
Obsidian Language Formalism

1 Language Overview

2 Obsidian Core Calculus Grammar

The grammar is shown in Figure ??.

Ct ::= contract C t St τ f u | contract C managed by C 1 t St τ f u

St ::= state S t τ fMethDecl MethBody u

p ::= owned | readonly | shared

τs ::= C | C.S

τ ::= pŹ τs | pack torS, τ s

TxLabel ::= function | transaction

MethDecl ::= TxLabel τ mpτ xq ãÑ S

MethBody ::= t e u

c ::= case S t e u

e ::= this.f | x | let x “ e in e | new C.Spxq as p | throw | try t e u catch t e u
| pack to Spxq returns x | x.mpxq | unpack t e u | switch x t c u

Fig. 1. Grammar

3 Static Semantics

Figure ?? defines auxiliary relations that are helpful in defining the typing re-
lation; Figure ?? defines the typing relation for expressions; Figure ?? defines
extra typing judgments to check fields, methods, and contracts.

The typing relation ∆ $b e : τ % ∆1 is flow-sensitive: it outputs a typing
context, in addition to giving a type to the expression e. The following invari-
ant also holds for the typing relation: x P domp∆q if and only if x P domp∆1q.
Informally, this says that the contexts ∆ and ∆1 have the exact same variables
in them, only differing perhaps by the type assigned to those variables.
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The boolean b in the typing judgment indicates whether the expression e
should be typed as if it were inside an unpack statement: inside an unpack,
b “ t, while outside of an unpack, b “ f. Some typing judgments are valid for
only one or the other case (e.g. t-pack and t-inv) but others are valid in either
case (e.g. t-let).

Types can either be of contract type or of a special pack to type. Only the
former sort of types, however, are allowed in the typing context. This is implicitly
enforced by:

– t-let - this rule requires the bound variable to be of contract type
– the method Ok judgment - this determines the initial value of the typing

context when typechecking a method body, and prohibits pack to types in
the initial context

– the field Ok judgment - this ensures that fields aren’t of type pack to, and
thus pack to types cannot appear in the typing context via field unpacking.

It is assumed that the type rules have access to the helper function lookup,
fields, and methods. These helper functions retrieve, respectively, the contract
signature, the set of fields, and the set of methods of a contract given the con-
tract’s name. If the type specifies a specific typestate, all the methods and fields
that are available in that state (including those defined in the contract as a
whole) are retrieved.

4 Dynamic Semantics

Auxiliary definitions for the dynamic semantics are shown in Figure ??. The
small-step evaluation relation is defined in Figure ??. We augment the set of
expressions e in the runtime to make it easier to express the desired semantics
for exceptions: it is assumed that whole programs do not make use of the new
try-catch and method call constructs.
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distinctpxq Distinct Variables

@i, j. xi ‰ xj _ i “ j

distinctpxq

resppq Residual Permission

respownedq “ readonly respreadonlyq “ readonly respsharedq “ shared

respτq Residual Type

resppŹ τsq “ resppq Ź τs

respx,∆q Residual Context

∆1 “ ∆rxi ÞÑ resp∆pxiqqs

respx,∆q “ ∆1

rmpx,∆q, rmpx,∆q

p ‰ owned

rmpx, p∆,x : pŹ τqq “ ∆

x R domp∆q

rmpx,∆q “ ∆

rmpH,∆q “ ∆ rmptx1, . . . , xn, xn`1u,∆q “ rmptx1, . . . , xnu, rmpxn`1,∆qq

τ ă: τ 1 Subtyping

τ ă: τ pŹ C.S ă: pŹ C

transpS, τsq

transptSu, Cq “ C.S transptS2u, C.S1q “ C.S2

transptS1, S2, . . .u, C.Sq “ C transptS1, S2, . . .u, Cq “ C

mergeablep∆;∆1, . . . ,∆nq

mergeablep∆;∆1, . . . ,∆nq Dτ 1.
`

@i.∆ipxq ă: τ 1
˘

mergeablepp∆,x : τq;∆1, . . . ,∆nq
mergeablepH;∆1, . . . ,∆nq

mergep∆;∆1, . . . ,∆nq

mergeablep∆;∆1, . . . ,∆nq

mergep∆;∆1, . . . ,∆nq “ tpx, τq | x P ∆ & ∆ipxq ă: τu

Fig. 2. Auxiliary Relations
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∆ $b e : τ % ∆1

τ ă: τ 1 ∆ $b e : τ % ∆1

∆ $b e : τ 1 % ∆1
t-sub

∆,x : τ $b x : τ % ∆,x : respτq
t-var

x R ∆ ∆ $b e1 : pŹ τs % ∆1 ∆1, x : pŹ τs $b e2 : τ % ∆2

∆ $b let x “ e1 in e2 : τ % rmpx,∆2q
t-let

lookuppCq “ contract C managed by C 1 ñ Di, p1. ∆pthisq ă: p1 Ź C 1i
τ f “ fieldspC.Sq @i.∆pxiq “ τi distinctpxq

∆ $b new C.Spxq as p : pŹ C.S % respx,∆q
t-new

pτ fq P fieldsp∆pthisqq

∆ $f this.f : respτq % ∆
t-read

∆ $b throw : τ % ∆1
t-thr

`

TxLabel τ2 mpτq Ñ S
˘

P methodspτ 1q distinctpy, xq
@i.∆pyiq “ τi p “ readonlyñ TxLabel “ function

∆,x : pŹ τ 1 $f x.mpyq : τ2 % respy,∆q, x : pŹ transpS, τ 1q
t-inv

∆pxq “ pŹ C
@i.Si P statespCq @i. ∆, x : pŹ C.Si $f ei : τ 1 % ∆i

∆ $f switch x tcase S1 te1u . . .u : τ 1 % mergep∆;∆1, . . . ,∆nq
t-switch

∆pthisq “ pŹ C.S1 p ‰ readonly τ f “ fieldspC.S1q

@i.fi R ∆ ∆, f1 : τ1, . . . , fn : τn $t e : pack torS2, τ s % ∆1

∆ $f unpack teu : τ % rmpf,∆1q
t-unpack

τ f “ fieldsptranspS,∆pthisqqq
@i.∆pxiq “ τi ∆pyq “ τ distinctpx, yq

∆ $t pack to Spxq returns y : pack torS, τ s % resppx, yq,∆q
t-pack

∆ $b e1 : τ % ∆1 ∆ $b e2 : τ % ∆2

∆ $b try te1u catch te2u : τ % mergep∆;∆1,∆2q
t-try

Fig. 3. Statics
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pτ fq Ok Field Consistency

pownedŹ τs fq Ok ppŹ C fq Ok

pMethDecl MethBodyq Ok in C.S Method Consistency

f;H, this : ownedŹ C.S, x1 : τ1, . . . , xn : τn $ e : τ % ∆
@x, τ 1s. ∆pxq “ ownedŹ τ 1s iff x “ this

transaction τ 1 mpτ xq ãÑ S teu Ok in C.S

f;H, this : readonlyŹ C.S, x1 : τ1, . . . , xn : τn $ e : τ % ∆
@x, τ 1s. ∆pxq ‰ ownedŹ τ 1s

function τ 1 mpτ xq teu Ok in C.S

Fig. 4. Auxiliary Judgments
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µ P Locationsá Objects

ρ P Variablesá Locations

Objects “ tpτs, fmapq | fmap P Fieldsá Locationsq

fieldpf, pτs, fmapqq “ fmappfq

typeppτs, fmapqq “ τs

pτs, fmapqrf ÞÑ `s “ pτs, fmaprf ÞÑ `sq

` P Locations

e ::“ . . . | trypµq te1u catch te2u | ` | Ex | callpρq teu

v ::“ ` | pack to Sp`q returns `

E,Eres Evaluation Context, Substitution

E ::“ ˝ | let x “ E in e | let x “ ` in E | unpack tE u | callpρq tEu

˝res “ e

plet x “ E in e1qres “ plet x “ Eres in e1q

plet x “ ` in Eqres “ plet x “ ` in Eresq

punpack tEuqres “ punpack tEresuq

pcallpρq tEuqres “ pcallpρq tEresuq

contextpµ, ρ,Eq Calculates a suitable ρ1 for evaluation inside of E

contextpµ, ρ, ˝q “ ρ contextpµ, ρ, let x “ E in eq “ contextpµ, ρ,Eq

contextpµ, ρ, let x “ ` in Eq “ contextpµ, ρrx ÞÑ `s,Eq

τ f “ fieldsptypepµpρpthisqqqq
ρ1 “ ρrf1 ÞÑ fieldpf1, µpρpthisqqqs . . . rfn ÞÑ fieldpfn, µpρpthisqqqs

contextpµ, ρ, unpack tE uq “ contextpµ, ρ1ztthisu,Eq

contextpµ, ρ, callpρ1q tEuq “ contextpµ, ρ1,Eq

Fig. 5. Auxiliary Definitions
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µ, ρ, eÑ µ, e

µ, ρ, xÑ µ, ρpxq
e-var

µ, ρ, f Ñ µ, fieldpf, µpρpthisqqq
e-read

µ, ρ,ErExs Ñ µ,Ex
e-bubble-up

contextpµ, ρ,Eq “ ρ1 µ, ρ1, eÑ µ1, e1

µ, ρ,Eres Ñ µ1,Ere1s
e-ev

µ, ρ, let x “ ` in v Ñ µ, v
e-let

µ, ρ, throwÑ µ,Ex
e-throw

lookupptypepµpρpxqqq,mq “ τ mpτ zq ãÑ S teu
ρ1 “ Hrzi ÞÑ ρpyiqsrthis ÞÑ ρpxqs

µ, ρ, x.mpyq Ñ µ, callpρ1q teu
e-method

µ, ρ, callpρ1q t`u Ñ µ, `
e-return

` R Dompµq τ f “ fieldspC.Sq fmap “ tpf1, ρpx1qq, . . . , pfn, ρpxnqqu

µ, ρ, new C.Spxq as pÑ µr` ÞÑ pC.S, fmapqs, `
e-new

@i.ρpxiq “ `i ρpyq “ `1

µ, ρ, pack to Spxq returns y Ñ µ, pack to Sp`q returns `1
e-pack

τ f “ fieldsptypepµpρpthisqqqq
Othis “ ρpthisqrf1 ÞÑ `1s . . . rfn ÞÑ `ns µ1 “ µrρpthisq ÞÑ Othiss

µ, ρ, unpack t pack to Sp`q returns `1 u Ñ µ1, `1
e-trans

µ, ρ, try te1u catch te2u Ñ µ, trypµq te1u catch te2u
e-try-1

µ, ρ, e1 Ñ µ1, e11

µ, ρ, trypµ1q te1u catch te2u Ñ µ1, trypµ1q te
1
1u catch te2u

e-try-2

µ, ρ, trypµq t`u catch te2u Ñ µ, `
e-try-3

µ, ρ, trypµ1q tExu catch te2u Ñ µ1, e2
e-catch

Fig. 6. Dynamics


