O00O00D (4o00oo0oooooooo

4. J00OD0OOCOO0ODOOOOODOOCOO0ODOOOOODOOOO0ODOOOO0ODDDO hoare_call2
gooooo

5, 0000000000000 0OOO0OU0UOOODOOOOO D00 OOODOOOn
gooonf

000500000 CogOoOoDOOOoOOoooDoOoOoDOOOoOoOoDoDboOoDDO
gboogobooboobbooboobbi1boog
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Input: {P}s{Q}
Output: 0000000000000 O0O0O Assn

1:

10:
11:
12:
13:
14:
15:
16:

17:
18:
19:
20:
21:
22:
23:

24:
25:
26:

27:
28:

Assn < ()
//00 1
if (s # call f) then
return Assn UDOODO000O0D000O00O0O0O ({P}s{@})
end if

{P}s{Q} < hoare_call({P}s{Q})
//00 2
while s = ifb b then 51 else sy do
(Psu{Q1 {P"}52{Q) «-i£ 0000 ({P}s{Q})
if (s;0 call fO0ODO0OO) then
{P}s{Q} < {P'}s1{Q}
Assn + Assn U0 O00000000000000 ({P"}s2{@Q})
end if
if (so0 call fO00ODOO) then
{P}s{Q} « {P"}2{Q)
Assn <+ Assn U DO 0O000000000O0000 ({P'}s1{Q})
end if
end while
//00 8
while s # call f;;s; do
{Pys{R}{R}s"{Q} < DOOD0 ({P}s{Q})
R+ 000000 (¢,P)
{P}s{Q} < {R}s"{Q}
end while
{P}call f{R},{R}s1{Q} < 00000 ({P}s{@})
R+~ 00 POOOODODOODODODODODODOQUDOO
//00 4
{P'}call f{R'}+ 00000 ({P}call f{R})
Assn < Assn U{P = P',R' = R}
Assn <+ Assn U hoare_call2({P'}call f{R'})
//00 5
Assn +— Assn U 000000000000000 ({R}s1{@})
return Assn
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5.2 JUo0oobon

gooogbobooboboobobuooobobobobooboboobobooo
gbooobodabooaood

{} F {z = n}call fact{x = n Ay = real_fact n}

OO0 factOO0D0OOOOOOODO

ifb (x == 0) then
y :=1
else
X :1:=x - 1;;
call fact;;
x 1:=x + 1;;
y =y *X
0 5.1: 000 fact 00O
5.2.1 001

O00000DO0O0ODO0OCOODODhoarecalOO0O0O0OODOOOODODOOODOODO
gbsdboboboboboboob

goboogboboooooo

CU{(P,call f,Q)} - {P}tbody f{Q}
C F {P}call f{Q}

hoare_call

goooobogn

{(z = n,call fact,x = n Ay = real_fact n)} - {x = n}body fact{x = n Ay = real_fact n}

{} F {z = n}call fact{x = n Ay = real_fact n}

body fact OO 5100 000000C00OO0O0OO0OOOODOOODOOOOODOOOODOO
gbooobobooobbooboobobooboobobooobooobooon

{x = n}
ifb (x == 0) then
y ::=1
else
X :1:=x - 1;;
call fact;;
X 1:=x + 1;;
y 1:= y * X
{x = n O = real_fact n}

16
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5.2.2 00O 2

goboobgooboboooboobooboboobobooboobooboboboobo
O0HoareDOD if 000000000 ODO0ODOODODOODOD 2000000000
goooobogoog

{PAb}s1{Q}  {PA-b}s2{Q}
{P}ifb b then s; else s2{Q}

gboogobooooboooobooboobooboobooboboooboboooDoo
gbobooboboobobobboooobooobuoboboboboobobooobo
gbobooobgobsgobbobobobooboboobobbooboboboobo
gboooooooooooobooon

if000b000000OOo0oO00ob00obOooDOoOoboOoDitO00ObO0ODbDOoOOOoDo
Ub0o0o0b0o0o0oboobobOoOosbiilbidbelseldbboonooooDOO
oooooooooo3gboboobn

{x = n}
ifb (x == 0) then
{x =n0 x = 0%}
y ::=1
{x = n O = real_fact n}
else
{x = n 0 x <> 0}
X :1:=x -1 ;;
call fact;;
X ::=x + 1;;
y 1=y * X
{x = n O = real_fact n}
5.2.3 00O 3

gboooboboobooboooboo

gboogbooobooboogoboobobosbobogbooboboboobooboooDoo
gboooboboobooobobooboboooboobobooobooboboooobo
000000000 ODjkstrad 00 [15)0000000000O00O0O0OOO0OOOODOO
ggboboobooboobooobogobooobbooobooobooobooobobooboooboob
gbooobobooboobboobuoobooboboobooobobooooonboo

O0O0OO0OFloeydOOO (4000000000000 OO0DOO0OOO0OO0OOOODOOO
ggboboooboooobooooboboooobooboooooboooobooobon
gbobooboooobbooboooobooobooobooobooooboooobooboon
gboooobooboobobooobon

{A}z == t{Jy.(z = tly/z] A Aly/z])}
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{z =n}x =z + 2{R}
!

{z=nlrxuz+2{x=n+2}

gobodoobuooobooobooobboobbooobooobooobLbOoono
gboobobuooboaobboobuoobbooboobo

0

else000000D0OOO0O0ODOOOO0ODOODODODOO HoareOOOOOOOODOODOODO
gbogoobooboobbooboobbooboobbooboo

{r=nAzx#0} z:=x—1;;call fact;;z i=x+ 1;;y ==y *xx{x = n Ay = real _fact n}

!
{z=nAzx#0}r=x—1{R}
{R}call fact;;x :=x+1;;y i=y*x{xr =n Ay =real_fact n}

2000000000 bo0oboobbooboobboooboobboooobo
{r =n}x =z - 1{R}

{R}call fact;;z i=x + 1;;y ==y * x{x = n Ay = real_fact n}
!
{r=nAzx#0}z:=x—1{z=n—-1An#0}
{z =n—1}call fact;;z :=x + 1;;y ==y x x{x = n Ay = real_fact n}

O0000{z=nAz#0}000000 z:=2—-10000000 RO {z=n—-1An#0}
O0000000000000000{x=n—-1An#0}0000000000 call fact
gooooobooboooooogoo 9oonooooooooooo

{x = n}
ifb (x == 0) then
{x = n0O x = 0}
y :=1
{x = n O = real_fact n}
else
{x = n 0O x <> 0}
X ::=x -1 3;;
{x = n-1 0 n <> 0}
call fact;;
X :1:= x + 1;;
y 1=y % X
{x = n O = real_fact n}
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gbooboooobooobooboboooobobooobobooooooboonoon
ggbobooboooobobooboboooobooobooboooboooobooobob
gbooobooobbobboobooboobdbe000000000On0000O00O0
gbooogoboobod 0000000 n—-10000000000000O0

{r =n}x =z - 1{R}

!
{z=nlzi=z—-1{z=n-1}

gboboobobooboboboboooobooboboboboboobobooobo
gboogobooboobboobooboobo

0000000000000 Dooood{e=n—1Az#0}000000 {& =nAn # 0}
Ubbdzz=n-—-100000000000000000.0000000000000
UOn-100000000000000000000D002,000n-100000000
gboooooooooooooooooooobooboooboobobgoboobgno

{zr=n—-1An#0} call fj;zu=xz+1;;y :=yxax{x =nAy=real fact n}
!
{r =n—-1An#0}call f{r =n—1Ay=realfact(n — 1) An # 0}
{r =n—1Ay=realfact(n — 1) An # 0}z =z + 1;;
y =yxx{x =n Ay =real_fact n}

O000if00000000000D000{n#0}000000000000O00OODODOO
goooboboob nnooboooboobogn

{x = n}
ifb (x == 0) then
{x = n0 x = 0}
y e = 1
{x = n 0 y = real_fact n}
else

call fact;;

{x = n-1 0 y = real_fact (n-1) O n <> 0}
X =x + 1;;
y =y *x

{x = n 0 y = real_fact n}
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goootodoobootoooooooooooooooooooooooooooooon
DDDDDDDDDDDRDDDDDDDDDtDDDDDDDDDDDDDDD[t/n]DD
On00¢:t000000000O000O0O0
{Plto/no]...[ti/ni]}call f{Q[to/nol-..[t:/n]}  {Qlto/no]...[ti/ni]}s{Q}
{P[to/no]...[ti/ni]}call f;;s{Q}
oooo0o0O000o0o0o0oooooooooooonooooooon

5.24 004

gbo3boboobooooboooobooboooobooobooboooboooDo
goog
{(Pcall f,Q)} F {P[t/n]}call f{Q[t/n]}
gbobooobobooboboooboboobobonboboboboobOobOoobo
toooooooooooooboooobooboooboooooooboooboobooOooifoboo
gboboooboboobobooboboobobooobobooobobooooboobo
0O000O000O0O00DOOo0obOoO0cOooooooooooOooooo

{(P,call f,Q)} F {P[t/n] A C}call f{Q[t/n]AC}

OOo00O0o0oDOoOoooOobO co0bOOoOobOo0o0oOOooDOoO0bDOOdOhoarecall2dd
gboooboboobooboooboo

goooon
{(z = n,call fact,z = n Ay = real_fact n)}
F{z=n—1An#0}call fact{z =n — 1 Ay = real_fact n An # 0}

O000n#00 COO0O0O0OHoareOO0OOOOOOOOOOODOODOOOODOOOOO
gboboooboboboooboboboboobobooboboobonobobooo
obooooooooooooobooobo12o0ooooon

{x = n}
ifb (x == 0) then
{x=n0 x = 0}
y :=1
{x = n O = real_fact n}
else

{x = n-1 0 y = real_fact (n-1)}
={x = n-1 Oy = real_fact (n-1) O n <> 0}

+1,,
* X

O y = real_fact n}
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000000000000 00000000000D0000UODijkstra000O [15]00
ggoboobooooduobooooooboooooobboooooooubbooobooa
gobboooobtbooooboooobbooooobbuooobbboooubobooo
gbobooobobuoobobooboobobooobobooobobooobobnboobo
gogogo

{Q[t/x]}e == t{Q}
gboooboobuooboboobuoobboobo ROOUODbDOOO
{R}x =z x2{x =n}
!
{zx2=n}lrz+2{z=n}
gogoooobbobobbbtoodooooooooo

gbobobobobobobooboboboboobobob40bU0BUoboo7TooDO
goog

{x = n}

ifb (x == 0) then
{x=n 0 x = 0}
= {x = n 01 = real_fact n}

y :=1
{x = n 0 y = real_fact n}
else
{x = n 0O x <> 0}
X =x -1 ;;
{x = n-10 n <> 0}
={x = n-1}
call fact;;

{x = n-1 0 y = real_fact (n-1)}

Oy = real_fact (n-1) O n <> 0}
n Oy * (x + 1) = real_fact n}
x + 1;;

={x +
X = 1;;

{x = n 0 y * x = real_fact n}
y =y *x

{x = n 0 y = real_fact n}

Ooooboo0oooboooooobboUbOHeare000Oo0ooooOOoOoooDOOOO
gbobodobobooboobboobobooboboobobbooboobobobo
gboogoobooboooboobooobooobon

{r=n0 =0} = {xr=n0 1 =real fact n}
{zr=n—-10n#0}={z=n-1}
{r=n-10 y=realfact(n—1)} == {z =n—-10 y =realfact(n — 1) O n # 0}

{r=n-10y=realfact(in—1)0 n#0} = {z+1=n0 y*(x+1) =real_fact n}
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gbobodobuobobobooboboboboobobooobobobbobaoobo
gboboooboboobobooboboooboboobobooobooobobooobo
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ooooooooooooobooooboobobooooooboOoooboDoboCeqbod
UbbooboboodbibbOomegal 00000000000 O0Oomegal 0O DOOOOOO
gbooooboobobooboooooobooobuoobboobobobOoobo
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gbobooboboobobobooobooboobooboobobobooboboobo
gbobooobgoobobooboboooooboboobobboobobobobOoobo
gboooggo
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el OO

gbooouobooboboboooobelbonooboboboboobobobg
gbooopobooboobbooboooo

ifb (x == 0) then
y ::=1

else
X ::=x - 1;;
call fact;;
X :1:= x + 1;;
y 1=y * X

0e6l1: 00000000000

ge2000000000000DOO0ODLOOLOOe107H0OOOODDOODOODO
gboobgosobooooboboboboboobobobooooboboboooon
gooo0oooooooooooboobooobooboobl104000 factspecD OO
gboboooboboobobooboboboboobobobobooboboobo
gobobobooooobooboobooboobooboobooboobobr0odboOn body
gbobooboobooboobooboog2e0b03oboobooooonobonbon
gbooooboobobuoobobooooobbooboboobobbobOoolog
2200004304 000000000000000 tacticOOO0ODOOO0OO0ODOODOOODO

Definition fact_spec n :=
((fun st => asnat(st x) = n),
(call f),
(fun st => asnat (st x) = n /\ asnat(st y)

real_fact n)).

Theorem callrecfact_correct (X : nat)
body; Empty_set _ |- {{fun st => asnat(st x) = X}}
call f
{{fun st => asnat (st x) = X /\ asnat(st y) = real_fact X1}}.
Proof .

apply: (hoare_call body _ _ (BIGCUP X fact_spec) _).
apply: In_BIGCUP; try omega.

now rewrite /body.

rewrite t_update_eq /fact.

apply: hoare_if.

apply: hoare_consequence_pre.

apply: hoare_asgn.

move=> st.

rewrite /assn_sub /bassn /t_update //=.
move=> [H1 H2].

rewrite -> eqb_eq in H1.

rewrite -H2 H1 //=.
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27
28
29
30

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

apply: hoare_seq.

apply: hoare_asgn_fwd.

simpl.

apply: (hoare_seq _ _ (fun st : state => (X=7 0) <> true /\ asnat
(st x) = (asnat(eval (x !-> Nat X; st) (x - 1))) /\ asnat (st
y) = real_fact (asnat(eval (x !-> Nat X; st) (x - 1))))).

simpl.

apply: hoare_conseq.

move=> st [HO H1].

exists (fun st => asmnat (st x) = X - 1), (fun st => asnat (st x)
= X - 1 /\ asnat (st y) = real_fact (X - 1)).

split.

apply: hoare_call2.

apply: Union_intror.

apply: In_BIGCUP; try omega.

split.

- apply: H1.

- move=> 7 [7 7].

tauto.

apply: hoare_consequence_pre.

apply: hoare_seq.

apply: hoare_asgn.

apply: hoare_asgn.

rewrite /assn_sub /bassn /t_update //=.

move=> st [a [HO H1]].

rewrite -> not_true_iff_false in a.

rewrite -> eqb_neq in a.

split.

rewrite HO.

rewrite sub_add; try omega.

rewrite HO H1 sub_add.

rewrite mult_comm.

apply: fact_lemma.

omega.

omega.

Qed.

062 0000000DO0ODOODODLODODODOD

ge3bbsdbuonoonoonooobooobooboobooobogsoobbon
U0o000000b040000000006000 hoare_tacticO0UODODOODODOODO
U0000essnsimpU0O0O00000000000000000000UDUhoare_tactic
goboooooobooboobobogooboboooboooobooooboooboobDoD
000000 s25000004000000D0essnsimp 000 30000000000
100ooobooboboooooboooooobooboboboobobooboooboobobLooo
ooooog
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Theorem callrecfact_correct (X
body; Empty_set _ |- {{fun
call f°
{{fun st => asnat (st x)
Proof.

nat) :
st => asnat(st x)

= X /\ asnat(st y)

(hoare_tactic fact_spec);assn_simp.

rewrite mult_comm.

rewrite sub_add; try omega.

apply: fact_lemma; omega.
Qed.

X}

real_fact X1}}.

63 0b000boooboobooonoboobooon
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gbooboooboboooooboboooboobooboboobobobobonoo
gbobooobobobobooboboobobooboboooboobonoobobooo
gogbobooobooooboboooogboooobooooboooboobooobobon
gobooboob0oobooooob0ooo0obobo0o0o0boObb HoareD OO OO DO
goboobbooobboobbooboboobboobooobboobboobobon
gboooooooooooooooooooooooooooooon

gboobgobobobooboboooboboobobobooboobobobobonon
gbobooboboooboobobooboboobobooboooboboobo
gboobooobgoooboob2000b000b0ob0b0oboobooboboobooD
gbobodoboboobooobobooboboooboboobobooobooboboaoobo
gboogoog
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