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1 PurposeFoam is a programming language intended for use by other 
omputer programs.In parti
ular, foam is generated by the A℄ 
ompiler.This report is a snapshot of a work in progress, and the authors invite 
om-ments. There will likely be some 
hanges between the form of Foam des
ribedin this do
ument and the form used by the �rst release of A℄.Foam has been de�ned with the following goals:1. it has a well-de�ned semanti
s, independent of platform,2. it has an eÆ
ient mapping to Common Lisp and to ANSI C, and3. its stru
ture allows easy manipulation.Foam-to-Foam transformations produ
e equivalent programs with improved per-forman
e. These transformations are independent of hardware platform and 
anbe agressively applied even by a 
ross-
ompiler.Having an easy mapping to Common Lisp and to ANSI C is a more nebulousgoal. However, the intent is that these mappings be relatively simple and easyto implement eÆ
iently. For example, there is no 
on
ept of addresses in Foam
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sin
e addresses are unpredi
table with a Lisp garbage 
olle
tor. Likewise, Foamdoes not have self identifying data obje
ts sin
e this is not available in C.FOAM is not restri
ted to the pre
ise interse
tion of C and Lisp. Someaspe
ts are handled by support libraries. Big integer arithmeti
 is assumed aspart of FOAM, and this is provided as a library for C. Also the memory modeldi�ers from both C and Lisp in some details: garbage 
olle
tion is assumed (thisis a run time support library in C) and it is possible to make an expli
it requestto free storage (in Lisp this is ignored).A FOAM program is 
omprised of a 
at sequen
e of 
ommands. FOAMtypes have various sizes and uses. or example, \Char" is a text 
hara
ter whereas\Byte" is a 
hara
ter sized integer, \DFlo" is a double pre
ision 
oating point,\Ptr" 
an point to an array, re
ord, arbitrary sized integer, et
. Referen
einstru
tions 
ontain the kind of referen
e and the position, e.g., \Lo
 3" refers tothe third lo
al variable of the 
urrent fun
tion and \RElt 7 x 2" indi
ates the2nd �eld of the re
ord x, using the 7th layout format. FOAM operations 
onsistof instru
tions, su
h as \If b n," whi
h indi
ates that if b is true then pro
eedto label n, and builtin operations, e.g., \HIntLT a b" is a half-word-integerless-than 
omparison. The builtin operations are type spe
i�
 and 
onversionoperations are generally provided.
2 Instru
tionshUniti ::=[Unit hDFmti hDDefi℄The �rst 4 slots of DFmt are reserved for the de
laration of the globals,
onstants, lexi
als and 
uids for the unit, the �fth slot is always the emptyformat.hDFmti ::=[DFmt hf0 : DDe
li ... hfn�1 : DDe
li℄Layout formats for environment levels, re
ords et
.hDDe
li ::=[DDe
l hu : Bytei hd0 : De
li ... hdn�1 : De
li℄Spe
ify formats for globals, parameters, lo
als, 
uids, lexi
als and 
on-stants. The usage parameter indi
ates the 
ontext in whi
h the dde
l maybe used. Note that the De
ls may either be De
l or GDe
l instru
tions.hDe
li ::=[De
l ht : Typei hs : Stringi hp : Bytei hr0 : Bytei hr1 : Bytei℄De
laration of a single parameter, lo
al or lexi
al. The type is given byt and the user's name for it 
an be unmangled from s. r0 and r1 are2



reserved (and used by the 
ompiler). If t is Re
 or Arr, r1 is the formatnumber or type of the slot, respe
tively.hGDe
li ::=[De
l ht : Typei hs : Stringi hr0 : Bytei hr1 : Bytei℄hdir : Bytei hp : Bytei De
laration of a single global. The type is givenby t and the user's name for it 
an be unmangled from s. The languageproto
ol is spe
i�ed by p. r0 and r1 are reserved (and used by the 
om-piler). If t is Re
 or Arr, r1 is the format number or type of the slot,respe
tively. The dir �eld indi
ates whether the de
laration is an importor export.hDDefi ::=[DDef hv0 : Defi ... hvn�1 : Defi℄Initial values for things.hDefi ::=[Def hr : Referen
ei hv : Valuei℄r is typi
ally a global or lexi
al. v is typi
ally a program or 
losure.hDEnvi ::=[DEnv he0 : Inti ... hen�1 : Inti℄List of format numbers for lexi
al environment levels. The empty envi-ronment indi
ates that the level is never a

essed by this fun
tion or its
hildren, while a 0 format number indi
ates that the level is 
losed over,but is empty.hDFluidi ::=[DFluid hi0 : Inti ... hfi�1 : Inti℄Indi
ies into the unit's 
uid list, indi
ating whi
h are rebound at this level.hCmdi ::= hDefi j hExpri j one of[Seq h
0 : Cmdi h
1 : Cmdi ... h
n : Cmdi℄De�nes a sequen
e of Cmd. Seq represents the body of a program. If theexe
ution of 
i does not 
ause the transfer of the 
ontrol, then 
i + 1 isexe
uted. The only way to exit a Seq is by a Return instru
tion. It followsthat if the last instru
tion 
n is rea
hed, then it must transfer the 
ontrol(typi
ally the last instru
tion is a Return or a Goto).[Goto hl : Labeli℄Go to label l in 
urrent prog.
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[If he : Expri ht : Labeli℄If e is BoolTrue, go to label t. Semanti
 restri
tion: e must be of typeBool.[Sele
t he : Expri hl0 : Labeli ... hln�1 : Labeli℄e evaluates to an integer. If e is in [0::n � 1℄, goto label le in 
urrentprogram. Otherwise, 
ontinue. Semanti
 restri
tions: e must be of typeSInt.[Return he : Expri℄Return e from the 
urrent program.[Set hr : Referen
ei he : Expri℄Update the lo
ation given by r to 
ontain the value e. The referen
e rmay be a set of referen
es given by Values. A 
all to a fun
tion returningmultiple values always looks like: (Set (Values r1 ... rn) (MFmt f 
all))where 
all 
an be any of the Foam 
all instru
tions. The format f des
ribesthe type of the returned parameters. This is the only 
ontext where MFmt
an o

ur.[Lose hr : Referen
ei℄Modify the lo
ation given by r to point to no stru
ture.[PushEnv hf : Inti he : Referen
ei℄Push a new environment with format f onto the sta
k with e as its parent.[PopEnv ℄Pop an environment from the sta
k.[Prote
t he : Expri hp : Referen
ei℄Evaluate e, then p, returning the value of e. If a Throw o

urs and e isabandoned, then p is evaluated and the Throw is resumed.[Throw hto : Expri he : Expri℄Throw to the tag to, evaluating any intervening prote
t forms.[Halt ℄Terminates the 
urrent Foam program.hExpri ::= hValuei j one of[BVal hn : Inti℄The n-th builtin value.[Label hn : Inti℄The n-th 
ommand in the 
urrent program.
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[Cast ht : Typei he : Expri℄View value e as being of type t. Types other than DFLo may be 
astfreely to and from Word without loss of information.[ANew ht : Typei he : Expri℄Form an array of e elements of type t �lled with zeroes or nils of theappropriate type. e must be a SInt value.[RNew hf : Inti℄Form a re
ord with format f . The elements are �lled with zeroes or nilsof the appropriate types.[TRNew hf0 : Inti hf1 : Inti hs : Expri℄Form a re
ord with trailing array whose initial part has format f0 andwith s elements in its trailing array with element format f1.[RCopy hf : Inti he : Expri℄Copy the re
ord e with format f .[BCall ho : Inti he0 : Expri ... hen�1 : Expri℄Call builtin o on e0:::en�1. The expression (BCall o e0:::en�1) is equivalentto (OCall t (BVal o) (Env -1) e0:::en�1) where t is the return type of (BValo).[CCall ht : Typei h
 : Expri he0 : Expri ... hen�1 : Expri℄Call 
losure 
 on e0:::en�1, returning type t. The expression (CCall t 
e0:::en�1) is equivalent to (OCall t (CProg 
') (CEnv 
') e0:::en�1) where
 is possibly a temporary to avoid multiple evaluation.[OCall ht : Typei hf : Expri he : Referen
ei he0 : Expri ... hen�1 : Expri℄Call the program f on e0:::en�1 in environment e, returning type t. Theexpression (OCall t f e e0:::en�1) is equivalent to (PCall FOAM_Proto_Foamt f e e0:::en�1)[PCall hp : Inti ht : Typei hf : Expri he : Referen
ei he0 : Expri... hen�1 :Expri℄Call f with environment e and arguments e0::en�1. e will be unused inthe 
ase of FOAM_Proto_C. a

ording to proto
ol p, returning type t.[MFmt hf : Inti h
 : Expri℄Wrapping MFmt around a 
all indi
ates that the 
all returns multiple val-ues. See Set for more information.[Values he0 : Expri ... hen : Expri℄Indi
ates multiple values. It 
an only o

ur in a return statement ina program returning multiple values, or on the left hand side of a Setinstru
tion, when 
alling a fun
tion returning multiple values. See Set.
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[Cat
h htag : Namei he : Expri℄Give rt a tag suitable for use with Throw, and evaluate the expression,whi
h is returned. In the 
ase of a throw to the tag, the value given bythe throw is returned.hValuei ::= hReferen
ei j hDataihReferen
ei ::= one of[AElt ht : Typei hn : Expri ha : Expri℄The n-th element of the array a, viewed as an array with 
omponents oftype t.[RElt hf : Inti hr : Expri hn : Inti℄The n-th �eld of the re
ord r with the f -th format in the 
urrent unit.[IRElt hf : Inti hr : Expri hn : Inti℄The n-th �eld of the re
ord with a trailing array r with the f -th formatfor the initial part of the re
ord in the 
urrent unit.[TRElt hf0 : Inti hf1 : Inti hr : Expri hindex : Expri hn : Inti℄The n-th �eld of the index-th element of the trailing array of r whoseinitial format is f0 and whose trailing array element has format f1 in the
urrent unit.[EElt hl : Inti hn : Inti hf : Inti he : Referen
ei℄The n-th lexi
al of the l-th level in the environment e with the f -th formatin the 
urrent unit.[Const hn : Inti℄The n-th 
onstant of the 
urrent unit.[Glo hn : Inti℄The n-th global of the 
urrent unit.[Fluid hn : Inti℄The n-th 
uid of the 
urrent unit.[Par hn : Inti℄The n-th parameter of the 
urrent fun
tion.[Lo
 hn : Inti℄The n-th lo
al of the 
urrent fun
tion.[Lex hl : Inti hn : Inti℄The n-th lexi
al of the l-th level (fun
tion or unit).[Env hl : Inti℄Environment beginning l levels out in the 
urrent prog.
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[EEnv hl : inti he : Referen
ei℄Environment beginning l levels out from the environment e.[CEnv h
 : Expri℄The environment part of a 
losure.[CProg h
 : Expri℄The program part of a 
losure.[EInfo he : Expri℄Information related to the environment e. e must be an environment. Theresult is of type Word.[PRef hr : Inti hp : Expri℄Information related to the prog p. p must be a prog. r indi
ates the �eldof the prog information stru
ture. 
urrently this 
an only be 0, whi
h isthe hash
ode of a fun
tion.hDatai ::= one of[Nil ℄Nothing. Distinguished value of type Nil.[Char h
har-valuei℄Chara
ter. ASCII 
hara
ter set.[Bool hbit-valuei℄BoolFalse or BoolTrue.[Byte hbyte-valuei℄0..255[HInt hhalf-int-valuei℄2's 
omplement 16 bit integer[SInt hsingle-int-valuei℄2's 
omplement 32 bit integer (at least 24 bit?)[BInt hbigint-valuei℄signed magnitude big integer, any no of bits.[SFlo hsingle-
oat-valuei℄IEEE format[DFlo hdouble-
oat-valuei℄IEEE format[Arr ht : Typei hv0 : Valuei ... hvn�1 : Valuei℄
7



[Re
 hf : Inti hv0 : Valuei ... hvn�1 : Valuei℄
[Prog hn : Inti hm : Inti ht : Typei hf : Inti hb : Inti hsize : Inti htime : Intihpar : DDe
li hlo
 : DDe
li hlex : DEnvi hfluid : DFluidi h
0 : Cmdih
1 : Cmdi ... h
n�1 : Cmdi℄Program of size n bytes, and maximum label m, returning value of typet. If t has the value NOp then the program returns multiple values, wherethe format f des
ribes the types of the values returned, otherwise f is 0.The integer b 
ontains bits spe
ifying whether: The program is a leaf. Theprogram has side-e�e
ts. The program is a generator. The program hasoptimization info. The program 
ontains OCalls. The program 
ontainsConsts. The program must or must not be inlined. The integer size is thenumber of nodes of the program + the size info of ea
h Const prog whi
his referred in program. In other word, this is the growth that is expe
tedinlining this program from another �le. The integer time is the estimatedtime 
ost of the program. Of 
ourse, this is an approximation. par is thede
laration of parameters. lo
 is the de
laration of lo
al variables. lexis an array of formats for the lexi
al levels. The 
ommands 
0::
n�1 areperformed in sequen
e.[Clos henv : Valuei hprog : Valuei℄
[Ptr hv : Valuei℄

hTypei ::= one of[Nil ℄Nothing. 1-element type. Distinguished value.[Char ℄Chara
ter. E.g. 'a'[Bool ℄0 or 1[Byte ℄Unsigned integer represented in 8 bits.Bool 
an be 
onverted to Byte[HInt ℄Half pre
ision integer: Signed int in 16 bitsByte, Bool 
an be 
onverted to HInt
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[SInt ℄Single pre
ision integer: Signed int in 32 bitsHInt, Byte, Bool 
an be 
onverted to SInt[BInt ℄Signed integer of arbitrary number of bits.[SFlo ℄Single pre
ision 
oating point.[DFlo ℄Double pre
ision 
oating point. SFlo 
an be 
onverted to DFlo[Arr ℄Array (i.e. one dimensional array)[Re
 ℄Re
ord[Env ℄Environment.[Prog ℄Program.[Clos ℄Closure.[Ptr ℄Pointer: Nil, BInt, Prog, Clos, Env, Arr, Re
[Word ℄Single pre
ision arbitrary: Ptr, Char, Bool, Byte, Hint, SInt, SFlo.[Arb ℄Arbitrary value: Word, DFlo[NOp ℄Used for multiple types 
ontext. See Prog.
3 Proto
olsA Proto
ol is used to des
ribe the interfa
e through whi
h an obje
t shouldbe 
alled or a

essed. The following proto
ols are 
urrently produ
ed by theA℄
ompiler.FOAM Proto Foam Use a natural mapping for Foam obje
ts: for variables thisis typi
ally a Lisp or C identi�er with a name derived from the id �eld inthe de
laration. 9



FOAM Proto Other Use a natural mapping for obje
ts in the hosting system, forexample C or Lisp identi�ers with the same name as in the id �eld in thede
laration.FOAM Proto Init The obje
t is an initializer for a unit, and so it should be
alled before any other globals from that unit. Foam units initialize thoseunits whi
h they use, but the �rst one is expe
ted to be 
alled by thehosting environment.The other proto
ols (FOAM Proto C, FOAM Proto Lisp, FOAM Proto Fortran)indi
ate that the parti
ular obje
t should be treated as 
oming from the appro-priate language, or that it should be a

essible from that language. In these
ases, no manipulation of the id �eld o

urs.
4 BuiltinsThese des
riptions are in the same order as in the enumeration foam.h. Thislist is expe
ted to grow somewhat, as needed.4.1 Operations on type BoolType Bool 
ontains the values `false' and `true'. Values of this type are used to
ontrol the sequen
e of program evaluation. In a C implementation the values
an be represented as the integers 0 and 1. In a Lisp implementation the values
an be represented as Nil and T.BoolFalse: () ! BoolBoolTrue: () ! BoolBoolNot: (Bool) ! BoolBoolAnd: (Bool, Bool) ! BoolBoolOr: (Bool, Bool) ! BoolBoolEQ: (Bool, Bool) ! BoolBoolNE: (Bool, Bool) ! BoolBoolAnd and BoolOr are not 
onditional, that is both the arguments areevaluated in every 
ase.4.2 Operations on type CharType Char 
ontains letters, numerals and other text 
onstituents. Char Datamay need to be 
onverted to a native 
hara
ter set (e.g. EBCDIC) for animplementation. CharLower and CharUpper 
onvert the 
ase of letters and donot modify other 
hara
ter values. CharOrd 
onverts a 
hara
ter to a smallinteger and CharNum does the reverse.
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CharSpa
e: () ! CharCharNewline: () ! CharCharMin: () ! CharCharMax: () ! CharCharIsDigit: (Char) ! BoolCharIsLetter: (Char) ! BoolCharEQ: (Char,Char) ! BoolCharNE: (Char,Char) ! BoolCharLT: (Char,Char) ! BoolCharLE: (Char,Char) ! BoolCharLower: (Char) ! CharCharUpper: (Char) ! CharCharOrd: (Char) ! SIntCharNum: (SInt) ! Char4.3 Operations on type SFloSFlo is single pre
ision 
oating point. SFloMax is the largest positive number.SFloEpsilon is the smallest positive number whi
h 
an be represented. SFloMinis the most negative number whi
h 
an be represented. This type is used pri-marily for storing large quantities of 
oating pt data. In the tree form of Foam,SFlo values are represented in a ma
hine-dependent single pre
ision 
oatingpoint format. The linear representation presently uses IEEE single pre
isionformat, however, this will 
hange to extended single pre
ision format.
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SFlo0: () ! SFloSFlo1: () ! SFloSFloMin: () ! SFloSFloMax: () ! SFloSFloEpsilon: () ! SFloSFloIsZero: (SFlo) ! BoolSFloIsNeg: (SFlo) ! BoolSFloIsPos: (SFlo) ! BoolSFloEQ: (SFlo,SFlo) ! BoolSFloNE: (SFlo,SFlo) ! BoolSFloLT: (SFlo,SFlo) ! BoolSFloLE: (SFlo,SFlo) ! BoolSFloNegate: (SFlo) ! SFloSFloPlus: (SFlo,SFlo) ! SFloSFloMinus: (SFlo,SFlo) ! SFloSFloTimes: (SFlo,SFlo) ! SFloSFloTimesPlus: (SFlo,SFlo,SFlo) ! SFloSFloDivide: (SFlo,SFlo) ! SFloSFloSIPower: (SFlo,SInt) ! SFloSFloBIPower: (SFlo,BInt) ! SFloSFloRound: (SFlo) ! BIntSFloTrun
ate: (SFlo) ! BIntSFloFloor: (SFlo) ! BIntSFloCeiling: (SFlo) ! BInt4.4 Operations on type DFloDFlo is double pre
ision 
oating point. In the tree form of Foam, DFlo valuesare represented in a ma
hine-dependent double pre
ision 
oating point format.The linear representation presently uses IEEE double pre
ision format, however,this will 
hange to extended double pre
ision format.
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DFlo0: () ! DFloDFlo1: () ! DFloDFloMin: () ! DFloDFloMax: () ! DFloDFloEpsilon: () ! DFloDFloIsZero: (DFlo) ! BoolDFloIsNeg: (DFlo) ! BoolDFloIsPos: (DFlo) ! BoolDFloEQ: (DFlo,DFlo) ! BoolDFloNE: (DFlo,DFlo) ! BoolDFloLT: (DFlo,DFlo) ! BoolDFloLE: (DFlo,DFlo) ! BoolDFloNegate: (DFlo) ! DFloDFloPlus: (DFlo,DFlo) ! DFloDFloMinus: (DFlo,DFlo) ! DFloDFloTimes: (DFlo,DFlo) ! DFloDFloTimesPlus: (DFlo,DFlo,DFlo) ! DFloDFloDivide: (DFlo,DFlo) ! DFloDFloSIPower: (DFlo,SInt) ! DFloDFloBIPower: (DFlo,BInt) ! DFloDFloRound: (DFlo) ! BIntDFloTrun
ate: (DFlo) ! BIntDFloFloor: (DFlo) ! BIntDFloCeiling: (SFlo) ! BInt4.5 Operations on type ByteType Byte is used to 
ompa
tly represent small positive integers. This is pri-marily useful in arrays. To 
ompute with Byte values, 
onvert them to SInt�rst. Type Byte must be able to represent at least the values 0..2**7-1. Bytesare used for numeri
 data and are never subje
t to 
hara
ter set 
onversion.Byte0: () ! ByteByte1: () ! ByteByteMin: () ! ByteByteMax: () ! Byte4.6 Operations on type HIntType HInt is used to 
ompa
tly represent small signed "half pre
ision" integers.This is primarily useful in arrays. Type HInt must be able to represent at leastthe values -2**15..2**15-1.HInt0: () ! HIntHInt1: () ! HIntHIntMin: () ! HIntHIntMax: () ! HInt 13



4.7 Operations on type SIntType SInt is used to represent signed "single pre
ision" integers. Type SIntmust be able to represent at least the values -2**23..2**23-1.The values behave as if represented in two's 
omplement for the logi
aloperations (Bool, Not, And, Or). If arithmeti
 operations over
ow, the resultis not de�ned and may or may not equal the true value modulo 2**ma
hine-wordsize. The operations SIntPlusMod, SIntMinusMod, SIntTimesMod requiretheir �rst 2 arguments to be in the range 0..m-1, for m = third argument.Otherwise the result is not de�ned. The operation SIntLength is the numberof bits required to represent the number in two's 
omplement and in parti
ular
an be less than the word size. SIntShift is an arithmeti
 shift. The se
ondargument is the number of bits to shift by. +ve implies shift up. -ve impliesshift down. SIntBool(x,i) returns the i'th bit of x.
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SInt0: () ! SIntSInt1: () ! SIntSIntMin: () ! SIntSIntMax: () ! SIntSIntIsZero: (SInt) ! BoolSIntIsNeg: (SInt) ! BoolSIntIsPos: (SInt) ! BoolSIntIsEven: (SInt) ! BoolSIntIsOdd: (SInt) ! BoolSIntEQ: (SInt,SInt) ! BoolSIntNE: (SInt,SInt) ! BoolSIntLT: (SInt,SInt) ! BoolSIntLE: (SInt,SInt) ! BoolSIntNegate: (SInt) ! SIntSIntPrev: (SInt) ! SIntSIntNext: (SInt) ! SIntSIntPlus: (SInt,SInt) ! SIntSIntMinus: (SInt,SInt) ! SIntSIntTimes: (SInt,SInt) ! SIntSIntTimesPlus: (SInt,SInt,SInt) ! SIntSIntMod: (SInt,SInt) ! SIntSIntQuo: (SInt,SInt) ! SIntSIntRem: (SInt,SInt) ! SIntSIntDivide: (SInt,SInt) ! (SInt,SInt)SIntG
d: (SInt,SInt) ! SIntSIntSIPower: (SInt,SInt) ! SIntSIntBIPower: (SInt,BInt) ! SIntSIntPlusMod: (SInt,SInt,SInt) ! SIntSIntMinusMod: (SInt,SInt,SInt) ! SIntSIntTimesMod: (SInt,SInt,SInt) ! SIntSIntLength: (SInt) ! SIntSIntShift: (SInt,SInt) ! SIntSIntBit: (SInt,SInt) ! BoolSIntNot: (SInt) ! SIntSIntAnd: (SInt,SInt) ! SIntSIntOr: (SInt,SInt) ! SInt4.8 Operations on type BIntType BInt is used to represent integers whi
h may be arbitrarily large. Theoperations on BInt require dynami
 memory allo
ation and garbage 
olle
tion.BIntIsSmall tests whether a value 
ould be represented as a SInt. Operationshave the same meaning as for SInt but will never over
ow.
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BInt0: () ! BIntBInt1: () ! BIntBIntIsZero: (BInt) ! BoolBIntIsNeg: (BInt) ! BoolBIntIsPos: (BInt) ! BoolBIntIsEven: (BInt) ! BoolBIntIsOdd: (BInt) ! BoolBIntIsSingle: (BInt) ! BoolBIntEQ: (BInt, BInt) ! BoolBIntNE: (BInt, BInt) ! BoolBIntLT: (BInt, BInt) ! BoolBIntLE: (BInt, BInt) ! BoolBIntNegate: (BInt) ! BIntBIntPrev: (BInt) ! BIntBIntNext: (BInt) ! BIntBIntPlus: (BInt, BInt) ! BIntBIntMinus: (BInt, BInt) ! BIntBIntTimes: (BInt, BInt) ! BIntBIntTimesPlus: (BInt, BInt, BInt) ! BIntBIntMod: (BInt, BInt) ! BIntBIntQuo: (BInt, BInt) ! BIntBIntRem: (BInt, BInt) ! BIntBIntDivide: (BInt, BInt) ! (BInt, BInt)BIntG
d: (BInt, BInt) ! BIntBIntSIPower: (BInt, SInt) ! BIntBIntBIPower: (BInt, BInt) ! BIntBIntLength: (BInt) ! SBIntBIntShift: (BInt, SBInt) ! BIntBIntBit: (BInt, SInt) ! Bool4.9 Operations on type PtrPtrNil: () ! PtrPtrIsNil: (Ptr) ! BoolPtrEQ: (Ptr, Ptr) ! BoolPtrNE: (Ptr, Ptr) ! Bool4.10 Text operationsFormatXxx takes a value of type Xxx, a 
hara
ter array and an integer index.The operation formats the value into the 
hara
ter array starting at the positiongiven by the integer. The result is the number of 
hara
ters pla
ed in the array.S
anXxx is the opposite of FormatXxx. It produ
es a value of type Xxxfrom the 
ontents of the 
hara
ter array. The SInt argument is the index of
16



the array element to start at and the SInt return value is the index of the �rstuns
anned array element following.FormatSFlo: (SFlo,Arr,SInt) ! SIntFormatDFlo: (DFlo,Arr,SInt) ! SIntFormatSInt: (SInt,Arr,SInt) ! SIntFormatBInt: (BInt,Arr,SInt) ! SIntS
anSFlo: (Arr, SInt) ! (SFlo, SInt)S
anDFlo: (Arr, SInt) ! (DFlo, SInt)S
anSInt: (Arr, SInt) ! (SInt, SInt)S
anBInt: (Arr, SInt) ! (BInt, SInt)4.11 Conversion OperationsSFloToDFlo: (SFlo) ! DFloDFloToSFlo: (DFlo) ! SFloByteToSInt: (Byte) ! SIntSIntToByte: (SInt) ! ByteHIntToSInt: (HInt) ! SIntSIntToHInt: (SInt) ! HIntSIntToBInt: (SInt) ! BIntBIntToSInt: (BInt) ! SIntSIntToSFlo: (SInt) ! SFloSIntToDFlo: (SInt) ! DFloBIntToSFlo: (BInt) ! SFloBIntToDFlo: (BInt) ! DFloPtrToSInt: (Ptr) ! SIntSIntToPtr: (SInt) ! PtrArrToSFlo: (Arr) ! SFloArrToDFlo: (Arr) ! DFloArrToSInt: (Arr) ! SIntArrToBInt: (Arr) ! BIntPlatformRTE: () ! SIntPlatformOS: () ! SIntHalt: (SInt) ! Nil5 Semanti
s of Foam ProgramsA Foam program P is a set of Units, with the following 
onditions:� P 
ontains at least a single unit.� One unit in P is the starting unit. A Foam program starts with a 
all tothe �rst Prog in the starting unit, with a null environment.
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� Only globals are shared among the units. Globals are unique by nameand proto
ol. It follows that two globals with the same name and proto
olmust also have the same type. Note: the same global in di�erent units mayappear in di�erent positions. Globals with the same name and di�erentproto
ols may be identi�ed, but this is implementation-de�ned.� The order of evaluation for the arguments of 
all is left unde�ned. Animplementation may spe
ify a parti
ular order.� The order of evaluation for the arguments of a PCall is related to the spe-
i�
 proto
ol being be used. In example, if the proto
ol is FOAM_Proto_C,then the C language evaluation order is used.
6 Forms of Foam Code6.1 Tree format for Foam 
odeThis representation is used by C programs to manipulate Foam 
ode. See theC header �le \foam_
.h".6.2 Linear format for Foam 
odeThe purpose of this representation is two-fold:1. to save foam 
ode 
ompa
tly in �les and2. to be appropriate for dire
t interpretation.The main purpose is (1).The linear representation is an augmented pre�x traversal of a foam tree.For 
ompa
tness,1. only nodes with varying arity indi
ate the number of des
endants (\arg
")and2. nodes whi
h 
ontain an integer index or an arg
 have multiple represen-tations so the numbers 
an be be saved in as little spa
e as ne
essary3. �elds su
h as builtin operation numbers or type 
odes are represented asimmediate bytes and are understood by 
ontext.For interpretation,1. Step numbers used in Goto, If, Sele
t are represented as relative o�setsinto the byte 
ode string.If [expr℄ <label>

18



Sele
t [expr℄ < label0 > < label1 > ... < labeln�1 >Goto <label>2. The same idea is used for progs, but in this 
ase the o�set is to step n, i.e.just past the end of the last step. This allows whole program bodies to beskipped when �nding/extra
ting/in
ating a subtree in linear format.Prog <X:prog size> [F℄[i℄[t℄[b℄[p℄[l℄[x℄[
0℄[
1℄ ... [
n�1℄3. All o�sets in a given prog are represented in the same format, whi
h isthe format of the Prog instru
tion.6.3 Instru
tion formatsFor the linear, byte 
oded version, variant instru
tion formats are used to helprepresent the 
ode more 
ompa
tly. The instru
tions are divided into groupsa

ording to the meaning of the variant formats.6.3.1 Fixed arity instru
tions (tree/data args)NOpBValPtrCProgCEnvLooseKillFreeReturnCastANewClosSetDefAEltIfGotoThrowCat
hProte
tUnitPushEnvPopEnvMFmt1 form of ea
h instru
tion 1*24 = 2419



6.3.2 Fixed arity (data args)Nil (0 data bytes)Char 
har-value (1 data byte)Bool bit-value (1 data byte)Byte byte-value (1 data byte)HInt half-int-value (2 data bytes)SInt single-int-value (4 data bytes)SFlo single-
oat-value (4 data bytes)DFlo double-
oat-value (8 data bytes)Word single-pre
ision-arbitrary (4 data bytes)Arb double-pre
ision-arbitrary (8 data bytes)1 form of ea
h instru
tion 1*10 = 10
6.3.3 Fixed arity + Nary ()De
lBIntDDe
lDFluidDEnvDDefDFmtRe
ArrSele
tPCallBCallCCallOCallSeqValuesProg5 forms of ea
h instru
tion 5*17 = 850 ) gen arg
. (4 bytes)1 ) 1 byte arg
.2 ) arg
 = 03 ) arg
 = 14 ) arg
 = 2
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6.3.4 Fixed arity 1 Int index ()ParLo
GloFluidConstEnvEEnvRNewPRefEInfoRCopyLabel5 forms of ea
h instru
tion 5*12 = 600 ) gen index (4 bytes)1 ) 1 byte index2 ) index = 03 ) index = 14 ) index = 2
6.3.5 Multi-Int index: (in
luding arity)LexREltIREltTRNewTREltEElt5 forms of ea
h instru
tion 5* 6 = 300 ) gen indi
es (4 bytes ea
h)1 ) 1 byte indi
es2 ) ix1 2 bytes, ix2 1 byte, [ix3 1 byte ℄3 ) ix1 1 byte, ix2 2 bytes, [ix3 1 byte ℄4 ) ix1 1 byte, ix2 1 byte, [ix3 2 bytes℄Total number of instru
tions in
luding variant forms = 24+10+85+60+30= 209
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7 A
knowledgementsFoam was pre
eded by a number of earlier designs, named SAM for \S
rat
hpadAbstra
t Ma
hine."In addition to the authors of this do
ument, many people have 
ontributedto these earlier designs and their implementations. These individuals in
ludeFlorian Bundshuh, Mar
 Gaetano, Mi
hael Monagan, Simon Robinson, andKnut Wolf.
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