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IFormy medzijazyka

- Vynimocne len pre malé zariadenia. Neumoznuje prakticky
ziadnu optimalizaciu. Pre bezprostredné vyhodnotenie na

I zasobnikovom automate (napr. kalkulacky).

I + Polskd sufixova forma

+ Stvorice
- <operacia><1l.operand><2.operand><vysledok>
- Vlastne format trojadresovych instrukcii
-V sucasnosti najpouzivanejsi tvar medzijazyka
e Trojice
- Setria 30% pamate, neumozfiuju véak optimalizécie
vyplyvajuce z CiastoCného usporiadania kédu. Na adresaciu
vysledku sa adresuje trojica.

 Nepriame trojice
- Kompromis. Tabulka pre nepriamu adresaciu trojic umoznuje
Ich preusporiadanie.
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I Instrukcie trojadresoveho stroja

I  Program je postupnost zaznamov tvaru:

struct { oper: operation;
address: operandl, operand?2, result}

- aritmeticke, logicke
o +,-,,-,%,/, (real, integer, fixed), div, mod
e —,AV, ®, <<, >>, (vSelike shifty)
- move (priradenie, zapamatanie, skoky)
« if op1 (<,>,=,#) 0 then goto op2;
» Ak vieme adresovat vSetky registre, skok je move to PC (program counter).
- indirekcia a referencia (A[i], &a)
* result:= [{[bp1+op2)
e result:= &op2
« Nebudem v dal'som prilis dodrzovat formalizmus.

Zapis v style publikacie programov.

I * Operacie:
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,Dracl” medzijazyk
1. X:=yopz assignment
2. X=0pYy unary assignment
3. X=Yy copy
4. goto L unconditional jump
5. iIf (x relop y) goto L  conditional jump
6. param X procedure call
/. callpn procedure call
8. returny procedure call
9. x =y Indexed assignment
10. X[i] .=y Indexed assignment
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I Projekt — interpretacia medzijazyka

Prikazy medzijazyka, su jednoduche prikazy, kore sa
vyskytuju v nejakej podobe v kazdom imperativhom jazyku
(C, Pascal, Algoal, ... ).

Po dodani ,syntaktickeho cukru® ich mozno prelozit
lubovolnym z uvedenych jazykowv.

Volanie procedur:

- Ak vyssi jazyk ma rekurziu, je priamociare.

- Programovaci jazyk nema rekurziu. Treba prekladat do volacich
zaznamov na zasobniku (vid' ,Podpora pocCas behu®).

Adresacia:

- Alokacia pamate pri kompilacii, robime alokaciu pocCas spracovavania
deklaracii.

- Ponechat symbolické mena a ponechat alokaciu pamate na
programovaci jazyk (nevhodné, ak chceme skusit nejakeé optimalizacie).
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I ROzne reprezentacie

vyraz: a=b*c+b*c
postfix: abc*bc*+ =
strom vyrazu: = dag vyrazu: =
I a/\"' /\+

C
trojadresovy kod:
t,=b*c t,.=b*c
t,=b*c L=y
t, o=t +t, t,o=t +tf
a: =t a: =t
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I Generovanie stromov a dagov

I » Graficka reprezentacia (binarne stromy), ktoré obsahuju:

- binarne vnutorné uzly — nodes (operacia a dva smerniky na
operandy)

- unarne vnutorneé uzly — unodes (operacia a smernik na operand)
I - listy — leaf obsahuju identifikatory a ich hodnoty
o Sémantickeé procedury
- mknode(op:operation, left, right: pointer):pointer
- mkunode(op:operation, child: pointer):pointer
- mkleaf("id", id.place:pointer):pointer
* Linearna reprezentacia su trojice (Stvorice)
- unode ma druhy smernik prazdny
- leaf ma v prvej polozke ,identifikator*
* Linearnu reprezentaciu vytvorime ocislovanim trojic (Stvoric)
pomocou post-order traverzovania.

Zima 2010 Kompilatory - Generovanie medzijzyka 8



I Syntaxou riadeny preklad

I Syntax Sémantika

S— id:=E S.nptr:= mknode(":=", mkleaf(id, id.place), E.nptr)
I E—E,+E, E.nptr:=mknode("+", E,.nptr, E,.nptr)
E— E,UE, E.nptr:=mknode("l}, E,.nptr, E,.nptr)

E—-E, E.nptr:= mkunode("uminus”, E,.nptr)
E—-(E,) E.nptr:= E,.nptr
E—id E.nptr:= mkleaf(id, id.place)
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I Strom a:= b*(-c) + b*(-c)

v
Id
—
; l
* *
H
Id Id b
\ J
uminus urﬂus
& v
id C id C
Zima 2010

0 id b
1 id C
2 - 1
3 * 0 2
4 id b
5 id | C
6 u- 5
7 * 4 6
8 + 3 7
9 id a
1 = 9 8
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Generovanie syntaxou
riadenym prekladom

 Na generovanie trojadresoveho koédu pouzijeme syntaxou
riadeny preklad.

e Zacneme jazykom pozostavajucim z priradenia a vyrazov.
* Prikaz priradenia S ma jediny atribut code - vygenerovany
kod.
* \Vyrazy E maju dva atributy:
- code — usek kodu zodpovedajuci vyrazu
- place — meno premennej, v ktorej je ulozena hodnota
vyrazu E.
Oznacenie: gen(x ":="y "+" z) reprezentuje prikaz x;=y + z
Oznacenie <fragment> || expr znamena zretazenie
fragmentu kdédu s vyrazom.
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I Syntaxou riadeny preklad

I S— id:=E {S.code:= E.code || gen(id.place ":=" E.place) }

E—->E, + E, {E.place:=newtemp;
E.code := E;.code || E5.code ||

I gen(E.place ":=" E;.place "+" E,.place)}

E->E;, *E, {E.place:=newtemp();
E.code := E;.code || E5.code ||

gen(E.place ":=" E;.place "*" E,.place) }
E--E, { E.place := newtemp();
E.code := E;.code ||
gen(E.place ":=" "uminus" E;.place) }
E - (E;) { E.place := newtemp();
E.code := E;.code }
E - id { E.place = id.place;
E.code :="" }
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I Priklad — syntakticky strom

I a:=b lLlc+ b lLl-C

S
I PN

d o E8n
TN
E3n + E?n
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I Priklad — generovanie kodu

place code
S b
E,. C
E.. t, E, .code || E,.code||t,:=b*cC
E,, b
= c E..code || t,:==u-C
E,, t, E,.code || E; .code || t,:=b *,
E;, t;, | E,.code||E, .code||t, :=t, +t,
E, t, | Eg.code || a:=t,
S
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I Tok riadenia

I S, — while Edo S, S,.begin := newlabel;
S,.after := newlabel;
S,.code = gen(S,.begin ":") || E.code ||
labels code gen("if" E.place "= 0 goto" S,.after)
|| S,.code || gen("goto" S,.begin) ||
E.code \

gen(S,.after ":")
if E.place = 0 goto S,.after \

S,.begin:

S,.code

goto S,.begin Z/

S,.after :
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I Deklaracie

P — MD;B.
M — ¢ { offset:=0 }
D — D;D
D — id:T { enter(id.name, T.type,ofset);

I offset:= offset + T.width }
T — integer { T.type:= integer; T.width:=4 }
T — real { T.type:=real; T.width:= 8 }
T — array[num]of T, { T.type:=array(num.val, T,.type);

T.width:= num.val x T,.width
T— 1T, { T.type:= pointer(T,.type);
T.width:=4

Pozn. Praca s tabulkou symbolov je trochu komplikovanejsia.
Treba zohladnit’ ,scope” deklaracii.
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,Dracie" semantické procedury
I 1.
.

mktable(previous: pointer): pointer

Vytvara novu tabulku symbolov. Argumentom je smernik na
nadradenu tabulku a vracia smernik na novo vytvorenu
tabulku.

enter(table:pointer, name:string, type:type, offset:int)
Vytvara novy zaznam v tabulke symbolov pre identifikator
name.

addwidth(table:table, width:integer)

Zaznamenda kumulativnu diZku vSetkych poloZiek v hlavicke
tabulky symbolov.

enterproc(table:pointer, name:string, newtable:pointer)
Vytvara novu polozku pre vnorenu proceduru v danej tabul-
ke. Newtable ukazuje na novovytvorenu tabulku symbolov
pre tuto proceduru.
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Pouzitie

P >MD { addwidth(top(tblptr), top(offset));
pop(tblptr); pop(offset) }
M — ¢ { t:= mktable(nil);
ush(t, tblptr); push(0, offset
b - D, :D, push(t, tblptr); push( ) }
D — procid;ND,; S {t:=top(tblptr); addwidth(t, top(offset);

pop(tblptr); pop(offset);
enterproc(top(tblptr), id.name, t) }

D —-id: T { enter(top(tblptr), id.name, T.type, top(offset));
top(offset):= top(offset) + T.width }
N — ¢ { t:= mktable(top(tblptr));
push(t, tbptr); push(0, offset) }
T — record L D end { T.type:= record( top(tblptr));
T.width:= top(offset);
pop(tblptr); pop(offset); }
L — ¢ { t:= mktable(nil);
push(t, tblptr); push(0, offset) }

Zima 2010 Kompilatory - Generovanie medzijzyka 18



I Prikaz priradenia

S—id:=E

E—E, +E,
E — E, OE,

E—>'E1

Zima 2010

{ p:=lookup(id.name);

if p # nil then gen(p ":=" E.place) else error
{ E.place := newtemp;
gen(E.place ":=" E,.place "+" E,.place)

{ E.place := newtemp;
gen(E.place ":=" E,.place "' E,.place)
{ E.place := newtemp;
gen(E,.place ":= uminus" E,.place
{ E.place:= E,.place }

{ p:=lookup(id.name);
if p # nil then E.place ;= p else error

Kompilatory - Generovanie medzijzyka
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Polia (arrays)

Polia ukladame suvisle prvok po prvku: A[low:high] nech w je
velkost jedneho prvku. Potom adresa i-tého prvku je:

base + (i - low)xw = base - lowxw +ixw = A[0] + ixw
Zovseobecnenie pre mnohorozmerne polia. Nech n; = high; — low;
pre | < k. Adresa prvku Aliy, iy, ..., Ii] je:

AlO, O, ... O] + ((...(Iyxny+ip)xNg+ig)... ) XN iy )XW,
kde

AlO, O, ... 0] = base - ((...(low;xn,+low,)xn;+lows)...)xn, +low, ) xw.

Zaklad base je offset prvé volné miesto na zasobniku. Kvdli tomu
musime fiktivnhu adresu nulteho prvku pocitat. Ak dovolime len
statické polia, staCi poCas kompilacie. OznacCime ju c(A).

Zima 2010 Kompilatory - Generovanie medzijzyka
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I Syntaxou riadeny preklad

S —>L:=E ({ifL.offset =null then gen(L.place ":=" E.place)
else gen(L.place "[" L.offset "] :=" E.place) }

E—L { if L.offset = null then E.place = L.place
else E.place := newtemp;
gen(E.place ":=" L.place "[" L.offset "]") }

L — Elist] {L.place := newtemp; L.offset := newtemp;
gen(L.place ":=" c(Elist.array));
gen(L.offset ":=" Elist.place "*" width(Elist.array))}

L — id { L.place := id.place; L.offset := null }
Elist — Elist;, E {t:= newtemp; m := Elist,.ndim + 1;
gen(t ":=" Elist,.place "I limit(Elist,.array, m));
gen(t ":="t"+" E.place); Elist.array := Elist,.array;

Elist.place :=t; Elist.ndim :=m }
Elist - id[ E { Elist.array := id.place;
Elist.place := E.place; Elist.ndim := 1 }

Zima 2010 Kompilatory - Generovanie medzijzyka 21



I Vynutena konverzia (coercion)

I Relativne uplna semantika pravidla E — E, + E,

E.place:= newtemp; /* Radsejdo kazdej vetvy ako druhy prikaz. */
if E,.type = integer and E,.type = integer then

I { E.type := integer; gen(E.place ":=" E,.place "int +" E,.place) }
else if E,.type = real and E,.type = real then
{ E.type :=real; gen(E.place ":=" E,.place "real +" E,.place) }
else if E,.type = integer and E,.type = reaI then
{ E.type :=real; u:= newtemp gen(u ":=" "intoreal" E,.place);
gen(E.place ":=" u "real +" E »-place) }
else if E,.type = real and E,. type = integer then
{ E.type := real; u:= newtemp; gen(u ":=" "intoreal" E,.place);
gen(E.place ":=" E,.place "real +" u) }

else E.type = type_error,
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I Tok riadenia

S — if E then S, { E.true:= newlabel; E.false:= S.next;
S,.next:= S.next;
S.code:= E.code || gen(E.true ":") ||

I S,.code }

S — if E then S, else S, { E.true:= newlabel; E.false:= newlabel;
S,.next:= S.next; S,.next:= S.next;

S.code:= E.code || gen(E.true ":") ||
S,.code || gen("go to" S.next)||

gen(E.false ":") || S,.code }
S — while Edo S, { S.begin:= newlabel; E.true:= newlabel;
E.false:= S.next; S,.next:= S.next;

S.code:= gen(S.begin ":") || E.code ||
gen(E.true ".") || S4.code ||

gen("go to" S.begin) }
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I Grafické znazornenie

if then prikaz

E.true:

E .false:

Zima 2010

to E.true

e
E.code to Efalse

,4>

Sq.code

while prikaz

S.begin: to E.true

E.code to Efalse

E.true:
Sq.code

go to S.begin
E.false:; . . .

If then else prikaz

E.true:

E.false:

S.next:

to E.true

E.code

R =

to E.false

,4>

S,.code

goto

S.next
S,.code
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I Ina sablona pre while prikaz

S — while Edo S, {S,.begin:= newlabel; E.begin:= newlabel;
S.code:= gen("go to" S,.begin) ||

Sq.code || E.code ||
gen("if E.true go to" S,.begin) }

Pokial boolovské vyrazy

. o to E.begin
S4.begin: 3 L pocitame aritmetickym
S;.code spdsobom, je tato $abléna
E.begin: vyhodnejsia.
E.code
if E.true go to S,.begin [—

Zima 2010
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I Booleovske vyrazy 1 — klasika

E—>E,orE,
E—E,andE,
E — not E,

E — (E4)

E — true

E — false
E — akE, relop aE,

Zima 2010

{ E.place := newtemp;

gen(E.place ":=" E,.place "or" E,.place) }
{ E.place := newtemp,

gen(E.place ":=" E,.place "and" E,.place) }
{ E.place := newtemp,

gen(E.place ":=" "not" E,.place) }
{ E.place := E,.place }
{ E.place := newtemp gen(E.place ":=""1") }
{ E.place := newtemp; gen(E.place ":=" "0") }

{ E.place := newtemp;
gen("if" akE,.place relop aE,.place "go to" +3);
gen(E.place ":=" "0"); gen("go to" +2 );
gen(E.place ":=" "1") }
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Boolovske vyrazy 2 — skratkou

E—-E,orkE, { E .true:= E.true; E,.false:= newlabel;
E,.true:= E.true;E,.false:= E.false;
E.code:= E,.code || gen(E,.false ":")|| E,.code }
E—E,andE, { E .true:= newlabel; E,.false:= E.false;
E,.true:= E.true; E,.false:= E.false;
E.code:= E,.code || gen(E,.true ":") || E,.code }

E — not E, { E,.true:= E.false; E,.false:= E.true;
E.code:= E,.code }

E— (E,) { E,.true:= E.true; E,.false:= E.false;
E.code:= E,.code }

E — true { gen("go to" E.true) }

E — false { gen("go to" E.false) }

E — akE, relop aE, { E.code:=gen ("if" aE,.place relop aE,.place
"go to" E.true) || gen("go to" E.false) }
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I Prikaz case — Sablony

case E of
V,: S,
Vs, S,
I Vn-1: Sn-1
default: S,
end
Zima 2010

L,:

n-1-

test:

next:

t=E
go to test
S,.code

go to next

. S,.4.code

go to next
S,.code

go to next
ift=V,gotolL,

ift=V, gotolL,

Lo

L4
next:

t=E
ift#V,gotolL,
S,.code

go to next
ift#V,gotol,

S,.code
go to next

ift#zV _,gotolL,
S, .code

go to next
S,.code
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I Volanie procedur

I S — call id Alist { sgen(id.acr); count::= 0; save("returnaddress") }

Alist — (E Elist {save("param" E.place); count:=pcount + 1 }

Alist — ¢ { gen("call" count id.ref) }

Elist — ,E Elist {save("param" E.place); count:=pcount + 1 }
I Elist — ) { gen("call" count id.ref) }
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Spatnée platanie — backpatching

* Najjednoduchsi sposob implementacie dva prechody
- Vygenerovat (anotated) syntakticky strom
- Generovat kod pomocou depth first traversingu tohto stromu
* Prijednoprechodovom generovani su problemom dopredné
skoky toku riadenia. Najjednoduchsie je nechat ciele skoku
prazdne, poznamenat si ich do nejakeho zoznamu a doplnit
az ked prislusna adresa je vygenerovana. Pouzivame
prikazy:
- makelist(i:index_to quad):pointer_to list Vytvori zoznam obsahujuci
index | — poradové cCislo stvorice a vrati smernik na tento zoznam.

- merge(p4, po:pointer_to_list):pointer_to_list Spoji dva zoznamy a vrati

smernik na vysledny zoznam.
- backpatch(p:pointer_to list, a:index to _quad) Dosadi adresu a do
vSetkych stvoric v zozname, na ktory ukazuje p.

Zima 2010 Kompilatory - Generovanie medzijzyka
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I Priklad 1 — boolovske vyrazy

E—->E,orME, { backpatch(E,.falselist, Mquad);
I E.truelist:= merge(E,.truelist, E,.truelist);
E.falselist:= E,.falselist
E—-E;and ME, { backpatch(E.truelist, Mquad);
I E.truelist:= E,.truelist;
E.falselist:= merge(E,.falselist, E,.falselist) }

E — not E, { E.truelist:= E,.truelist; E.falselist:= E.falselist }
E— (E,) { E.truelist:= E,.truelist; E.falselist:= E,.falselist }
E — true { E.truelist:= makelist(nextquad); gen("go to" _ )}
E — false { E.falselist:= makelist(nextquad);gen("go to" )}

E — aE, relop aE, { E.truelist:= makelist(nextquad);
E.falselist:= makelist(nextquad+1);
gen("if'"" ak,.place relop aE,.place "go to" _);
gen("go to" )

M— € {M.quad:= nextquad }

Zima 2010 Kompilatory - Generovanie medzijzyka

31



I Priklad 2 — tok riadenia

{ backpatch(E.truelist, M,.quad);
backpatch(E.falselist, M,.quad);

S.nextlist:= merge(S,.nextlist, merge(N.nextlist, S,.nextlist ) }

I N — ¢ {N.nextlist:= makelist(nextguad); gen("go to" ) ]
M— ¢ { M.quad:= nextquad )

S —ifEthen M S, {backpatch(E.truelist, M.quad);
S.nextlist:= merge(E.falselist, S,.nextlist) }

S — while M, E do M, S, { backpatch(S,.nextlist, M,.quad);
backpatch(E.truelist, M,.quad);

S.nextlist:= E.falselist;
gen("go to" M,.quad) }

Zima 2010 Kompilatory - Generovanie medzijzyka
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I Priklad 2 — dokoncenie

I S —> beginLend {S.nextlist:= L.nextlist }
S—A { S.nextlist:= nill }

I L->L,;MS { backpatch(L,.nextlist, M.quad);
L.nextlist:= S.nextlist

L—> S { L.nextlist:= S.nextlist }

Zima 2010 Kompilatory - Generovanie medzijzyka
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