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This documentdescribeghe grammarfor the textual form of the Vortex compilers RTL intermediate
language This is the languageusedto communicatebetweenthe C++, Modula-3, Jasa, and Smalltalk
front-ends and dftex, and is also used to describe some Cecil prigsti

Warning:the RTL languagevasnot designedrom scratch but ratherevolved via accretionof featureslt
is slowly beingreworkedto make the operatorsnoregenerabndlanguage-independerit this processs
not complete.

In our EBNF notation,verticalbars(| ) areusedto separatalternatves.Braces({...} ) surroundstrings
thatcanberepeatederoor moretimes.Braclkets([...] ) surroundanoptionalstring.Parentheseareused
for grouping. Literal tokns are included in quotation marks.{ ).

1 Top-Level Entry Points

For Cecil RTL primitives, the syntax of theode string part of theorim_body is as follavs:

rtl_prim n= rtl_stmts

For languageghat have separatdront-ends suchasJava, Smalltalk, C++, andModula-3,sourcefiles are
translated by the front-end intd' Rfiles. An RTL file is described by the folleing grammar:

rtl_file w=  {rtl_decl | pragma}

rtl_decl x=  rtl_object _decl

| rtl_extend_decl

| rtl_method_decl

[ rtl_extern_method_decl
| rtl_field_decl

| rtl_var_decl

[ rtl_assoc_decl

| rtl_include_decl

I

I

rtl_top_level_stmts
rtl_prim_stmts

TheRTL file shouldnotdeclarea methodnamedmain asthis functionis definedby the Vortex back-end.
Insteadcodeto initialize RTL programdatastructuresandinvoke top-level procedureglik e theequivalent
of main) should be included as top-level statementblocks. The global variables global_argc
global_argv , andglobal_envp can be referencedto get at the usualargc , argv , and envp
parameter®of main, and the global variable global_result should be assignedo setthe desired
integer return code famain .

2 Global Declarations

Declarationsat the top level canappeatin ary order andcanbe mutually recursve. Evaluationof global
variable initializers is done top-dm in the order gien.
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An object declaration introducesanew class Abstractclassesannotbeinstantiatedlirectly. Theisa list
namests immediatesuperclassegThereis aroot classimplicitly defined,andall classesnherit (directly
or indirectly) from this root classimplicitly.) Inheritancedefinesa partial orderon objects;redundanbor
transitvely-impliedinheritancdinks areignored.In the presencef diamond-shapenhultiple inheritance,
sharedancestoclasseareincludingonly oncein thehierarcly, asif all classesverevirtual baseclassesn
C++ terminology
rtl_object_decl

[rtl_obj_role] “object” name [“isa” hames]
{pragmaljobject_id_pragma} “;"

name {“,” name}

names

Objectscanbeabstract  (andhave noinstance®r directreferences)goncrete  (allowing creationof
instancesas with the new operationbut no direct referencego the namedobiject itself), or unique
(allowing direct referencesy nameto the objectitself asits sole “instance”,and disalloving ary new
operation®nthe namedobjectto createotherinstances)Subclassingrom ary of thesekindsof objectsis
allowed.

rtl_obj_role = “abstract” | “concrete” | “unique”

Anobject_id_pragma  isattachedoanobject_decl ,andspecifieshenamesfthesymbolsto use

as class identifiers for that class, when it isvei@ from particular static types.

object_id_pragma = e MID” (" '[” object_id_pair {*,” object_id_pair }T
u**)n

object_id_pair n= '[" static_type “,” name “]”

An object extension declaration addsoneor moreinheritancdink to a previously declaredor predefined
object.

rtl_extend_decl = ‘“extend” name “isa” hames

A method declaration defines a procedure in the intermediate program.

rtl_method_decl m=  “method” [rtl_visibility] name

“(" {rtl_formals} “)" “:" representation {pragma}

“" rtl_stmts “}" [
rtl_formals x=  rtl_formal {*,” rtl_formal}
Eachformal hasa name(canbe omittedif it's not usedwithin the body of the method),a specializerclass
(if omittedor if givenas@any thenthe argumentis unspecialized)anda representatiofif omitted,then
it defaultsto OOBR. If formals_are_immutable is defined thenformal variablescannotbe assigned,
otherwisethey canbe.If uses_PIC based_runtime is set,thenonly OOPformalscanbespecialized
to somethingotherthan any. Formal parametersand resultsare passedy value (i.e. shallav-copied),
including formals represented usibgtes[ n] , unlike C which passes arrays by reference.
rtl_formal m=  [name] [*@” name] [*:” representation)

A method(orfield or globalvariabledeclarationtanbemarkedprivate  (meaninghatit is scopedvithin
the currentfile, asin C; static = hasthe samemeaning),or extern (meaningthatit is visible to other
files, as in C, and that it has been declared already in some other file).

rtl_visibility = ‘“private” | “static” | “extern”

An extern method declar ation declaresa methodandsaysthatits definitionmaybe externalto the partof
theprogramthatthecompilerseesilt is allowableto provide anexternmethoddeclaratiorin onesourcdile
andthedefinitionof themethodin anothersourcdfile. In this casetheactualdefinitionof themethodtakes
precedencewer the a&tern declaration.
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rtl_extern_method_decl::= “extern” “method” name “(” {rtl_formals} “)”
representation {pragm} “;”

A field declaration declaresaninstancevariableonaclass|If varis presentthefield is mutable otherwise
thefield is consideredmmutable. The formal parametespecifiesvhich classtheinstancevariableis part
of. If front_end_does_fi el d_I ayout is set, then field declarationsare unnecessaryand only
low-level object allocation (with precomputedsize) and pointerload & store operationsare supported,
otherwisefield declarationshouldbe provided and high-level objectallocationoperationsandfield load
and store operationsare provided. If generate_fi el d_accessors is set,thena field declaration
implicitly generates a get accessor method (and a set accessor method, if mutable).
rtl_field_decl ci= [*“var”] [array_field_info] “field” [rtl_visibility] name

“(" rtl _formal *)” “:” representation {pragna}

[“:=" literal] “;~
Somefieldsarespecialandareusedfor arrays A field with thear r ay annotatiordeclaresanindexed field
holding zero or more copiesof the field contents(the representatiorof an indexed field refersto the
representatiof eachelementof the array). A field with thel engt h annotationholds the numberof
elementof theindexedfield; thisfield is namedby theindexedfield. (Lengthfields currentlyshouldhave
representatio®OP.) Optionally, thetypeof element®f theindexedfield mayberecordedatrun-time,using
afield annotatedvith el em_t ype. (Elem_typdieldscurrentlyshouldhave representatioeci | Map*.)
Thearrayfield shouldnamethe correspondindengthfield andtheelem_typedield, if presentAt presenta
class can heae or inherit at most one inged field.

array_field_info::= “length”
| “array” “of” name [“elem_type” nane]
[ “el em type”

A global variable declaration introducesa variablein the global (current)scope with the givenvisibility
and representation.aviables (global and local) are assumed to be assignable.
rtl _var_decl ::= “decl” [rtl _visibility] representation nane {pragna}

[“:=" (literal | static_init)] “;”
A staticinitializer providesthe mechanisnior specifyingthe staticinitial valueof aglobalvariablewhose
representatiois anarrayof bytes.It providesa sequencef initializers, eachof which specifiesan offset,
arepresentatiorgndaninitial valueof thatrepresentatioplacedatthatoffset. Thedifferentkindsof initial
valuesare pad (uninitializeddata),the addresof someglobal variableplus the given offset, a procedure
addresqalsospecifyingthe returntype of the procedure)an integer constant(possiblygivenin a string
literal), a float constant (possiblyvgn in a string literal), and a byte sequence.

static_init ci= “static_init” “{” {static_init_entry} “}" “;”
static_init_entry::= “[" int “,” representation “,” static_init_value “]”
static_init_value::= “pad”

| “& nane [“+” integer]

[ “& proc” nane representation

| integer | “istr” “(” string “)”

| float | double | “fstr” “(” string “)”
| “str” “(" string “)”

An associatedeclaration treatsthe namedmethodas a methodin the given messagesetwith the listed
specializers.

rtl _assoc_decl ;.= “associate” nane “with”
nane “(” rtl_formals “)” “;”
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For example:
associ ate wrapper___3FooFi with wapper__Fi (@00, @ny);

This says considerthe routine namedw apper __3FooFi to be an implementationof the message
wr apper __Fi attached at claso.

An include declaration names another file ofTR code to include as part of the program.
rtl_include_decl ::= “include” string “;”

A top-level statement block is alist of RTL statementthatareto beexecuteduponprogramstart-up.These
expressions arevaluated in the order encountered during reading of the input files.

rtl _top_level _stnts ::= “rtl” “{" rtl_stnts “}" [“;"]

A top-level primitive statements block is an arbitraryblock of codewritten in someexternallanguage
(currently just C++) that is included in the compiled file at that point in the file.

rtl_primstnms ::= “prinf |anguage “{” code “}" “;”
| anguage = “C_++”
code = arhitrary bracket-balanced code writtenin | anguage

3 Data Representations

Representatiorsrespecifiedn declarationsindin statementsThey indicatetherepresentatiofformat, bit
encoding size,etc.) of globalvariables formals,methodresults,locals,andsoon. A representatioms an
unstructuregequencef bytes(whosecomponentareaccessethroughpointerloads& stores)pptionally
with somealignment,somethinghatis roughly equivalentto oneof C’'s atomicdatatypes(perhapswith a
specifiedsize,otherwisewith a“natural” size),or somethinghatis a specialtagged-pointesizedinteger,
float, tagged pointeNLR return code, or return pair

representation ::= “bytes” “[” integer “]” [ “align” integer ]
[ base rep {“*"}
base_rep = “char” | “u_char” | “short” | *“u_short”
| “int” ] “u_int”™ | “long” | “u_long”
| “float” | “double”
| “intl” | “u_intl” | “int2" | “u_int2”
| “int4” | “u_int4” | “int8 | “u_int8”
[ “float4” | “float8”
| “voi d”
| “wordlnt” | “unsignedWordint” | “wordFloat” | “QOOP"
| “ReturnCode” | “PairType”

4 Statements
RTL statements are the folling:

rel_stnts o= { rtl_stmt *;” }
rtl_stnt o= alu

field_op

ptr_op

al | ocation
excepti on_scope
| abel

goto

fn_call

return



Vortex RTL Textual Description Grammar

| fatal
| static_info

Many RTL statementsnaybeprefacedwith adeclarationThesedeclarationsndicatetherepresentationf
thevariable A givenvariableshouldbedeclaredatthefirsttextual placeit is assignear read but thescope
of the declarationis the entiremethod.A variabledeclaredwith the sour ce keyword canbereferenced
from nested closures.

decl 1= “decl” [“source”] representation

Local variable declarations, assignments, unary and binary operations, and conversions between
different numeric representations (which specify thgetarepresentation to ceegrt to).

alu ::= local _decl | assign | unop | binop | conversion

| ocal _decl = [decl] nane

assi gn = [decl] nane “:=" val ue

unop = [decl] nane “:=" unop val ue

bi nop = [decl] nane “:=" val ue binop val ue

conver si on [decl] name “:=" “convert” val ue representation

Argumentdo RTL operatorcannameRTL variablescannameundeclarediariables(in which casethey

areassumedo nameglobalvariablesof typevoi d* thataredefinedby therun-timesystemandtheheader
filesincludedwith thegeneratedode),canmentioninteger, long, float, double characteror stringliterals,

and can mention language-specificvoid, true, false, and null-pointer values, and can mention
target-machine-specific constants for therevsize and the number of tag bits.

val ue ;= nane | literal | “void” | “true” | “false” | “null”
“byt es_per _machi ne_word” |
“bits_per_machine_word” | “log_bits_per_nachi ne_word”
“numtag_bits”

[iteral ::= integer | long | float | double | character | string

Field (instance variable) operations. Storesor fetchesfrom a declaredfield of anobject.Field contents
areconsideredmmutablewhenthecorrespondindield declaratiorspecifiedanimmutablefield. If thefield

namesanindexedfield, thenanindex expressiorshouldbe usedto namethedesirecelemenbof theindexed

field (origin 0).

field op = field load | field_ store

field | oad = [decl] nane “:=" field_|ocation

field store = [decl] field location “:=" val ue
field_l ocation = name “.” name “@ nane [“[” index “]"]
i ndex = name | integer

Simple pointer operations. Usedto accesdanguage-leel arrays,structs,and so on, if they've been
translatediovn into thislow level. Therepresentatioepecifiegherepresentatioof thepointertargetvalue
beingloadedor stored,andtheindex is a byte offsetfrom the basepointer Pointertargetlocationscanbe
marked immutable, as withector locations.

ptr_op = ptr_load | ptr_store | addr_op

ptr_| oad = [decl] nane “:=" ptr_location

ptr_store .= ptr_location “:=" value

ptr | ocation co= YR Y pame [“+” index] “)” representation

[“is_imutabl e”]
Pointers can be created by taking the address afi@dle or of a procedure.

“

addr _op ::= [decl] nane “:=" “& name
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“wo. ”

| [decl] nanme “& proc” nane

High-level allocation of new data structures. Objectallocationcanbe usedfor classesvith associated
field declarationspecifyingthe classs structureandf r ont _end_does_fi el d_| ayout turnedoff;
various class-testingoperationsand field accessoperationscan be appliedto theseobjects. The object
allocator allocatesan instanceof the given class;such classesshould not be uni que, abstr act,

t enpl at e, or containindexedfields. Thearrayallocatoris usedto allocateobjectswith anindexedfield,
giventhe nameof the classandthelengthof the array The namedclassmustsatisfythe samerestrictions
asfor anobjectallocation,but mustcontainanindexedfield, andnot containanelem_typdield. Thetyped
arrayallocatoris lik e anarrayallocatorexceptthatit instantiatelasseshatdo containanelem_typdield.
Thevectorallocatoroperationg@rearrayallocatorgor particularCecilbuilt-in classesTheclosureallocator
createsnew lexically-nestedanorymous closures,which are invoked using language-specifiecnessage
namesnew_cl osur e is thenormalclosureallocationkeyword; new LI FO _cl osur e canbeusedto
allocate a closure that is kmn not to outhve its lically-enclosing ewironment.

al l ocation
al | ocat or

[decl] name “:=" allocator
obj _al l ocat or
vec_al | ocat or
array_al |l ocat or
typed_array_all oc

cl osure_al | ocat or

obj al |l ocat or = “new nane
array_al |l ocat or = “new_array” nane val ue
typed_array_alloc ::="new typed_array” name val ue static_type_spec
vec_al | ocat or ::= vec_alloc_op val ue
vec_al l oc_op .= “new_myvector” | “new.i _vector”

[ “new_mstring” | “new_i_string”

| “new_m fl oat_vector” | “new_i_float_vector”

| “new_mword_vector” | “new_i_word_vector”
closure_allocator::= closure_alloc_op “(” {rtl _formals} “)”

“:” representation “{” rtl_stnts “}”

closure_alloc_op::= “new_cl osure”

| “new_LI FO _cl osure”

Exception scope control. Exceptionscan be raisedby calls, sends,and explicit raises.The scopeof a

handlerfor someexceptionsis bracketedby ent er _ andexit _exn_scope RTL statementsThese
statementsiamethe label where the innermost-enclosingxception handlerfor this scopebegins. For

languagesvhereexcept i ons_t hr ough_| ongj np is set,theruntimesystemis assumedo selectthe

right handlerif an exceptionis raised;the enter_&n_scopeprovides enoughinformationto the runtime
systemto make this possible. Otherwise, exceptions propagte outwards through exception scopes
incrementally and eachexceptionhandlingscopeis responsibleor forwarding control to the enclosing
exception handling scope if it is not the right handler

exception_scope ::= enter_exn_scope | exit_exn_scope
enter_exn_scope ::= “enter_exn_scope” |abel _nanme name [“(” name “)"]

[H[H Val ue H’H Val ue H’H Val ue “]H]
exit_exn_scope ::= “exit_exn_scope” |abel nane

Theent er _exn_scope operatorimplicitly declareghe variableto which the “hame” of the exception
beingraisedwill be bound,andoptionally declaregshe namewhich will be boundto the argumentof the
raisedexception;thesenamesareexpectedo be usedin the exceptionhandlingcode.For Modula-3,three
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additionalparametersre neededgiving the addresf the exceptionrecord,the addresf the modules
exceptionhandlerist, andthe classof the exception.(Otherlanguagesvill presumablyneedextensiongo
support aguments appropriate for their runtime system implementatiorcefpgions.)

Labels. Labels that startxeeption handlers must be flagged as such.

| abel c:= (“label” | “exn_handl er_I| abel”) | abel nane

| abel _nane D= nanme

Various kinds of unconditional and conditional branches. i s_cl ass is trueiff thevalueis aninstance
of thenamedclass;i nheri t s_f r omextendsthis testto includesubclasseaswell. i nherits_from
cantake a variablename(a computedCeci | Map*) asan amgumentinsteadof a classnameconstant.
check_typed_array(array, val ue, fl d@bj ) implementshenecessargheckingio ensurehat
val ue is in the element type of typed arrar ay, where the element type is stored in fieldd @bj .

got o ::= cond_goto | uncond_goto | case_goto | raise
cond_got o i= "if” test “goto” |abel name
t est ;.= unop val ue

val ue bi nop val ue
val ue “inherits_fronf name
value “is_class” nane
“check_typed_array”
“(” value “,” value “,” nane “@ name “)”

“goto” | abel nane

uncond_got o
case_got o implementanN-way branch.Theargumentvalueshouldbeanintegerin therange[0..N-1],
and one of the N tget labels is jumped to based on thafue.

case_goto ::= “case” value “goto” “[” |abel _nanes “]”
| abel _nanes | abel _name {“,” |abel nane}

Exceptionsareraisedusingther ai se commandThefirst operandevaluatego the exception“name” (or
exceptionobiject,for e.g. C++ and Java), andthe secondoptionalvalueis the algumentto the exception.
Controltransferainconditionallyto theappropriatenclosingexceptionhandlemwhentheraiseis executed.
raise ;.= “raise_exn” value [“(" value “)"]

Various kinds of procedure calls. Theresultof a call canbe omitted(e.g.if the calleereturnsno value).
All kinds of calls allow a marker blocking inlining of the call aswell asanindicationof whetherthe call
canraiseexceptions(a.k.a.producea non-localreturn).(If sends_can_r ai se is set,thensendstable
sends, and calls to declared methods (as opposetetoa procedures) daiilt to raising ceptions.)
fn_call ::= [[decl] name “:="] (call | send | table_send)

[“no_inline”] [“can_raise_exns” | “no_exns”]
Callsareregulardirectcalls. Thecalleeis eitheraregularnamedoprocedurdpotentiallyonedefinedin RTL
with amethoddecl,in which caseit canbeinlined;cal | _ext er nal blocksthis check),or avaluethat
evaluates to the address of the procedure to call.

cal = call _desc “(” [values] “)”
cal |l _desc o= “call” nane

[ “cal | _external” nane

[ “call _indirect” val ue
val ues ::= value {“,” val ue}
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SendaremessagegndsearchusingCecil'sinheritanceules)thenamedmethodsetfor themostspecific
applicablemethod,basedon the run-time classef the sendarguments SendRTLs canonly be usedif
uses_PI C based _runti ne is set.

send ;.= “send” name “(” [values] “)”

Tablesendsaresimilar to sendsgxceptthatthey gettranslatednto the appropriataablelookup sequence
(precomputed by the language front-ends) i/ tb@nnot be statically bound.

tabl e_send 1= “table_send” nanme “(” [values] “)”
“[" table_index “]1” [ “id _offset” “(” int_literal “)” ]
[static_type_ info]

t abl e_i ndex o= int_literal

The addres®of alookuptableis fetchedfrom the objectspecifiedasthe first algumentof the send,at the
byte offset specifiedby the i d_of f set clause.lIf noi d_of f set is specified,the table addressis
assumedo bein thefirst word of theobject.Thet abl e_i ndex specifiegheindex into thetable,giving
a table entry to use for dispatching this semd.gkample:

tl := table_send ny_nessage(t2, t3) [2] id_offset(4)
This meansfetchtheaddres®f thetablefromt abl e_base : = *(t 2+4), thenusethetableentryat
t abl e_base+(2*si zeof (t abl e_entry)) todispatchthissend.Theprecisevayin whichthetable
is usedto dispatchthe sendis languagedependentCurrently Vortex supportdwo kindsof tables:asimple
table with address-size@ntriesthat containthe addressof a routine to call, and a more complicated,
C++-styletableformatthat containsboth the addresof a routineandan adjustmenwvaluethat shouldbe
added to the first gument before entering the callee.

Thestatictypeof thereceveragumentof atable_sendanbespecifiedoy namingtheclassthattherecever
is knavn to inherit from.

static_type_info:: “static_type” “(” static_type “)”
static_type I = name

Return statements. Non-local returns return from thexieally-enclosing non-closure method.

return := ("return” | “non_local _return”) [value]

Fatal errors. Abort execution with a string message.

f at al co= “fatal” “(” string “)”

Assertions about the static properties of alwe.

static_info ©:= “assert_type” nane static_type_info

Currently staticinformationspecifiesitheran exactclassfor the variable,or specifiesa coneof possible
classegandthevaluecouldbeaninstanceof theclassor ary subclas®f theclass)or givesanothewvariable

whosetypeto copy. The optimizerusesthis informationto reasonaboutthe possiblevaluesthat could be
stored in the gien \ariable.

static_type info::= static_type_spec
| " Sarre_as” " ( ” narre " ) ”
static_type _spec::= “cone” “(” name “)”

“ rrapli “ ( n narre “ ) n
I “ t yped_ar r ay_l’mp” “ ( n
nane “[” static_type_spec “]" “)”
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5 Tokens

Bold-facednon-terminalan this grammararethe tokensin the grammarrulesabove. As usual,
tokensaredefinedasthe longestpossiblesequencef charactershatarein the languagedefined
by the grammargiven belon. The meta-notationsone of “...” 7, “any but x” and“x.. y’

areusedto conciselylist arangeof alternatve charactersspace , tab , andnewline standfor

the corresponding characters.

Literalssuffixedwith ap or P characteareboxedliterals (for languagesik e CecilandSmalltalk
with boxed \alues), while unsitiked literal tolens are unbceed literals.

A long is an8-byteinteger(e.g.aJavalongvalue),while aninteger is aword-sizednteger.
A float is anlEEE single-precisiort-bytefloat, while adouble is anlEEE double-precision
8-byte float. An unboyed character literal is just an integer by anothername.An unboed
string literal is a pointer to a statically-allocatecharray of charactersString literals are not
null-terminatedby default; anexplicit \O shouldbe addedto the endof the stringliteral to geta
terminatingnull characterCharacterslefinedby\ followedby 1-3digitsinterpretthedigitsasan
octalasciicode;decimalor hexadecimainterpretationganbe selectedy usingthed or x prefix,
respectrely.

name n= (letter | “_") {letter | digit | “_"}

i nt eger = int_body [“p" | “P"]

int_body = [*"] [radix] hex_digits

radix = digits“_”

hex_digits = hex_digit {hex_digit}

hex_digit := digit | one of “a..fA..F”

| ong = int_body (“I" | “L") [*p" | “P"]

fl oat = float_body [“p” | “P”]

float_body = [*"]integer “.” hex_digits [exponent]
[ [*-"] integer exponent

exponent = ™[] "] digits

digits = digit {digit}

doubl e n=  float_body (“d” | “D”) ['p" | “P"]

character = W char “” ["p” | “P"]

string = " {char|line_break }“” [‘p” | “P"]

char = any|“\" escape_char

: one of “abfnrtv"\?0”
| [“0"|“d"] digit [digit [digit]]
[ “X” hex_digit [hex_digit]

escape_char

line_break = V" {whitespace} new_line {whitespace} “\

characters between \'s are not part of the string
letter = oneof‘a.zA..Z"
digit ;= oneof“0.9"
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punct ::= one of “I#$UW& - +=<>/2~\|"

6 Unary and Binary Operators

These are the unary and binary operators currently defined. For many operators, versions exist for different
operand types, such as+_i nt, +_unsi gned_i nt, +_i nt 8, +_unsi gned_i nt 8. Such families of
operators are notated in the table using brace-delimited lists over the possible types, such as

+_{int,unsigned_int,int8, unsigned_int8}.

unop hame

description

unary - {int,int8,
fl oat, doubl e}

{integer, 8-byte integer, float, double} negation

~ {int,int8}

{integer, 8-byte integer} bitwise complement

num el ens_i nt

extract the number of elements of an array, vector, or string object.

box {int, char,
fl oat, doubl e}

convert an untagged machine { integer, integer, float, double} into atagged
Cecil {integer, character, float, double} OOP

unbox_{i nt, char,
fl oat, doubl e}

inverseof box_{i nt, char, fl oat, doubl e}

map_of

returnsthe Ceci | Map* pointer representing the run-time class of the argu-
ment; may be used astheargumenttoi nherits_from

binop name

description

+ {int,unsigned_int,
i nt 8, unsi gned_i nt 8}

Add two { signed integers, unsigned integers, signed 8-byte integers,
unsigned 8-byte-integers}

% {int,unsigned_int,
i nt 8, unsi gned_i nt 8}

- {int,unsigned_int, Subtract ...
i nt 8, unsi gned_i nt 8}
* {int,unsigned_int, Multiply ...
i nt 8, unsi gned_i nt 8}
/ _{int,unsigned_int, Divide ...
i nt 8, unsi gned_i nt 8}
Modulus...

& {int,unsigned_int,
i nt 8, unsi gned_i nt 8}

Bitwise and two { signed integers, unsigned integers, 8-byte-integers,
unsigned 8-byte integers}

int8,
unsi gned_i nt 8}

| {int,unsigned_int, .. Or ...
i nt 8, unsi gned_i nt 8}

A {int,unsigned_int, .. XOr ...
i nt 8, unsi gned_i nt 8}

xnor _{int, unsigned_int, ... XNOr ...

<< {int,unsigned_int,
i nt 8, unsi gned_i nt 8}

bitwise left shift one { signed integer, unsigned integer, 8-byte-integer,
unsigned 8-byte integer} by another
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binop name

description

>> {int,unsigned_int,
i nt 8, unsi gned_i nt 8}

... arithmetic right shift ...

>> | ogical _{int,int8}

... logical right shift ...

+ ptr Add two values, one of which is assumed to be a pointer and the other an
integer byte count, to produce a new pointer

- _ptr Subtract an integer byte count from a pointer to produce a new pointer

- _ptrdiff Subtract two pointers to produce an integer difference, in bytes

+_{fl oat, doubl e} Add two {floats, doubles}

- _{fl oat, doubl e} Subtract ...

* {fl oat, doubl e} Multiply ...

/ _{fl oat, doubl e} Divide ...

= {int,unsigned,int8§,
unsi gned_i nt 8} _| og

Test whether two { signed integers, unsigned integers, 8-byte-integers,
unsigned 8-byte integers} are equal

I'= {int,unsigned,int8§,
unsi gned_i nt 8} | og

... hot equal

> {int,unsigned,int8,
unsi gned_i nt 8} | og

Test whether one{ signed integer, unsigned integer, 8-byte-integer, unsigned
8-byte integer} is greater than another

>=_{int,unsigned,int8§,
unsi gned_i nt 8} | og

... greater than or equd to ...

<_{int,unsigned,int8,
unsi gned_i nt 8} | og

... lessthan ...

<=_{int, unsigned,int8§,
unsi gned_i nt 8} | og

... lessthan or equal to ...

= ptr_l og Test whether two pointers are equal

I= ptr_log ... not equal

> ptr_|log Test whether one pointer is greater than another
>=_ptr_|og ... grester than or equal to ...

< ptr_log ... lessthan ...

<=_ptr_log ... lessthan or equal to ...

= {fl oat, doubl e} I og

Test whether two {floats, doubles} are equal

I= {fl oat, doubl e} | og

... hot equal

> {fl oat, doubl e} I og

Test whether one {float, double} is greater than another

>= {fl oat, doubl e} | og

... greater than or equd to ...

< {fl oat, doubl e} I og

... lessthan ...

<= {fl oat, doubl e} | og

... lessthan or equal to ...
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