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Vortex RTL Textual Description Grammar

The Cecil Group

Department of Computer Science and Engineering
University of Washington

Box 352350, Seattle, Washington 98195-2350
cecil@cs.washington.edu

This documentdescribesthe grammarfor the textual form of the Vortex compiler’s RTL intermediate
language.This is the languageusedto communicatebetweenthe C++, Modula-3,Java, and Smalltalk
front-ends and Vortex, and is also used to describe some Cecil primitives.

Warning:theRTL languagewasnot designedfrom scratch,but ratherevolvedvia accretionof features.It
is slowly beingreworkedto maketheoperatorsmoregeneralandlanguage-independent,but thisprocessis
not complete.

In our EBNF notation,verticalbars(| ) areusedto separatealternatives.Braces({...} ) surroundstrings
thatcanberepeatedzeroormoretimes.Brackets([...] ) surroundanoptionalstring.Parenthesesareused
for grouping. Literal tokens are included in quotation marks (“...” ).

1 Top-Level Entry Points

For Cecil RTL primitives, the syntax of thecode  string part of theprim_body  is as follows:

rtl_prim ::= rtl_stmts

For languagesthathave separatefront-ends,suchasJava, Smalltalk,C++, andModula-3,sourcefiles are
translated by the front-end into RTL files. An RTL file is described by the following grammar:

rtl_file ::= { rtl_decl | pragma }
rtl_decl ::= 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
| rtl_top_level_stmts
| rtl_prim_stmts

TheRTL file shouldnot declarea methodnamedmain asthis functionis definedby theVortex back-end.
Instead,codeto initialize RTL programdatastructuresandinvoke top-level procedures(like theequivalent
of main) should be included as top-level statementblocks. The global variables global_argc ,
global_argv , and global_envp can be referencedto get at the usual argc , argv , and envp

parametersof main , and the global variableglobal_result shouldbe assignedto set the desired
integer return code formain .

2 Global Declarations

Declarationsat the top level canappearin any order, andcanbemutually recursive. Evaluationof global
variable initializers is done top-down in the order given.
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An object declaration introducesanew class.Abstractclassescannotbeinstantiateddirectly. Theisa list
namesits immediatesuperclasses.(Thereis a root classimplicitly defined,andall classesinherit (directly
or indirectly) from this root classimplicitly.) Inheritancedefinesa partial orderon objects;redundantor
transitively-impliedinheritancelinks areignored.In thepresenceof diamond-shapedmultiple inheritance,
sharedancestorclassesareincludingonly oncein thehierarchy, asif all classeswerevirtual baseclassesin
C++ terminology.

rtl_object_decl ::= [rtl_obj_role] “object” name [“isa” names]
{pragma|object_id_pragma} “;”

names ::= name {“,” name}

Objectscanbeabstract (andhave no instancesor directreferences),concrete (allowing creationof
instancesas with the new operationbut no direct referencesto the namedobject itself), or unique

(allowing direct referencesby nameto the object itself as its sole “instance”,anddisallowing any new

operationson thenamedobjectto createotherinstances).Subclassingfrom any of thesekindsof objectsis
allowed.

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

An object_id_pragma is attachedto anobject_decl , andspecifiesthenamesof thesymbolsto use
as class identifiers for that class, when it is viewed from particular static types.

object_id_pragma ::= “(**” “ID” “(” “[” object_id_pair {“,” object_id_pair } “]”
“**)”

object_id_pair ::= “[” static_type “,” name “]”

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

rtl_extend_decl ::= “extend” name “isa” names

A method declaration defines a procedure in the intermediate program.

rtl_method_decl ::= “method” [rtl_visibility] name
“(” {rtl_formals} “)” “:” representation {pragma}
“{” rtl_stmts “}” [“;”]

rtl_formals ::= rtl_formal {“,” rtl_formal}

Eachformal hasa name(canbeomittedif it’s not usedwithin thebodyof themethod),a specializerclass
(if omittedor if givenas@any, thentheargumentis unspecialized),anda representation(if omitted,then
it defaultsto OOP). If formals_are_immutable is defined,thenformal variablescannotbeassigned,
otherwisethey canbe.If uses_PIC_based_runtime is set,thenonly OOPformalscanbespecialized
to somethingother than any . Formal parametersand resultsare passedby value (i.e. shallow-copied),
including formals represented usingbytes[ n] , unlike C which passes arrays by reference.

rtl_formal ::= [name] [“@” name] [“:” representation]

A method(orfieldorglobalvariabledeclaration)canbemarkedprivate (meaningthatit is scopedwithin
thecurrentfile, asin C; static hasthesamemeaning),or extern (meaningthat it 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 declaration declaresamethodandsaysthatits definitionmaybeexternalto thepartof
theprogramthatthecompilersees.It is allowableto provideanexternmethoddeclarationin onesourcefile
andthedefinitionof themethodin anothersourcefile. In thiscase,theactualdefinitionof themethodtakes
precedence over the extern declaration.
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rtl_extern_method_decl::= “extern” “method” name “(” {rtl_formals} “)”
“:” representation {pragma} “;”

A field declaration declaresaninstancevariableonaclass.If var is present,thefield is mutable,otherwise
thefield is consideredimmutable.Theformal parameterspecifieswhich classtheinstancevariableis part
of. If front_end_does_field_layout is set, then field declarationsare unnecessary, and only
low-level object allocation(with precomputedsize) and pointer load & storeoperationsare supported,
otherwisefield declarationsshouldbeprovidedandhigh-level objectallocationoperationsandfield load
and storeoperationsare provided. If generate_field_accessors is set, then a field declaration
implicitly generates a get accessor method (and a set accessor method, if mutable).

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

Somefieldsarespecialandareusedfor arrays.A field with thearray annotationdeclaresanindexed field
holding zero or more copiesof the field contents(the representationof an indexed field refers to the
representationof eachelementof the array).A field with the length annotationholds the numberof
elementsof theindexedfield; this field is namedby theindexedfield. (Lengthfieldscurrentlyshouldhave
representationOOP.) Optionally, thetypeof elementsof theindexedfieldmayberecordedatrun-time,using
afield annotatedwith elem_type. (Elem_typefieldscurrentlyshouldhaverepresentationCecilMap*.)
Thearrayfield shouldnamethecorrespondinglengthfield andtheelem_typefield, if present.At present,a
class can have or inherit at most one indexed field.

array_field_info ::= “length”
| “array” “of” name [“elem_type” name]
| “elem_type”

A global variable declaration introducesa variablein theglobal(current)scope,with thegivenvisibility
and representation. Variables (global and local) are assumed to be assignable.

rtl_var_decl ::= “decl” [rtl_visibility] representation name {pragma}
[“:=” (literal | static_init)] “;”

A staticinitializer providesthemechanismfor specifyingthestaticinitial valueof aglobalvariablewhose
representationis anarrayof bytes.It providesa sequenceof initializers,eachof which specifiesanoffset,
arepresentation,andaninitial valueof thatrepresentationplacedat thatoffset.Thedifferentkindsof initial
valuesarepad(uninitializeddata),theaddressof someglobal variableplus thegivenoffset,a procedure
address(alsospecifyingthe returntype of the procedure),an integer constant(possiblygiven in a string
literal), a float constant (possibly given in a string literal), and a byte sequence.

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

| “&” name [“+” integer]
| “&_proc” name representation
| integer | “istr” “(” string “)”
| float | double | “fstr” “(” string “)”
| “str” “(” string “)”

An associatedeclaration treatsthe namedmethodasa methodin the given messagesetwith the listed
specializers.

rtl_assoc_decl ::= “associate” name “with”
name “(” rtl_formals “)” “;”
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For example:

associate wrapper__3FooFi with wrapper__Fi(@Foo, @any);

This says considerthe routine namedwrapper__3FooFi to be an implementationof the message
wrapper__Fi attached at classFoo.

An include declaration names another file of RTL code to include as part of the program.

rtl_include_decl  ::= “include” string “;”

A top-level statement block isalist of RTL statementsthataretobeexecuteduponprogramstart-up.These
expressions are evaluated in the order encountered during reading of the input files.

rtl_top_level_stmts ::= “rtl” “{” rtl_stmts “}” [“;”]

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

rtl_prim_stmts ::= “prim” language “{” code “}” “;”
language ::= “c_++” | ...
code ::= arbitrary bracket-balanced code written in language

3 Data Representations

Representationsarespecifiedin declarationsandin statements.They indicatetherepresentation(format,bit
encoding,size,etc.)of globalvariables,formals,methodresults,locals,andsoon. A representationis an
unstructuredsequenceof bytes(whosecomponentsareaccessedthroughpointerloads& stores),optionally
with somealignment,somethingthatis roughlyequivalentto oneof C’s atomicdatatypes(perhapswith a
specifiedsize,otherwisewith a “natural” size),or somethingthat is a specialtagged-pointer-sizedinteger,
float, tagged pointer, NLR 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”
| “int1” | “u_int1” | “int2” | “u_int2”
| “int4”  | “u_int4” | “int8” | “u_int8”
| “float4” | “float8”
| “void”
| “wordInt” | “unsignedWordInt” | “wordFloat” | “OOP”
| “ReturnCode” | “PairType”

4 Statements

RTL statements are the following:

rtl_stmts ::= { rtl_stmt “;” }
rtl_stmt ::= alu

| field_op
| ptr_op
| allocation
| exception_scope
| label
| goto
| fn_call
| return
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| fatal
| static_info

Many RTL statementsmaybeprefacedwith adeclaration.Thesedeclarationsindicatetherepresentationof
thevariable.A givenvariableshouldbedeclaredatthefirst textualplaceit is assignedor read,but thescope
of thedeclarationis theentiremethod.A variabledeclaredwith thesource keyword canbereferenced
from nested closures.

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

Local variable declarations, assignments, unary and binary operations, and conversions between
different numeric representations (which specify the target representation to convert to).

alu ::= local_decl | assign | unop | binop | conversion
local_decl ::= [decl] name
assign ::= [decl] name “:=” value
unop ::= [decl] name “:=” unop value
binop ::= [decl] name “:=” value binop value
conversion ::= [decl] name “:=” “convert” value representation

Argumentsto RTL operatorscannameRTL variables,cannameundeclaredvariables(in which casethey
areassumedto nameglobalvariablesof typevoid* thataredefinedby therun-timesystemandtheheader
files includedwith thegeneratedcode),canmentioninteger, long,float,double,character, or stringliterals,
and can mention language-specificvoid, true, false, and null-pointer values, and can mention
target-machine-specific constants for the word size and the number of tag bits.

value ::= name | literal | “void” | “true” | “false” | “null” |
“bytes_per_machine_word” |
“bits_per_machine_word” | “log_bits_per_machine_word” |
“num_tag_bits”

literal ::= integer | long | float | double | character | string

Field (instance variable) operations. Storesor fetchesfrom a declaredfield of anobject.Field contents
areconsideredimmutablewhenthecorrespondingfield declarationspecifiedanimmutablefield. If thefield
namesanindexedfield, thenanindex expressionshouldbeusedto namethedesiredelementof theindexed
field (origin 0).

field_op ::= field_load | field_store
field_load ::= [decl] name “:=” field_location
field_store ::= [decl] field_location “:=” value
field_location ::= name “.” name “@” name [“[” index “]”]
index ::= name | integer

Simple pointer operations. Used to accesslanguage-level arrays,structs,and so on, if they’ve been
translateddown into thislow level.Therepresentationspecifiestherepresentationof thepointertargetvalue
beingloadedor stored,andtheindex is a byteoffset from thebasepointer. Pointertarget locationscanbe
marked immutable, as with vector locations.

ptr_op ::= ptr_load | ptr_store | addr_op
ptr_load ::= [decl] name “:=” ptr_location
ptr_store ::= ptr_location “:=” value
ptr_location ::= “*” “(” name [“+” index] “)” representation

[“is_immutable”]

Pointers can be created by taking the address of a variable or of a procedure.

addr_op ::= [decl] name “:=” “&” name
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| [decl] name “:=” “&_proc” name

High-level allocation of new data structures. Objectallocationcanbe usedfor classeswith associated
field declarationsspecifyingthe class’s structureandfront_end_does_field_layout turnedoff;
variousclass-testingoperationsand field accessoperationscan be appliedto theseobjects.The object
allocator allocatesan instanceof the given class;such classesshould not be unique, abstract,
template, or containindexedfields.Thearrayallocatoris usedto allocateobjectswith anindexedfield,
giventhenameof theclassandthelengthof thearray. Thenamedclassmustsatisfythesamerestrictions
asfor anobjectallocation,but mustcontainanindexedfield, andnotcontainanelem_typefield. Thetyped
arrayallocatoris likeanarrayallocatorexceptthatit instantiatesclassesthatdocontainanelem_typefield.
Thevectorallocatoroperationsarearrayallocatorsfor particularCecilbuilt-in classes.Theclosureallocator
createsnew lexically-nestedanonymous closures,which are invoked using language-specificmessage
names.new_closure is thenormalclosureallocationkeyword;new_LIFO_closure canbeusedto
allocate a closure that is known not to outlive its lexically-enclosing environment.

allocation ::= [decl] name “:=” allocator
allocator ::= obj_allocator

| vec_allocator
| array_allocator
| typed_array_alloc
| closure_allocator

obj_allocator ::= “new” name
array_allocator ::= “new_array” name value
typed_array_alloc ::=“new_typed_array” name value static_type_spec
vec_allocator ::= vec_alloc_op value
vec_alloc_op ::= “new_m_vector” | “new_i_vector”

| “new_m_string” | “new_i_string”
| “new_m_float_vector” | “new_i_float_vector”
| “new_m_word_vector” | “new_i_word_vector”

closure_allocator::= closure_alloc_op “(” {rtl_formals} “)”
“:” representation “{” rtl_stmts “}”

closure_alloc_op ::= “new_closure”
| “new_LIFO_closure”

Exception scope control. Exceptionscan be raisedby calls, sends,and explicit raises.The scopeof a
handlerfor someexceptionsis bracketedby enter_ andexit_exn_scope RTL statements.These
statementsnamethe label where the innermost-enclosingexceptionhandlerfor this scopebegins. For
languageswhereexceptions_through_longjmp is set,theruntimesystemis assumedto selectthe
right handlerif an exceptionis raised;the enter_exn_scopeprovidesenoughinformationto the runtime
system to make this possible.Otherwise,exceptions propagate outwards through exception scopes
incrementally, andeachexceptionhandlingscopeis responsiblefor forwardingcontrol 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” label_name name [“(” name “)”]

[“[” value “,” value “,” value “]”]
exit_exn_scope ::= “exit_exn_scope” label_name

Theenter_exn_scope operatorimplicitly declaresthevariableto which the“name” of theexception
beingraisedwill bebound,andoptionallydeclaresthenamewhich will beboundto theargumentof the
raisedexception;thesenamesareexpectedto beusedin theexceptionhandlingcode.For Modula-3,three
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additionalparametersareneeded,giving theaddressof theexceptionrecord,theaddressof themodule’s
exceptionhandlerlist, andtheclassof theexception.(Otherlanguageswill presumablyneedextensionsto
support arguments appropriate for their runtime system implementation of exceptions.)

Labels. Labels that start exception handlers must be flagged as such.

label ::= (“label” | “exn_handler_label”) label_name
label_name ::= name

Various kinds of unconditional and conditional branches. is_class is trueiff thevalueis aninstance
of thenamedclass;inherits_from extendsthis testto includesubclassesaswell. inherits_from
can take a variablename(a computedCecilMap*) as an argumentinsteadof a classnameconstant.
check_typed_array(array,value,fld@obj) implementsthenecessarycheckingto ensurethat
value is in the element type of typed arrayarray, where the element type is stored in fieldfld@obj.

goto ::= cond_goto | uncond_goto | case_goto | raise
cond_goto ::= “if” test “goto” label_name
test ::= unop value

| value binop value
| value “inherits_from” name
| value “is_class” name
| “check_typed_array”

“(” value “,” value “,” name “@” name “)”
uncond_goto ::= “goto” label_name

case_goto implementsanN-waybranch.Theargumentvalueshouldbeanintegerin therange[0..N-1],
and one of the N target labels is jumped to based on this value.

case_goto ::= “case” value “goto” “[” label_names “]”
label_names ::= label_name {“,” label_name}

Exceptionsareraisedusingtheraise command.Thefirst operandevaluatesto theexception“name” (or
exceptionobject,for e.g.C++ andJava), andthesecondoptionalvalueis theargumentto theexception.
Controltransfersunconditionallyto theappropriateenclosingexceptionhandlerwhentheraiseis executed.

raise ::= “raise_exn” value [“(” value “)”]

Various kinds of procedure calls. Theresultof a call canbeomitted(e.g.if thecalleereturnsno value).
All kindsof callsallow a marker blocking inlining of thecall aswell asan indicationof whetherthecall
canraiseexceptions(a.k.a.producea non-localreturn).(If sends_can_raise is set,thensends,table
sends, and calls to declared methods (as opposed to external procedures) default to raising exceptions.)

fn_call ::= [[decl] name “:=”] (call | send | table_send)
[“no_inline”] [“can_raise_exns” | “no_exns”]

Callsareregulardirectcalls.Thecalleeis eitheraregularnamedprocedure(potentiallyonedefinedin RTL
with a methoddecl,in which caseit canbeinlined;call_external blocksthis check),or a valuethat
evaluates to the address of the procedure to call.

call ::= call_desc “(” [values] “)”
call_desc ::= “call” name

| “call_external” name
| “call_indirect” value

values ::= value {“,” value}
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Sendsaremessages,andsearch(usingCecil’s inheritancerules)thenamedmethodsetfor themostspecific
applicablemethod,basedon the run-timeclassesof the sendarguments.SendRTLs canonly be usedif
uses_PIC_based_runtime is set.

send ::= “send” name “(” [values] “)”

Tablesendsaresimilar to sends,exceptthatthey gettranslatedinto theappropriatetablelookupsequence
(precomputed by the language front-ends) if they cannot be statically bound.

table_send ::= “table_send” name “(” [values] “)”
“[” table_index “]” [ “id_offset” “(” int_literal “)” ]
[static_type_info]

table_index ::= int_literal

Theaddressof a lookuptableis fetchedfrom theobjectspecifiedasthefirst argumentof thesend,at the
byte offset specifiedby the id_offset clause.If no id_offset is specified,the table addressis
assumedto bein thefirst wordof theobject.Thetable_index specifiestheindex into thetable,giving
a table entry to use for dispatching this send. For example:

t1 := table_send my_message(t2, t3) [2] id_offset(4)

This means:fetchtheaddressof thetablefrom table_base := *(t2+4), thenusethetableentryat
table_base+(2*sizeof(table_entry)) todispatchthissend.Theprecisewayin whichthetable
is usedto dispatchthesendis languagedependent.Currently, Vortex supportstwo kindsof tables:asimple
table with address-sizedentriesthat contain the addressof a routine to call, and a more complicated,
C++-styletableformat thatcontainsboth theaddressof a routineandanadjustmentvaluethatshouldbe
added to the first argument before entering the callee.

Thestatictypeof thereceiverargumentof atable_sendcanbespecifiedbynamingtheclassthatthereceiver
is known to inherit from.

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

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

return ::= (“return” | “non_local_return”) [value]

Fatal errors. Abort execution with a string message.

fatal ::= “fatal” “(” string “)”

Assertions about the static properties of a value.

static_info ::= “assert_type” name static_type_info

Currently, staticinformationspecifieseitheranexactclassfor thevariable,or specifiesa coneof possible
classes(andthevaluecouldbeaninstanceof theclassor any subclassof theclass),or givesanothervariable
whosetypeto copy. Theoptimizerusesthis informationto reasonaboutthepossiblevaluesthatcouldbe
stored in the given variable.

static_type_info ::= static_type_spec
| “same_as” “(” name “)”

static_type_spec ::= “cone” “(” name “)”
| “map” “(” name “)”
| “typed_array_map” “(”

name “[” static_type_spec “]” “)”
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5 Tokens

Bold-facednon-terminalsin this grammararethe tokensin the grammarrulesabove. As usual,
tokensaredefinedasthe longestpossiblesequenceof charactersthatarein the languagedefined
by thegrammargivenbelow. Themeta-notations“one of “...” ”, “any but x,” and“x.. y”
areusedto conciselylist a rangeof alternative characters.space , tab , andnewline standfor
the corresponding characters.

Literalssuffixedwith a p or P characterareboxedliterals(for languageslike Cecil andSmalltalk
with boxed values), while unsuffixed literal tokens are unboxed literals.

A long is an8-byteinteger(e.g.a Java long value),while an integer is a word-sizedinteger.
A float is anIEEE single-precision4-bytefloat,while a double is anIEEE double-precision
8-byte float. An unboxed character literal is just an integer by anothername.An unboxed
string literal is a pointer to a statically-allocatedarray of characters.String literals are not
null-terminatedby default; anexplicit \0 shouldbeaddedto theendof thestring literal to geta
terminatingnull character. Charactersdefinedby \ followedby 1-3digits interpretthedigitsasan
octalasciicode;decimalor hexadecimalinterpretationscanbeselectedby usingthed or x prefix,
respectively.

name ::= (letter | “_”) {letter | digit | “_”}

integer ::= 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”

long ::= int_body (“l” | “L”) [“p” | “P”]

float ::= float_body [“p” | “P”]
float_body ::= [“-”] integer “.” hex_digits [exponent]

| [“-”] integer exponent
exponent ::= “^” [“+” | “-”] digits
digits ::= digit {digit}

double ::= float_body (“d” | “D”) [“p” | “P”]

character ::= “'” char “'” [“p” | “P”]

string ::= “"” { char | line_break } “"” [“p” | “P”]
char ::= any | “\” escape_char
escape_char ::= one of “abfnrtv'"\?0”

| [“o”|“d”] digit [digit [digit]]
| “x” hex_digit [hex_digit]

line_break ::= “\” {whitespace} new_line {whitespace} “\”
characters between \’s are not part of the string

letter ::= one of “a..zA..Z”
digit ::= one of “0..9”
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punct ::= one of “!#$%^&*-+=<>/?~\|”

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 +_int, +_unsigned_int, +_int8, +_unsigned_int8. 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 name description

unary_-_{int,int8,
float,double}

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

~_{int,int8} {integer, 8-byte integer} bitwise complement

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

box_{int,char,
float,double}

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

unbox_{int,char,
float,double}

inverse of box_{int,char,float,double}

map_of returns the CecilMap* pointer representing the run-time class of the argu-
ment; may be used as the argument to inherits_from

binop name description

+_{int,unsigned_int,
int8,unsigned_int8}

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

-_{int,unsigned_int,
int8,unsigned_int8}

Subtract ...

*_{int,unsigned_int,
int8,unsigned_int8}

Multiply ...

/_{int,unsigned_int,
int8,unsigned_int8}

Divide ...

%_{int,unsigned_int,
int8,unsigned_int8}

Modulus ...

&_{int,unsigned_int,
int8,unsigned_int8}

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

|_{int,unsigned_int,
int8,unsigned_int8}

... or ...

^_{int,unsigned_int,
int8,unsigned_int8}

... xor ...

xnor_{int,unsigned_int,
int8,
unsigned_int8}

... xnor ...

<<_{int,unsigned_int,
int8,unsigned_int8}

bitwise left shift one {signed integer, unsigned integer, 8-byte-integer,
unsigned 8-byte integer} by another
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>>_{int,unsigned_int,
int8,unsigned_int8}

... arithmetic right shift ...

>>_logical_{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

+_{float,double} Add two {floats, doubles}

-_{float,double} Subtract ...

*_{float,double} Multiply ...

/_{float,double} Divide ...

=_{int,unsigned,int8,
unsigned_int8}_log

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

!=_{int,unsigned,int8,
unsigned_int8}_log

... not equal

>_{int,unsigned,int8,
unsigned_int8}_log

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

>=_{int,unsigned,int8,
unsigned_int8}_log

... greater than or equal to ...

<_{int,unsigned,int8,
unsigned_int8}_log

... less than ...

<=_{int,unsigned,int8,
unsigned_int8}_log

... less than or equal to ...

=_ptr_log Test whether two pointers are equal

!=_ptr_log ... not equal

>_ptr_log Test whether one pointer is greater than another

>=_ptr_log ... greater than or equal to ...

<_ptr_log ... less than ...

<=_ptr_log ... less than or equal to ...

=_{float,double}_log Test whether two {floats, doubles} are equal

!=_{float,double}_log ... not equal

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

>=_{float,double}_log ... greater than or equal to ...

<_{float,double}_log ... less than ...

<=_{float,double}_log ... less than or equal to ...

binop name description


