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https://softwarefoundations.cis.upenn.edu/vc-current/Verif_reverse.html

MAETX - VST/Rocq &R

BIPIRSSERS R

[ Verif_reverse.v — vc
C reverse.c W Verif_reversey X »w O - Rocq Goals
WR Verif_reversew > ...
68 Lemma body_reverse: semax_body Vprog Gprog f_reverse reverse_spec.
69 Proof. Proof
70 start_function. J&A@ﬁim
71 forward. (% w = NULL; *) Main (1 Shelved (0 Givenup (0
72 forward. (% v = p; *) -
73 forward_while Goal 1
T4 (EX sl1: list val, EX s2 : list val, Espec : OracleKind
75 EX w: val, EX v: val, sigma : list val
N 1 va
76 PROP (sigma = rev s1 + s2) gelta_specs : Maps.PTree.t funspec
77 LOCAL (temp _w w; temp _v v) Delta := abbreviate : tycontext
78 SEP (listrep sl w; listrep s2 v)). POSTCONDITION := abbreviate : ret_assert
79 - (% Prove that (current) precondition implies the loop invariant *) MORE_COMMANDS := abbreviate : statement
80 Exists (@nil val) sigma nullval p. wn
81 entailer!. . .
N semax Delta (PROP ( ) LOCAL (temp _p p) SEP (listrep sigma p))
82 unfold listrep. Cu = (tptr tvoid) (0);
83 entailer!. MORE_COMMANDS) POSTCONDITION PraA=R I
84 - (% Prove that loop invariant implies typechecking of loop condition #* f %ﬂ&ﬁ1ﬂ-1§4k,&‘
85 entailer!.
86 - (% Prove that loop body preserves invariant x)
87  destruct s2 as [ | h r]. Messages
88 + (% s2=nil %)
89 unfold listrep at 2.
90 Intros.
91 subst. contradiction.
92 + (% s2=h:ur *)
93 unfold listrep at 2; fold listrep.
94 Intros y.
95 forward. (x t = votail; *)
96 forward. (* votail = w; *)
97 forward. (* w = v; *)
98 forward. (x v = t; *)
99 entailer!.
100 Exists (h::sl,r,v,y).
101 entailer!.
102 | | * simpl. rewrite app_ass. auto.

ve ®O0AO0 Cursor Tab | Screen Reader Optimized Ln 70, Col 18 Spaces: 2 UTF-8 LF {} Rocq - Tab Stats: 0/2 (0%) I Agent Stats: 0/0 (0%) -o- No commit scored (2

E =R Agents Window 7

struct list xreverse(struct list *p) {
struct list *w = NULL;
struct list *v = p;
while (v) {
struct list *t = v->tail;
v—>tail = w;

w = V;
v = t;
}
return w;

(WITH sigma : list val, p: val
PRE [ tptr t_list ]
PROP () PARAMS (p) SEP (listrep sigma p)
POST [ (tptr t_list) ]
EX q:val,
PROP () RETURN (q) SEP (listrep(rev sigma)

Q)
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[

C reverse.c

Verif_reverse.v — vc

P Verif_reversev X

WA Verif_reversev > ...

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

102

ve ®0AO0

Lemma body_reverse: semax_body Vprog Gprog f_reverse reverse_spec.

Proof.
start_function. Jr— .
forward. (x w = NULL; %) « ¥ =
R R

forward_while
(EX sl1: list val, EX s2 : list val,
EX w: val, EX v: val,
PROP (sigma = rev sl + s2)
LOCAL (temp _w w; temp _v v)
SEP (listrep s1 w; listrep s2 v)).
- (% Prove that (current) precondition implies the loop invariant *)
Exists (@nil val) sigma nullval p.
entailer!.
unfold listrep.
entailer!.
(* Prove that loop invariant implies typechecking of loop condition
entailer!.
(* Prove that loop body preserves invariant %)

destruct s2 as [ | h r].

+ (% s2=nil %)
unfold listrep at 2.
Intros.
subst. contradiction.

4 (% s2=hur *)
unfold listrep at 2; fold listrep.
Intros y.
forward. (x t = votail; *)
forward. (* votail = w; *)
forward. (* w = v; *)
forward. (* v = t; *)
entailer!.
Exists (h::sl,r,v,y).
entailer!.

| % simpl. rewrite app_ass. auto.

Cursor Tab = Screen Reader Optimized Ln 71, Col 28 Spaces: 2

RO -~

Rocq Goals

Proof

Main (1 Shelved (0
Goal 1

Espec : OracleKind
sigma : list val

p : val

Delta_specs : Maps.PTree.t funs
Delta := abbreviate : tycontext
POSTCONDITION := abbreviate : r
MORE_COMMANDS := abbreviate : s

v 200 CETID

Givenup (0

pec

et_assert
tatement

&

ar
semax Delta
(PROP ()

LOCAL (temp _w (Vlong (Int64.repr (Int.signed (Int.repr 0)))); temp _p p

D SEP (listrep sigma p)) (_v = _p;
MORE_COMMANDS) POSTCONDITION
4= b B3\ A
t JITRERNESRTS )
Messages
UTF-8 LF {} Rocq - Tab Stats: 0/2 (0%) (o Agent Stats: 0/0 (0%)

-o- No commit scored (3
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mMAER - VST/Rocq ER

v 200 CETID

lved (0 Givenup (0

1

Delta_specs : Maps.PTree.t funspec
Delta := abbreviate : tycontext

&

LOCAL (temp _v p; temp _w (Vleng (Int64.repr (Int.signed (Int.repr 0))));

(listrep sigma p)
list val) (wv :
= rev sl + s2)

val),

LOCAL (temp _w w; temp _v v) SEP (listrep s1 w; listrep s2 v)

[t REBRERMIEANS )

Y
R B I\ IERR
[ Verif_reverse.v — vc
C reverse.c W Verif_reversey X »w O - Rocq Goals
WR Verif_reversew > ...
68 Lemma body_reverse: semax_body Vprog Gprog f_reverse reverse_spec.
69 Proof. Proof
70 start_function.
71 forward. (% w = NULL; %) Main (1 Shel
72 forward. (* v = p; *) -
73 forward_while Goal 1
T4 (EX s1: list val, EX s2 : list val, Espec : OracleKind
75 EX w: val, EX v: val, sigma : list va
76 PROP (sigma = rev s1 + s2) [ iﬁtﬂ?ﬁﬂzz"{‘: ] p: val
77 LOCAL (temp _w w; temp _v v)
78 SEP (listrep sl w; listrep s2 v)).
79 —| (* Prove that (current) precondition implies the loop invariant ) arm
80 Exists (@nil val) sigma nullval p. ENTAIL Delta,
81 entailer!. PROP ( )
82 unfold listrep. temp _p p) SEP
83 entailer!. — EX (sl s2 :
84 - (* Prove that loop invariant implies typechecking of loop condition #) PROP (sigma
85 entailer!.
86 - (% Prove that loop body preserves invariant x) —
87  destruct s2 as [ | h rl.
88 + (% s2=nil %)
89 unfold listrep at 2.
90 Intros.
91 subst. contradiction.
92 + (% s2=h:ur *)
93 unfold listrep at 2; fold listrep.
94 Intros y.
95 forward. (x t = votail; *)
96 forward. (* votail = w; *)
97 forward. (* w = v; *)
98 forward. (x v = t; *)
99 entailer!.
100 Exists (h::sl,r,v,y).
101 entailer!.
102 * simpl. rewrite app_ass. auto.

ve ®O0AO Cursor Tab | Screen Reader Optimized  Ln 79, Col 4 Spaces: 2 UTF-8 LF {) Rocq

i Tab Stats: 0/2 (0%)

(3 Agent Stats: 0/0 (0%)

-o- No commit scored (3
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v 200 CETID

[

&

LOCAL (temp _v p; temp _w (Vleng (Int64.repr (Int.signed (Int.repr 0))));

_v p) SEP (listrep []
listrep sigma p)

t FBRTEAIEANS )

Y
R BT\ EA
[ Verif_reverse.v — vc
C reverse.c W Verif_reversey X »w O - Rocq Goals
WR Verif_reversew > ...
68 Lemma body_reverse: semax_body Vprog Gprog f_reverse reverse_spec.
69 Proof. Proof
70 start_function.
71 forward. (* w = NULL; *) Main (1 Shelved (0 Given up
72 forward. (* v = p; *) -
73 forward_while Goal 1
T4 (EX s1: list val, EX s2 : list val, Espec : OracleKind
75 EX w: val, EX v: val, sigma l list val
q 1 va
76 R (S = ey Sl o &) gelta_specs : Maps.PTree.t funspec
77 LOCAL (temp _w w; temp _v v) Delta := abbreviate : tycontext
78 SEP (listrep sl w; listrep s2 v)).
79 - (% Prove that (current) precondition implies the loop invariant *) arm
80 Exists (@nil val) sigma nullval p. ENTAIL Delta,
81 entailer!. PROP ( )
82 unfold listrep. [ 1 iﬁmﬁﬂﬂ%mﬁ ] temp _p p) SEP (listrep sigma p)
83 entailer!. b— PROP (sigma = rev [] ++ sigma)
84 - (* Prove that loop invariant implies typechecking of loop condition ) LOCAL (temp _w nullval; temp
85 entailer!.
86 - (% Prove that loop body preserves invariant x) |
87  destruct s2 as [ | h rl.
88 + (% s2=nil %)
89 unfold listrep at 2. Messages
90 Intros.
91 subst. contradiction.
92 + (% s2=h:ur *)
93 unfold listrep at 2; fold listrep.
94 Intros y.
95 forward. (x t = votail; *)
96 forward. (* votail = w; *)
97 forward. (* w = v; *)
98 forward. (x v = t; *)
99 entailer!.
100 Exists (h::sl,r,v,y).
101 entailer!.
102 | | * simpl. rewrite app_ass. auto.

ve ®O0AO0 Cursor Tab | Screen Reader Optimized Ln 80, Col 39 Spaces:2 UTF-8 LF {} Rocq - Tab Stats: 0/2 (0%)

(3 Agent Stats: 0/0 (0%)

nullval;

-o- No commit scored (3
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Verif_reverse.v — vc

C reverse.c W Verif_reversev X

EYus

WR Verif_reversev > ...

68 Lemma body_reverse: semax_body Vprog Gprog f_reverse reverse_spec.
69 Proof.
70 start_function.
71 forward. (% w = NULL; *)
72 forward. (% v = p; *)
73 forward_while
74 (EX s1: list val, EX s2 : list val,
75 EX w: val, EX v: val,
76 PROP (sigma = rev s1 + s2)
77 LOCAL (temp _w w; temp _v v)
78 SEP (listrep s1 w; listrep s2 v)).
79 - (* Prove that (current) precondition implies the loop invariant )
80 Exists (anil val) s N
81 entailer! .| ﬂm 3 |
82 unfold lisltrem i entailer!
83 entailer!.
84 - (x Prove that loop invariant implies typechecking of loop condition
85 entailer!.
86 - (x Prove that loop body preserves invariant %)
87  destruct s2 as [ | hrl.
88 + (* s2=nil %)
89 unfold listrep at 2.
90 Intros.
91 subst. contradiction.
92 + (x s2=hiir *)
93 unfold listrep at 2; fold listrep.
94 Intros y.
95 forward. (x t = voytail; *)
9 forward. (* votail = w; *)
97 forward. (% w = v; *)
98 forward. (x v = t; *)
99 entailer!.
100 Exists (h:sl,r,v,y).
101 entailer!.
102 | |* simpl. rewrite app_ass. auto.

€ < ©oho0

Cursor Tab | Screen Reader Optimized!

Ln81,Col 15 Spaces:2 UTF-8 LF {} Rocq - Tab Stats: 0/2 (0%)

Rocq Goals

@
Proof ~
Main (1 Shelved (0 Givenup (0
Goal 1 R A
Espec : OracleKind
sigma : list val
p:oval

Delta_specs : Maps.PTree.t funspec

PNp : is_pointer_or_null p

H : is_pointer_or_null (Vlong (Int64.repr (Int.signed (Int.repr 0))))
HO : p = nullval > sigma = []

am
emp

listrep [] nullval

T EEHIERXS )

Messages

@ Agent Stats: 0/0 (0%) o No commit scored (3

D <«

entailery — vc

C reverse.c

W Verif_reverse.v W entailerv X

Users > caoyiyuan > .opam > 4.14.2+options > lib > coq > user-contrib > VST > floyd > P entailery
577 Proof.

578  intros. apply andp_right; auto. apply prop_right; auto.
579 Qed.

580

581  Definition prop_and_same_derives_mpred :=

582 @prop_and_same_derives mpred _.

583

584 Ltac entailer =

Rocq Goals

Proof

Messages

Not in proof mode

entailer is defined

B Ltac SEI

585 | try match goal with POSTCONDITION := @abbreviate ret_assert _ b _ =

586 clear POSTCONDITION

587 end;

588 | try match goal with MORE_COMMANDS := @abbreviate statement _ b _ =

589 Clear MORE_COMMANDS

590 end;

591 lazymatch goal with =

o L € entailer
593 lazymatch type of P with

594 | ?T = tryif unify T (environ-»mpred)

595 then (clean_up_stackframe; go_lower)

596 else tryif unify T mpred

597 then (clear_Delta; pull_out_props)

598 else fail "Unexpected type of entailment, neither mpred nor environ—snj
599 end

600 | = _ = fail "The entailer tactic works only on entailments _ }— _ "

601 | end;

602 try solve [simple apply prop_right; my_auto]; L
603 | try solve [simple apply prop_and_same_derives_mpred; my_autol;

604 saturate_local;

605 | entailer

606 | rewrite & ?sepcon_assoc.

607

608

609  Ltac entbang =

610 | intros;

611 | try lazymatch goal with POSTCONDITION := @abbreviate ret_assert _ b _ =

- ®oa0 Cursor Tab | Screen Reader Optimized = Ln 606, Col 27 Spaces:2 UTF-8

LF

{} Rocq - Tab Stats: 0/2 (0%)

(3 Agent Stats: 0/0 (0%)

o~ No commit scored  (*
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B4 RBENERFUERIESR

o« Vrrovrsew—ve +E0e

C reverse.c W Verif_reversev X w0 - Rocq Goals
W Verif_reverse > ..
ov CAL3Ls \WmAL vaLs Sigwa wuivas pe @
81 entailer!.
82 unfold listrep. Proof N
83 TR Not in proof mode
84 - (* Prove that loop invariant implies typechecking of loop condition #) (
85 entailer!. Messages
86 = (x Prove that loop body preserves invariant )
87  destruct s2 as [ | h rl. body.reverse is defined =/ =]
88 | + (x s2=nil %) —_— Ajo 9 ey
89 unfold listrep at 2.
90 Intros.
91
92 B 3 riali=—R\ AL,
93 unfold listrep at 2; fold listrep. 1. L‘LE%M_ﬂﬂiﬂlu—ﬁ?ﬁu STIEEﬁ E *T?'_ * > H—J‘E"Fﬁo
9% Intros y.
95 forward. (* t = votail; *)
96 forward. (* v->tail = w; *) N e
97 forward. (x B
ol [ 2. IEBREEN A R— Bt RERE T AP EFY R,
99 entailer
100 Exists ( :
101 entailer!. AN I
v 3. BiIFEIC S a{E— M A{=ERRREE ARG
103 * unfold listrep at 3; fold listrep. WIEZE Ve S P 1
104 Exists w. entailer!.
105 - (% after the loop *)
106 forward. (* return w; *)
107 Exists w; entailer!. _ g
108 rewrite (projl H1) by auto.
109 unfold listrep at 2; fold listrep.
110 entailer!.
111 rewrite app_nil_r, rev_involutive.
112 auto

- = 3348 Rocq RIIRE

€ < ®oac Cursor Tab | Screen Reader Optimized | Ln 113, Col 5 Spaces:2 UTF-8 LF {} Rocq - Tab Stats: 0/2 (0%)

(3 Agent Stats: 0/0 (0%) - No commit scored (%
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(AN Verif_reverse.v
%*Eiu _é_ Ltac

FFAE Rocq

(=N reverse.c
RIZIES (o}
FRE C ERFARIFE

oe T +ac0e

C reverse.c W Verif_reversev X R reverse.v ®o - Rocq Goals

struct list *reverse(struct list *xp) { e reverses
Exists (anil val) sigma nullval p.
entailer!.

struct list *w = NULL, *v = p; e A e Proct
entailer!. Main (1 Shelved (0 Givenup (0
Q - (* Prove that loop invariant implies typechecking of loof ¢ ———
while (v) { Goal1 =
. ) - (* Prove that loop body preserves invariant *) Espec : Oraclekind
StrUCt llst *t = V_>tall. destruct s2 as [ | h rl. sigma : list val
I

+ (x s2=nil %) p: val
Delta_specs : Maps.PTree.t funspec

. . unfold Listrep at 2. Delta := abbreviate : tycontext

v—>tail = w; Intros., s
subst. contradiction. h z val
+ (x s2=hzr %) r: list val

—_— . 3 w, v i val

w = V, unfold Listrep at 2; fold listrep.| WhE - sptr
nteos . M : signa = revsl + h &1
forward. (x t = vortail; *) POSTCONDITION = abbreviate : ret_assert

abbreviate : statement

forward. (x v-2tail ) MORE_CONMANDS

forward. (x w = vi %)

v = t;

arn

| semax Delta

forward. (x v = t; %)

b

entailer!. Tonoe ()
Exists (his1,rv,y). LOCAL (temp _w w; temp _v v)
t . entailer!. SEp (Listrep s1w;
return w; «isimplz) rewriTerappsass=rautos EXy : val, dataat Tsh t_list (h, y) v * listrep r y))
x 22 v Ct (v _tail);
unfold Listrapiat 35 fold 1istrap: MORE_COMMANDS) POSTCONDITION

Exists w. entailer!.

- (% after the loop *)
forward. (x return w; )
Exists w; entailer! Messages
ite (proj1 H1) by aut:
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fRRT =

C* AR R 4%

struct list *reverse(struct list *p)
PARAM("1:(int)list’)
REQUIRE('sll p 1°)
ENSURE( "s1l __return (REVERSE 1))

struct list *w = NULL, *v = p;
PROOF fold_s1l_null();

PROOF prove_fact_by( 1 == (REVERSE []) ++ 1°, simp_conv, ..);
while (v)
INV( exists 11 12 w_v v_v. fact(l == (REVERSE 11) ++ 12) x*x

s11 w_v 11 *k sll v_v 12 %% data_at v__addr Tptr v_v sk
data_at w__addr Tptr w_v *x data_at p__addr Tptr p__pre’)

{
PROOF unfold_sll_not_null(‘v_v');
struct list *xt = v->tail;
v—>tail = w; w=v; Vv =t;
PROOF {
fold_sll_not_null(‘v_v');
prove_fact_by( 1 == (REVERSE (hd :: 11)) ++ tl1°, simp_conv, ..);
h
H
PROOF { /x .. Hi0O0: BAFZTHR, EEH 11 == REVERSE 1 .. */ }
return w;



IR =

C* FRRYHER 52

struct list *reverse(struct list *p)

{
struct list *w = NULL, *v = p; )
. S5RE—H#RY C SZIAKAS
while (v)
{

struct list *t = v->tail;
v—>tail = w; w=v; Vv =t;

return w;



IR =

C* FRRYHER 52

PARAM("1:(int)list’)
REQUIRE('sll p 1°)
ENSURE('s11l __return (REVERSE 1))

=M
S5REEk—#r9 C TIRHE
INV( exists 11 12 w_v v_v. fact(l == (REVERSE 11) ++ 12) s

s1l w_v 11 #% sll v_v 12 *k data_at v__addr Tptr v_v ** 4
data_at w__addr Tptr w_v ** data_at p__addr Tptr p__pre") AL

WESERSISE, AEMBES D BEEKEIERA




IR =

C* FRRYHER 52

PROOF fold_sll_null(); =
PROOF prove_fact_by( 1 == (REVERSE []) ++ 1°, simp_conv, ..); 5}?5&—#[3’\] C QI)HL,T'%EE
l
4
LS|

WESERSISE, AEMBES D BEEKEIERA

PROOF unfold_sll_not_null( v_v');

PROOF { JIEEA
fold_sll_not_null(‘v_v'); — o SEAT: S _— SETASTAR 2
prove_fact_by('1 == (REVERSE (hd :: 11)) ++ tl1°, simp_conv, ..); { SHogh *UT/IE’] C'Ln’EU 1+§F€EEEE1E#E#‘EEH1EJK'U
h

PROOF { }
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8_reverse.c — cstar_monorepo-proof-lib-reimpl — Index Modified

C 8_reversec M X  C 10_reverse_op.c M W @ - Symbolic State (Line 129)

cstar_examples > tutorial > C 8_reverse.c > @ reverse

124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

struct list xreverse(struct list xp)
PARAM( " 1:(int)list”)
REQUIRE( sll p 1)
ENSURE( “s11 __return (REVERSE 1))

{
i )V 2 BT Ee
st s, LEEF S

v =P

PROOF apply_operation_st(fold_sll_null, term_list_n(0));

PROOF assert_fact_st( 1 = (REVERSE []) + 1l:(int)list”, simp_conv,
THM_LIST(REVERSE_def, APPEND_def)

)i

while (v)

INV( exists 11 12 w_v v_v.
fact(l = (REVERSE 11) + 12) #*
SIL w_v 11 %% s1l v_v 12 *x
data_at v__addr Tptr v_v
data_at w__addr Tptr w_v
data_at p__addr Tptr p__pre

)

struct list »t = votail;
v=tail = w;

PROOF apply_operation_st(fold_sll_not_null, TERM_LIST( v_v:int’));
PROOF assert_fact_st(

*1 = (REVERSE (hd :: 11)) + tl:(int)list",

simp_conv,

THM_LIST(REVERSE_def, APPEND_def, gsym_rule(APPEND_ASSOC))

Function : reverse ( ‘ T&%:{kﬁﬂs\ﬁm ]

v Symbolic State

Existentials
(none)
Facts
(none)
Locals
undef_data_at v__addr Tptr
undef_data_at w__addr Tptr
data_at p__addr Tptr p__pre
Heap
s11 p_pre 1
SERRE S
vscone o (¥ SEBBRSER |
REVERSE_REVERSE : | forall 1. REVERSE (REVERSE 1) = 1
— APPEND_NIL : | forall 1. 1 + [] =1
APPEND_ASSOC : | forall 1mn. L+ m+ n = (L + m) + n
» APPEND_def : | (forall 1. [] + 1 = 1) & (forall ht 1. h :: t

H+1=hz (t + 1))

E =R Agents Window 7

REVERSE_def : |- REVERSE [1 = [] & REVERSE (x :: 1) = REVERSE 1

+ [x]
sll_def :

F (sll pt [1 4 fact (pt = 0i)) &
(sl pt (h :: t) =
fact (~(pt = 0i)) #*

IR
-chtar, L9 ghost phased*+ < cstar_| po-proof-lib-reimpl  ® 0 A 0 clangd: idle @ opam(my-global)

-o- d853d27 100.00% Al

Q

FRIEPIRNESRRIGPAS, THEDHR
R,

FERS
Existentials fFf£&=1d - Facts DEIEX
Locals [BERELE - Heap HWHER

IERRIRZS
FIERMEIR. FIEXSH
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O <« 8_reverse.c — cstar_monorepo-proof-lib-reimpl — Index Modified E =R Agents Window 7
C 8_reversec M X  C 10_reverse_op.c M W @ - Symbolic State (Line 130)

cstar_examples > tutorial > C 8_reverse.c > @ reverse

T - Function : reverse
124 struct list xreverse(struct list xp)

125 PARAM("1:(int)list™) vSymbolic State
126 REQUIRE("s1l p 1°) Consumed  Produced
127 ENSURE("s11 __return (REVERSE 1)°) - .
128 q Previous line 129 - branch 1 Current line 130 - branch 1
129 struct list s, *v; Existentials 0  Existentials 0
5 1 q 't 1=
E? : ; :]‘,"”d =oi| é Bl *E’?Ia\ (none) (none)
132 Facts 0 Facts [
133 PROOF apply_operation_st(fold_sll_null, term_list_n(0)); . (none)
134 PROOF assert_fact_st("1 = (REVERSE []) + 1:(int)list’, simp_conv, =] = B A =] Nl =R I
135 THM_LIST(REVERSE_def, APPEND_def) Uocals 3 | Locals 3 *EEJ% i&i)nb?a < E E}J]}E 1#17_]’"5/{*,@\ °
136 ;
137 ) undef_data_at v__addr Tptr undef_data_at v__addr Tptr
138 while (v) undef_data_at w__addr Tptr data_at w__addr Tptr 0i ,
139 INV(“exists 11 12 w_v v_v.
- s data_at addr Tptr re data_at addr Tptr re
140 fact(l = (REVERSE 11) ++ 12) #* == P p—p -t = P p—p E*ﬁg_"‘r’:yjtt
141 SUL wov 11 % sl vy 12 ** - e , mRY/E
142 data_at v__addr Tptr v_v N7 = =
= el \ g M =5 / \B

data st w_sddr Totr w_y v L D SiL D | EXZERTRIIVRES, AFEIITEIRE.
144 data_at p__addr Tptr p__pre
145 ) vScope: Global \
146 { |
147" struct list #t = votail; REVERSE_REVERSE : | forall 1. REVERSE (REVERSE 1) = 1
148 votail = w; L APPEND_NIL : | forall 1. 1 + [1 =1
149 w = V;
150 Vo=t APPEND_ASSOC : |- forall1mn. L+ m+ n = (L + m) + n
151
152 PROOF apply_operation_st(fold_sl1_not_null, TERM_LIST( v_v:int")); APPEND_def : |- (forall 1. [1 + 1 =1) & (forall h t 1. h :: ¢t
153 PROOF assert_fact_st( H1=nhzu(t+1)
154 "L = (REVERSE (hd :: 11)) + tl:(int)list, REVERSE_def : | REVERSE [] = [] & REVERSE (x :: 1) = REVERSE 1
155 simp_conv, + [x]
156 THM_LIST(REVERSE_def, APPEND_def, gsym_rule(APPEND_ASSOC))
157 ) sll_def :

}  (sll ot 1 = fact (ot = 0i)) &

158
- EJ cstar_e L9 ghost phased*+ < cstar_| po-proof-lib-reimpl  ® 0 A 0 clangd: idle @ opam(my-global) -o- d853d27 100.00% Al  Q
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C 8_reversec M X

8_reverse.c — cstar_monorepo-proof-lib-reimpl — Modified

C 10_reverse_op.c M

cstar_examples > tutorial > C 8_reverse.c > @ reverse

158

- [ cstar_e &7 ghost: ph

struct list xreverse(struct list p)
PARAM( "1:(int)list™)
REQUIRE( sll p 1)
ENSURE( “sll __return (REVERSE 1))

struct list *w, *v;
w = (void *)0;

v=p;

PROOF apply_operation_st(fold_sll_null, term_list_n(0));

PROOF assert_fact_st(*1 = (REVERSE []1) + Ll:(int)list’, simp_conv,

THM_LIST(REVERSE_def, APPEND_def)
)i

while (v)
INV( exists 11 12 w_v v_v.
fact(l = (REVERSE 11) + 12) #*

o

Function : reverse
v Symbolic State

Existentials

INSS 1B ERA—HET il ik e

Symbolic State (Line 146)

v_v w_v 11 12

Facts

fact (~(v_v = 0i))
fact (1 = REVERSE 11 + 12)

Locals

data_at v__addr Tptr v_v

data_at w__addr Tptr w_v

data_at p__addr Tptr p__pre

 (forall 1. [] + 1 = 1) & (forall h t 1. h

|- forall 1. REVERSE (REVERSE 1) = 1

F forall 1. 1 + [] = 1

- foralllmn. L+ m++n= (L ++m) +n

Pt

- REVERSE [1 = [] & REVERSE (x :: 1) = REVERSE 1 +

Heap
SIL w_v 11 %% s1l v_v 12 *x
data_at v__addr Tptr v_v sl w_v 11
data_at w__addr Tptr w_v % sl v_v 12
data_at p__addr Tptr p__pre
5 v Scope: Global
{
struct list *t = votail; REVERSE_REVERSE :
v=tail = w;
W= v = APPEND_NIL :
Vet = APPEND_ASSOC :
PROOF apply_operation_st(fold_sl1_not_null, TERM_LIST( v_v:int")); APPEND_def :
PROOF assert_fact_st("l = (REVERSE (hd :: 11)) + tl:(int)list”, sit = h =z (t + 1))
THM_LIST(REVERSE_def, APPEND_def, gsym_rule(APPEND_ASSOC))
. REVERSE_def :
i [x1
sll_def :

PRONF annlv oneratinn stlunfald <11 anll. TERM I TST( v v:int )
PR

d*+ <O cstar_| p

pl ®0AO0 clangd:idle @ opam(my-global)

-o- d853d27 100.00% Al

E =R Agents Window 7
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O <« 8_reverse.c — cstar_monorepo-proof-lib-reimpl — Modified + 20 &
C 8_reversec ,M X  C 10_reverse_op.c M @ - Symbolic State (Line 147)
cstar_examples > tutorial > C 8_reverse.c > @ reverse
A error: Cannot derive the precondition of Memory Read.
124 struct list reverse(struct list p) at /Users/caoyiyuan/Documents/cstar_monorepo-proof-lib-
125 PARAM("1: (int)list’) reimpl/cstar_examples/tutorial/8_reverse.c:147:5 struct list *t =
126 REQUIRE( sll p 1) (*v).tail;
127 ENSURE("sll __return (REVERSE 1)°) at /Users/caoyiyuan/Documents/cstar_monorepo-proof-lib-
128 { X reimpl/cstar_examples/tutorial/8_reverse.c:124:13 in reverse
129 struct List «w, »v; e
122 : : ,(,‘.wld 20 exists v_v w_v 11 12.
o, ! fact (~(v_v = 0i)) **
133 PROOF apply_operation_st(fold_sll_null, term_list_n(0)); o (L = CEUESE 1 = 12)
134 PROOF assert_fact_st('1 = (REVERSE [1) ++ Ll:(int)list", simp_conv, SULL T U <z
135 THM_LIST(REVERSE_def, APPEND_def) sl ov_v 12 =
136 ); data_at v__addr Tptr v_v **
data_at w__addr Tptr w_v ** 4+ = A. SEEa PSS
o | e e Rty PR e O FENEREFERINMAAEN s11 v_v 12, METFRFER
139 INV( exists 11 12 w_v v_v. —
140 fact(l = (REVERSE 11) + 12) #* E"J%%Eﬁﬁﬁﬁ*y data_at,
141 ST w_v 11 %k STl v_v 12 % (no symbolic information)
142 data_at v__addr Tptr v_v
143 data_at w__addr Tptr w_v %
144 data_at p__addr Tptr p__pre
145 ) |
w6
147 | struct list *t = vortail;
148 v=tail = w;
149 W= v; =
150 v = t;
151
152 PROOF apply_operation_st(fold_sl1_not_null, TERM_LIST( v_v:int’));
153 PROOF assert_fact_st('1 = (REVERSE (hd :: 11)) + tl:(int)list”, sii
154 THM_LIST(REVERSE_def, APPEND_def, gsym_rule(APPEND_ASSOC))
155 ;
156 ¥
157
152 | PRANE annlv aneratinn stlunfald <11 null. TERM ITST( v v:int )):
- ] cstar_e L9 ghost phased*+ < cstar_| po-proof-lib-reimpl  ®@ 1 A0® 1 clangd: idle @ opam(my-global) -o- d853d27 100.00% Al  Q
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Symbolic State (Line 150)

Function : reverse

v Symbolic State

Previous line 146 - branch 1

Existentials
v_v w_v 11 12

Facts
fact (~(v_v = 0i))
fact (1 = REVERSE 11 + 12)

Locals
data_at v__addr Tptr v_v
data_at w__addr Tptr w_v

data_at p__addr Tptr p__pre

Heap

O <« 8_reverse.c — cstar_monorepo-proof-lib-reimpl — 1 problem in this file - Modified
C 8 reversecM X  C 10_reverse_op.c M WM -
cstar_examples > tutorial > C 8_reverse.c > @ reverse

124 struct list xreverse(struct list p)

125 PARAM( "1:(int)list")

126 REQUIRE( sll p 1)

127 ENSURE( “s11 __return (REVERSE 1))

128 |

129 struct list *w, *v;

130 w = (void *)0;

131 v = p;

132

133 PROOF apply_operation_st(fold_sll_null, term_list_n(0));

134 PROOF assert_fact_st(*1 = (REVERSE []1) + Ll:(int)list’, simp_conv,
135 THM_LIST(REVERSE_def, APPEND_def)

136 );

137

138 while (v)

139 INV(exists 11 12 w_v v_v.

140 fact(l = (REVERSE 11) + 12) #*

141 SIL w_v 11 %% s1l v_v 12 *x

142 data_at v__addr Tptr v_v

143 data_at w__addr Tptr w_v %

144 data_at p__addr Tptr p__pre

145 %)

146 {

o e e @A
I

149 TERM_LIST( v_v:int"),

150 TERM_LIST( hd:int™, “tl:(int)list’, “q:int’));|

151 struct list *t = votail;

152 votail = w;

153 W= V;

154 v=t;

155

156 PROOF apply_operation_st(fold_sll_not_null, TERM_LIST('v_v:int"));
157 PROOF assert_fact_st("1 = (REVERSE (hd :: 11)) + tl:(int)list”, sii
15g  [UUUTHM I TST(RFVERSE daf. APPEND daf. osum rilalAPPFND ASSOC))

sl w_v 11
s11 v_v 12

¥ Scope: Global

REVERSE_REVERSE :

APPEND_NIL :

-chtar, L9 ghost phased*+ < cstar_| po-proof-lib-reimpl  ® 0 A 0 clangd: idle @ opam(my-global)

Spiz

E =R Agents Window 7

Consumed Produced
Current line 150 - branch 1
Existentials 7
q hd tl w_v 11 12 v_v
Facts 3

fact (~(v_v = 0i))
fact (1 = REVERSE 11 + 12)
fact (12 = hd =2 tl)

Locals
data_at v__addr Tptr v_v
data_at w__addr Tptr w_v

data_at p__addr Tptr p_ pre

Heap
sl w_v 11

data_at (field_addr v_v Tlist
Fhead) Tint hd

data_at (field_addr v_v Tlist
Ftail) Tptr q

sll q tl

|- forall 1. REVERSE (REVERSE 1) = 1
F forall 1. 1+ [1 =1

-o- d853d27 100.00% Al

Q
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8_reverse.c — cstar_monorepo-proof-lib-reimpl — 1 problem in this file - Modified

Symbolic State (Line 151)

Function : reverse

v Symbolic State

O <«

C 8 reversecM X  C 10_reverse_op.c M WM -
cstar_examples > tutorial > C 8_reverse.c > @ reverse

124 struct list xreverse(struct list p)

125 PARAM( "1:(int)list")

126 REQUIRE( sll p 1)

127 ENSURE( “s11 __return (REVERSE 1))

128 |

129 struct list *w, *v;

130 w = (void *)0;

131 v = p;

132

133 PROOF apply_operation_st(fold_sll_null, term_list_n(0));

134 PROOF assert_fact_st(*1 = (REVERSE []1) + Ll:(int)list’, simp_conv,
135 THM_LIST(REVERSE_def, APPEND_def)

136 );

137

138 while (v)

139 INV(exists 11 12 w_v v_v.

140 fact(l = (REVERSE 11) + 12) #*

141 SIL w_v 11 %% s1l v_v 12 *x

142 data_at v__addr Tptr v_v

143 data_at w__addr Tptr w_v %

144 data_at p__addr Tptr p__pre

145 %)

146 {

147 PROOF apply_operation_named_st(

148 unfold_s1l_not_null,

149 TERM_LIST( v_v:int’), =
150} TERM_LIST( hd:int™, “tl:(int)list”, “q:int’));

151 struct list t = votailj]

152 vortail = w;

153 W= V;

154 v=t;

155

156 PROOF apply_operation_st(fold_sll_not_null, TERM_LIST( v_v:int));
157 PROOF assert_fact_st("1 = (REVERSE (hd :: 11)) + tl:(int)list”, sii
1oq [

THM | TST(RFVFRSF daf. APPFND daf. osum rilalAPPFND ASSOC))
f-lib-rei

- [ cstar_e &7 ghost: ph

d*+ <O cstar_| p

pl

®oA0

Previous line 150 - branch 1

Existentials
q hd tl1 w_v 11 12 v_v

Facts

fact (~(v_v = 0i))

fact (1 = REVERSE 11 + 12)
fact (12 = hd :: tl)

Locals
data_at v__addr Tptr v_v
data_at w__addr Tptr w_v

data_at p__addr Tptr p__pre

Heap
sl w_v 11

data_at (field_addr v_v Tlist

Fhead) Tint hd

data_at (field_addr v_v Tlist

Ftail) Tptr q
sll q tl

v Scope: Global

REVERSE_REVERSE :

clangd: idle @ opam(my-global)

I forall 1

Spiz

E =R Agents Window 7

Consumed Produced
Current line 151 - branch 1
7  Existentials 7
q hd t1 w_v 11 12 v_v
3 Facts 3

fact (~(v_v = 0i))
fact (1 = REVERSE 11 + 12)
fact (12 = hd = tl)

3 Locals
data_at t__addr Tptr q
data_at v__addr Tptr v_v
data_at w__addr Tptr w_v

data_at p__addr Tptr p__pre
4 Heap
sl w_v 11

data_at (field_addr v_v Tlist
Fhead) Tint hd

data_at (field_addr v_v Tlist
Ftail) Tptr q

sl q tl

. REVERSE (REVERSE 1) = 1
-o- d853d27 100.00% Al

IS
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C 8.

TR BESAALZR

reversec M X C 10_reverse_op.c M

cstar_examples > tutorial > C 8_reverse.c > @ reverse

128 {

150 7

137

138 while (v)

139 INV( exists 11 12 w_v v_v.

140 fact(l = (REVERSE 11) ++ 12) #x

141 SUL Wy 11 wx s1L vy 12 %+

142 data_at v_addr Tptr v_v =

143 data_at w__addr Tptr w_v

144 data_at p__addr Tptr p__pre

145 9

146 {

147 PROOF apply_operation_named_st(

148 unfold_sll_not_null,

149 TERM_LIST( v_v:int’),

150 TERM_LIST( hd:int™, “tl:(int)list’, “g:int’));

151

152 struct list #t = votail;

153 vortail = w;

154 w o=V

155 vt

156

157 PROOF apply_operation_st(fold_sl1_not_null, TERM»LIST(‘v_v:int‘));|

158 PROOF assert_fact_st(

159 U= (REVERSE (hd :: 11)) + tl:(int)list”,

160 simp_conv,

161 THM_LIST(REVERSE_def, APPEND_def, gsym_rule(APPEND_ASSOC))

162 )i

163 ]

164

165 PROOF apply_operation_st(unfold_sll_null, TERM_LIST('v_v:int’));

166 PROOF assert_fact_st( 11 = (REVERSE 1):(int)list”, simp_conv,

167 THM_LIST(APPEND_NIL, REVERSE_REVERSE)

168 H

169 . PROOF. rewrite_st(THM_LIST(assume_rule( 11 = (REVERSE 1):(int)list’)));
o cster_examples 9 g pl '+ O cstar_s po-pr impl ® 0 A0

& EFEHENE R A RENTER

8_reverse.c — cstar_monorepo-proof-lib-reimpl — Modified

Bo-

Symbolic State (Line 157)

Function : reverse

'vSymbolic State

Previous line 155 - branch 1

Existentials
q hd tljwy 11 12 v_v

Facts

fact (~(v_v = 0i))

fact (1 = REVERSE 11 + 12)
fact (12 = hd :: tl)

Locals

data_at t__addr Tptr q
data_at v__addr Tptr q
data_at w__addr Tptr v_v
data_at p_addr Tptr p_pre

Heap
SUwy 11

data_at (field_addr v_v Tlist
Fhead) Tint hd

data_at (field_addr v_v Tlist
Ftail) Tptr w_v

sll q tl
v Scope: Global

REVERSE_REVERSE :
clangd: idle @ opam(my-global)

+ 200 COIED

Consumed Produced
Current line 157 - branch 1
Existentials 6
q hd t1 11 12 v_v
Facts 3

fact (~(v_v = 0i))
fact (1 = REVERSE 11 ++ 12)
fact (12 = hd = tl)

Locals 4
data_at t__addr Tptr q

data_at v__addr Tptr q

data_at w__addr Tptr v_v
data_at p_addr Tptr p_pre

Heap 2
sl q tl
SULv_v (hd :: 11)

|- forall 1. REVERSE (REVERSE 1) = 1

- d853d27 100.00% Al Q

0O <«

C 8_reversec M X

8_reverse.c — cstar_monorepo-proof-lib-reimpl — Modified

@ -

C 10_reverse_op.c M

cstar_examples > tutorial > C 8_reverse.c > @ reverse

128

130
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

Bl o cstar_examples 47 g

A WRIERER A EXAFNZESET

{

i
while (v)
INV(exists 11 12 w_v v_v.
fact(l = (REVERSE 11) + 12) #*
SULw_v 11 % sl v_v 12 **
data_at v_addr Tptr v_v **
data_at w_addr Tptr w_v **
data_at p_addr Tptr p_pre
{
PROOF apply_operation_named_st(
unfold_sll_not_null,
TERM_LIST( v_v:int’),
TERM_LIST( hd:int™, “tl:(int)list”, “g:int’));
struct list *t = votail;
vortail = w;
RN
vt
PROOF apply_operation_st(fold_sl1_not_null, TERM_LIST('v_v:int™));
PROOF assert_fact_st(
"l = (REVERSE (hd :: 11)) + tl:(int)list",
simp_conv,
THM_LIST(REVERSE_def, APPEND_def, gsym_rule(APPEND_ASSOC))
)il
]

PROOF apply_operation_st(unfold_sll1_null, TERM_LIST('v_v:int’));

PROOF assert_fact_st('11 = (REVERSE 1):(int)list’, simp_conv,
THM_LIST(APPEND_NIL, REVERSE_REVERSE)

)i

PROOF._rewrite. st(THM_LIST(assume_rule( 11 = (REVERSE l):(int)list )));

®0A0

Pl *+ O cstar_s PO-p! i Pl

Symbolic State (Line 162)

Function : reverse

v Symbolic State

Previous line 157 - branch 1

Existentials
q hd t1 11 12 v_v

Facts

fact (~(v_v = 0i))

fact (1 = REVERSE 11 ++ 12)
fact (12 = hd :: tl)

Locals

data_at t__addr Tptr q
data_at v__addr Tptr q
data_at w_addr Tptr v_v
data_at p_addr Tptr p_pre

Heap
sl g tl
sl v_v (hd

v Scope: Global

REVERSE_REVERSE :

F forall 1.

v 200 COIED

Consumed Produced
Current line 162 - branch 1
Existentials 6
q hd t1 11 12 v_v
Facts 4

fact (~(v_v = 0i))

fact (1 = REVERSE 11 ++ 12)
fact (12 = hd :: t1)

fact (1 = REVERSE (hd :: 11)
+ tl)

Locals a
data_at t__addr Tptr q

data_at v__addr Tptr q

data_at w_addr Tptr v_v
data_at p_addr Tptr p_pre

Heap 2
sl g tl
sW vy (hd = 11)

REVERSE (REVERSE 1) = 1

APPEND_NIL : | forall 1. 1 + []1 =1

@ opam(my-global)

-o-d853d27 100.00% Al Q)
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O « 8_reverse.c — cstar_monorepo-proof-|

C 8_reversec M X  C operational.h C operational.c C 10_reverse_ %y @M -

cstar_examples > tutorial > C 8_reverse.c > @ reverse

ib-reimpl — Index Modified

Symbolic State (Line 162)

+o0o CHNEEED o«

operational.c — cstar_monorepo-proof-lib-reimpl

C 8_reverse.c M C operational.h C operational.c X € 10_reverse_op.c (0 - Symbolic State (Line 162)

cstar_examples > userlib > operational > C operational.c > @ assert_fact_st

v 200 CRIED

Consumed ' Produced
Current line 162 - branch 1

Existentials 6
q hd tl 11 12 v_v

Facts. 4
fact (~(v_v = 0i))

fact (1 = REVERSE 11 + 12)
fact (12 = hd =z tl)

fact (1 = REVERSE (hd :: 11)
+ tl)

Locals a4
data_at t__addr Tptr q

data_at v__addr Tptr q

data_at w_addr Tptr v_v
data_at p_addr Tptr p_pre

Heap 2
sl g tl
SW v_v (hd = 1)

REVERSE_REVERSE : |- forall 1. REVERSE (REVERSE 1) = 1

- d853d27 100.00% Al Q

8 1 Function : reverse S—— Function : reverse
150 7V v Symbolic State 1956 v Symbolic State
137 ) Consumed Produced 1957  PROOF void rewrite_st(const thm_list rules) {
138 while (v) 1958 term symst;
139 INV(“exists 11 12 w_v v_v. Previous line 157 - branch 1 Current line 162 - branch 1 1959 thn_list local_ents; Previous line 157 - branch 1
140 fact(l = (REVERSE 11) ++ 12) . . . . 1960 MAP_SYMHPS_OR_RETURN(symst, symhp, local_ents, rewrite_hconv(symhp, rules . .
141 SULwy U s vy 12w EEZED 0| EEIED © 1961 th synst_ent = branches_hconv(synst, local_ents); EEEED
142 data_at v_addr Tptr v_v qhd t1 11 12 v.v q hd t1 11 12 v.v 1962 if (IS_NULL(symst_ent)) return; q hd tL 11 12 v_v
143 data_at w__addr Tptr w_v #* 1963 set_symbolic_state(symst_ent);
164 data N 3 Facts 4 1964} Facts
145 °) function assert_fact_st 0i)) fact (~(v_v = 0i)) 1965 fact (~(v_v = 0i))
s . B R . . . . . .
e { sroor provided by "userlib/operational/operational.h! RSE 12 ++ 12) fact (1 = REVERSE 11 + 12) :;:: PROOF void hssen_facz_sz(::::: t:;ml;;::l;;:;l:::{ ::::;:;:;u:r builder, e (@ o CEEEE 18 o 16)
148 unfo = void t) fact (12 = hd t) 1968 term symst; fact (12 = hd t)
149 TERM Parameters: fact (1 = REVERSE (hd = 11) 1969 thn_list local_ents;
150 TERM . const term goal_tm (aka const struct hol_term) ++ 1) 1970 MAP_SYMHPS_OR_RETURN(
151 « const conv_builder builder (aka struct hol_conversion (xconst)(struct 1971 symst, symhp, local_ents,
152 SErUCt o1 theorem %)) o = A 1972 assert_fact_hconv(symhp, gzal_tm, builder, at)lditiona\_(heorems)); .
153 votai i iti 1973 thn symst_ent = branches_hconv(symst, local_ents);

« const thm_list additional_theorems (aka struct hol_theorem xconst) ymst_ i ynst, - i

154 Go 5 = u = Tptr q data_at t_addr Tptr q 1074 if (IS.NULL(synst_ent)) return; data_at t_addr Tptr q
155 v = t;| Proves and adds the same fact independently in every branch. Tptr q data_at v__addr Tptr q 1975 set_symbolic_state(symst_ent); data_at v_addr Tptr q
156 For branch facts 1, ..., , the proof goal is 1976}
157 PROOF 1= ... = fn = goal_tm . After introducing those facts and any leading binders or implications. Tptr v_v data_at w_addr Tptr v_v 077 data_at w_addr Tptr v_v
158 PROOF assert_fact_st( " : data_at p_addr Tptr p_pre data_at p_addr Tptr p_pre 1978 #undef MAP_SYMHPS_OR_RETURN data_at p_addr Tptr p_pre
159 "L = (REVERSE (hd :: 11)) + tl:(int)list”, 1979
160 simp_conv, Heap 2 Heap 2 Heap
161 THM_LIST(REVERSE_def, APPEND_def, gsym_rule(APPEND_ASSOC)) sl g tl sl q tl sl g tl
162
123 ¥ S v_v (hd = 11) S v_v (hd = 11) sUov_v (hd : 11)
164
165 PROOF apply_operation_st(unfold_s11_null, TERM_LIST( v_v:int’)); 'vScope: Global v Scope: Global
166 PROOF assert_fact_st(*11 = (REVERSE 1):(int)list", simp_conv,
167 THM_LIST(APPEND_NIL, REVERSE_REVERSE) REVERSE_REVERSE : |- forall 1. REVERSE (REVERSE 1) = 1
168 )i APPEND_NIL :  forall 1. 1+ [1 =1 APPEND_NIL : k- forall 1. 1+ [1 =1
169 | PROOF rewrite_st(THM_LIST(assume_rule(’l1 = (REVERSE 1):(int)list’)));

- [ cstar_examples 49 gh phased*+ O cstar_r po-proof-li pl ®O0AO clangd:idle @ opam(my-global) - d853d27 100.00% Al Q) - [ cstar_examples 49 gl phased*+ O cstar_s po-proof-lib-reimpl @ 0 A O clangd: idle @ opam(my-global)
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PROOF void prove_fact_by(term goal, conv_builder prover, thm_list extra) {
term symst = get_symbolic_state(); // B EHHBIFESIRS S
term_list facts = symst_facts(symst);
gnode root = gnode_new(facts, goal);
CONV_TAC(root, prover, extra);
thm vshift = local_apply(symst, gnode_prove(root)); // if: #&EWEZHREE S |—— S
set_symbolic_state(vshift); /] R UEBRHIEEEEFTRSH S

FEHITSIE

pi TERREER

1. HEBNANRFSINTER QCP (Wu et al, TASE 2026). Rl LE0BASBLMBNKBAFES X!
2. C o LCF RUSHFIEIERBIE SR E T R 0081 TAF Cao et al., TASE 2026.
3. HATBARIEBRPIZR HOL Light,

thm

IEBAA#L®
AR,



https://link.springer.com/chapter/10.1007/978-3-032-30693-7_10
https://link.springer.com/chapter/10.1007/978-3-032-30693-7_8
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term symst = get_symbolic_state(); // B EHHBIFESIRS S
_ () /SRS
BSRTIIE ® S [—
RIS ER thm

1. HEBNANRFSINTER QCP (Wu et al, TASE 2026). Rl LE0BASBLMBNKBAFES X!
2. C o LCF RUSHFIEIERBIE SR E T R 0081 TAF Cao et al., TASE 2026.
3. HATBARIEBRPIZR HOL Light,

IEBAA#L®
AR,



https://link.springer.com/chapter/10.1007/978-3-032-30693-7_10
https://link.springer.com/chapter/10.1007/978-3-032-30693-7_8
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term_list facts = symst_facts(symst);
gnode root = gnode_new(facts, goal);
CONV_TAC(root, prover, extra);

thm vshift = local_apply(symst, gnode_prove(root)); // if: #EHEZHERE S |— S
O b = JEBR#EOAMA? .
FEHTEIE SERR @ > HEBRPARS
AI{EER thm EEITHR RIS A

A

1. HEBNANRFSINTER QCP (Wu et al, TASE 2026). Rl LE0BASBLMBNKBAFES X!
2. C o LCF RUSHFIEIERBIE SR E T R 0081 TAF Cao et al., TASE 2026.
3. HATBARIEBRPIZR HOL Light,



https://link.springer.com/chapter/10.1007/978-3-032-30693-7_10
https://link.springer.com/chapter/10.1007/978-3-032-30693-7_8
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set_symbolic_state(vshift); R NEBAEEREMRSH S

FEHITSIE

—
Dl & AEEHEE AR

A

1. HEBNANRFSINTER QCP (Wu et al, TASE 2026). Rl LE0BASBLMBNKBAFES X!
2. C o LCF RUSHFIEIERBIE SR E T R 0081 TAF Cao et al., TASE 2026.
3. HATBARIEBRPIZR HOL Light,

thm

IEBAA#L®
AR,



https://link.springer.com/chapter/10.1007/978-3-032-30693-7_10
https://link.springer.com/chapter/10.1007/978-3-032-30693-7_8
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PROOF void prove_fact_by(term goal, conv_builder prover, thm_list extra) {
term symst = get_symbolic_state(); // B EHHBIFESIRS S
term_list facts = symst_facts(symst);
gnode root = gnode_new(facts, goal);
CONV_TAC(root, prover, extra);
thm vshift = local_apply(symst, gnode_prove(root)); // if: #EHEZHERE S |— S
set_symbolic_state(vshift); /] R: NEBAEEREEFRRKSS S

FEHITSIE

pi TERREER

IEBR R A EREHTEEA,

1. HEBNANRFSINTER QCP (Wu et al, TASE 2026). Rl LE0BASBLMBNKBAFES X!
2. C o LCF RUSHFIEIERBIE SR E T R 0081 TAF Cao et al., TASE 2026.
3. HATBARIEBRPIZR HOL Light,

thm

IEBAA#L®
AR,



https://link.springer.com/chapter/10.1007/978-3-032-30693-7_10
https://link.springer.com/chapter/10.1007/978-3-032-30693-7_8
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