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Apoo! is an environment for programming in

a simple assembly language suitable to teach
the basic concepts of computer architecture,

Apoo: a virtual machine

Each program memory cell will hold a whole
instruction. The program counter, as usual,
will contain the address of the next instruc-
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The compiler

Here we describe the main course work in

teaching Compilers at the Faculty of Science

Here is fragment of a C grammar.
For comands:

{Comando} data Comando

Abstract Syntax for a subset of C

Intermediate code generation

= CmdA Atribuicao

of the University of Porto (FCUP). This work zzzz . atrib {CodA $13 | CmdC Condicao gengirigoje
consists of a compiler of a subset of the main- | if cmd {CmdC $1} | Call Chamada EZEEAEICZdz
stream C programming language. The struc- | proc {Call $1} | CmdB BlocoComandos

ture is a typical one. It consists of the usual | cmd_block {CmdB $1} : i:itNgmerAr genEArICode
phases in the compilation process: lexical : il;i;iifi;rllz gg | Return }((l}\)’[a,ybe ExpAr) genEArICode
analysis, syntax analysis, semantic analysis, ) deriving (Eq, Show) gzﬁi;gﬁz
machine independent code generation, stor- return line :: {Comando} genE ArICode
age allocation and code generation. How-  return_line : RETURN ’;’{Return Nothing} data Atribuicao = Atrib Name ExpAr genEArICode

ever the techniques and tools of our approach |
have some novel features with clear advan-

RETURN expar ’;’ {Return (Just $2)}

deriving (Eq,

Show)

mkBin(0O::SymTb

SymTb -> ExpAr -> Int -> I0(Tmp)
st (Int ¢) 1 = return (CONST c)
st (Var n) 1 = getOffset st n 1 >>=

\offset -> return (MEM (VAR offset))

st (Add el e2) 1 = mkBinO st PLUS el e2 1

st (Sub el e2) 1 = mkBin0O st MINUS el e2 1

st (Mul el e2) 1 = mkBinO st MUL el e2 1

st (Div el e2) 1 = mkBinO st DIV el e2 1

st (Mod el e2) 1 = mkBinO st MOD el e2 1

st (Sim e) 1 = mkBinO st MINUS (Int 0) e 1
-> B0 -> ExpAr -> ExpAr -> Int -> I0(Tmp)

. - atrib - - {Atribuicao? data Condicao = If ExprLg Comando nkBinO st op el e2 1 =

tages with respect to more traditional frame- atrib : ID =’ expar ’:° {Atrib $1 $3} | IfElse ExprLg Comando Comando genEArIgode st el 1 >>=

works: if_cmd :: {Condicao} deriving (Eq, Show) \tl -> genExpArICode st e2 1 >>=
1. Code generation: we generate Apoo code. ~ *F-"¢ * IF (EL:EPZ;;H% ){I;:ETZG 53 45 477 \t2 -> return (BINOP op t1 t2)

This enables the student to focus on the rele-

Code generation for functions in Apoo

Atree
[ApJSR "main",ApHALT] ++ (apooGen at "ri1l")

Atree -> [Instruction]

-> [Instruction]

-> LastReg

apooGen (((1lbl,nargs),stmts):ats) 1t
(ApBlankLine: (ApLbl 1bl):fBody) ++ (apooGen ats 1t)

apooStmtGen stmts 1t
fPrologue ++ 1nsts ++ fEpilogue nargs 1t

[ApPush "rf",6 ApStorer "rs" "rf"]
[ApLoadn n 1t,ApSub "rs" 1t,
ApStorer 1t "rs",ApPop "rf",ApRTN]

1t =

. | IF " explg ’)’ comm {If $3 $5} data ExpAr = Add ExpAr ExpAr
vant part of the code generation phase, and , | Sub ExpAr ExpAr
: :  c: For expressions: | Mul ExpAr ExpAr
not on the annoying and tedious specific . P P
characteristics of a real machine code. y (ExpAr} | Div ExpAr ExpAr
expar - xpAL | Mod ExpAr ExpAr
2. Haskell: we used the Haskell program- ~ e¥par : INIEIRD tInt (snd $1)} | Sim ExpAr theApGen
ming language for the implementation of LDENTLE tVar $1} | Int Int thefpGen at =
: . . | f_call {Fnc $1} | Var Name apooGen
our compiler. Due to the high declarative | expar ’+’ expar fadd $1 $33  Fnc Chamad apooGen []
nc amlada
nature of Haskell the code becomes much | expar ’-’ expar {Sub $1 $3} deriving (Eq, Show)
more readable. | expar ’/’ expar {Div $1 $33 ’
. o . | expar ’*’ expar {Mul $1 $3} where
3. Tools: Haskell has all the usual C(?mpllatlon | expar Y’ expar Mod $1 $31 " | | insts =
tools. We used Alex for the lexical analy- | 7- expar {Sim $2} COmpl er top leve fBody =
sis, and Happy for the parser. This tools re- | >’ expar ’)’ {$2} |
lieve the student of many of the tedious and main 10 O fPrologue =
error-prone aspects of producing compilers. ~ -¢a1 {Chamada} main = (getContents >>= fEpilogue n
.. . . , f_call : ID > (explst’)’ {($1, $3)} (interCodeGen.parser.scanner))
4. Minimal compiler size and ease of main- _ .
: >>= (myPrint.theApGen)
tenance: a declarative approach enables the = explst :: {[ExpAr] }
production of small compilers and at the explst : expar tI$115
| explst ’,’ expar {$3:$1}

same time with code which is ease to read
and maintain.
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