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Two Principles for Coinduction

e Tarski’s Fixed Point Theorem

+ Simple & Robust
- Inconvenient to use

e Syntactically Guarded Coinduction
- Complex & Fragile due to “Guardedness Checking”
+ More convenient to use



Our Contribution

e Parameterized Coinduction

+ Simple & Robust
+ Most convenient to use



Key Idea

Semantic Guardedness

e Parameterized Coinduction

+ Simple & Robust
+ Most convenient to use



Talk Outline

J Previous Approaches
» » Tarski’s Fixed Point Theorem
» Syntactically Guarded Coinduction
(J Our Approach

> Parameterized Coinduction
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Tarski’s Principle

Sound by Definition: vf = U{S|S S f(S) }

(Tarski’s Principle)
5. XSS ASCf(S)

X S vf
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Tarski Principle: Example

f§) ={x|3y. x>yAy€eS} U

{c} € {c,b,d}
t¢,b, d} ¥ f(ic,b,d})

cy €vf




Tarski’s Principle
+ Simple & Easy to Understand

- Have to Find a Consistent Set Up Front

cy € {c,b,d}
t¢,b, d; ¥ f(ic,b,d})

cy €vf
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Syntactically Guarded Coinduction

Guardedness rules out trivial proofs.
Its definition is syntactic and complex.

The assumption can be used only after
making progress.

pl: X cvf = X cvf

guarded]

(pfis
X cvf




Sy

d

P! X CSvf = X CSvf

duction
What cofix does in Coq

* Its definition is syntactic and complex.
e The assumption can be used only after
making progress.

guarded]

(pfis
X cvf




Juction
Permits Incremental Reasoning

* Its definition is syntactic and complex.
e The assumption can be used only after
making progress.

P! X CSvf = X CSvf

guarded]

(pfis
X cvf
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Trivial Proof is d¢
NOT Guarded ‘ =
Guarded Coinduction
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Example: Guarde By
Guarded Coinduction

{b} S vf = {b} S vf C
{b} S vf = {d} S vf v
{b} S vf = {b} S vf
b} Evf
b € vf

cy €vf




This Proof is dc
Guarded | By
| 5| Guarded Coinduction

v} S vf = {b} S vf
b} Cvf = {d} S vf

{b} Cvf = {b} Cvf 4
{b} € vf

b evf
cy €vf




This Proof is dc
‘ Guarded By
| - Guarded Coinduction
b} S vf ¥ {b} Cvf C
b} S vf = {d} € vf f
(b} Cvf = {b} S vf \

b} € vf
b € vf

cy €vf




This Proof is

Guarded d By
L < Guarded Coinduction

4

Prove Incrementally
with NO Consistent Set Up Front




Example: Simulation between Programs

restart i n .= if n > 0 then (output n;restart h (n— 1)) else h 0

fn :=output (2 % n);
let v = input() in
if v=_0thenrestartf (2xn)elsef(v+n)

g n:=letv = (output n; input()) x 2 in
(if v # 0 then g else restart g) (v + n)

11
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f v =0 thenrestarff ]2 « n) elsf}v + n)
[g): := let v = (output n; input()) « 2 in
(if v # 0 ther{glelse{restarffg) (v + n)
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Proof using Tarski’s Principle

wductive fge2im @ exp -» exp -» Prop :=

_fgeiml: forall (n m: nat) (EQ: n =2 * m), fgeim
(f @ n)
g & m)
fgeim?: forall (m: nat), fgeim
- (Let "v" := (Eputput (m + (m + 0)):; Einput) ~* 2

in (If 1 ~<= "v" then f else restart @ £) @ ("v" ~+

(Eoutput (2 ~% m)::
(Let "y" := Einput
in If "v" ~<= 0 then (restart @ qg) @ (2 ~* m) else
_fgeim3: forall (m: nat), fgsim
(Let "¥"™ := ((<>):y Einput) ~* 2

in (If 1 ~<= "v" then f else restart @ £) @ ("v" ~+

((<>) 2
(Let "y" := Einput
in If "v" ~<= 0 then (restart @ qg) @ (2 ~* m) else
_fgeimd4: forall (m: nat), fgsim
(Let "v"™ := Einput =~% 2

in (If 1 ~<= "y" then

_fgeim7: forall (m mO: nat), fgsim
({If 1 ~¢= (mO * 1 + m0)
(fmd * 1 4+ m0) ~+ (m+ (m+ 0))))

(m + (m+ 0))))

(mO0 * 1 + m0 +

m+ (m+ 0)))) | _fgeimll: forall (m:

g @ ("' ~+m))

m+ (m+ 0))))

g & ("~ m))

in (If 1 ~<= "v" then f else restart @ £) @ ("v" ~+ (m + (m

(Let "v" := Einput

in If "v" ~<= 0 then (restart @ g) € (2 ~* m) else g @ ("v"
_fgeims: forall (m mO: nat), fgsim

(Let "v" = mQ ~*% 2

in (If 1 ~<= "y" then f else restart @ £) @ ("v" ~+ (m + (m

(Let "v" =m0

in If "v" ~<= 0 then (restart @ g) € (2 ~* m) else g @ ("v"
_fgeimé: forall (m mO: nat), fgsim

(Let "v"™ =m0 * 1 4+ m0

f elze restart @ £) @ ("v" ~+ (m 4+ (m + 0))
(If m0 ~<= 0 then (restart B g) @ (2 ~* m) 2lse g @ (mD) ~+ m))

g @ (md) ~+ m))

g @ (md) ~+ m))

+ 0)))

~+ 1))

+ 0)))

~+ 1))

| _fgeimd: forall (m m0: nat), fgaim

| _fgeiml0: forall (m: nat), fgsim
{{restart @ £) @ m) ((restart @ o) € m)
nat), fgsim
I:Efi.‘{ mon ll':lll'
(If ™" ~¢= 0 then £ @ O
glaze Eoutput
I:Efi.‘{ mon ll':lll'
(If ™" ~¢= 0 then g @ O
glze Eoutput "n";; (restart @ g) @ ("n" ~- 1)) @ m)
| _fgeimld: forall (m: nat), fgsim
f @ 0 else Eoutput m;;
g @ 0 else Eoutput m;;
: nat), fgsim
e Eoutput m;;
e Eoutput m;;

) (If ble nat m 0 then g @ 0 els

| fgeiml4: forall (m: nat), fgsim
(Eoutput (S m):: (restart @ £) @ (5 m ~- 1))
(Eoutput (S m):: (restart B g) @ (5 m ~- 1))
| fgeiml5: forall (m: nat), fgsim
) ((<>)r: (restart @ £) @ (S m ~- 1))
{{<¥):; (restart @ g) @ (5 m ~- 1))
| fgeimle: forall (m: nat), fgsim

{(restart @ £) @ (S m ~- 1))

emma rsp simulated tarski:

forall n m n=2#%m), similarity (f @ n)
Proof.

i; eapply (@simul_tarski fg=im); [clear n m EQ|by eauto].

(EQ:

ig @ m).

» simul step 0; fold rfg; eauto.

v Simul step 0; fold rfg; eauto.

' destruct ml; simul step 2; eauto.
destruct m; simul step 1; eauto.

restart @ £) @ (m ~- 1))
restart @ g) @ (m ~- 1))

(restart @ £) @ (m ~- 1)
(restart @ g) @ (m ~- 1)

i; destruct PR; subst; try by unfold rfg; simul step 1; fold rfg.



Proof using Tarski’s Principle

wductive fgsim @ exp -» exp -» Prop := | _fgeimd: forall (m m0: nat), fgaim
_fgeiml: forall (n m: nat) (EQ: n =2 * m), fgeim

(f @ n)

g & m)
_fgeimd: forall (m: nat), fgzim | _fgeiml0: forall (m: nat), fgsim

(Let "v" := (Eoutput (m + (m + 0)):; Einput) ~*= 2 {irestart @ £) @ m) ((restart @ g) € m)
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(Eoutput (2 ~* m):: (Efix " " "n"
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{Let "w" 1= ((<»);; Einput) =~*% 2 (If "n" ~g= 0

in fm 4 (m+ 0)))) elze Eputput "n";; (restart @ g) € ("n" ~- 1)) @ m)

[ [<>) 22 | _fgeimld: forall (m: nat), fgsim

(Let "vy" := Einput f @ 0 else Eoutput m;; (restart @ £) € (m ~- 1)

(restart @ g) @ (2 ~* m) else g @ ("v" ~4+ m))) g @ 0 else Eoutput m;; (restart @ g) € (m ~- 1)

_fgeimd4: forall (m: nat), fgsim ! nat), fgsim

(Let "v"™ := Einput =~% 2

in m+ (m+ 0))))

(Let "v" := Einput | fgeiml4: forall (m: nat), fgsim

in If ™y" jrestart @ g) @ (2 ~* m) else g @ (™" ~+ m)) {(Eputput (5 m);; (restart @ £f) @ (5 m ~- 1)
_fgsimS: forall (m m0: nat), fgsim {Ecutput (5 m);; (restart @ g) @ (5 m ~- 1)

(Let "vw" 1= ml ~% 2 | fgeiml5: forall (m: nat), fgsim

in +£0)))) {i<¥};; (restart @ £) @ (S m ~- 1)

(Let "v" =m0 ((€»)r: (restart @ g) @ (5 m ~- 1)

in If ™y" {restart @ o) @ (2 ~* m) else g @ ("v" ~+ m)}) | _fogsimle: forall (m: nat), fgsim
_fgsimé: forall (m m0: nat), fg=im {{restart @ £) B (5 m ~- 1)

(Let "v"™ =m0 * 1 4+ m0 ==t s A M~

in (If 1 ~<= "y" 1] f else restart @ £) @ ("v" ~+ (m+ (m + 0))

(If m0 ~<= 0 then (restart B g) @ (2 ~* m) 2lse g @ (mD) ~+ m))
_fgeim7: forall (m mO: nat), fgsim

({(If 1 ~<= [(m0 * 1 4+ m0)

((m0 # 1 +md) ~+ (m+ (m+ 0))))

Eoutput m;; (restart @ f) @ (m ~- 1)
Eoutput m;; (restart @ g) @ (m ~- 1)

e
e

emma rsp simulated tarski:

forall nm (EQ: m = 2 * m), =similarity (£ @ n) (g @ m).

roof.

i; eapply (@simul_tarski fg=im); [clear n m EQ|by eauto].

i; destruct PR; subst; try by unfold rfg; simul step 1; fold rfg.
v Simul step 0; fold rfg; eauto.
v Simul step 0; fold rfg; eauto.
v destruct ml; simul step 2; eauto.

*
fmd * 1 +md + (m+ (m+ 0)))) r destruct m; simul step 1; eauto.




Proof using Guarded Coinduction

enma rsp simulated cofix:
forall nm (EQ: n =2 * m), similarity (£ @ n) (g @ m).
Proof.
cofix CIH.
intros; subst; do & csimul step 1; do 2 csimul step O.
destruct md; csimul step 2; [|by eauto].

fold rfg; generalize (m+(m+0}).

cofix CIH'.

intros; do 3 csimul step 1.

destruct n; csimul step 1; [by eauto|].
do 3 c2imul step 1; e=auto.




Proof using Guarded Coinduction

Thanks to
Incremental Proof + Simple Automation

enma rsp simulated cofix:
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intros; do 3 csimul step 1.

destruct n; csimul step 1; [by eauto|].

do 3 c2imul step 1; e=auto.

Rl .




Proof using Guarded Coinduction

Thanks to
Incremental Proof + Simple Automation

BUT!!!

enma rsp simulated cofix:

forzll mm (EQ: n=2 * m), similarity (£ € n) (g @ m).
Proof.

cofix CIH.

intros; subst; do & csimul step 1; do 2 csimul step O.

destruct md; csimul step 2; [|by eauto].

fold rfg; generalize (m+(m+0}).

cofix CIH'.

intros; do 3 csimul step 1.

destruct n; csimul step 1; [by eauto|].

do 3 c2imul step 1; e=auto.

Rl .




Problems with
Syntactic Guardedness

Variable Hode: Type.
Variable EBE: relation Node.

Colnductive infpath x : Prop :=
_infpath y (STEF: R =x y} (INF: infpath y).

Lemma Park's principle:
forall (P: Hode -> Prop),
(forall =, P x —> exists ¥, clos trans In _ R x vy /\ P ¥) —->
forall x, P x -> infpath x.
Proof.
cofix CIH; intros P M x Px.
destruct (M Px) as (v & C & Py):; clear Px.
induction C; eauto.

Eed.

- xX.V ob% (51,0) (Cog S5cript (0-) Holes)

No more subgoals.
(dependent ewvars: 2250 using , ?260 using , 2270 u=sing ,)
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Problems with
Syntactic Guardedness

Variable Node: Type.
Variakle RE: relation Node.

Colnductive infpath x : Prop :=
_infpath y (STEP: R x y) (INF: infpath y).

Lemma B The proof is
foral
t==4  NOT Syntactically Guarded
ora
Proof.
cofix CIH; intros PM x P
destruct (M  Px) as (y C & Py):; clear Px.
induction C; eauto.

Eed.

-Y— x.V o6% (52,0) (Coqg Script(0-) Holes)
Error:
BEecursive definition of CIH iz ill-formed.

14



Problems with
Syntactic Guardedness

Guardedness NOT Expressed in the Logic

Far from complete

Bad interaction with automation
Hard to debug
Slow

4

cofix CIH: intros P M x Px.
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Summary:
Pros and Cons of Two Principles

e Tarski’s Fixed Point Theorem
+ Simple & Robust
- Inconvenient to use

e Syntactically Guarded Coinduction
- Complex & Fragile due to “Guardedness Checking”
+ More Convenient to use
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Talk Outline

J Previous Approaches

» Tarski’s Fixed Point Theorem

» Syntactically Guarded Coinduction
(J Our Approach

» > Parameterized Coinduction
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Syntactically Guarded Coinduction

mon

f: 0l - pl)

Syntactically Guarded Coinduction

pf: X Svf = X cvf
(pf is guarded)

X cvf




Semantically Guarded Coinduction

Guardedness Expressed Directly Within the Logic

Semantically Guarded Coinduction

Xcvf & xcvf

X cvf




Guarded Implication




Guarded Implication

Do NOT want to EXTEND the logic

ngnggvf

18



Guarded Implication
Instead, Define Gf

led “Parameterized Greatest Fixed Point” of f

ngnggvf

U

X € Gg(Y)




Guarded Implication

Greatest Fixed Point of f
Under Guarded Assumption of Y € vf

ngnggvf




Guarded Implication

Greatest Fixed Point of f
Under Guarded Assumption of Y € vf

ngnggvf

Gr(Y) & v(AS.f(Y U S))




Properties of G

(Init) Gr(9) = vf
(Unfolding) G(Y) = f(Y U G¢(Y))

(Semantically Guarded Coinduction)
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Properties of G
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Properties of G

(Init) Gr(9) = vf
(Unfolding) G(Y) = f(Y U G¢(Y))

(Semantically Guarded Coinduction)




Example:
Parameterized Coinduction

c; €vf
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Example:
Parameterized Coinduction

(c} € (9 U G(D))

(c} S G(9)




Example:
Parameterized Coinduction

Jy.c>y Ay € (DU G(D))

(c} S G(9)




Example:
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Example:
Parameterized Coinduction

b € (U G(D))

(c} S G(9)




Example:
Parameterized Coinduction

(b} < G;(0)

b € (U G(D))

(c} S G(9)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

b} € Gr(ib))

(b} S G(9)

b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

b} € Gr(ib))

(b} S G(9)

b € (U G(D))

{c} € G (D)




' :
- By Semantically
NO Trivial Proof Guarded Coinduction

vf

b} € Gr(ib))

b} € G£(9)

b € (0 U Gr(0))




Examp By Semantically
Parameterized ¢ Guarded Coinduction

b} € F(ib} U Gs(ib}))

b} € Gr(ib))

(b} S G(9)

b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

dy.b >y Ay € (ib} U Ge(ib}))
b} € Gr(ib))
{b} < G;(0)
b € (U G(D))

¢} € Gr(9)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

dy.b >y Ay € (ib} U Ge(ib}))
b} € Gr(ib))
{b} < G;(0)
b € (U G(D))

¢} € Gr(9)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

d € (1b} U G¢(1b}))

b} € Gr(ib))

(b} S G(9)

b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

{d} < Gs({b})

d € (1b} U G¢(1b}))

b} € Gr(ib))

(b} S G(9)

b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

dj € F(b} U Gs(ib}))

{d} < Gs({b})

d € (1b} U G¢(1b}))

b} € Gr(ib))

(b} S G(9)

b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

3y.d > y Ay € ({b} U G¢({b})) U
{d} € G¢({b})
d € ({b} U G¢({b}))
b} < G, ((b)
{b} € Gf(9)
b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

3y.d > y Ay € ({b} U G¢({b})) U
{d} € G¢({b})
d € ({b} U G¢({b}))
b} < G, ((b)
{b} € Gf(9)
b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

b € (1b} U Gs(ib}))

{d} < Gs({b})

d € (1b} U G¢(1b}))

b} € Gr(ib))

(b} S G(9)

b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

b &(ib} U Gs(ib}))

{d} < Gs({b})

d € (1b} U G¢(1b}))

b} € Gr(ib))

(b} S G(9)

b € (U G(D))

{c} € G (D)




Examp By Semantically
Parameterized ¢ Guarded Coinduction

b #({b} U G ({b})) U

{d} < Gs({b})
()

fb} € G] NO Guardedness Checking!

b} € GfT¥ ‘@

be (@UGH(D) (D &

{c} € G (D)




Paco: A Coq Library for
Parameterized Coinduction
http://plv.mpi-sws.org/paco/

Syntactic Guardedness| [Semantic Guardedness

Lenma rsp simulated cofix: Lemma rsp simulated paco:
forallnm (EQ: n=2 * m), similarity (£ @ n) (g @ m). forallnm (EQ: n=2 #*m), paco? simbot2 (£ @ n) (g @ m).
Proof. Proof,
cofix CIH. pcofix CIH.
intros; subst; do 6 caimul step 1; do 2 csimul step 0, intros; subst; do 6 psimil step 1; do 2 psimil step 0,
destruct m0; caimol step 2; [|by eauto]. destruct m0; psimil step 2; [|by eauto].
fold rfg; generalize (m+(m+0)). left; fold rfg; generalize (m+(m+0)).
ccf;E CIH'. peofix CIH',
intros; do 3 csimul step 1. intros; do 3 psimil step 1.
destruct n; csimul step 1; [by eautol]. destruct n; peimil step 1; [by eauto|].
do 3 caimul step 1, eauto. do 3 psimil step 1; eauto.
Qed. ) Qed.
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Paco: A Coq Library for
Parameterized Coinduction
http://plv.mpi-sws.org/paco/

Syntactic Guardedness

Semantic Guardedness

Lemma rsp simulated cofix:

forallnm (E): n=2 * m), similarity (E@n) (g & m).

Proof.

intros; subst; do 6 csimul step 1; do 2 csimul step O,

destruct m0; cesimul step 2; [|by eauto].
old rfg; generalize (m+(m+0)).

cofizCIH'.

intros; do 3 csimul step 1.

destruct n; csimul step 1; [by eautol].

do 3 csimul step 1; eauto.

Qed.

Lemma rsp simulated paco:
forall nm (EQ: n=2 * m), paco? 3im bot2 (£ € n) (g € m).
Proof,
pcofix BIH.
intros; subst; do 6 psimil step 1; do 2 psimil step 0,
destruct m0; psimil step 2; [|by eauto].
left: fold rfg; generalize (m+(mt0)).
peofix gIH',
intros; do 3 psimil step 1.
destruct n; psimil step 1; [by eauto|].
do 3 psimil step 1; eauto.

™
'#E:jl
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Paco: A Coq Library for
Parameterized Coinduction
http://plv.mpi-sws.org/paco/

tic Guardedness

Guardedness Checking
Needed!

d paco:
n=2*m), paco? simbot? (£ &n) (g &m).

Proof,
IH. .
-m o 6 comgfflo 15 &0 7 cs Guardedness Checking

old rfg; generalizgl(m+ (m+0)). NOT NEEdEd'
intrps; do
destrucg;
IojfBgf2inul step 1; eauto,

3imul step 1. 1ntros; do 3 gfimil
csimul step 1; [by eauto|]. destructgl psimil step 1; [by eauto|].
dofl#inil step 1; eauto.
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Failed Proof using
Syntactically Guarded Coinduction

Variable Node: Type.
Variable E: relation MNode.

Colnductive infpath ® ¢ Prop =
_infpath y (STEP: R x y)} (INF: infpath y).

Lemma Park's principle:
forall {P: Hode -> Prop).,
(forall x, P ¥ -> exists vy, clos trans In _ R x vy /\ P v) >
forall =, P x ->» infpath =x.

Bxco

intros P M x Px.
_ Pr) as (v & C & Py); clear Px.
induction C; eauto.
Ded.
]
=h—— E.V Se%F (52,0) (Cog Script (0-) Hole=s)
Error:
Becursive definition of CIH i= ill-formed.
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Successful Proof using
Semantically Guarded Coinduction

Variable NHode: Type.
Variable ER: relation Hode.

Inductive step (X: Hode -»> Prop) (x: Hode) : Prop :=
| step intro: forall v, R ®2 ¥y ->» X ¥y ->» step X X.

Definition infpath ::= pacol =step botl.
Lemma step mon : monotonel step. Proof. pmonauto. Qed.
Hint Resolve step mon : paco.

Lemma Park's principle:
forall (P: Hode -> Prop),
(forall x, P X —> exists vy, clos trans In _ R x v /\ P ¥} —>»
forall x, P x -»> infpath =x.

Froo

pcofix CIH

intros P M x P=x.
_Px) a= (v & C & Py): clear P=x.
induction C; pfold; eaunto.
Ded.
i
“h—— Y.V oD% (56, 0) [(Cog Script(0-) Holes)
Park's principle is defined
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Successful Proof using
Semantically Guarded Coinduction

Variable NHode: Type.
Variable ER: relation Hode.

Inductive step [(X: Hode -»> Prop) (x: Hode) : Prop :=

| step intro: forall v, R ®2 ¥y ->» X ¥y ->» step X X.

Hint Constructors step.

Definition infpath ::= pacol =step botl.

Lemma step mon : monotonel step. Proof. pmonauto. Qed.
Hint Resolve step mon : paco.

Lemma Park's principle:
forall (P: Hode -> Prop),
(forall x, P X —> exists vy, clos trans In _ R x v /\ P ¥} —>»

forall x, P x -»> infpath =x.

intros P M x P=x.
Px) a= (v & C & Py): clear Px.

induction C;_pfnld; eauto.

[(Cog Script(0-) Holes)

Park's principle is defined
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Successful Proof using

Semantically Guarded Coinduction

Possible because of

NO Syntactic Guardedness Checking

Definition infpath ::= pacol =step botl.
Lemma step mon : monotonel step. Proof. pmonauto. Qed.
Hint Resolve step mon : paco.

Lemma Park's principle:
forall (P: Hode -> Prop),
(forall x, P X —> exists vy, clos trans In _ R x v /\ P ¥} —>»
forall x, P x -»> infpath =x.

PvHH
ECDflK CIHg intros P M x P=x.
- _Px) a= (v & C & Py): clear P=x.

induction C; pfold; eaunto.
Ded.

[(Cog Script(0-) Holes)
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Syntactic Guardedness is
NOT Compositional




Syntactic Guardedness is
NOT Compositional

XCvf=>YCyf
YCvf =X Cvf

X S vf




Syntactic Guardedness is
NOT Compositional

pti: X € vf =Y S vf (pf,is guarded)
pf,: Y S vf = X € vf (pf,is guarded)

X S vf




Not Expressible in the logic

pti: X S vf =Y € vf (pf;is guarded)
pf,: Y S vf = X € vf (pf,is guarded)

X cvf




Make Proofs Transparent

pli: X Svf =Y cvf
pt:Y Cvf = X S vf

X cvf




Make Proofs Transparent

pli: X Svf =Y cvf
pt:Y Cvf = X S vf

pfzopflngvf:ngf
X S vf




Make Proofs Transparent

pli: X Svf =Y cvf
pt:Y Cvf = X S vf

pfz o pf1:X - Vf > X C Vf (pfz o pf1
X Cvf is guarded)




Two Problems with Transparent Proofs

1. Slowdown
2. NO Abstraction

pli: X Svf =Y cvf
pt:Y Cvf = X S vf

pfz o pf1:X - Vf > X C Vf (pfz o pf1
X Cvf is guarded)




Semantic Guardedness is
Compositional

Y € Gp(X)
X € Gp(Y)

X € Gr(0)




Possible because
Guardedness can be expressed in the Logic!

Y € Gr(X)
X € Ge(Y)

X € G (9)




Problems with
Syntactic Guardedness

1. Non-Compositional

2. Far from complete

3. Bad interaction with automation
4. Hard to debug

5. Slow



R
Semantic Guardedness
1. NomsCompositional
2. Far fromamplete
3. Bad interactiop®®uith automation

4. Hard toe€bug
5. Sle



What else is in the paper?

Related Work
* Glynn Winskel (1989)
 Lawrence Moss (2001)

Combination with Up-To Techniques

Mechanization in Coq
— Using Mendler-style recursion
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