K framework in a nutshell

® Semantical framework
® to define formal semantics of
programming languages
® to automatically generate 2 P ter
tools from these semantics

Java Compiler

JavaScript Model Checker

Solidity Symbolic Execution

EthereumVM Deductive Verifier
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K framework in a nutshell

® Semantical framework

® to define formal semantics of
programming languages

® to automatically generate 2 [H—
tools from these semantics

Java Compiler
JavaScript Model Checker
® Based on MATCHING LOGIC Solidity Symbolic Execution
— an untyped 1st order logic EthereumVM P—
with fixpoints and a " next”
operator

® Common feature: K and DEDUKTTI are based on rewriting.

Characteristic of rewriting | K | DEDUKTI
At any position v v
Non-linearity v v
Conditional v X
Rewriting modulo ACUI v X
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Define a semantics with K

Two steps to define a K semantics:
® Syntax

® Semantics

Amélie LEDEIN DEDUKTI school June 25th, 2022 2/22



Define a semantics with K

Two steps to define a K semantics:

® Syntax
°* BNF grammar

® Semantics

Amélie LEDEIN DEDUKTI school June 25th, 2022 2/22



Define a semantics with K

Two steps to define a K semantics:

® Syntax
°* BNF grammar

® Semantics
® Configuration = State of the program
Example: ({ x + 17 )i { x > 25 )env)

® Rewriting rule on configurations (~ transition system)
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Define a semantics with K

£<X=1;whileo<x{x-—};>k}

< nil >env

L(whi1e0<x{x--};>k} {(while0<x{x——};)k}

<X'_>1>env <X0—>42>env

(if 0 < x then x-- ; while 0 < x { x—— } ; else . ; )«
(x> 1 Yen

( if true then x-- ; while 0 < x { x—— } ; else . ; )«
< x—1 >env

<X*_>O>env <X’_>0>env

(. Y [(whi1e0<x{x—-};)k }
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Pipeline of the translation

[ ] : High-level language
() : Language K
[ ]: Logic

¢ Logical framework can be translated into
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Translate K into DEDUKTI

How to do it?
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Translate K into DEDUKTI

How to do-it?

® What is the purpose of the translation?
¢ \What do we want to do with the result of the translation?

® Execute a program? ~~ shallow encoding
® Check a proof? ~- deep encoding
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@ A shallow encoding to execute a program in DEDUKTI



KORE: A MATCHING LOGIC theory

axton{R} \extists{R} (Val:SortInt{}, \equals{SortInt{}, A} (Val:SortInt{}, Lbl'UncsPlus'Int Unds'{}(K8:SortInt{}, K1:SortInt{}))] [functional{}()] // functional
axion{R} \exists{R} (val:Sortstring{}, \eguals{Sortstr ug(}, R} (vel:Sortstring{}, Lbl'UndsPlus'string'undsUnds'STRING-COMMON'Unds'String'Unds'string'unds'string{}(k0:Sortstring{}, Ki:Sorzstring{}))) [*:
axton(R] \exists{R] (Val:SortAExp(), \equels{sorcs R} (Val:SortaBxp(}, Lbl'UndsplusUndsunds’ INP-SYNTAX'Unds' AExp' Unds ' AExp'Unds ' AEXP{} (KE:SOrtAEXp{}, K1:sorcAEXp(}))) [functional{}()] /j functiona)
axion{}\implies{SortAExp{}} (\end{SortAZxp{}} (Lbl' Unds# LusUndstids 9P -STAY Unds AEXp'Unds ' 4Exp'Unds 'AEXD(}(X0: Sor tAEXp(}, X1:Sort&Exp{}), Lbl'UndsPlusUndslnds' I4P-SYNTAX'Unds'AEXp'Unds  AExp'Unds' AEx:
axton{}\not{Sortaexp{}} (\ard{sortAExp(}' (Lb1'UndsPlusUndsUnds ' IMP-SYNTAX ' Unds'AExp'Unds ' AExp'Unds ' AExp{) (X8 :SortAEXp{), X1:SortAExp{}), Lbl'Uncs'-'UndsUnds'IMP-SYNTAX'Unds'AExp'Unds'AExp'unds'AExp{}(Y?
axion{}\not{SortAExp{]} (\and{SortAExp{}} (Lbl'UndsPlusUndsUnds'IHP-SYNTAX'Unds'AExp'Unds'AExp'Unds'AEXD(}(XE:SartAExp{}, X1:SortAExp{}), Lbl'UndsSishundslnds' IHP-SYNTAX'Unds'AExp'Unds'AExp'Unds ' AEXp{} (3
axion{R} \exists{R} (Val:Sortlds{}, \equals{SortIds{}, R} (Val:SortIds{}, Lb1'UndsComnlndsUnds' INP-SYNTAX'Unds ' Ids'Unds'Id'Unds'Ids(}(K0:Sorcld{], K1:SortIds{}))) [Functionl{}()] j/ functional
axion{}\implies{SortIds{]} (\and{SortIds{}} (Lbl'UndsConmUndsUnds'IMP-SYNTAX 'Unds'Ids'Unds'1d'unds'Ids{}(x9:SortId{}, X1:SortIds{}), Lbl'UndsConmUncsUnds'INP-SYNTAX'Unds'Ids'Unds'Id'Unds'Ids{}(Ye:sart1d>
axion{R} \exists{R} (Val:SortInz{}, \equals{SortInt{}, R} (Val:SortInt{}, Lb1'Uncs'-Int'Unds'{}(KS:SortInt(}, K1:SortInt(}))) [functional{}()] // functionall
axion{R} \exists{R} (Val:Sorthep{}, \equals{SortHap{}, R} (Val:SortMap{}, Lb1'Uncs'-Hap'UndsUnds'¥AP'Unds'Map'Unds ' Map'Unds'Nap{}(KD:SortHap{}, K1:SortMap{}))) [functional{}()] // functional
axion{R} \exists{R} (val: SortAExp(}, \equals{sor , R} (Val:SortaExp{}, Lbl'Unds'-'UndsUncs'IMP-SYNTAK Unds'AExp'Unds'AExp'Unds AExp{}(K0:SertaExp{}, K1:SortAExp{}))) [functional{}()] // functional
axion{}\inplies{SortAExp{}} (\znd{SortAZxp{}} (LbU' Unds" - ndstnds ' HP-SVATAX Uncs AExp ' Unds ' AExp ' Unds ' AEXp{) (13:SOrtAEXD(), K1:SortAEKP(}), LbL'Unds'-'UndsUnds’ IHP-SYNTAX Unds ' AExp ' Unds' AEp Unds
Sxion{1\ 10t (S0 EABXD{1} (\and{SortAEXp{}) (Lo1Unds ~Unds.nds" THP-SYNTAX Unds" AExp*Unds ' AExp'Unds'AEX) (3 (X0:S0r A=xp(3, X1:5artaBXp()), Lbi"Undsslshunds.nds' THP-SYNTAK Unds* AEX) " Unds " Axp' Unds xp(3 (Y-
axion{R} \exists{R} (val: SnrtAExv(}, \equals{sor 5 R} (val:SortaExp{}, Lbl'UndsSishUncsUnds' INP-SYNTAX'Unds'AEXp und< AExp'Unds' AEXp{} (KB:SortAExp{}, K1:SortAExp{}))) [functional{}()] // functiona
axion{}|inplies{SortAExp{}} (\znd{SortAZxp{}} (Lb1' UndsLshlndslinds T4 -STAY Unds' AEXp'Unds ' AExp'Unds 'AEXp{} (X0: SortAEXp(}, X1:SortAZxp{}), LbL'UndsSLshUndsUnds ' I4P-SYNTAX'Unds ' AExp'Unds nsxp Unds' AEx:
Sxion(R] \exists(R) (Val:sort8ool(}, \equsls(SorcBool(3, B} (val:sortaool{}, Lol Unds-LT-2qls Int Unds' (3(K0:Sor<Int{}, Ki:Sor<Int}))) [unctional(}()] /f functionsl
axion{R} \exists{R] (ValiSortBool{}, \equals{SortBool{}, R} (Val:Sortsool{}, Lbl'Unds-LT-Eqls'Yap'UndsUnds'MAP'Unds Bool'Unds'Hap'Unds ' Mep{}(K8:Sorthap{}, K1:SortMap{}))) [fun
axion{R} \exists{R} (Val:SortBool{}, \equzls{So , R} (Val:Sortdool{}, Lbl'Unds-LT-Eqls'Set'UndsUnds ' SET'Unds'Bool'Unds 'Set'Unds' Se<{}(K8:SortSet{}, K1:SortSet{}))) [fun
axion{R} \exists{R} (Val:SortBool{}, \equals{SortBool{}, R} (Val:Sort3ool{], Lbl'Unds-LT-Eqls'Scring'UndsUnds ' STRING-CONMON'Unds'Bool'Un g'Unds' String{} (Ke:Sortstring(}, K1:Sortstring{})))
axion{R} \exists{R} (Val:SortBExp(}, \equals{So , R} (ValiSortsExp{}, Lbl'Unds-LT-EqlsUndslnds' IHP-SYNTAX'Unds'BExp' Unds 'AEXp'Unds'AExp{}(KO:Sor chExp(}, K1:SortAExp{}))) [functional{}
axton{}\ inplies{SortBExp{}} (\znd{SortBZxp{}} (Lb1'Unds-LT-EqlsUndsUnds' IHP-SYNTAK' Unds'BExp'Unds 'AExp'Unds ' AExp{}(X8:SrtAExp{}, X1:SortAExp{}), Lbl'Unds-LT-EqlsUndslnds' INP-SYNTAY ' Unds 'BExp' Unds'AZxp'
axion{}\not(Sort3Exp{}} (\and{SortBExp{}} (LbL'Unds-LT-EqlsUndsunds' INP-SYNTAX'Unds'BEXp'Unds ' AEXp'Unds' AEXP{}(X0:SortAEXP(}, X1:SortaEXp{}), Lbl'Unds-LT-UndsUnds' I4P-SYNTAX'Unds'BExp'Uncs' AEXP'Unds'AEX3
axion{}\not{Sort3Exp{}} (\and{SortBEXp{}} (LbL'Unds-LT-EqlsUndsunds' IMP-SYNTAX'Unds'BExp'Unds' AEXp'Unds' AEXP{}(X0: SortAEXP(}, X1:SortAExp{}), Lbl'Unds'and'UndsUnds' IHP-SYNTAX Unds'BExp'Unds'BExp'Unds'BE?
WP-SYNTAX' Unds 'BExp Unds' AExp'Unds' AExp{ }(X0: Sor tAExp{}, X1:SortAZxp{}), Lblnot'Undslnds'THP-SYNTAX'Unds'BExp'Unds'BExp{} (Y2:SortBExp3
R} (Val:Sortaool{}, Lbl'Unds-LT-'Int Unds' {}(K8:SortInt{}, K1:SortInt{}))) [functional{}()] // functional
axion{R} \extsts{R} (Val:SortBool{}, \equals{SortBool{}, R} (Val:SortBool{J, Lbl'Unds-LT-'StringUndsUnds'STRING-COMNON'Unds' ool 'Unds'String'Unds' Scring{}(K0:Sor sString{}, Ki:Sorcstring{}))) [Functionas
axton{R} \extsts{R] (val: SortBExp(}, \equels(Sof , B} (Val:Sortsexp{}, Lbl'Unds-LT-Undsunds' INP-SYNTAX ' Unds 'BExp'Unds 'AExp' Unds ' AExp{}(Ka:SortAEXp(}, K1:SorzAExp(}))) [functional{3()] // functiona’
axion{}\inplies{SortBExp{}} (\znd{SortBExp{}} (LbU' UndeLT-Undslinds T4 SYNTAY Unds BEXp'Unds' AExp'Unds' AEXp{}(X:Sor tAEXp{}, X1:SortA=xp{}), Lb1'Unds-LT-UndsUnds '14P-SYNTAX'Unds'BExp'Unds AExp'Unds'AEx3
Sxion{1\10t (S0 t3BXp{1} (\and{Sort8Exp(}} (Lo1Unds-LT-UndsUnds' IHP-SYNTEK'Uncs B=xp Unds' AEX) Uncs ' Bxp{) (X6:S0r tAEXDA), X1+S0rtAEKp(}), LoT'Uncs 2nd " Undstinds ' T4P-SYNTAX'Unds 'BExp' Uncs' 3Exp Unds BEXp(}
axton{}\not{Sort3Exp{}} (\and{SortBExp{}} (Lbl'uUnds-LT-UndsUnds'IMP-SYNTAX'Uncs'BExp'Unds'AExp" 'aExp{}(X8:SortAExp{), X1:SortAExp(}), Lblnot'UndsUnds'INP-SYNTAX'Unds'BExp' Unds'BExp({}(Y0:SortBExp(}))?
axion(R] \exists(R] (Val:sortBool(}, \equzls{SortBool(}, R} (Val:Sorteol(], Lbl'UndsEqlsSlshEcls'Bool'Unes (}(ko:SortBool(}, Ki:Sortzool(}))) [functional{}()] // functional
axion{R} \exists{R] (Val:SortBool{}, \equals{SortBool{}, R} (Val:SortBool{], Lbl'UndsEqlsSlshEals'Int'Unds'{}(Ka:SortInt(}, K1:SortInt(}))) [functional{}()] // functional
axion{R} \exists{R} (Val:SortBool{}, \equzls{Sol {3, R} (val:Sortsool{}, LbL'UndsEqlssishEqls'K'unds'{}(ke:Sortk{}, Ki:sortk{}))) [functiona /] functional
axion{R} \exists{R} (Val:SortBool{}, \equzls{So , R} (Val:Sortgool{], Lbl'UndsEqLsSTShEgLs' String'UndsUnds' STRING-COMNON' Unds ' Bool'Unds ' String!Unds'String{}(Ke:Sortstring(}, Ki:Sorzstring{}))) [
axion{R} \exists{R} (Val:SortBool{}, \equals{SortBool{}, R} (Val:Sartdool{}, Lbl'UndsEqlsEqls'Bool'Unds' {}(Ke:SartBool{}, K1:SortBool{}))) [Functional{}()] // functional
( o]
{

nal{}()] // functional
nal{}()] // functional

axion{}\not{Sort3Exp{}} (\and{SortBExp{}} (Lbl'Unds-LT-EqlsUndsUnds
axion{R} \exists{R} (Val:SortBool{}, \equzls{SortBool(},

axion{R) \exists{R} (Val:SortBool{}, \equzls{SorsBool(}, R} (Val:Sortsool{], Lbl'UndsEqlsiqls'Int'Unds' (3(Ko:Sor<Int{}, Ki:SorsInt{}))) [Functional{}()] // functional
axion{R} \exists{R} (Val:SortBool{}, \equzls{sor , R} (Val:Sortsool{}, Lbl'UndsEqLsEqls'k'Unds' {}(KE:Sortk{}, K1:Sortk{}))) [functional{}()] // fun
axion{R} \exists{R} (Val:SortBool{}, \equzls{SortBool{}, R} (Val:Sort3ool{}, Lbl'UndsEqlsqls'Scring'UndsUnds' STRING- CONMON'Unds 'Bool'Unds'String'Unds' Stringf}(Ka:Sortstring(}, Ki:Sortstringf})))
axion{R} \exists{R} (Val:Sortstmt{}, \equzls{SortStnt(}, R} (Val:Sortstmt{}, Lbl'UncsEqlsUndsSClnUnds'IMP-SYNTAX'Unds'Stmt'Unds'Id'Uncs' AExp{}(KE:SortId{}, K1:SortAExp(}))) [functional{}()] /.
axion{}\impLies{SortStnt{}} (\znd{SortStnt{}} (LbL'UndsEqlsUndsSClonds' IHP-SYNTAK'Unds'Stnt Unds' Id"Unds' AEp{}(Xe:SortId{}, X1:SortAZxp{}), Lbl'UndsEqlsUndsSCLrlnds' HP-SYNTAX'Unds ' Stnt 'Unds ' 1" Unds 'A>
axton{}\not{sortsnt ]} (\and{Sortstrt(}} (Lb1 undsEclsundssClaunds' THP- SYNTAX'Unds St Uncs 1" Unds ' AExp(3 (X0:5071d), X1+SortAEX(}) , Lo UncsUndsunds' THP-SYNTAK'Unds ' Stat Unds' stat Unds ' Stat (3 (Y05
axton{}\not{Sortstt{]} (\and{Sortstrt{}} (Lbl'UndsEqlsUndsSClaunds' I4P-SYNTAX'Unds'Stnc'Unds'Id"Unds' AEXp(}(X:SortId(], X1iSortAEXp(}), LOLLF 'Unds'then'Unds'else’UndsUnds' IHP-SYNTAX'Unds' Snt'Unds'BEX?
axion{}\not{Sortstnt{}} (\and{SortStrt{}} (Lbl'UndsEqlsUndsSClands' I4P-SYNTAX'Unds'Stnt'Unds' Id"Unds' AExp(}(X8:Sort1d{), ¥1:SortAExp(}), Lblahile'Unds'do’UndsUnds' IHP-SYNTAK' Unds'Stnt 'Unds 'BExp'Unds' 53
axton{}\not{Sortsmt{}} (\and{Sortstrt{}} (Lbl'UndsEqlsUndsSClaUnds' I4P-SYNTAX'Unds'Stnc'Unds' Id"Unds' AExp(}(X8:Sort1d(), X1:SortAEXp(}), Lb1'LBraUndsABrands' IMP-SYNTAX'Unds' Stmt'Unds' Stmt{}(¥0:Sortstm>
axton{}\not(Sortstnt{]} (\and{Sortstrt{}} (Lbl'UndsEqlsUndsSClaUnds" I4P-SYNTAX'Unds'Stns'Unds'Id"Unds'AExp(}(X:SortIdf], X1iSortAEXp(}), LbL'LBrararaunds' IHP-SYNTAX'Unds'stnt{}())) [conszructar{}()] //?
axion{R} \exists{R} (Val:SortBool{}, \equzls{SortBool(}, R} (Val:Sort3ool{}, Lbl'Unds-GT-Eqls'Int'Unds' (}(K0:SortInt{}, Ki:SortInt{}})) [functional{}()] // functional

axion{R} \exists(R} (Val:SortBool{}, \equzls{SortBool(}, R} (Val:Sortdool{}, Lbl'Unds-GT-Eqls'Scring'UndsUnds' STRING- COMMON'Unds 'Bool'Unds ' String'Unds ' Stringf) (Ks:Sortstring(}, Ki:Sortstring(}))) [funct?
axion{R} \exists{R} (Val:SortBool{}, \equzls{SortBool(}, R} (Val:Sort3ool{}, Lbl'Unds-GT-'Int'Unds' {}(KE:SortInt{J, K1:SortInt{}))) [functional{}()] j/ functional

axion{R} \exists{R} (Val:SortBool{}, \equzls{SortBool(}, R} (Val:Sort3ool{}, Lbl'Unds-GT-'String'Undslinds'STRING-COMNON'Unds'Bool' Unds' String'Unds' String{}(K0:SortString{}, Ki:SortString(}))) [functionas
axton{R] \equals{SorcList(3, R} (Lbl'Unds'Lis<'unds' {}([bU'Unds' List Unds' {3 (KL:SortLis<(} K2:SortLis={}),K3:50rcList(}), LbL'unds List'Unds' [}(KI:Sortiist{), bl unds'List'Unds' {}(K2:SortList[}, K3zsortii
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axton{R} \extists{R} (Val:SortInt{}, \equals{SortInt{}, A} (Val:SortInt{}, Lbl'UncsPlus'Int Unds'{}(K8:SortInt{}, K1:SortInt{}))] [functional{}()] // functional
axion{R} \exists{R} (val:Sortstring{}, \eguals{Sortstr ug(}, R} (vel:Sortstring{}, Lbl'UndsPlus'string'undsUnds'STRING-COMMON'Unds'String'Unds'string'unds'string{}(k0:Sortstring{}, Ki:Sorzstring{}))) [*:
axton(R] \exists{R] (Val:SortAExp(), \equels{sorcs R} (Val:SortAExp{}, Lbl'UndsPluslndsUnds' INP-SYNTAX'Unds' AExp Unds 'AExp'Unds' AExp{} (KE:Sor tAExp{}, K1:SorzAExp(}))) [functional{}()] // functiona:
axion{}\implies{SortAExp{}} (\end{SortAZxp{}} (Lbl' Unds# Lustndstinds ' - SYNTAX'Unds 'AEXp'Unds' AExp ' Unds ' AEXp{}(K0: SortAEXP(}, X1:SortAExp{}), Lb1'UndsPLusUndsUnds ' 14P-SYNTAX'Unds' AExp'Unds'AExp'Unds'AEx?
axton{}\not{sortapsp{]} (\and{sortaEsp{}} (Lb1'undsPlusundsunds' IP-SYNTAX'Uncs'Aexp Unds AExp'Unds ' aExp{) (X6 :SartAEXp{), X1:SortAEKp{}), Lb1'Uncs - 'UndsLinds THP-SYNTAX Unds ' AExp UndsAExp Unds  AExp[1} (1
axion{}\not{SortaExp(}} (\and{SortAExp{}} (Lbl'UndsPlusUndsUnds’IHP-SYNTAX'Unds'AExp'Unds'AEXp' Unds' AEXD() (XE:SortAEX[), X1:SortAExp(}), Lb1'UndsSlshundsUnds' IMP-SYNTAX'Unds' AExp'Unds' AExp' Unds' AEXD{) (3
axion{R} \exists{R} (Val:SortIds{}, \equals{SortIds{}, R} (Val:SortIds{}, Lb1'UncsCamnndsUnds' IHP-SYNTAX'Unds'Ids'Unds'Id'Unds' Ids(}(K0:Sorld{], K1:SortIds{}))) [functional{ function
axton{}\inplies{SortIds{}} (\and{SortIcs{}} (Lbl'UndsCommUndsunds'IMP-SYNTAX Unds'Ids'unds'Id'Unds'Ids{}(X0:SortId{}, X1:SortIds{}), Lbl'UndsConmUndsunds'INP-SYNTAX'Unds'Ids'Unds'Id"Unds'Ids{}(Ye:SortId>
axion{R} \exists{R} (Val:SortInz{}, \equals{SortInt{}, A} (Val:SortInt{}, Lbl'Uncs'-Int'Unds' {}( K1:SortInt(}))) [functional{}()] // functionall

axion{R} \exists{R} (Val:Sorthep{}, \equals{SortHap{}, R} (Val:SortMap{}, Lb1'Uncs'-Hap'UndsUnds'¥AP'Unds'Map'Unds ' Map'Unds'Nap{}(KD:SortHap{}, K1:SortMap{}))) [functional{}()] // functional

axion{R} \exists{R} (val: SthExp(}, \equals{Sol , R} (Val:SortAExp{}, LbL'Unds'-'UndsUnds'IMP-SYNTAK' Unds'AExp'Unds'AExp'Unds' AExp{}(KO:SartAExp{}, K1:SortAExp{}))) [functional{}{)] // functionzl
axion{}\inplies{SortAExp{}} (\znd{SortAZxp{}} (LbU' Unds" - ndstnds ' HP-SVATAX Uncs AExp ' Unds ' AExp ' Unds ' AEXp{) (13:SOrtAEXD(), K1:SortAEKP(}), LbL'Unds'-'UndsUnds’ IHP-SYNTAX Unds ' AExp ' Unds' AEp Unds
Sxon{}\0t{(SorEABXR{1) (\and{SortAEKp{}) (LoL'Unds ~"Undsunds" THR-SYATAX'Unds" AExp' Unds ' AExp Unds ' AEXp (3 (X0:S0rcAEXp(3, X1:SartAXpi)), Lbi"UndssshundsLinds' IHP-SYNTAX Unds’ AEXp ' Unds " AExp' Unds ' AExp;
axion{R} \exists{R} (val: SnrtAExp(}, \equals{sor 5 R} (val:SortaExp{}, Lbl'UndsSishUncsUnds' INP-SYNTAX'Unds'AEXp und< AExp'Unds' AEXp{} (KB:SortAExp{}, K1:SortAExp{}))) [functional{}()] // functiona
axion{}|inplies{SortAExp{}} (\znd{SortAZxp{}} (Lb1' UndsLshlndslinds T4 -STAY Unds' AExp'Unds ' AExp'Unds 'AExp{}(X0: Sor tAEXp{}, X1:SortAZxp{}), ,bl‘UrdsSlshUndsUnds‘IVP—SVNTAX‘Urds‘AExp‘Un:s 4Exp‘Unds‘AEx4
axion{R} \exists{R} (Val:SortBool{}, \equals{SortBool{}, R} (Val:Sortsool{}, Lbl'Unds-LT-Eqls'Int'Unds' {}(K0:Sor<Int{}, Ki:SorcInt{}))) [functional{}()] // functional
axion{R} \exists{R] (Val:Sogfool{}, \equals{SorcBool{} sgrtvol{}, Lbl'Unds-LT- Wap wndslndg] HaP ' Unds| Bm)l Urds 'Hap Undsiep{gm:sort pﬂ, Ki:Sorthap{}))) [fun
axion{R]} \exists{R} (Val ol{}, 0 "Undg "Unds} Unds' §<{ffemy sortdetg} =))) [fun
axion{R} \exists{R} (Val:fffEgL(}, % ' Un: i Bid Bmﬂ‘u s o i ferfod) tging(}, KLisortstring})))
axion{R} \exists{R} (Val:SortBEXp(}, \equals{so Unds-LT-EqlsUn ands TFP-SYNTAX'Unds mp Unds' FEVD UNdSTAEXD( }(K0:Sor cAEXp(}, KT sarmm{)))) [Functionzl{
axton{}\ inplies{SortBExp{}} (\znd{SortBZxp{}} (Lbl'Unds-LT-EqlsUndsUnds'IHP-SYNTAK' Unds'BZxp' Unds 'AExp'Unds ' AExp{}(X8:SartAExp{}, X1:SortAExp{}), Lb'Unds-LT-EqlsUndsUnds' INP-SYNTAY ' Unds 'BExp' Unds AExp'l
axion{}\not{Sort3Exp{}} (\and{Sor tBExp; b1"Unds-LT-EqlsUndsUnds ' T4P- SYNTAX  Unds'BEXp' uncs 86xp'Unds’ AE(p() xs SortAE (), x1 Sorth: LB Unds-LT-UndsUnds ' I¥P- SYNTAX" Unds 'BExp' Unds  4Exp' Unds 'AEx

(D),
axton{}\not(Sort3Exp{]} (\and{SgRBEXP{}} (Lbl'Unds-LT-EqlsUndsUnds wP 'mw “und e xp TS A0 ' pdg A AExp{ff R:fortas xm), |>1 ufps an!und<u ' 1np-syfrax Jnds BEXp'Unds ' BEXp'Unds' 5
BExp' Asxp E xa mp TAK'Y BEYp[) (¥8:SortBExp:

10 s-1T- ot 5 (urt t J ‘,m

axion{}\not {Sortapu}} f\and{FrkExp{
axion{R) \exists(R} (ef:sortgffoTl} \eq
R (ualisor t:ool;), LbL" Unds-LT-"Str g Jndsunds S':[Nu (ummuu Unds ‘300l Unds s ing uncs 51 rlng(} ing{}, Ki: Sor Strlng(})]) [functiona?

axion{R} \extsts{R] (Val:SortBool(}, \eq
, R} (Val:fprtsexpf], Lbl'Ungs-LT-Upesynds' 8Exp [indk'AExp Unds ' ABxp{ [ ke :Sor tAExp(}, K r.AExp( ) [fenctional{}()] // Functiona:
axion{}\implies{SortBExp{}} (\and{SortBExp: X0 UneQExy!
Tt 1Cs B! !

axton{R} \extsts{R] (val: SortBExp(}, \equds(so
xp{}) (Lb1'Unds-LT Sor A Py 1] LbU'Unds-LT-UndsUnds ' 14P-SYNTAX'Unds ' BExp' Unds ' AExp ' Unds'AEx?
axton{}\not(sortsExp(]} (\and{SortsExp(}} (Lb1'unds-LT- Jndsa $
Unds ' IHP- D Unds ' AEXp }

H(Y)

nal{}()] // functional
nal{}()] // functional
) [funce

AEXD Sof L1 Unds' znd" UndsUnds ' 4P~ SYNTAX" Unds ' BEXp’ Unds' BExp'Unds ' BEXp(}
axion{}\not{sortsexp{}} (\and{ortBExp{}} (Lbl'Unds-LT-Unds rtAEXD(), XL:SortAEXD( notUndsUnds ' INP-SYNTAX Unds ' BExp  Unds'BExp(} (Y0: Sor B
sxion(R] \exists(R] ({a:5ortBool(}, \equzls(Sor8ool(3, B} (Val:Sortsool(}, LbL'UnesEqlsslehals'Bool Uncs (} Ko:SortBool(}, Ki:Sortdoel{}))) [funceional{}()] // functional

axion(R) \exists{R} (Val:SortBool{}, \equzls{SortBool(}, R} (Val:Sortdool{}, Lbl'UncsEqlsSshEals'Int Unds' {)(KB:SortInt(}, K1 nrt[nt( ) [funmmm I nnmonal

axton{R] \extsts{R] (ValisortBool{}, \equzls{so 1 1, R} (val:sortsool{], Lbl'UndsEqlsslsheqls'K'unds' {}(K0:Sortk{}, K1:sor ) [functiona cti

axion{R) \exists(R} (Val:SortBool{}, \equzls{sor , R} (Val:SortBool{}, Lbl'UndsEqLsSIShELs' String'UndsUnds' STRING-COMNON' Ul\cs 8ool'Unds ' string nds’ Str\ng(} Ko:sortstring(}, Ki:Sortstring{}))) [
axion{R} \exists{R} (Val:Sortool{}, \squzls(sor,snol }, R} (Val:Sortdool{}, Lbl'UndsEqlsEqls'Bool'Unds' {}(Ke:SartBool{}, K1:SortBool{}))) [Functional{}()] // functional

axion{R) \exists{R} (Val:SortBool{}, \equzls{SorsBool(}, R} (Val:Sortsool{], Lbl'UndsEqlsiqls'Int'Unds' (3(Ko:Sor<Int{}, Ki:SorsInt{}))) [Functional{}()] // functional

axion{R} \exists{R} (Val:SortBool{}, \equzls{So , R} (Val:SortBool{}, Lbl'UndsEqlsEqls'k'Unds' [} (ke ortk{}))) [functional{}()] // funccional

axion{R} \exists{R} (Val:SortBool{}, \equzls{SortBool{}, R} (Val:Sort3ool{}, Lbl'UndsEqlsqls'Scring'UndsUnds' STRING- CONMON'Unds 'Bool'Unds'String'Unds' Stringf}(Ka:Sortstring(}, Ki:Sortstringf})))
axion{R} \exists{R} (Val:Sortstmt{}, \equzls{SortStnt(}, R} (Val:Sortstmt{}, Lbl'UncsEqlsUndsSClnUnds'IMP-SYNTAX'Unds'Stmt'Unds'Id'Uncs' AExp{}(KE:SortId{}, K1:SortAExp(}))) [functional{}()] /.
axion(]\inplies(Sortstrt(}] (\end{Sortstnt(}) (Lb1" Urdssqlsumsurw THP-SYNTA Unds Skt 'Unds ' dUnds  AExp(}(X8:Sort1d(}, X1sSortaexp(]), LbL!UndsEqlsUndsSClntnds! THP-SYNTEX Unds Skt 'Unds" 1d' Unds A
axton{}\not{Sortsmt{}} (\and{Sortstrt{}; ( :50rt10{), X1:SortAEXp(}), Lbl'UncsUndsunds' IHP-SYNTAX'Unds ' Stmt'Unds ' Stmt'Unds ' Stmt(}(v0:S»
axton{}\not(sortsmnt{}} (\and{Sortstrt{}} X1:SortAEXp(}), LbLif 'Undsthen'Undselse" UndsUnds' IHP-SYNTAX Unds' Stnt ' Unds BEx>
axion{}\not{Sortstnt{}} (\and{SortStrt{}} ¥1:SortAEXp{}), Lbluhile' Unds'do'UndsUnds' IHP-SYNTAX  Unds'Stnt'Unds 'BExp'Unds' §c3
axton{}\not{Sortstt{}} (\and{Sortstrt{}} (Lbl'UndsEqlsUndsSClnUnds' I4P-SYNTAX'Unds'Stmc'Uncs'1d"Unds’ ¥1:S0rtAEXp(}), Lbl'LBraUndsRBraUnds’ INP-SYNTAX'Unds ' Scmt'Unds'’ Stmt{}(V0: Sortstns
axton{}\not{Sortstt{J} (\and{Sortstrt{}} (Lbl'UndsEqlsUndsSClnUnds' I4-SYNTAX'Unds'Stnc'Unds'1d"Unds’ X1:SortAEXp(}), Lbl'LBraRBraunds' I#P-SYNTAX'Unds'stmt{}())) [conscructor{}()] //?
axion{R} \exists{R} (Val:SortBool{}, \equzls{SortBool(}, R} (Val:Sortdool{}, Lbl'Un K0:SortInt{}, Ki:SortInt{}))) [functional{}()] // functional

axion{R) \exists(R} (Val:SortBool{}, \equzls{SortBool(}, R} (Val:Sortsool{}, Lbl'Uncs-GT- tring'UndsUnds ' STRING-COMMON'Unds 'Bool'Unds ' String'Unds' String{) (K8:Sortstring(}, K1:Sortstring{}))) [functs
axton(R} \exists(R] (ValiSortBool(}, \equsls{SortBool(3, R} (ValiSortsool{}, LbL'Unds-GT-"Int Unds'{}(KE:SortInt ], Ki:Sortint{]))) [funccional{}(}] j/ functional

axion{R} \exists{R} (Val:SortBool{}, \equzls{SortBool(}, R} (Val:Sort3ool{}, Lbl'Unds-GT-'String'Undslinds'STRING-COMNON'Unds'Bool' Unds' String'Unds' String{}(K0:SortString{}, Ki:SortString(}))) [functionas
axton{R] \equals{SorcList(3, R} (Lbl'Unds'Lis<'unds' {}([bU'Unds' List Unds' {3 (KL:SortLis<(} K2:SortLis={}),K3:50rcList(}), LbL'unds List'Unds' [}(KI:Sortiist{), bl unds'List'Unds' {}(K2:SortList[}, K3zsortii

(1)’

(Lb1'UndsEqUsUndsSCLaUnds ' TUP-SYNTAX!Unds St Unds' 1d"Unds'
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Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
@ sort symbol axiom
KaMelLo
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Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
@ sort symbol axiom
KaMelLo
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Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
A
sort symbol axiom
KaMelLo
A

symbol SortK : TYPE ;
symbol AExp : SortK ;
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Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
A
sort symbol axiom
KaMelo curryfication
] symbol

symbol SortK : TYPE ;
symbol AExp : SortK ;
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Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
Y A,
sort symbol axiom
KaMelo curryfication
A,
] symbol

symbol SortK : TYPE ;
symbol AExp : SortK ;
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Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
\ A v
sort symbol axiom
KaMelo curryfication
No|cond.
A, Y
. symbol rule

symbol SortK : TYPE ;
symbol AExp : SortK ;
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Translation from K to DEDUKTI

e |
@ BNF Configuration Rewriting rule
kompile
\ A Y
sort symbol axiom
Evaluation strategy
KaMelo curryfication
No|cond.
A, Y
symbol rule

A
symbol SortK : TYPE ;
symbol AExp : SortK ;
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Translation from K to DEDUKTI

|

kompile

KaMelLo

BNF

\

Semantics

Configuration

symbol

curryfication

A

symbol

symbol SortK : TYPE ;
symbol AExp : SortK ;

Evaluation strategy

Rewriting rule

axiom

Conditional

No|cond.

rule

Amélie LEDEIN

DEDUKTI school

June 25th, 2022



Translate evaluation strategies

Generated rules to define evaluation strategies:

Key ideas:
e Evaluation is ordering thanks to a list.
® Evaluated expressions have a specific type.
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Translate evaluation strategies

Generated rules to define evaluation strategies:

1. rule Ey and By => Ey ~ (%l 4 B5) requires Ey ¢ Bool
2. rule By ~ (%14 BE2) => E; and E) requires Ey € Bool

Translation into DEDUKTTI: The grammar of
1. Instantiation of Ej: BExp:
a. rule { (not $X1) and $E2 ~ $s )«
<> ((not $X1) A (%L $E2) A $s )i syntax BExp = Bool
| "not” BExp
b. rule ( ($X1 and $X2) and $E2 ~ $s )i > BExp "and” BExp
< ( ($X1 and $X2) ~ (#L.q $E2) ~ $s )k | "(" BExp ")

2. rule ( (inj $E1) ~ (L4 $E2) ~ $s )«
< ((inj $E1) and $E2 ~ $s )«
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Translate a CTRS to a TRS!

YPatrick Viry, Elimination of Conditions, Journal of Symbolic Computation, 1999
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Translate a CTRS to a TRS!

e Example 1:

(1) rule max X Y => Y requires X <Int Y
(2) rule max X Y => X requires X >=Int Y

YPatrick Viry, Elimination of Conditions, Journal of Symbolic Computation, 1999
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Translate a CTRS to a TRS!

e Example 1:

(1) rule max X Y => Y requires X <Int Y
(2) rule max X Y => X requires X >=Int Y

translated into
(0) rule max $x $y — bmax $x $y ($x < $y) ($x > $y)

YPatrick Viry, Elimination of Conditions, Journal of Symbolic Computation, 1999
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Translate a CTRS to a TRS!

e Example 1:
(1) rule max X Y => Y requires X <Int Y
(2) rule max X Y => X requires X >=Int Y
translated into
(0) rule max $x $y — bmax $x $y ($x < $y) ($x > $y)
(1') rule bmax $x $y true - — $y
(2') rule bmax $x $y _ true — $x

YPatrick Viry, Elimination of Conditions, Journal of Symbolic Computation, 1999
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Translate a CTRS to a TRS!

e Example 1:
(1) rule max X Y => Y requires X <Int Y
(2) rule max X Y => X requires X >=Int Y
translated into
(0) rule max $x $y — bmax $x $y ($x < $y) ($x > $y)
(1') rule bmax $x $y true - — $y
(2') rule bmax $x $y _ true — $x

e Example 2:

(A) rule max X Y => Y requires X <Int Y

(B) rule max X Y => X [owise ]
translated into

(N) rule max $x $y — bmax $x $y ($x < $y)

(A") rule bmax $x $y true — $y

(B") rule bmax $x $y false — $x

YPatrick Viry, Elimination of Conditions, Journal of Symbolic Computation, 1999
Amélie LEDEIN DEDUKTI school
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® A deep encoding to check proofs in DEDUKTI
Translate MATCHING LOGIC constructors, notations and symbols
Translate MATCHING LOGIC proof system



Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
@ sort symbol axiom
KaMelLo
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Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
Y A
sort symbol axiom
KaMelo curryfication
A,
] symbol

symbol SortK : TYPE ;
symbol AExp : SortK ;
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Translation from K to DEDUKTI

’ Semantics ‘

@ BNF Configuration Rewriting rule
kompile
Y Y v
sort symbol axiom 2
KaMelo curryfication
A, Y
] symbol symbol

symbol SortK : TYPE ;
symbol AExp : SortK ;

2MATCHING LOGIC pattern
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® A deep encoding to check proofs in DEDUKTI
Translate MATCHING LOGIC constructors, notations and symbols



MATCHING LOGIC constructors

MATCHING LOGIC defines patterns
pu=x|X|oleep| L]y — ¢ Ixp|nXe
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MATCHING LOGIC constructors

MATCHING LOGIC defines patterns
pu=x|X|oleep| L]y — ¢ Ixp|nXe

symbol #Pattern : TYPE;
symbol #Element : TYPE;

symbol #Set : TYPE;

symbol #Symbol : TYPE;

The next symbol:
symbol e : #Symbol; // Symbol
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MATCHING LOGIC constructors

MATCHING LOGIC defines patterns
pu=x|X|oleep| L]y — ¢ Ixp|nXe

symbol #Pattern : TYPE;
symbol #Element : TYPE;

symbol #Set : TYPE;

symbol #Symbol g TVIPIE g

symbol injEl : #Element — #Pattern;

symbol injSet : #Set — #Pattern;
symbol injSym : #Symbol — #Pattern;
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MATCHING LOGIC constructors

MATCHING LOGIC defines patterns
pu=x|X|oleep| L]y — ¢ Ixp|nXe

symbol #Pattern : TYPE;
symbol #Element : TYPE;

symbol #Set : TYPE;

symbol #Symbol g TVIPIE g

symbol injEl : #Element — #Pattern;

symbol injSet : #Set — #Pattern;
symbol injSym : #Symbol — #Pattern;

symbol @, #Pattern — #Pattern — #Pattern;
symbol 1, : #Pattern;

symbol =, : #Pattern — #Pattern — #Pattern;
symbol 3, : (#Element — #Pattern) — #Pattern;
symbol pu, : (#Set — #Pattern) — #Pattern;
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Notations vs Symbols

e Notations are syntactic sugar:

symbol —, : #Pattern — #Pattern;
rule -, $¢ = 8¢ =, Ly

symbol V,, : #Pattern — #Pattern — #Pattern;
rule $00 V,, $o1 < (o, $¢0) =, $p1;

e Symbols are patterns:
symbol e : #Symbol; // Symbol

symbol ~» : #Pattern — #Pattern — #Pattern; // Notation
rule $pl1 ~ $p2 — $p1 =, ((injSym e) @, $v2);
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® A deep encoding to check proofs in DEDUKTI

Translate MATCHING LOGIC proof system



MATCHING LOGIC proof system

FOL Reasoning

) (Prop 1)

(e

ohy/x]

L2 B /)

(2]
(Modus Ponens)

(3-Quantifier)
g

(when x ¢ FV(2))

(Legr) —

22}

(Prop 3)
¢

(3-Generalization)

) (Prop 2)

Technical rules

—— (Existence)
Jxx

NGyl A

) (Singleton)

Frame Reasoning

(Propagation )
cly — 1L *

Cloy

(Propagation )
9] — Cloi]
(when x ¢ FV(C))

ClEve] — ZuCly]

Cles]

(Propagationz)

¢
Cloi]

(3
(Framing)
+ Clgo]

ol(uX.9/X)] — uX.@

Fixpoint Reasoning

(Set Variable Substitution)
oly/x]

(PreFixpoint)

ely/X] — v .
—— (Knaster-Tarski)
uX.¢ — y

DEDUKTI school

June 25th, 20




Propositional fragment

(Prop 1)

e = ¥ = 9
(Prop 2)

(¢ = (W = 0) = (¢ = ¥) = (¢ — 0)
(Prop 3)

(b = 1) = 1) = ¢

®1 Y1 P
©2

2 (Modus Ponens)

— No difficulty!

As usual:

injective symbol Prf : #Pattern — TYPE;
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Propositional fragment

(Prop 1)

‘o o (W~ v
symbol prop-1 : Il (¢ ¥ : #Pattern),
Pri (o =y (¥ = ¢));
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Propositional fragment

(Prop 1)

‘o o (W~ v
symbol prop-1 : Il (¢ ¥ : #Pattern),
Prf (p =, (W =, ©));

° (Prop 2)
(¢ = (W — 0) = (¢ = ¥) = (¢ = 0)

— To be done as an exercise!

o o D o o Y

— To be done as an exercise!
N
o A 80;2 L (Modus Ponens)

symbol mp : [l (pl 92 : #Pattern),
Prf @1 — Prf (¢l =, 92) — Prf ¢2;
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A MATCHING LOGIC proof encoded into DEDUKTI

— (P1) (P2)
Mo —(a—9) FTE(e = (@—=¢) = (¢ —a) > a)
P1) (MP)

FrE(p—a)—a
(MP)
MN-a

lN-¢—a

aveca=p =

symbol imp-identity : [l 90, Prf (p0 =, ¢0) :=
A 0,
mp (90 =5, (90 =, ¥0))

(p0 =4, ©0)

(prop-1 90 ©0)

(mp (@0 =5, ((p0 =, ©0) =5, ©0))
((p0 =, (00 =5, ©0)) =, (PO =5, ¢0))
(prop-1 0 (0 =, ©0))
(prop-2 @0 (0 =, ©0) ¢0)) ;
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FOL reasoning

(3-Quantifier)

ely/x] — Ixop

w1 — 2 (when x & FV(¢2))

(3-Generalization)
(Ix.p1) — 2
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FOL reasoning

3-Quantifier
ely/x] — 3X-90( )

w1 — w2 (when x & FV(p2))
(Ix.p1) — 2

(3-Generalization)

Problems:
® Substitution
® Checking of free variable
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FOL reasoning

(3-Quantifier)

ely/x] — Ixop

w1 — 2 (when x & FV(¢2))

(3-Generalization)
(Ix.p1) — 2

Problems:
® Substitution
® Checking of free variable

— Solution: HOAS
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FOL reasoning

(3-Quantifier)

® oly/x] = xp

symbol ex-quantifier
MN(p : #Element — #Pattern)
(y : #Element),
Pri (o y = (G @))

Very close to m (3-Quantifier)
because a-renaming is done by the DEDUKTI binder.
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FOL reasoning

(3-Quantifier)

*oly/x] o xe
symbol ex-quantifier
MN(p : #Element — #Pattern)
(y : #Element),
Prf (¢ y = (G ¥)) ;

. w1 — @2 (when x ¢ FV(2))
(Ix.01) — 2

symbol ex-generalization
M (¢l : #Element — #Pattern)
(p2 : #Patterm),
(NN (x : #Element), Prf (¢l x =, ¢2) )
— Prf ( (3, 1) =, ¥2 ) ;

(3-Generalization)
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Framing reasoning

— (Propagation
- L( pagation, )

(Propagationy)
Cler Vo @2] = Clpr] vV Cleo]

Y1 7 P2
Cle1] — Clw2]

(when x ¢ FV(C))
Clix.¢] — Ix.Cly]

(Framing)

(Propagations)
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Framing reasoning

— (Propagation
ST L( pagation, )

(Propagationy)
Cler V2] = Cloi] vV Cleg)
Y1 — P2

Framin
Clea] — C[@z]( aming)

(when x ¢ FV(C))
Clax.p] — 3Ix.Cly]

(Propagations)

Problem:
® Application context C:=0| Ceyp|paC
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Frame reasoning - Application context

Model the BNF grammar C =0 | C @ ¢ | p @ C:

symbol #AC : TYPE
symbol HOLE : #AC
symbol ACleft
symbol ACright

#AC — #Pattern — #AC
#Pattern — #AC — #AC

>

il
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Frame reasoning - Application context

Model the BNF grammar C =0 | C @ ¢ | p @ C:

symbol #AC : TYPE ;
symbol HOLE : #AC ;
symbol ACleft : #AC — #Pattern — #AC ;
symbol ACright : #Pattern — #AC — #AC ;

Translate an application context into a pattern:

symbol AC2P : #AC — #Pattern — #Pattern ;

rule AC2P HOLE $x — $x ;

rule AC2P (ACleft $C $P) $x — (AC2P $C $x) @, $P ;
rule AC2P (ACright $P $C) $x — $P @, (AC2P $C $x) ;
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Frame reasoning - Application context

Model the BNF grammar C =0 | C @ ¢ | p @ C:

symbol #AC : TYPE ;
symbol HOLE : #AC ;
symbol ACleft : #AC — #Pattern — #AC ;
symbol ACright : #Pattern — #AC — #AC ;

Translate an application context into a pattern:

symbol AC2P : #AC — #Pattern — #Pattern ;

rule AC2P HOLE $x — $x ;

rule AC2P (ACleft $C $P) $x — (AC2P $C $x) @, $P ;
rule AC2P (ACright $P $C) $x — $P @, (AC2P $C $x) ;

(Propagation ).

Translate the rule m

symbol propag-bot
Mncc . #AC), Prf (AC2P C L, =, L)

type propag-bot (ACright (injSym e) HOLE) ;
// Prf ((ansym .) @ML J_ML jML J_I\/\L)
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Frame reasoning - Rules

° L] — L (Propagation ) — Already done!

(Propagation,)
" Clo Vg o Clel v Cledl ’

— To be done as an exercise!

Y1 P2
" Clel > Cleal
(when x ¢ FV(C))
Clax.o] — Ix.Clg]
— Combine HOAS + Application context

(Framing) — To be done as an exercise!

(Propagations)
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Fixpoint reasoning

@
ely/X]

(Set Variable Substitution)

(PreFixpoint)

el(nX.@)/X] — pX.p

el/X] — ¢

(Knaster-Tarski)
(X)) — ¢

Problem:
® |s there a problem?
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Fixpoint reasoning

el/X] —

Y
ely/X]

ol(nX.@)/X] — pX.p

symbol Pre-fixpoint
M (p : #Pattern — #Pattern),
Prf (¢ (g ©) = (e @) )

(Set Variable Substitution)

(PreFixpoint)

(Knaster-Tarski)
(1Xp) — o
symbol Knaster -Tarski
M(p : #Pattern — #Pattern)
(1p : #Pattern),
Prf (o ¥ =, ¢ ) —
Pre ( (py @) = ¥ )

symbol pu, : (#Pattern — #Pattern) — #Pattern;

Amélie LEDEIN DEDUKTI school June 25th, 2022 19 /22



Fixpoint reasoning

@[@Z’;X] (Set Variable Substitution) _s X is a free variable!
(PreFixpoint)
ol(nX.@)/X] — pX.p
symbol Pre-fixpoint
M (p : #Pattern — #Pattern),
Prf (¢ (g ©) = (e @) )
elv/X] — ¥

(Knaster-Tarski)
(1Xp) — o
symbol Knaster -Tarski
M(p : #Pattern — #Pattern)
(1p : #Pattern),
Prf (o ¥ =, ¢ ) —
Pre ( (py @) = ¥ )

symbol pu, : (#Pattern — #Pattern) — #Pattern;
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The last problem

v
wlv/X]
symbol Set-var-subst

M (p v : #Pattern) (n : nat),
Prf ¢ — Prf (subst ¢ 9% n) ;

(Set Variable Substitution)

where the free variable is modelled by:
symbol Free : nat — #Set;
and the substitution is modelled by:
symbol subst
#Pattern — #Pattern — nat — #Pattern; // @[Uv/X]

rule subst (injEl $x) — injEl $x;

rule subst (injSet (Free $m)) $¢ $n —
ite (eq $m $n) $¢» (injSet (Free $m));
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Technical rules

—— (Existence)
Ix.x

Singleton
Gl A Gl g neeen)

To be done as an exercise!
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@ A shallow encoding to execute a program in DEDUKTI

® A deep encoding to check proofs in DEDUKTI
Translate MATCHING LOGIC constructors, notations and symbols
Translate MATCHING LOGIC proof system

©® Conclusion



To remember

Computational part of an embedding

® Use rewriting rules!

® Be careful about the expressivity of rewriting system!
® Be careful to keep the confluence!
® Be careful to keep the terminaison!

Axiomatic part of an embedding

® Model the provability relation: symbol Prf : #Pattern — TYPE

® Model variables and binders: HOAS vs De Bruijn indices
® Model grammar:

® type as set
® symbol as constructor
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KAMELO in action

[ Interpreter
Java Compiler
kompile
JavaSeript
Selidity
EthereumVM

Isabelle




Typing

MATCHING LOCGIC defines patterns ¢.
cpu=x|Xlolee|Lle = ¢ Ixe|nXe

symbol @, : #Pattern — #Pattern — #Pattern;
notation @, infix left 5;

symbol =, : #Pattern — #Pattern — #Pattern;
symbol 3, : (#Element — #Pattern) — #Pattern;
symbol p, : (#Pattern — #Pattern) — #Pattern;
symbol #Pattern : TYPE;
symbol #Element : TYPE; T

Prf
) ) injEl injSym
symbol #Set : TYPE; [Ebnmnt}**{Paﬂend Symbo
symbol #Symbol : TYPE;

injSet
Set

symbol injEl : #Element — #Pattern;
symbol injSet : #Set — #Pattern;
symbol injSym : #Symbol — #Pattern;



Extension of Lyiniexp: L1vp

syntax AExp = Int | Id
| AExp " /" AExp
> AExp "+" AExp

[left, strict ]
[left, strict ]

| "(" AExp")" [bracket ]
syntax BExp ::= Bool

| AExp "<" AExp [segstrict ]

| "not” BExp [strict ]

> BExp "and” BExp [Left, strict(1) ]

| "(" BExp")” [bracket ]




Extension of Lyiniexp: L1vp

syntax AExp = Int | Id
| AExp" /" AExp [left, strict ]
> AExp "+" AExp [left, strict ]
| "(" AExp")" [bracket ]
syntax BExp ::= Bool
| AExp "<" AExp [segstrict ]
| "not” BExp [strict ]
> BExp "and” BExp [Left, strict(1) ]
| "(" BExp")” [bracket ]

® There are 2 ways to define an evaluation strategy:
® Context
® Attributes strict and seqgstrict
— Everything is compiled in the same mechanism based on rewriting
rules.



Evaluation strategy
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Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]
1. rule £ and B => E; ~ (%1, B) requires E; ¢ KResult
2. rule By ~ (%L, B5) => E; and E; requires E; € KResult

[memaf) &
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Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]

1.

rule £ and B => E; ~ (%1, B) requires E; ¢ KResult

2. rule By ~ (%L, B5) => E; and E; requires E; € KResult
3.
4. rule false and _ => false

rule true and b => b

[memif) 6

E; and E>



Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]

1.

w

rule < E; and E )km

= (E ~ (%, B) Ykm requires Ey ¢ KResult
rule By ~ (%1, BE) => E; and E, requires Ej € KResult
rule true and b => b
rule false and _ => false

[mewmaf)

Ei and E



Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]
1. rule < E; and E )km
= (E ~ (%, B) Ykm requires Ey ¢ KResult
2. rule (Ef (*ind E>) Yxm
=> ( F and E, )km requires E; € KResult
3. rule true and b => b
4. rule false and _ => false

[memab] &

E; and E>



Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]

1. rule < E; and E2 )km

= (E ~ (%, B) Ykm requires Ey ¢ KResult
2. rule (Ef ( q B2) Yxm

=> ( Fj and E2 )km requires E; € KResult
3. rule ( true and b ykm => (b Yem

4. rule false and _ => false

[memab] &

E; and E>



Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]

1. rule < E; and E2 )km
= (E ~ (%, B) Ykm requires Ey ¢ KResult
2. rule (Ef ( q B2) Yxm
=> ( Fj and E2 )km requires E; € KResult
3. rule ( true and b ykm => (b Yem
4. rule ( false and _ ykm => ( false Yem

[mewmaf) 6

E; and E>



Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]

1.

2.

rule < E; and E2 )km

= (E ~ (%, B) Ykm requires Ey ¢ KResult
rule ( By ~ ( q B2) Yxm

=> ( Fj and E2 )km requires E; € KResult
rule ( true and b ykm => (b Yem
rule ( false and _ ykm => ( false Yem

( (true and false) and (true and true) Yk -Map



Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]
1. rule < E; and E2 )km
= (E ~ (%, B) Ykm requires Ey ¢ KResult
2. rule (Ef ( q B2) Yxm
=> ( Fj and E2 )km requires E; € KResult
3. rule ( true and b ykm => (b Yem
4. rule ( false and _ ykm => ( false Yem
( (true and false) and (true and true) Yk -Map

<1 { (true and false) ~ (%, (true and true)) Yk -Map



Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]
1. rule < E; and E2 )km
= (E ~ (%, B) Ykm requires Ey ¢ KResult
2. rule (Ef ( q B2) Yxm
=> ( Fj and E2 )km requires E; € KResult
3. rule ( true and b ykm => (b Yem
4. rule ( false and _ ykm => ( false Yem
( (true and false) and (true and true) Yk -Map
<1 ( (true and false) ~ (%, (true and true)) Yk -Map
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Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]
1. rule < E; and E2 )km
= (E ~ (%, B) Ykm requires Ey ¢ KResult
2. rule (Ef ( q B2) Yxm
=> ( Fj and E2 )km requires E; € KResult
3. rule ( true and b ykm => (b Yem
4. rule ( false and _ ykm => ( false Yem
( (true and false) and (true and true) Yk -Map
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Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]
1. rule < E; and E2 )km
= (E ~ (%, B) Ykm requires Ey ¢ KResult
2. rule (Ef ( q B2) Yxm
=> ( Fj and E2 )km requires E; € KResult
3. rule ( true and b ykm => (b Yem
4. rule ( false and _ ykm => ( false Yem
( (true and false) and (true and true) Yk -Map
<1 ( (true and false) ~ (%, (true and true)) Yk -Map
3 ( false ~ (% 4 (true and true)) Yk -Map
< ( false and (true and true) Yk -Map

4 ( false Yk -Map



Evaluation strategy

e Example: BExp "and" BExp [left, strict(1) ]
1. rule < E; and E2 )km
= (E ~ (%, B) Ykm requires Ey ¢ KResult
2. rule (Ef ( q B2) Yxm
=> ( Fj and E2 )km requires E; € KResult
3. rule ( true and b ykm => (b Yem
4. rule ( false and _ ykm => ( false Yem
( (true and false) and (true and true) Yk -Map
<1 ( (true and false) ~ (%, (true and true)) Yk -Map
3 ( false ~ (% 4 (true and true)) Yk -Map
< ( false and (true and true) Yk -Map
4 ( false Yk -Map

¢ K computation: a list (List{K, ~}), potentially nested, of
computations to be performed sequentially.

® The sort KResult, to distinguish the (final) values of expressions
(Here, syntax KResult ::= Int | Bool).



Evaluation strategy

Attribute strict Attribute segstrict
Ei+ E> n+m E1<E2n<m




Evaluation strategy

Attribute strict

Attribute segstrict

E+E

rule E1 + E» => E; (%::—li- E2)
requires E; ¢ KResult

rule B (*L Ez) =>E + E
requires E; € KResult

n—+m

rule B + E> => E> (33353_ El)
requires Ep ¢ KResult

rule E5 (2%3_ E)=>E + E
requires E; € KResult

rule B < Ep => E; (*1< E2)
requires E; ¢ KResult

rule £ (ﬁ¢1< Eg) = F < B
requires E; € KResult

rule B < By => Ep ($2< El)
requires Ep ¢ KResult
A Ep € KResult

rule £ ($2< El) = £k < B
requires E; € KResult



Overview of MATCHING LoGIC and KORE

® MATCHING LOGIC defines patterns .
cpu=x[XloleplLle = ¢|3xe|uXe
® A pattern is interpreted as the set of elements that it matches.

® KORE is a theory of MATCHING LOGIC
= Theory of sorts
+ Theory of rewriting
+ Theory of equality



Overview of KPROVER

® Parametrized by a K semantic
Based on the REACHABILITY LOGIC
— an extension of Hoare logic and separation logic

Reachability property ¢ ~» ¢':
During the execution of a program,
if © is matched, then ¢’ will be matched later on in a finite number
of steps, or there is divergence.
® Example:
(N>0)A(S>0) A
((whileO<ndo{s=s+n;n=n-1;,} s (n—=>N,s— S )en)
Nx(N+1
'v~><< >k<ni—>0,5*—)s+4*(2+)>env>



Different rules for the same semantics

Al rule ({(x=10;, ~s) e (m (x> ) Denv)
= (s (m (x> 1) Jenv)
+ Implementation of Map in DEDUKTI (so without ACUI)

B. rule ((x =1 s )k { M)en)
=> (( s )k (update m x i )eny)
+ Implementation of Map in DEDUKTI (so without ACUI)

C.rule ((x=1=>s.. )k (o (x> (2=>1)) )env)
+ Need to translate towards the rule B.3

3Work in progress of Everett Hildenbrandt.
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rule ((x=1, s )k (m (x> ) env)
= (s (m (x> 1) env)
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Understand the problem

Is the rule:
rule ((x=1, s )k (m (x> ) env)
= (s (m (x> 1) env)
applies in the following cases?

O (x=10; ~ . Y {((y = 52) (x> 42) Yeny)
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Understand the problem

Is the rule:
rule ((x=1, s )k (m (x> ) env)
= (s (m (x> 1) env)
applies in the following cases?

(x=10; ~ . Yk { (y — 52) (x> 42) Yeny)
(x=10; ~ . Yk { (x — 42) (¥ > 52) Yenv)

®

O ((x=10; ~ . Yk ( (x> 42) Yenv)



Understand the problem

Is the rule:
rule ((x=1, s )k (m (x> ) env)
= (s (m (x> 1) env)
applies in the following cases?

O (x=10; ~ . Y {((y = 52) (x> 42) Yeny)
@ ((x=10; ~ . Yk ((x — 42) (v = 52) Yenv)
O ({(x=10; ~ . )k ((x > 42) Yeny)

O ((x=10; ~ . Y { .Map (x > 42) Yenv)

Reminder: .Map = Empty environment



Understand the problem

Is the rule:
rule ((x=1, s )k (m (x> ) env)
= (s (m (x> 1) env)
applies in the following cases?

O (x=10; ~ . Y {((y = 52) (x> 42) Yeny)
({x=10; ~ . Yk { (x — 42) (y = 52) Yenv)

({ x =10; ok (x> 82) Yeny)

(2]

(3] e

O ((x=10; ~ . Y { .Map (x > 42) Yenv)
O ((x=10; ~ . ) {((x—42) Map  Den)

Reminder: .Map = Empty environment



Understand the problem

Is the rule:
rule ((x=1, s )k (m (x> ) env)
= (s (m (x> 1) env)
applies in the following cases?

O (x=10; ~ . Y {((y = 52) (x> 42) Yeny)

@ ((x=10; ~ . Yk ((x — 42) (v = 52) Yenv)

O ({(x=10; ~ . )k ((x > 42) Yeny)

O ((x=10; ~ . Y (- Map (x> 42) Yeny)

O ((x=10; ~ . ) {((x—42) Map  Den)

O ((x=10; ~ . ) ( .Map (x — 42)  .Map Map  Deny)

Reminder: .Map = Empty environment



Assessment & scaling up

v/ Syntax

v Configuration

v Evaluation strategy (context, attributes strict and seqstrict)
v Rewriting rule (conditional or not, attribute owise)



Assessment & scaling up

v/ Syntax
v Configuration

v Evaluation strategy (context, attributes strict and seqstrict)
v Rewriting rule (conditional or not, attribute owise)

X Rewriting modulo ACUI
X K standard library



Assessment & scaling up

Semantics Last update KORE file DEDUKTI file DEDUKTI check Execution
Ethereum Virtual Machine (EVM) 2022 v/ (60k) 4 X -
Michelson 2022 v/ (36k) v X -
C 2022 X - - -
IELE Dec 2021 - - - -
WebAssembly 2022 v/ (30k) v X -
Elrond April 2021 X - - -
P4 May 2021 v (86k) v X -
Plutus core 2022 v/ (40k) v - -
Java Sept 2021 X - - -
Boogie Sept 2021 X - - -
x86-64 2020 X - - -
Ewasm 2020 X - - -
Hybrid programs 2020 X - - -
K 2020 - - - -
Yul 2019 X - - -
Ethereum Environment Interface (EEI) 2019 - - - -
LLVM 2018 X - - -
Vyper 2018 - - - -
ERC20 2018 - - - -
ERC777 2018 - - - -
Solidity 2017 - - - -
Orc 2017 X - - -
Haskell core 2017 X - - -
Cink 2015 X - - -
JavaScript 2015 X - - -
JVM 2014 X - - -
JavaCard 2014 X - - -
Alk 2014 X - - -
AADL 2013 X - - -
Modelink 2013 X - - -
Python 2013 X - - -
OCaml 2013 X - - -
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