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theory Check-Connected-Impl
imports

Veg

../ Witness-Property | Connected-Components
begin

type-synonym [Verter = nat

type-synonym I[Edge-Id = nat

type-synonym IEdge = IVertex x IVertex
type-synonym I[PFEdge = IVertex = IEdge-1d option
type-synonym INum = IVertex = nat

type-synonym IGraph = nat X nat x (IEdge-Id = IEdge)

abbreviation ivertez-cnt :: IGraph = nat
where ivertex-cnt G = fst G

abbreviation iedge-cnt :: IGraph = nat
where iedge-cnt G = fst (snd G)

abbreviation iedges :: IGraph = IEdge-1d = IEdge
where iedges G = snd (snd G)

definition is-wellformed-inv :: IGraph = nat = bool where
is-wellformed-inv G i = Vk < i. ivertez-cnt G > fst (iedges G k)
A wertez-cnt G > snd (iedges G k)
ML ( Toplevel.theory ))
procedures is-wellformed (G :: IGraph | R :: bool)
where
1 nat
e :: IEdge
in
ANNO G{ 'G=G}
‘R :== True ;;
== 0 3
TRY
WHILE i < iedge-cnt *G



INV { 'R = is-wellformed-inv "G “i A
i < iedge-ent "G N "G = G |}
VAR MEASURE (iedge-cnt "G — i)

DO
“e ;== jedges ‘G i 3
IF dvertex-cnt "G < fst “e V iwertex-cnt "G < snd “e THEN
"R :== Fulse 3;
THROW
FI ;
== "4+ 1
oD
CATCH SKIP END
{ G=GA

"R = is-wellformed-inv * G (iedge-cnt *G) |}

definition parent-num-assms-inv :: IGraph = [Vertexr = IPEdge = INum = nat
= bool where
parent-num-assms-inv G rpnk =Vi <k.i# r — (case p i of
None = False
| Some x = z < iedge-cnt G A snd (iedges G x) = i A ni = n (fst (iedges G
2) + 1)

procedures parent-num-assms (G :: IGraph, r :: IVertex, parent-edge :: IPEdge,

num :: INum | R :: bool)

where
vertex :: IVertex
edge-id :: IEdge-1d

in
ANNO (G,r,p,n).

{ ' G=GA 'r=r A "parent-edge = p A "num = n |}

‘R == True ;;
“verter == 0 ;;
TRY

WHILE ‘vertex < ivertex-cnt "G
INV { 'R = parent-num-assms-inv G ‘r ’parent-edge “num “vertex
AN'G=GAN 'r=rA "parent-edge = p A\ “num = n
A “vertex < ivertex-cnt G}
VAR MEASURE (ivertez-cnt “G — “wvertex)
DO
IF (“wvertex # ‘r) THEN
IF “parent-edge “verter = None THEN

"R :== Fulse ;;
THROW
FI
“edge-id :== the (’parent-edge “vertex) ;;

IF “edge-id > iedge-cnt “G
V snd (iedges G “edge-id) # “vertex
V ‘num “verter # ‘num (fst (iedges *G edge-id)) + 1 THEN
"R :== Fulse ;;



THROW
FI
FI 5
“vertex :== "vertex + 1
oD
CATCH SKIP END
{'G=GAN 'r=rA parent-edge = p AN "num = n

A "R = parent-num-assms-inv G ‘1 “parent-edge “num (ivertez-cnt “G)}

procedures check-connected (G :: IGraph, r :: IVertex, parent-edge :: IPEdge,

num :: INum | R :: bool)

where
R1 :: bool
R2 :: bool
R3 :: bool

in
"R1 :== CALL is-wellformed(’ G) 3;
"R2 :== "r < wertex-cnt "G N ‘num ‘r = 0 N “parent-edge ‘v = None ;;
"R3 :== CALL parent-num-assms(’ G, "r, “parent-edge, "num) ;;

== "RI1 N "R2 N "R3

end

theory Check-Connected- Verification
imports Veg Check-Connected-Impl
begin

definition no-loops :: ('a, 'b) pre-digraph = bool where
no-loops G =Ve € arcs G. tail G e # head G e

definition abs-IGraph :: IGraph = (nat, nat) pre-digraph where
abs-IGraph G = (| verts = {0..<wertez-cnt G}, arcs = {0..<iedge-cnt G},
tail = fst o iedges G, head = snd o iedges G |)

lemma verts-absl[simp]: verts (abs-IGraph G) = {0..<ivertez-cnt G}
and arcs-absI[simp]: arcs (abs-IGraph G) = {0..<iedge-cnt G}
and tail-absl[simp]: tail (abs-IGraph G) e = fst (iedges G e)
and head-absI[simp]: head (abs-IGraph G) e = snd (iedges G e)
by (auto simp: abs-IGraph-def)

lemma is-wellformed-inv-step:
is-wellformed-inv G (Suc i) +— is-wellformed-inv G i
A fst (iedges G i) < ivertex-cnt G A snd (iedges G i) < ivertez-cnt G
by (auto simp add: is-wellformed-inv-def less-Suc-eq)

lemma (in is-wellformed-impl) is-wellformed-spec:

VG.TH { G= G} "R :== PROC is-wellformed("G) { R = is-wellformed-inv
G (iedge-cnt G)}

apply vcg

apply (auto simp: is-wellformed-inv-step)



apply (auto simp: is-wellformed-inv-def)
done

lemma parent-num-assms-inv-step:
parent-num-assms-inv G r p n (Suc 1) +— parent-num-assms-inv G rp n i
A (i # 1 — (case p i of
None = False
| Some © = = < iedge-cnt G A snd (iedges G z) =i A ni = n (fst (iedges G
z)) + 1))

by (auto simp: parent-num-assms-inv-def less-Suc-eq)

lemma (in parent-num-assms-impl) parent-num-assms-spec:
VGrpn. Tk { "G=GA 'r=r A parent-edge = p A "num = nf

"R :== PROC parent-num-assms(’ G, 'r, “parent-edge, “num)
{ 'R = parent-num-assms-inv G r p n (iwertez-cnt G)}
apply vcg

apply (simp-all add: parent-num-assms-inv-step)
apply (auto simp: parent-num-assms-inv-def)
done

lemma connected-components-locale-eg-invariants:
NG rp n.
connected-components-locale (abs-IGraph G) np r =
(is-wellformed-inv G (iedge-cnt G) A
r < qwertex-cnt G Anr =0 Apr = None A
parent-num-assms-inv G r p n (ivertex-cnt G))
proof —
fix Grpn
let ?aG = abs-IGraph G
have is-wellformed-inv G (iedge-cnt G) = fin-digraph 2aG
unfolding is-wellformed-inv-def fin-digraph-def fin-digraph-axioms-def
wf-digraph-def
by auto
moreover
have (Vv € verts 2aG. v # r —
(e € arcs ?aG. p v = Some e A
head 2aG e = v A
nv= n (tal %aG e) + 1))
= parent-num-assms-inv G r p n (ivertez-cnt G)
proof —
{ fix i assume (case p i of None = False
| Some z = z < iedge-cnt G A snd (iedges G z) = i A ni = n (fst (iedges
Gz))+ 1)
then have Jz€{0..<iedge-cnt G}. p i = Some x A snd (iedges G ) = i A
n i =n (fst (iedges G z)) + 1
by (case-tac p i) auto }
then show ?thesis
by (auto simp: parent-num-assms-inv-def)
qed



ultimately
show ?thesis G rpn
unfolding connected-components-locale-def
connected-components-locale-axioms-def by auto
qed

theorem (in check-connected-impl) check-connected-eq-locale:
VGrpn. Tk { "G=GA 'r=r A "parent-edge = p A "num = n |
"R :== PROC check-connected ("G, ‘r, “parent-edge, ~num)
{ 'R = connected-components-locale (abs-IGraph G) n p r}
by vcg (auto simp: connected-components-locale-eq-invariants)

lemma connected-components-locale-imp-correct:
assumes connected-components-locale (abs-IGraph G)n p r
assumes u € pverts (mk-symmetric (abs-IGraph G))
assumes v € pverts (mk-symmetric (abs-IGraph G))
shows 3 p. pre-digraph.apath (mk-symmetric (abs-IGraph G)) u p v
proof —
interpret S: pair-wf-digraph mk-symmetric (abs-IGraph G)
by (intro wf-digraph.wellformed-mk-symmetric
connected-components-locale. ccl-wellformed| OF assms(1)])
show ?thesis
using connected-components-locale.connected-by-path[ OF assms]
by (simp only: S.reachable-apath)
qed

theorem (in check-connected-impl) check-connected-spec:
ANGrpnThH { G=GA r=rA "parent-edge = p A "num = n |
"R :== PROC check-connected(" G, 'r, 'parent-edge, ~num)
{ R —
(Vu € pverts (mk-symmetric (abs-IGraph G)).
Vv € pverts (mk-symmetric (abs-IGraph G)).
I p. pre-digraph.apath (mk-symmetric (abs-IGraph G)) u p v)}
using connected-components-locale-eq-invariants
connected-components-locale-imp-correct
by wvcg metis

end
theory Check-Shortest-Path-Impl
imports

Veg

../ Witness-Property | Shortest-Path- Theory
~~ [src/ HOL/ Statespace / StateSpaceLocale
begin

type-synonym IVertex = nat
type-synonym IFEdge-Id = nat
type-synonym [Edge = [Vertex x [Vertex
type-synonym [Cost = [FEdge-1d = nat



type-synonym I[Dist = [Vertex = ereal

type-synonym IPFEdge = [Vertex = IEdge-Id option
type-synonym INum = IVertex = enat

type-synonym IGraph = nat X nat x (IEdge-1d = IFEdge)

abbreviation ivertez-cnt :: IGraph = nat
where ivertex-cnt G = fst G

abbreviation iedge-cnt :: IGraph = nat
where iedge-cnt G = fst (snd G)

abbreviation arcs :: IGraph = IEdge-1d = I[Edge
where iarcs G = snd (snd G)

definition is-wellformed-inv :: IGraph = nat = bool where
is-wellformed-inv G i = Vk < i. ivertez-cnt G > fst (iarcs G k)
A twertez-cnt G > snd (iarcs G k)

procedures is-wellformed (G :: IGraph | R :: bool)
where
1 nat
e :: IEdge
in
ANNO G.
{ G=aG1}
‘R :== True ;;
== 0 3
TRY
WHILE i < iedge-cnt ~G
INV { 'R = is-wellformed-inv "G i A "i < iedge-ecnt "G N "G = G |}
VAR MEASURE (iedge-cnt "G — i)

DO

‘e ;== darcs "G "i

IF ivertex-cnt "G < fst “e V iwertex-cnt "G < snd e THEN
"R :== False ;;
THROW

FI 3

== "0+ 1

oD

CATCH SKIP END
{ G =G A 'R = is-wellformed-inv * G (iedge-cnt *G) |}

definition trian-inv :: IGraph = IDist = ICost = nat = bool where
trian-inv G d ¢ m =
Vi < m.d (snd (tarcs G 1)) < d (fst (iarcs G i)) + ereal (c i)

procedures trian (G :: IGraph, dist :: IDist, ¢ :: ICost | R :: bool)
where



edge-id :: IEdge-Id
in
ANNO (G,dist,c).
{'G=GA “dist =dist AN "c=c|
‘R :== True ;;
“edge-id :== 0 ;;
TRY
WHILE ~edge-id < iedge-cnt “G
INV { 'R = trian-inv "G “dist "¢ “edge-id
AN'G=GAN "dist =dist N "c =c
A “edge-id < iedge-cnt “G
VAR MEASURE (iedge-cnt *G — “edge-id)
DO
IF “dist (snd (iarcs *G “edge-id)) >
“dist (fst (iarcs “G “edge-id)) +
ereal ("¢ “edge-id) THEN

"R :== Fulse 3
THROW
FI ;
“edge-id :== "edge-id + 1
oD

CATCH SKIP END
{ ' G=GA "dist =dist N\ "c =c¢
A 'R = trian-inv “G “dist "¢ (iedge-cnt “G) |}

definition just-inv ::
IGraph = IDist = ICost = IVertex = INum = IPEdge = nat = bool where
just-inv Gdcsnpk=
Vo<k. v#sAnv#oo—
(3 e.e=the (pv) A e < iedge-ent G A
v = snd (iarcs G e) A
dv = d (fst (iarcs G e)) + ereal (¢ ) A
nv =n (fst (iarcs G e)) + (enat 1))

procedures just (G :: IGraph, dist :: IDist, ¢ :: ICost,
s : IVertex, enum :: INum, pred :: IPEdge | R :: bool)

where
v 2 IVertex
edge-id :: IFEdge-Id
in

ANNO (G,dist, ¢, s ,enum, pred).
{ ' G=GA “dist=dist N\ "c=cAN’'s=sA enum = enum N “pred =

pred]
‘R == True ;;
‘vi==0 3
TRY

WHILE ‘v < ivertex-cnt *G
INV { 'R = just-inv "G “dist "¢ "s "enum “pred ‘v



AN'G=GAN 'c=cAN 's=sA "dist = dist
A “enum = enum A “pred = pred
A “v < qvertex-cnt * G
VAR MEASURE (ivertex-cnt "G — ")
DO
“edge-id :== the ("pred "v) ;;
IF ("v # "s) A “enum "v # oo A
(“edge-id > iedge-cnt * G
V snd (iarcs G “edge-id) # v
Vv “dist ‘v #
“dist (fst (iarcs G “edge-id)) + ereal ("¢ “edge-id)
V “enum ‘v # “enum (fst (iarcs *G “edge-id)) + (enat 1)) THEN

"R :== Fulse 3;
THROW
FI;
‘vi== "v 4+ 1
oD

CATCH SKIP END
{1 G=GA "dist =dist N\ "c=c AN "s=s AN "enum = enum A “pred = pred
A 'R = just-inv G “dist "¢ s “enum “pred (ivertez-cnt “G) |}

definition no-path-inv :: IGraph = IDist = INum = nat = bool where
no-path-inv Gdnk = Yv < k. (dv =00 ++— nv=00)

procedures no-path (G :: IGraph, dist :: IDist, enum :: INum | R :: bool)
where
v 2 [Vertex
in
ANNO (G,dist,enum).
{ "G =G A “dist = dist A “enum = enum |}

‘R == True ;;
‘vi==10 3
TRY

WHILE “v < ivertez-cnt "G
INV { 'R = no-path-inv G “dist “enum v
NG =GN “dist = dist N "enum = enum
A “v < jvertex-cnt * G
VAR MEASURE (ivertex-cnt “G — "v)
DO
IF =(’dist "v = 00 «— “enum v = oo) THEN
"R :== Fulse ;;
THROW
FI 3
‘vi=="v + 1
0D
CATCH SKIP END
{ G =G A "dist = dist A\ "enum = enum
A "R = no-path-inv G “dist “enum (ivertez-cnt “G) |



definition non-neg-cost-inv :: IGraph = ICost = nat = bool where
non-neg-cost-inv G cm= Ve < m.ce >0

procedures non-neg-cost (G :: IGraph, c¢ :: ICost | R :: bool)
where
edge-id :: IFEdge-Id
in
ANNO (G,c¢).
{ G=GAN’ 'c=c}]
‘R == True j;
“edge-id === 0 ;;
TRY
WHILE ’edge-id < iedge-cnt *G
INV { 'R = non-neg-cost-inv "G "¢ edge-id
AN'G=GAN 'c=c
A “edge-id < iedge-cnt “ G
VAR MEASURE (iedge-cnt “G — edge-id)
DO
IF "¢ “edge-id < 0 THEN
"R :== Fulse ;;
THROW
FI 3
“edge-id :== "edge-id + 1
OD
CATCH SKIP END
{ G=GAN 'c=c
A "R = non-neg-cost-inv G "¢ (iedge-cnt *G) |}

procedures check-basic-just-sp (G :: IGraph, dist :: IDist, ¢ :: ICost,

s i IVertex, enum :: INum, pred :: IPEdge | R :: bool)

where
R1 :: bool
R2 :: bool
R3 :: bool
R/ :: bool

in
"R1 :== CALL is-wellformed (" G) ;;
‘R2 == "dist 's < 0 3
"R3 :== CALL trian ("G, "dist, "¢) ;;
‘R4 == CALL just ("G, "dist, "¢, "s, “enum, "pred) ;;

== "R1 N "R2 N "R3 N "Ry

procedures check-sp (G :: IGraph, dist :: IDist, ¢ :: I1Cost,
s IVertex, enum :: INum, pred :: IPEdge | R :: bool)
where



R1 :: bool

R2 :: bool
R3 :: bool
R :: bool
in
"R1 :== CALL check-basic-just-sp ("G, "dist, "¢, “s, “enum, "pred) ;;
"R2 == "s < wertex-cnt "G A “dist “s = 0 ;;
"R3 :== CALL no-path ("G, "dist, “enum) ;;
"R4 :== CALL non-neg-cost ("G, "c) 3;

== "RI N "R2 N "R8 N "R4

end
theory Check-Shortest-Path- Verification
imports

Veg

../ Simpl-Verification | Check-Shortest- Path-Impl

begin

definition no-loops :: (‘a, 'b) pre-digraph = bool where
no-loops G =Ve € arcs G. tail G e # head G e

definition abs-IGraph :: IGraph = (nat, nat) pre-digraph where
abs-IGraph G = (| verts = {0..<wertez-cnt G}, arcs = {0..<iedge-cnt G},
tail = fst o iarcs G, head = snd o iarcs G |)

lemma verts-absl[simp]: verts (abs-IGraph G) = {0..<ivertez-cnt G}
and arcs-absl[simp): arcs (abs-IGraph G) = {0..<iedge-cnt G}
and tail-absl[simp]: tail (abs-IGraph G) e = fst (iarcs G e)
and head-absI[simp]: head (abs-IGraph G) e = snd (iarcs G e)
by (auto simp: abs-IGraph-def)

lemma is-wellformed-inv-step:
is-wellformed-inv G (Suc i) «— is-wellformed-inv G i
A fst (iares G i) < ivertez-cnt G A snd (iarcs G i) < ivertez-cnt G
by (auto simp add: is-wellformed-inv-def less-Suc-eq)

lemma (in is-wellformed-impl) is-wellformed-spec:

VG.TH { G= G} "R :== PROC is-wellformed("G) { R = is-wellformed-inv
G (iedge-cnt G)}

apply vcy

apply (auto simp: is-wellformed-inv-step)

apply (auto simp: is-wellformed-inv-def)
done

lemma trian-inv-step:

trian-inv G d ¢ (Suc i) <— trian-inv G d c i
A d (snd (iarcs G 1)) < d (fst (iarcs G i)) + c i

10



by (auto simp: trian-inv-def less-Suc-eq)

lemma (in trian-impl) trian-spec:
VGdeTh { ' G=GA dist=dAN "¢c=c}
"R :== PROC trian(’ G, "dist, "¢)
{ 'R = trian-inv G d c (iedge-cnt G)}
apply vcg
apply (auto simp add: trian-inv-step)
apply (auto simp: trian-inv-def)
done

lemma just-inv-step:
Just-inv G d ¢ s np (Suc v) «— just-ino Gdcsnpv
ANv#SsSAnv#o00 —
(3 e.e=the (pv) A e < iedge-ent G A
v = snd (iarcs G e) A
dv =d (fst (iarcs G e)) + ereal (¢ €) A
nv =n (fst (iarcs G e)) + (enat 1)))
by (auto simp: just-inv-def less-Suc-eq)

lemma just-inv-le:
assumes j < i just-inv Gdcsnpi
shows just-inv G dcsnpj
using assms by (induct rule: dec-induct) (auto simp: just-inv-step)

lemma not-just-verts:
fixes GRcdnpswv
assumes v < ertez-cnt G
assumes v # s A n v # 0o A
(iedge-cnt G < the (p v) V
snd (iarcs G (the (p v))) # v V
dv #
d (fst (iarcs G (the (p v)))) + ereal (c (the (p v))) V
nv # n (fst (iarcs G (the (p v)))) + enat 1)
shows - just-inv G d ¢ s n p (wertez-cnt G)
proof (rule notl)
assume jv: just-inv G d ¢ s n p (wertezx-cnt Q)
have just-inv G d ¢ s n p (Suc v)
using just-inv-le[OF - ju| assms(1) by simp
then have (v # s A nv # 0o —
(3 e.e=the (pv) A e < iedge-ent G A
v = snd (iarcs G e) A
dv =d (fst (iarcs G e)) + ereal (¢ ) A
nv =n (fst (iarcs G e)) + (enat 1)))
by (auto simp: just-inv-step)
with assms show False by force
qed

lemma (in just-impl) just-spec:

11



VGdcsnp.
' H{'G=GA "dist =d A
‘c=cAN’'s=sA enum =n A “pred = p|}
"R :== PROC just('G, “dist, "¢, 's, "enum, “pred)
{ 'R = just-inv G d ¢ s n p (wertex-cnt G)|}

apply vcg

apply (auto simp: not-just-verts just-inv-step)

apply (simp add: just-inv-def)

done

lemma no-path-inv-step:
no-path-inv G d n (Suc v) <— no-path-inv G d n v
A(dv=00¢+—nv=00)
by (auto simp add: no-path-inv-def less-Suc-eq)

lemma (in no-path-impl) no-path-spec:
VGdn. Tk { "G=GA “dist =d A "enum = n}
"R :== PROC no-path(" G, “dist, “enum)
{ 'R = no-path-inv G d n (iertez-cnt G)}
apply vcy
apply (simp-all add: no-path-inv-step)
apply (auto simp: no-path-inv-def)
done

lemma non-neg-cost-inv-step:
non-neg-cost-inv G ¢ (Suc i) +— non-neg-cost-inv G ¢ i
ANci>0
by (auto simp add: non-neg-cost-inv-def less-Suc-eq)

lemma (in non-neg-cost-impl) non-neg-cost-spec:
VGe.TH{ ' G=GA ¢c=c}
"R :== PROC non-neg-cost(’ G, "c)
{ 'R = non-neg-cost-inv G ¢ (iedge-cnt G)}
apply vcg
apply (simp-all add: non-neg-cost-inv-step)
apply (auto simp: non-neg-cost-inv-def )
done

lemma basic-just-sp-eq-invariants:
NG dist ¢ s enum pred.
basic-just-sp-pred (abs-IGraph G) dist ¢ s enum pred <—
(is-wellformed-inv G (iedge-cnt G) A
dist s < 0 A
trian-inv G dist ¢ (iedge-cnt G) A
Just-inv G dist ¢ s enum pred (ivertex-cnt G))
proof —
fix Gdecsnp
let ?2aG = abs-IGraph G
have fin-digraph (abs-IGraph G) <— is-wellformed-inv G (iedge-cnt G)

12



unfolding is-wellformed-inv-def fin-digraph-def fin-digraph-axioms-def
wf-digraph-def no-loops-def
by auto
moreover
have trian-inv G d ¢ (iedge-ent G) =
(Ve. e € arcs (abs-IGraph G) —
(d (head ?aG e) < d (tail 2aG ¢e) + ereal (c e€)))
by (simp add: trian-inv-def)
moreover
have just-inv G d ¢ s n p (iertez-cnt G) =
(Vv. v € verts 2aG —
VES— NV FE 00—
(Jecarcs 7aG. e = the (p v) A
v = head ?aG e A
dv = d (tail ?aG e) + ereal (c e) A
nv = n (tail 2aG e) + enat 1))
unfolding just-inv-def by fastforce
ultimately
show ?thesis G dcsnp
unfolding
basic-just-sp-pred-def
basic-just-sp-pred-axioms-def
basic-sp-def basic-sp-axioms-def
by presburger
qed

lemma (in check-basic-just-sp-impl) check-basic-just-sp-imp-locale:
VGdesnp . TH{ G=GAN dist=dAN "c=cAN ’'s=sA "enum=n
A ‘pred = p |}
"R :== PROC check-basic-just-sp ("G, "dist, "¢, "s, “enum, “pred)
{ "R = basic-just-sp-pred (abs-IGraph G) d ¢ s n p}
by wvcg (simp add: basic-just-sp-eq-invariants)

lemma shortest-path-non-neg-cost-eq-invariants:
ANGdcsnp.
shortest-path-non-neg-cost-pred (abs-IGraph G) d ¢ s n p <—
(is-wellformed-inv G (iedge-cnt G) A
ds <0 A
trian-inv G d c (iedge-cnt G) A
just-inv G d ¢ s n p (wertez-cnt G) A
s < wertex-cnt G AN ds =0 A
no-path-inv G d n (iwertez-cnt G) A
non-neg-cost-inv G ¢ (iedge-cnt G))
proof —
fix Gdesnp
let 2aG = abs-1Graph G
have no-path-inv G d n (iertex-cnt G) «—
(Vv. v € verts 2aG — (d v = 00) = (n v = 0))

13



by (simp add: no-path-inv-def)
moreover
have non-neg-cost-inv G ¢ (iedge-cnt G) +—
(Ve. e € arcs 2aG — 0 < ce)
by (simp add: non-neg-cost-inv-def)
ultimately
show ?thesis G dcsnp
unfolding shortest-path-non-neg-cost-pred-def
shortest-path-non-neg-cost-pred-azxioms-def
using basic-just-sp-eg-invariants by simp
qed

theorem (in check-sp-impl) check-sp-eq-locale:
VGdesnp . ThH{ ' G=GA’ dist=dAN"c=cAN’'s=sA enum=n
A “pred = p |}
:== PROC check-sp(" G, "dist, "¢, 's, "enum, “pred)
{ 'R = shortest-path-non-neg-cost-pred (abs-IGraph G) d c s n p}}
by vcg (auto simp add: shortest-path-non-neg-cost-eg-invariants)

lemma shortest-path-non-neg-cost-imp-correct:
ANGdcsnp.
shortest-path-non-neg-cost-pred (abs-IGraph G) d ¢ s n p —
(Vv € verts (abs-IGraph G).
d v = wf-digraph.p (abs-IGraph G) ¢ s v)
using shortest-path-non-neg-cost-pred.correct-shortest-path-pred by fast

theorem (in check-sp-impl) check-sp-spec:
VGdecsnp . TH{ G=GAN dist=dAN "c=cAN ’'s=sA "enum=n
A ‘pred = p |
"R :== PROC check-sp(’ G, "dist, "¢, "s, "enum, “pred)
{ 'R — (Vv € verts (abs-IGraph G). d v = wf-digraph.u (abs-IGraph G) ¢
s o)}
using shortest-path-non-neg-cost-eg-invariants
shortest-path-non-neg-cost-imp-correct
by wvcg blast

end
theory Graph-Checker-Verification-Simpl
imports
Check-Connected-Impl
Check-Connected- Verification
Check-Shortest-Path-Impl
Check-Shortest- Path- Verification
begin

end
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