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Abstract

This documentdescribeghe pragmagecognizedy Vortex. We first specifythe supportedpragmasyntax
anddocumento which sourceconstructgpragmasnay be attachedWe thendescribethe semanticof the
pragmas currently recognized bgriéx.

1 Pragma Syntax
(Reprised from the Cecil language specification and the¥/RTL specification.)

The syntax of a pragma is as folis:

pragma = (7 exprs )"

In the body of a pragma,exprs is just a syntaxtree. Individual pragmaswill interpretthis formatin
particularways.exprs typically hastheform name, optionallyfollowedby (exprs’) , wherenameis
the name of the pragma aexprs’ is a list of aguments to the pragma.

In a Cecil sourcefile, a pragmamay occureitherasatop-level declaratioror aspartof a method field, or
variable declaration:
top_decl_block = {decl | pragma}
method_decl [privacy] impl_kind method_name
“(" [formals] “)" [type_decl] {pragma}
“{" (body | prim_body) '} [*]

field_decl :=  [field_privacy] [“shared”] [“var”] “field” field_kind
msg_name [formal_params] “(" formal “)" [type_decl]
{pragma} [:=" expr] *;"

let_decl = [privacy] “let” [‘var”] name [type_decl] {pragma}

“="expr
In anRTL sourcefile, apragmamay occurasatop-level declaratioror aspartof anobject,method field,
or variable declaration:

rtl_file
rtl_object_decl

{ rtl_decl | pragma }
[rtl_obj_role] “object” name [“isa” hames]
{pragmalobject_id_pragma} “;"
“method” [rtl_visibility] rtl_name “(" {rtl_formals} “)"
“" representation {pragma} “{" rtl_stmts “}" [*;"]
rtl_extern_method_decl = “extern” “method” name “(" {rtl_formals} “)”
“." representation {pragma} “;"

rtl_method_decl

rtl_field_decl = [*var’] [array_field_info] “field” [rtl_visibility] name
“(" rtl_formal )" “:” representation {pragma}
[“="literal] *”

rtl_var_decl = “decl” [rtl_visibility] representation name {pragma}

[“:=" (literal | static_init)] ;"
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2 Pragma Semantics

2.1 Pragmas for Describing External Primés

Primitive methodswritten in a languageotherthanVortex RTL (e.g.C++) are calledexternal primitives,
sinceVortex cannotreasonabouttheir behaior. Vortex needsto know their behaior, however, andthis
behaior is documentedn a set of pragmas.Usually pragmascan be omitted and Vortex will make
conserative assumptionsput sometimesVortex malkes optimistic assumptiongthat reflect the vast
majority of cases)andsomepragmasvortex requiresof all externalprimitives,at leastwhenperforming
certain analysessuch as interproceduralanalysis. The following non-conserative characteristicsare
assumed ofxdernal primitves:

» Externalprimitivesdon'tinstantiateor referencery objectshatarenotalsocreated/referenced some
analyzablecall graphnodethatis guaranteedo be includedin the call graphwheneer the primitive
node is in the call graph.

* Unlessasends or sends_anyt hi ng pragmais specified,an externalprimitive is assumedo not
send ag messages or otherwiserake ary methods or procedures compiled lyrie.

» Unlessahas_nl r orhas_no_nl r pragmais presentanexternalprimitive is assumedo possibly
result in a non-local return{eeption &actly if one of its callees does.

* Unlessa has_si de_effects or has_no_si de_effects pragmais present,an external
primitive is assumedo possiblymodify exactly the union of thosevariablespossiblymodifiedby its
callees.

To documentless conserative behaior we support several pragmason external primitive method
declarations:

e sends(vl = nml([t11,t22],[t21]), nm2([t11,t12,v1]), ...) specifiesthemessages
sentby the externalprimitive. The agumentvectorsspecifythe agumentclasssets.The notationv 1
= ml... introducesavariablethatrepresentthe setof classeseturnedby nml. Eachmessagdasalist
of vectors,eachvector representinga set of classedor that agument.Eacht in a vector may be
unknown, thenameof aformal variable ,the nameof a variabledeclaredasaresultof anearliersend
in thesends pragma, or the name of a class.

« sends_anyt hi ng specifiesthat the methodmay sendarny messagewith ary possibleargument
classes.

ereturn_type(tl,t2,t3...tn) indicatesthatthe primitive methodis guaranteedo returnone
oft 1. ..t n, with the same allsed form of thd i ’s as in thesends pragma.

» does_not _r et ur n indicatesthatthe primitive doesn'treturnnormally (e.g.,it alwaysexits with a
non-local return or error).

* has_nl r indicateghatthe externalmethodmayresultin anon-localreturn/exception(needednly if
no calleemayresultin anon-localreturn).has_no_nl r indicatesthatthe methoddoesnot endin a
non-localreturn,evenif oneof its calleesmay; e.g.the primitive catchesandsuppresseall non-local
returns.

* has_no_si de_ef f ect s indicateghatthe externalprimitive doesnot modify ary variablesgvenif
its calleesmight.has_si de_ef f ect s indicateghattheexternalprimitive might modify (unknown)
variables in addition to what its callees might madify
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« formal s_escape(...,t,...,f,...) indicatesvhichformalsof themethodmayescapei.e.,
may be referencedby some other external primitive after this external primitive returns. The
f or mal s_escape pragmahasalist of t sand/orf s,oneperformal of theexternalprimitive, with f
indicatingthatthecorrespondindormal definitelydoesnt escape]A bettersyntaxwouldlist thenames
of possibly-escaping formals.]

2.2 Pragmas for Controlling Compilation

2.2.1 Pragmas on Method Declarations

« The opti m ze andno_opti nm ze pragmasenableand disable,respectrely, compilation of a
method with optimization.

« The debug pragmaon a methoddisablesoptimizationslike static binding andinlining that would
prevent the method from being replaced by thal@ator or caught by a breakpoint.

e Thei nl i ne andno_i nl i ne pragmasspecifythat the annotatednethodshouldbe inlined or not
inlined, respectiely, when statically bound. (If no such pragmais present,an automaticinlining
heuristic is used.)

* Theno_t ypecheck pragma on a method disables typechecking of the annotated method.

Specifying ag of these pragmas at the topdeof a file afects all methods declared in the file.

2.2.2 Pragmas on Object Declarations

e Thel D([[ obj _nane, |ID nane], ...]) pragmaonanobjectdeclaratioranin RTL program
specifiesthat whenthe annotatedbjectis referredto underthe obj _nane; statictype, | D_nane;
namesits correspondingclass representation(a.k.a. virtual-function table). (See the Vortex RTL
specification for slightly more information.)

2.2.3 Pragmas atdp-Level

* Theno_t ypecheck pragmaatthetop-level of afile disablesypecheckingf all declarationsn the
file (not just the methods in the file).

* Thespeci alize("nmsg", num.nsg_parans, [[obj_nanme;, numobj_parans],
...,[obj_namey, num.obj_paransy]]) pragmacausesthe method namednsg with
num nsg_par ans typeparameterandNformalsto bespecializedwhereits i formalis specialized
on the object nameabj _nane; with num_obj _par ans; type parameters.

« Theli brary("nane") pragmaidentifiesthe containingfile asbeingthe root file for the library
namednarne. All files includedfrom this file lacking their own library pragmasareincludedin the
library. When the Vortex option use_shared_I| i brari es is on, the files in a library will be
compiledseparatelyrom all includingapplicationgwithout optimization)andsharecdoy all including
applications.

e Theinclude_dir("-1dirl -Idir2 ...") pragmaaddsits agumento theinclude-directory
list partof thecommandine usedfor cc, as, andl d. (Notethatthedirectoriesshouldbeabsolutegath
namessincethedirectoryusedfor compilingandlinking thegeneratedodeis usuallynotthesameas
that containing the file referring to the include directories.)

* Theconpile_with("...") pragmaaddsits agumentto theendof theflagspartof thecommand
line usedfor cc andl d. (Any -1 di r optionsin the argumentlist are extractedand addedto the
include-directory list.)
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e Thelib dir("-Ldirl -Ldir2 ...") pragmaaddstsamgumento thelibrary-directorylist part
of thecommandine usedfor | d. (Notethatthe directoriesshouldbe absolutepathnamessincethe
directoryusedfor linking thegeneratedodeis usuallynotthe sameasthatcontainingthefile referring
to the library directories.)

e Thelib("-1libl -11ib2 lib3.a ...") pragmaaddsits agumentto thelibrary list part of
thecommandine usedfor | d. (Notethatary pathnamesof librariesshouldbe absolutepathnames,
sincethedirectoryusedfor linking thegenerateadodeis usuallynotthe sameasthatcontainingthefile
referring to the library

e« Thelink with("...") pragmaaddsary - | | i b agumentsto the library list, addsary other
- ... optionsto thelinkerflagslist, andaddsall otheragumentgo theendof the commandine used
forl d.

2.3 Pragmas for Controlling Interprocedural Analysis
» Ther ecur si ve_cust om zat i on pragmaon a methodmarksit asbeingpotentiallya sourceof
unbounded recunge contat-sensitve analysis.

* The control _structure pragmaon a methodindicatesthat the methodshould be analyzed
separately for each of its callersea in otherwise conkg&insensitve algorithms.

2.4 Pragmas for Controlling LanguagarBmeters

« Thel anguage( "l anguage_nane") pragmaatthetop-level of anRTL file documentshesource
language of the file.

» Thel ang_i nf o( expr essi on) pragmaat top-level causesexpr essi on to be evaluatedat the
start of compilation, with the intention of alling language-specific properties to be specified.



