val put
val get

val instream

val messagestream

val binstream
val FOF

val t_op

val t_opl
val t_op2
val t_op3

val s_null

val s_name
val s_number
val s_lbracket
val s_rbracket
val s_lparen
val s_rparen

val s_fncall
val s_pcall
val s_if
val s_then
val s_else
val s_while
val s_do
val s_ass
val s_skip
val s_begin
val s_end

val s_semicolon

val s_.comma
val s_var

val s_array
val s_body
val s_proc
val s_func
val s_is

val s_stop

val s_not
val s_neg
val s_val
val s_string

=2 K §;

= 255;



val s_true
val s_false
val s_return

val s_endfile
val s_diadic

val s_plus
val s.minus
val s_mult
val s_or

val s_and
val s_xor
val s_shift
val s_rshift

val s_eq
val s_ne
val s_ls
val s_le
val s_gr
val s_ge

val s_sub
val s_lsub

val 1_asr3i
val 1_ldr3t
val 1_1sl37

val 1_lsr3i
val 1_str3:

val 1_add3
val 1_1dr3
val 1_str3
val 1_sub3

val 1_add2:

val i_addpci
val i_addspt
val i_ldrpci
val 1_ldrspi
val 1_mov2i
val i_strspi
val i_sub2:

val i_setsp

= 64;

= s_diadic
= s_diadic
= s_diadic
= s_diadic
= s_diadic
= s_diadic
= s_diadic
= s_diadic

= s_diadic
= s_diadic
= s_diadic
= s_diadic
= s_diadic
= s_diadic

= s_diadic
= s_diadic

= 2
= #D;
= #0;
= #1;
= #C;

= #C;
= #2C;
= #28;
= #D;

= #6;
= #14;
= #15;
= #11;
= #13;
= #4;
= #12;
= #T,;

= #8D;
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val i_incspr = #160;

val i_decspi = #161;

val 1_and2 = #0;

val i_eor2 = #1,;

val 1_1sl2 = #2;

val i_lsr2 = #3;

val 1_mul?2 =#D;

val i_mwvn?2 = #F;

val 1_neg?2 = #9;

val 1_orr2 = #C,

val 7_bc =#D;

val i_beq = (i_be < 4) or #0;
val i_bne = (ibe < 4) or #1,;
val i_blt = (i-bc < 4) or #D;
val i_bge = (i-bc < 4) or #A;
val i_bu = #1C,

val i_bl1 = #1F,

val i_bl2 = #1F,

val 7_bl = #8F

val i_pushl = #Bb;

val i_popl = #BD;

val i_svc =#DF

val bytesperword = 4;

val linemax = 200;

val nametablesize = 128;

array nametable[nametablesizel;

val nil =0

val hashmask = 127,

var outstream,;

val treemax = 25000;
array treeltreemax];

var treep;

var namenode;

var nullnode;

var numuval;

var symbol;

array wordv[100];
var wordp;



var wordsize;

array charv[100];
var charp;
var ch;

array linev|linemax);
var linep;

var linelength;

var linecount;

array names_d[500];
array names_v[500];
var namep;
var nameb;

array consts[500];
var constp;
var constb;

array strings[1000];
var stringp;
var stringb;

var arrayspace;
var arraycount;
var codesize;
var procdef;
var proclabel;

var stackp;
var stk_max;

val labval_size = 1000;
array labval[labval_size];
var labelcount;

val cb_size = 10000;

val cbf _inst =1
val cbf _blkstrt =2;
val cbf _blkend = 3;
val c¢bf _cbranch = 4;
val c¢bf _branch = b;

val cbf _call = 0;
val cbf _lab =T,
val cbf _prog =8§;
val cbf _const =9;

val cbf _string = 10;



val cbf _entry =11,
val cbf _exit =12;
val cbf _tcall =13;

array codebuf fer|cb_sizel;
var cb_buf ferp;

var cb_loadbase;

var cb_entryinstp;

var cb_blockstart;

var cb_loadpoint;

var cb_conststart;

var cb_stringstart;

var tnblock;

val mazxaddr = 200000;



proc main() is

var t;

{ selectoutput(messagestream)
;. t = formitree()

; prints(“tree size: )

i printn(treep)

;. newline()

; translate(t)

;. prints(“program size : )

i printn(codesize X 2)

;. newline()

; prints(“size: )

;. printn((codesize x 2) + (arrayspace x 4))
;. newline()

proc selectoutput(val ¢) is
outstream := c

proc putval(val ¢) is
put(c, outstream)

proc newline() is
putval(‘\n’)



func div(val n, val m) is
var ;

var j;

var b;
var r;
{i:=
;o
;b=

)

i S o= 3 3

do

)

r—'agﬁ
=%
o

N .
A S

<
i 1
b < 1

-

; whileb > 0do

{ifj >
then

{ r=mrorb
;)=
¥

else

skip
ot =1 > 1
b =b>1

}

; return r

}

func rem(val n, val m) is
return n — (div(n, m) x m)



proc prints(array s) is
var n;

var p;

var w;

var [;

var b;

{n:=1

; p =0

; w = s[p|

;1 = w and 255
Dow = w > 8
b =1

; whilen < [do
{ putval(w and 255)

pow = w > 8
rni=n + 1
b =0b+4+1
; ifb = bytesperword
then
{b:=0
;o pi=p+1
; w = s[p|
¥
else
skip

}
}

proc printn(val n) is
ifn < 0
then
{ putval(‘=")
;. printn(—n)
}
else
{ ifn >9
then
printn(div(n, 10))
else
skip

; putval(rem(n, 10) 4+ ‘0")

}



proc printhez(val n) is

var d;
{ ifn > 15
then
printhex(n > 4)
else
skip
; d := nand15
; ifd < 10
then
putval(d + ‘07)
else

putval((d — 10) + ‘a’)

}

func formtree() is
var i;
var t;
{ linep == 0
. wordp =
;. charp =
; treep =
1 =0
; while 7 < nametablesize do
{ nametableli] := nil
1 =1 + 1
}
; declsyswords()
;. nullnode = consl(s_null)
;i linecount = 0
;. rdline()
;reh()
;. nextsymbol()
;if (symbol = s_var) or (symbol = s_val) or (symbol = s_array)
then
t := rgdecls()
else
t = nullnode
return cons3(s_body, t, rprocdecls())

0
0
1



proc cmperror(array s) is

{ prints(“error near line )
;. printn(linecount)

;. prints(“: )

; prints(s)

; newline()

}

func newvec(val n) is
var t;
{ t = treep
;. treep = treep + n
; iftreep > treemax
then
cmperror(“out of space”)
else
skip
; return ¢

}

func consl(val op) is

var t;

{ t = newvec(1)
i treelt] := op

; return

}

func cons2(val op, val t1) is
var t;

{ t = newvec(2)

; treelt] == op

; treelt + 1] = tl

; return ¢

}

func cons3(val op, val t1, val £2) is
var t;
{ t = newvec(3)

tree[t] := op
i tree[t + 1] = tl
o treelt + 2] = 2
; return ¢

}
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func cons4(val op, val t1, val £2, val t3) is
var t;
{ t = newvec(4)

. tree[t] == op

o treelt + 1] = t1
; treeft + 2] = 2
; treeft + 3] = 3
; return ¢

11



func lookupword() is
var a;

var hashval;

var i;

var stype;

var found,

var searching;

)
)
)
)

)

a = wordv|0]
hashval = (a + (a > 3) + (wordvjwordsize] < 2)) and hashmask
namenode := nametablelhashval]
found := false
searching = true
while searching do
if namenode = nil
then
{ found := false
;. searching := false

else
{i:=
; while (i < wordsize) and (tree[namenode + i + 2] = wordv|i]) do
1 =1 + 1
; ifi < wordsize
then
namenode := tree[namenode + 1]
else
{ stype = tree[namenode]

;. found := true
;. searching := false

}
}
if found
then
skip
else
{ namenode = newvec(wordsize + 3)
; tree[namenode] := s_name
; tree[namenode + 1] := nametable[hashval]
1 =0
; while? < wordsize do
{ treelnamenode + i + 2] := wordv]i]
1 =1+ 1
}
; nametablelhashval] := namenode
;. stype = s_name

}

return stype

12
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func packstring(array s, array v) is
var n;

var si;

var vi;

var w;

var b;

{ n = s[0]
;ost =0
;v = 0
;b =0
;ow =0

; while st < ndo
{ w:= wor (s
b =b+4+1
it b = bytesperword

then

[si] < (b < 3))

;s = st 4+ 1
}
; ifb =0
then
vi = vt — 1
else
vfvi] = w
return vi



proc unpackstring(array s, array v) is
var si;

var vi;

var b;

var w;

var n;

_{SZ. =

;. n = w and 255
; whilevi < ndo
{ v[vi] := wand 255

Cow o= w > 8
vl = vl + 1
b =0b+ 1
: ifb = bytesperword

then

{b:=0

;ost = st + 1

. ow = s[si]

}

else

skip

proc declare(array s, val item) is
{ wunpackstring(s, charv)

;. wordsize = packstring(charv, wordv)
i lookupword()
i treelnamenode] = item

}
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proc declsyswords() is
{ declare(“and”, s_and)

i declare(“array”, s_array)
;. declare(“do”, s do)

i declare(“else”, s_else)

i declare(“false”, s_false)
;. declare(“func’, s_func)
;. declare(“if”, s_if)

;. declare(“is”, s_is)

i declare(“or”, s_or)

i declare(“proc”’, s_proc)
;declare(“return”, s_return)
;declare(“skip”, s_skip)

;. declare(“stop”, s_stop)

;. declare(“then”, s_then)

i declare(“true”, s_true)

;. declare(“val”, s_val)

;. declare(“var”, s_var)

i declare(“while”, s_while)
;. declare(“zor”, s_xor)

}

func getchar() is
return get(instream)

proc rdline() is
{ linelength :=

o linep = 1

; linecount := linecount + 1
;. ch := getchar()

;. linev[linelength] = ch

; while (ch # ‘\n’) and (ch # FEOF) and (linelength < linemax) do
{ ch := getchar()
;. linelength = linelength + 1
;. linev[linelength] := ch

16



proc rch() is
{ iflinep > linelength
then
rdline()
else
skip
; ch := linev|linep]
: linep := linep + 1

}

proc rdtag() is
{ charp =0

; while ((ch > *‘A’) and (ch <‘Z’)) or ((ch > ‘a’) and (ch < ‘z")) or ((ch > ‘0’) and (ch <‘9’)) or (ch

{ charp = charp + 1

;. charv|[charp] := ch
;. rch()
}
;. charv[0] := charp
; wordsize = packstring(charv, wordv)

}

proc readnumber(val base) is
var d;
{ d := value(ch)
;. numuval = 0
o ifd > base
then
cmperror(“error in number”)
else
while d < base do
{ numval = (numval x base) + d
; reh()
;d := value(ch)
}

17



func value(val c) is

if (¢ >0’) and (¢ <‘97)
then

return ¢ — ‘0
else
if (¢ >‘A’)and (¢ <‘2)
then

return (¢ + 10) — ‘A’
else

return 500

Y

func readcharco() is

var v;
{ ifch =\’
then
[ ren()
; ifch =\’
then
v o= 4\7
else
if ch =*\"
then
vo=\"
else
if ch =*\"’
then
U = (\777
else
ifch =n’
then
vo=\n’
else
if ch =’
then
v o= \r’
else

cmperror(“error in character constant”)

}

else
v = ch
;. reh()

return v

18



proc readstring() is
var charc;

{ charp = 0

I

while ch # ‘\”" do
{ if charp = 255
then
cmperror(“error in string constant”)
else

skip
; charc := readcharco()
;. charp = charp + 1
;. charv|[charp] := charc

}
charv|[0] := charp
wordsize = packstring(charv, wordv)
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proc nextsymbol() is

{ while (ch =\n’) or (ch = ‘\r’) or (ch

rch()
; ifch =
then
{ reh()
; while ch # ‘|" do
rch()
; reh()
;. nextsymbol()

}

else

if ((ch > *‘A’) and (ch <*‘Z%))or ((ch > ‘a’) and (ch <

then

{ rdtag()
;. symbol := lookupword()

}

else

if (ch >0’) and (ch <‘9)
then

{ symbol := s number

; readnumber(10)

}

else

if ch = ‘4

then

{ reh()

;. symbol = s_number
;. readnumber(16)

}

else
if ch ="[
then

{ rch()

;. symbol = s_lbracket

}

else
ifch =
then

{ rch()

;. symbol = s_rbracket

}

else

if ch =<

then

{ rch()

;. symbol = s_lparen

}

20
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else
ifch =)
then

{ rch()

;. symbol = s_rparen

else
if ch ={’
then

{ rch()

;. symbol = s_begin

else
if ch =}’
then

{ rch()

;. symbol = s_end

else
ifch =
then

{ rch()

: symbol = s_semicolon

else
ifch =)
then

{ rch()

;. symbol := s_comma

else
ifch =+’
then

{ rch()

;. symbol = s_plus

else
ifch ==’
then

{ rch()

;. symbol = s_minus

else
if ch =%’
then

{ rch()

;. symbol = s-mult

else



if ch ==’
then

{ reh()

;. symbol =

}

else
if ch =<’
then
{ rch()
. ifch ==’
then
{ rch()
; symbol
}
else
ifch =<’
then
{ rch()
: symbol
}
else
symbol
}

else

if ch =*>’

then

{ reh()

; ifch ==
then

{ rch()

;. symbol :

}

else
ifch =’
then

{ rch()

;. symbol :

}

else

}

else

if ch =~

then

{ rch()

; ifch ==’
then

{ rch()

symbol :

; symbol

5_eq

= s.le

= s.shift

= s.ls

= s.ge

= s.rshift

= s.gr

= s_ne

22



}

else
symbol := s_not
}

else

ifch =*7

then

{ rch()

; ifch ==’
then

{ rch()

;. symbol = s_ass
}
else
emperror(“\'=\" expected”)
}

else
if ch =*\”
then

{ rch()

;. numuval = readcharco()
; ifch =*\"
then
rch()
else
cmperror(“error in character constant”)
;. symbol = s_number

}

else
if ch =*\"’
then

{ rch()

;. readstring()
; ifch =\’
then
rch()
else
cmperror(“error in string constant”)
;. symbol = s_string

}

else
itch = FOF
then
symbol = s_endfile
else
cmperror(“illegal character”)

23



proc check for(val s, array m) is
if symbol = s
then
nextsymbol ()
else
cmperror(m)

func rname() is
var a;
{ if symbol = s_name

then

{ a := namenode

;. nextsymbol()

}

else

cmperror(“name expected”)

; return a

}

24



func relement() is
var a;
var b;
var i;
{ if symbol = s_name
then
{ a := rname()
;. if symbol = s_lbracket
then
{ mnextsymbol()
;b = rexpression|()
;. check for(s_rbracket, “\'|\’ expected”)
;a = cons3(s_sub, a, b)
}
else
if symbol = s_lparen
then
{ nextsymbol()
;. if symbol = s_rparen
then
b := nullnode
else
b = rexplist()
;. check for(s_rparen, “\")\’ expected”)

:a := cons3(s_fncall, a, b)
¥
else
skip
¥
else
if symbol = s_number
then
{ a := cons2(s_.number, numuval)
;. nextsymbol()
¥
else
if (symbol = s_true) or (symbol = s_false)
then
{ a := namenode
;. nextsymbol()
¥
else
if symbol = s_string
then
{ a := newvec(wordsize + 2)
;. treela + toop| := s_string
1 =0

; while ¢ < wordsize do

25



)

}

{ treefa + i + 1] := wordv]i]

;o1 =1+ 1
}
;. nextsymbol()
}
else
if symbol = s_lparen
then
{ nextsymbol()
;. a := rexpression()

;. check for(s_rparen, “\")\’ expected”)
}
else

cmperror(“error in expression”)
return a
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func rexpression() is

var a;
var b;
var s;
if symbol = s_minus
then
{ mnextsymbol()
;b := relement()

; return cons2(s_neg, b)
}
else
if symbol = s_not
then
{ mnextsymbol()
;b = relement()
; return cons2(s_not, b)
}
else
{ a := relement()
; if (symbol and s_diadic) # 0
then
{ s = symbol
;. nextsymbol()
; return cons3(s, a, rright(s))
}
else
return a
}

func rright(val s) is
var b;
{ b := relement()
;  if associative(s) and (symbol = s)
then
{ nextsymbol()
; return cons3(s, b, rright(s))
}
else
return b
}

func associative(val s) is
return (s = s_and) or (s = s.or)or (s = s.wor)or (s = s_plus)or (s = s_mult)

27



func rexplist() is

var a;

{ a := rexpression()

:if symbol = s_comma
then

{ mnextsymbol()
; return cons3(s_comma, a, rexplist())

}

else
return a

28



func rstatement() is

var a;

var b;

var ¢;
if symbol = s_skip
then
{ mnextsymbol()
; return consl(s_skip)
}
else
if symbol = s_stop
then
{ nextsymbol()
;. return consl(s_stop)
}
else
if symbol = s_return
then
{ mnextsymbol()
;. return cons2(s_return, rexpression())

}

else

if symbol = s_if

then

{ mnextsymbol()

;. a = rexpression()

;. check for(s_then, “\'then\’ expected”)
;b := rstatement()

;. check for(s_else, “\’else\’ expected”)
;¢ := rstatement()

; return consd(s_if, a, b, c)

else

if symbol = s_while

then

{ nextsymbol()

; a = rexpression()

;. check for(s_do, “\’do\’ expected”)
;b := rstatement()

;. return cons3(s_while, a, b)

else

if symbol = s_begin

then

{ mnextsymbol()

;. a := rstatements()

. check for(s_end, “\’}\’ expected”)
; return a

29



}

else
if symbol = s_name
then
{ a := relement()
; if treela + toop] = s_fncall
then
{ treela + top] = s_pcall
; return a
}
else
{ iftreela + t.op] = s_sub
then
treela + toop] := s.lsub
else
skip
. checkfor(s_ass, “\':=\' expected”)
; return cons3(s_ass, a, rexpression())
}
}
else
{ emperror(“error in command”)
; return consl(s_stop)

}
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func rstatements() is

var a;

{ a := rstatement()

:if symbol = s_semicolon
then

{ mnextsymbol()

; return cons3(s_semicolon, a, rstatements())

}

else
return a

func rprocdecls() is

var a;

{ a := rprocdecl()

;if (symbol = s_proc) or (symbol = s_func)
then

return cons3(s_semicolon, a, rprocdecls())
else
return a

31



func rprocdecl() is

var s;
var a;
var b;
var ¢;
{ s = symbol
;. nextsymbol()
;a = rname()
;. check for(s_lparen, “\'(\’ expected”)
;if symbol = s_rparen

then

b := nullnode
else

b = rformals()
check for(s_rparen, “\')\’ expected”)
check for(s_is, “\’is\' expected”)

if (symbol = s_var) or (symbol = s_val)
then

¢ = rldecls()
else

¢ = nullnode
¢ = cons3(s_body, c, rstatement())
return cons4(s, a, b, c)
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func r formals() is

var s;
var a;
var b;
{ if (symbol = s_val) or (symbol = s_array) or (symbol = s_proc)
then
{ s = symbol
;. nextsymbol()
;if symbol = s_name
then
a = cons2(s, rname())
else

cmperror(“name expected”)

}
else

skip

:if symbol = s_comma

then
{ mnextsymbol()
;b := rformals()
; return cons3(s_comma, a, b)
}
else

return a

}

func rgdecls() is

var a;
{ a := rdecl()
;if (symbol = s_val) or (symbol = s_war) or (symbol = s_array)
then
return cons3(s_semicolon, a, rgdecls())
else
return a
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func ridecls() is
var a;
{ a := rdecl()
;. if (symbol = s_val) or (symbol = s_var)
then
return cons3(s_semicolon, a, rldecls())
else
return a

}

func rdecl() is

var a;
var b;
{ if symbol = s_var
then
{ mnextsymbol()
;a = cons2(s_var, rname())
}
else
if symbol = s_array
then
{ mnextsymbol()
;a = rname()
;. check for(s_lbracket, “\’[\’ expected”)
;b := rexpression()
. check for(s_rbracket, “\’|\’ expected”)
; a = cons3(s_array, a, b)
}
else
if symbol = s_wval
then
{ mnextsymbol()
;a = rname()
;. check for(s_eq, “\'=\" expected”)
;b := rexpression()
: a = cons3(swal, a, b)
}
else
skip

i check for(s_semicolon, “\’;\’ expected”)
; return a

}
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proc namemessage(array s, val x) is

var n;

var p;

var w;

var [;

var b;

{ prints(s)

; iftreelr + t.op] = s_-name
then

; whilen < [do
{ putval(w and 255)

pow o= w > 8
rnoi=n 4+ 1
b =0b+ 1
it b = bytesperword
then
{b:=0
;opi=p+ 1
. w = tree[r + p
}
else
skip
}
}
else
skip
;. newline()

}

proc generror(array s) is

{ prints(s)

;. newline()

;. namemessage(“in function 7, tree[procdef + t_opl))

}
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proc declprocs(val x) is

if treefr + t.op| = s_semicolon
then
{ declprocs(tree[z + t_opl])
;. declprocs(tree[r + t_op2])
}
else
addname(z, getlabel())

proc decl formals(val z) is
var op;
{ op = treelx + t_op|

)

ifop = s_null
then
skip
else
if op = s_comma
then
{ declformals(tree[x + t_opl])
;. decl formals(tree[x + t_op2])

}

else
{ ifop = swal
then
treelr + t_op] = swar
else
skip

;. addname(x, stackp)
stackp = stackp + 1
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proc t formals(val z) is
var op;
{ op := treelx + t_op|

I

}

ifop = s_null
then
skip
else
if op = s_comma
then
{ tformals(tree[r + t_opl])
; tformals(tree[r + t_op2])
}
else
{ gen2i(i_strspi, stackp, stackp)
; stackp := stackp + 1

}
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proc declglobals(val z) is
var op;
{ op := treelx + t_op|

I

if op = s_semicolon
then
{ declglobals(tree[x + t_opl])
;declglobals(tree[x + t_op2])
}
else
ifop = s_var
then
{ addname(x, stackp)
;. stackp := stackp + 1
}
else
ifop = swal
then
{ treelx + t.op2] = optimiseexpr(tree[x + t_op2|)
;if isval(tree[r + t_op2])
then
addname(x, getval(treelx + t_op2|))
else
generror(“constant expression expected”)
}
else
ifop = s_array
then
{ treelx + t.op2] = optimiseexpr(tree[x + t_op2|)
;if isval(tree[r + t_op2])
then
{ arrayspace := arrayspace + getval(tree[x + t_op2|)
;. addname(x, stackp)
. stackp := stackp + 1
}
else
generror(“constant expression expected”)
}
else
skip
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proc tglobals() is

var g;
var arraybase;
var name;
{g=0
; arraybase = mazaddr — (arrayspace <K 2)
; loadconst(7, arraybase — (stackp < 2))
;  gensetsp(7)
; while g < namep do

{ name := names_d[g|

; if tree[name + t_op] = s_array

then

{ loadconst(0, arraybase)
; gen2i(i_strspi, 0, names_v]g|)
;. arraybase = arraybase + (getval(tree[name + t_op2]) < 2)

}

else
skip
;g =9+ 1
}
}
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proc decllocals(val x) is
var op;
{ op := treelx + t_op|
; ifop = s_null
then
skip
else
if op = s_semicolon
then
{ decllocals(tree[xz + t_opl])
; decllocals(treelx + t_op2|)
}
else
ifop = s_var
then
{ addname(zx, stackp)
; stackp := stackp + 1
}
else
ifop = s_val
then
{ treelx + t.op2] = optimiseexpr(tree[x + t_op2|)
;ifisval(tree[r + t-op2))
then
addname(z, getval(tree[z + t_op2]))
else
generror(“constant expression expected”)

}

else
skip
}

proc addname(val x, val v) is

{ names_d[namep| = z
;. names_v[namep| = v
; namep = namep + 1

}
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func findname(val x) is

var n;

var found,;

{ found := false

;7 n o= namep — 1

; while (found = false) and (n > 0) do
if tree[names_din] + topl] = x
then
found = true
else
n:=mn—1
;. if found
then
skip
else
{ mamemessage(“name not declared ”, x)
;. namemessage(“in function”, tree[procdef + t_opl))

}

; return n

}

func islocal(val n) is
return n > nameb
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proc optimise(val x) is
var op;
{ op := treelx + t_op|
; if (op = s_skip) or (op = s_stop)
then
skip
else
ifop = s_return
then
treelr + t_opl] := optimiseexpr(tree[x + t_opl))
else
ifop = saf
then
{ tree[r + t.opl] := optimiseexpr(tree[x + t-opl])
;. optimise(tree[r + t_op2])
;. optimise(tree[x + t_op3])

}

else

if op = s_while

then

{ tree[x + t.opl] := optimiseexpr(tree[x + t_opl])

; optimise(tree[z + t_op2])
}
else
ifop = s_ass
then
{ treelx + t.op2] := optimiseexpr(tree[x + t_op2|)
; treelx + t.opl] = optimiseexpr(tree[z + t_opl])
}
else
if op = s_pcall
then
{ treelx + t.op2] = optimiseexpr(tree[x + t_op2|)
; treelx + t.opl] = optimiseexpr(tree[z + t_opl])
}
else
if op = s_semicolon
then
{ optimise(tree[x + t_opl])
;. optimise(tree[r + t_op2])
}
else
skip
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func optimiseexpr(val x) is
var op;

var name;

var r;

var temp;

var le ft;

var right;

var leftop;

var rightop;

{r=uz

; op = treelx + t_op|
; ifop = s.name

then
{ name = findname(x)
;if tree[names_d[name] + t_op] = s_val
then
r = tree[names_djname] + t_op2]
else
skip
}
else
if monadic(op)
then
{ tree[r + t.opl] := optimiseexpr(tree[r + t_opl])
. op = treelx + t_op|
;i isval(tree[r + t_opl))
then
{ treelx + t.opl] = evalmonadic(z)
;. tree[r + t.oop] := s_number
}
else
skip
}
else
ifop = s_fncall
then
{ treelx + t.op2] = optimiseexpr(tree[x + t_op2|)
; treelx + t.opl| = optimiseexpr(tree[z + t_opl])
}
else
if diadic(op)
then
{ treelx + t.op2] = optimiseexpr(tree[x + t_op2|)
; treelx + t.opl] = optimiseexpr(tree[z + t_opl])

;. left = tree[r + t.opl]

;. right := tree[r + t_op2]

;. leftop = tree[left + t_op]

;. rightop = tree[right + t_op|
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I

if (op = s_sub) or (op = s_lsub)
then

skip

else

if isval(left) and isval(right)

then

{ treelx + t.opl] = evaldiadic(z)

)

}

treelx + top] = s_number

else
ifop = s_eq
then

if (leftop = s_not) and (rightop = s_not)
then

{ treelz + t.opl] := tree[left + t_opl]
. treelx + t.op2] = tree[right + t_opl]

}

else
skip
else
ifop = s_ne
then

.{

I

}

treelr + top] = s_eq
r = cons2(s_not, x)
if (leftop = s_not) and (rightop = s_not)
then
{ treelx + toopl] = tree[left + t_opl]
; treelx + t.op2| = tree[right + t_opl]
}
else

skip

else
ifop = s_ge
then

.{

}

treelx + t-op] = s.s
r = cons2(s-not, x)

else
ifop = s_gr
then

{

temp = tree[xr + t_opl]

. tree[r + toopl] := tree[x + t_op2]
; treelx + t_op2| = temp

; treelx + t.op| = sls

}

else

ifop = s_.le

then
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{ temp := tree[x + t_opl]
. tree[r + t.opl] = tree[r + t.op2]
_|_

; treelx + toop2| = temp
; tree[r + t.op] = s.s
;1 = cons2(s_not, x)
¥
else
if (op = s_or)or (op = s_and)
then
if (leftop = s_not) and (rightop = s_not)
then
{ r := cons2(s_not, x)
; iftreelx + top] = s.and
then
treelx + t.op] = s.or
else

tree[x + t.op] := s_and
; treelx + topl] = tree[left + t_opl]
; treelx + t.op2] = tree[right + t_opl]
}
else
skip
else
ifop = s_xor
then
if (leftop = s_not) and (rightop = s_not)
then
{ tree[r + t.opl] := tree[left + t_opl]
. treelx + t.op2] = tree[right + t_opl]
}
else
skip

else
if ((op = s_plus) or (op = s.or)or (op = s_zor)) and (iszero(tree[x + t_opl]) or iszero(tree[r + t.
then
if iszero(tree[r + t.-opl])
then
r = tree[r + t.op2]
else
if iszero(tree[r + t_op2|)
then
r = tree[r + t_opl]
else
skip
else
if ((op = s_minus) or (op = s.Ishift) or (op = s_rshift)) and iszero(tree[xr + t_op2])
then
r = tree[r + t_opl]
else
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skip
}
else
if op = s_comma
then
{ treelx + t.op2] := optimiseexpr(tree[x + t_op2|)
; treelx + t.opl| = optimiseexpr(tree[z + t_opl])
}
else
skip
; return r

}
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func isval(val x) is

var op;
{ op := treelx + t_op|
;. return (op = s_true) or (op = s_false) or (op = s_number)

}

func getval(val x) is

var op;
{ op := treelx + t_op|
; ifop = s_true
then
return — 1
else
if op = s_false
then
return 0
else
if op = s_number
then
return treelr + t_opl]
else
return 0

}

func evalmonadic(val x) is

var op;

var opd,

{ op = treelx + t_op|

; opd = getval(tree[r + t_opl])

; ifop = s.neg
then
return — opd
else
ifop = s_not
then
return ~ opd
else
{ generror(“compiler error”)
; return 0

}
}
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func evaldiadic(val x) is

var op;

var left;

var right;

{ op := treelx + t_op|

;i left = getval(treelx + t_opl))
;. right = getval(tree[r + t_op2])

. ifop = s_plus

then

return le ft + right
else
ifop = s_-minus
then

return left — right
else
ifop = s_mult
then

return left X right
else
ifop = s_eq
then

return left = right
else
ifop = s_ne
then

return left # right
else
ifop = s.s
then

return le ft < right
else
ifop = s_gr
then

return left > right
else
ifop = s.le
then

return left < right
else
ifop = s_ge
then

return left > right
else
ifop = s.or
then

return le ft or right
else

ifop = s_and



}

then
return left and right

else
if op = s_xor
then
return left # right
else
ifop = s.Ishift
then
return le ft < right
else
ifop = srshift
then
return left > right
else

{ cmperror(“optimise error”)
; return 0

}
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proc translate(val t) is

var s;

var dlab;

var mainlab;

{ namep := 0

i nameb = 0

; labelcount = 1

;anitbuf fer()

;. arrayspace = 0

i stk_init()

i declglobals(tree[t + t_opl])
;. tglobals(treelt + t_opl])
;declprocs(tree[t + t_op2])
;. nameb := namep

;. mainlab = getlabel()

; gencall(mainlab, true, 0, false)
;. genli(i_sve, 0)

; setlab(mainlab)

;. genprocs(tree[t + t_op2|)

; endblock(0)

i flushbuf fer()
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proc genprocs(val x) is

var body;

var savetreep;

var pn;
if treelx + t.op] = s_semicolon
then
{ genprocs(tree[x + t_opl))

)

}

genprocs(treelx + t_op2])

else

}

savetreep = treep

namep = nameb

pn = findname(tree[x + t_opl])
proclabel = names_v[pn]

procdef := names_d[pn)]
body = treelr + t_op3|
stk_init()

decl formals(tree[x + t_op2])
genentry()

stackp = 0
tformals(treelx + t_op2|)
decllocals(tree[body + t_opl])
setstack()

optimise(treelbody + t_op2])
genstatement(treelbody + t_op2|, true, 0, true)
genexit()

treep = savetreep

func funtail(val tail) is
return (tree[procdef + t.op| = s_func) and tail
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proc genstatement(val z, val seq, val clab, val tail) is
var op;
var opl;
var lab;
var thenpart;
var elsepart;
var elselab;
{ op := treelx + t_op|
; ifop = s_semicolon
then
{ genstatement(treelx + t_opl], true, 0, false)
;. genstatement(treelx + t_op2|, seq, clab, tail)
}
else
if (op = s_if) and (clab = 0)
then
{ lab := getlabel()
; genstatement(z, true, lab, tail)

; setlab(lab)
}

else

ifop = saf
then

{ thenpart := tree[r + t_op2]
; elsepart := tree[r + t_op3|
;if (~ funtail(tail)) and ((treethenpart + t_op] = s_skip) or (treelelsepart + t_op] = s_skip))
then
{ gencondjump(tree[x + t_opl], tree[thenpart + t_op| = s_skip, clab)
;if tree[thenpart + t_op| = s_skip
then
genstatement(elsepart, seq, clab, tail)
else
genstatement(thenpart, seq, clab, tail)
}

else

{ elselab := getlabel()

;. gencondjump(tree[z + t_opl], false, elselab)
;  genstatement(thenpart, false, clab, tail)

; setlab(elselab)

;. genstatement(elsepart, seq, clab, tail)

}
}

else
if funtail(tail)
then
if op = s_return
then

{ opl = treelx + t_opl]
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;. if treefopl + toop] = s_fncall
then
tcall(opl, seq, clab, tail)
else
{ texp(0, tree[r + t_opl])
;. genbr(seq, clab)
¥
}
else
generror(“\"return\” expected”)
else
if (op = s_while) and (clab = 0)
then
{ lab := getlabel()
;  genstatement(zx, false, lab, false)

;. setlab(lab)

}

else

if op = s_while
then

{ lab := getlabel()
;. setlab(lab)

;. gencondjump(tree[z + t_opl], false, clab)
;. genstatement(tree[x + t_op2|, false, lab, false)
}
else
if op = s_pcall
then
teall(z, seq, clab, tail)
else
if op = s_stop
then
genli(i_svc, 0)
else
{ ifop = s_skip
then
skip
else
ifop = s_ass
then
genassign(tree[r + t-opl], tree[r + t-op2])
else
ifop = s_return
then
generror(“misplaced \"return\””)
else
skip
;. genbr(seq, clab)

}
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proc gencondjump(val x, val f, val label) is
var cond,

var op;

var cr;

{ cx =

{ cond =~ cond
; cx = treelx + t_opl]
}
else
skip
; iftreefex + toop] = s.s
then
{ texp2(s-minus, 0, tree[cx + t.opl], tree[cx + t_op2])
;. if cond
then
gencbr(i_blt, label)
else
gencbr(i_bge, label)
}

else
{ iftreefcx + top| = s-eq
then
{ ifiszero(tree[cx + t_opl])
then
tbexp(0, treelcx + t-op2])
else
if iszero(tree[cx + t_op2])
then
tbexp(0, tree[cx + t-opl])
else
texp2(s-minus, 0, tree[cx + t.opl], tree[cx + t_op2|)
;. cond =~ cond
}
else
tbexp(0, cx)
;. if cond
then
gencbr(i_bne, label)
else
gencbr(i_beq, label)
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proc teall(val x, val seq, val clab, val tail) is
var sp;
var entry;
var def;
{ sp := stackp
i prepareaps(tree(x + t_op2])
; setstack()
. stackp = sp
;. loadaps(tree[r + t_op2|)
;ifisval(tree[r + t_opl])
then
genli(i_sve, getval(treelx + t_opl]))
else
{ entry = findname(tree[x + t_opl])

;. def := names_d[entry]
;if islocal(entry)
then

{ gen2i(i_ldrspi, 6, names_v|[entry))
; genl(ibl, 6)
}
else
{ checkps(tree[def + t_op2|, tree[zr + t_op2])
; gencall(names_vlentry|, seq, clab, tail)
}
}
; stackp = sp

}

proc prepareaps(val aplist) is
var ;
var reg;
{ = = aplist
;o reg = 0
; while tree[z + t.op|] = s_comma do
{ prepareap(reg, tree[x + t_opl])
. x = treelr + t_op2]
; reg = reg + 1
}

prepareap(reg, x)
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proc prepareap(val reg, val x) is
var op;
var vn;
{ op := treelx + t_op|
; ifop = s_null
then
skip
else
if (reg > 0) and (containscall(z) or (regsfor(z) > (7 — reg)))
then
{ texp(0, x)
; gen2i(i_strspi, 0, stackp)
. stackp = stackp + 1
}
else
skip

}

proc loadaps(val aplist) is
var x;
var reg;
{ = = aplist
;o reg = 0
; while tree[x + t.op] = s_comma do
{ loadap(reg, treelx + t_opl])
. x = treelr + t_op2]
; reg = reg + 1
}

loadap(reg, x)

o7



proc loadap(val reg, val x) is
var op;

var vn;

var aptype;

{ op = treelx + t_op|

; ifop = s_null

then
skip
else
if op = s_name
then
{ vn = findname(z)
;. aptype := treelnames_d[vn] + t_op|
;. if aptype = s.wval
then
loadconst(reg, names_v|vn])
else
if aptype = s_proc
then
loadproc(reg, vn)
else

loadvar(reg, vn)

}

else
if (reg > 0) and (containscall(z) or (regsfor(z) > (7 — reg)))
then
{ gen2i(ildrspi, reg, stackp)
;. stackp := stackp + 1
}
else
texp(reg, x)
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proc checkps(val alist, val flist) is

var ax;

var fx;

{ while tree[fx + t.op] = s_comma do
if treelax + t_op] = s.comma
then

{ checkp(treelax + t_opl], tree[fr + t.opl])
. fx = tree[fx + t_op2]

. ar = treelaxr + t_op2]

¥

else

cmperror(“parameter mismatch”)
;. checkp(az, fx)

proc checkp(val a, val f) is
if tree[f + top| = snull
then
skip
else
if tree[f + t.op] = s.wval
then
skip
else
if tree[f + top] = s_array
then
skip
else
if tree[f + t_op] = s_proc
then
skip
else
skip

func iszero(val ) is
return isval(x) and (getval(z) = 0)

func immopb(val x) is

var value;

{ walue := getval(x)

; return isval(z) and (value > 0) and (value < 32)

}
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func immop8(val x) is

var value;

{ walue := getval(x)

; return isval(z) and (value > 0) and (value < 256)

}

func regsfor(val x) is
var op;
var rleft;
var rright;
{ op = treelx + t_op|
; if monadic(op)
then
return regsfor(treelx + t_opl])
else
if diadic(op)
then
{ rleft := regsfor(tree[x + t_opl])
;. rright = regsfor(tree[x + t_op2))
; ifrleft = rright
then
return 1 + rleft
else
if rleft > rright
then
return rle ft
else
return rright

else
return 1
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func containscall(val x) is
var op;

{ op := treelx + t_op|
; if monadic(op)

then
return containscall(tree[x + t_opl])
else
if diadic(op) or (op = s_comma)
then

return containscall(treelx + t_opl]) or containscall(tree[z + t_op2])
else
ifop = s_fncall
then
return true
else
return false
}

proc loadbase(val reg, val base) is

var name;
var def;
if isval(base)
then
loadconst(reg, getval(base))
else
{ name := findname(base)
; def = names_d[name]
; if tree[def + t.op| = s_array
then
loadvar(reg, name)
else

namemessage(“array expected’, treeldef + t_opl])
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proc genassign(val left, val right) is
var sp;
var leftop;
var name;
var base;
var of fset;
var value;
{ leftop = tree[left + t_op]
; ifleftop = s.name
then
{ name = findname(left)
; texp(0, right)
;. storevar(0, name)
}
else
{ base := tree[left + t_opl]
;. of fset := treelleft + t_op2]
;if isval(of fset)
then
{ walue := getval(of fset)
; ifwalue < 32
then
{ texp(0, right)
;. loadbase(1, base)
;. gen3i(i_str3di, 0, 1, value)
¥
else
{ texp(0, right)
;. texp(l, left)
; gen3i(i_str3di, 0, 1, 0)
}
¥
else
if containscall(right)
then
{ if containscall(of fset)
then
{ sp := stackp
;. texp(0, of fset)
;. stackp := stackp + 1
;. setstack()
;. gen2i(i_strspi, 0, sp)
;. texp(0, right)
;. gen2i(ildrspi, 1, sp)
. stackp = sp

else
{ texp(0, right)
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}

}

;. texp(l, of fset)

¥
; subassign(0, base, 1)
}
else
if containscall(of fset)
then
{ texp(0, of fset)
;. texp(l, right)
;. subassign(1, base, 0)
}
else
if regsfor(right) > regsfor(of fset)
then
{ texp(0, right)
;. texp(l, of fset)
;. subassign(0, base, 1)
}
else
{ texp(0, of fset)
;. texp(l, right)
;. subassign(1, base, 0)

}
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proc subassign(val source, val base, val sub) is
{ loadbase(2, base)

; gen3i(i_lsl3i, sub, sub, 2)

;. gen3(i_str3, source, 2, sub)

}

proc thexp(val reg, val ) is
var op;

var name;

{ op := treelx + t_op|

;. texp(reg, x)

; ifop = s.name

then
{ name = findname(x)
; if tree[names_d[name] + t_op| = s_war
then
gen2i(i_add2i, reg, 0)
else
skip
}
else
ifop = s_sub
then
gen2i(i_add2i, reg, 0)
else
skip
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proc texp(val reg, val ) is
var op;
var left;
var right;
var of fs;
var value;
var def;
{ op := treelx + t_op|
i if isval(x)
then
{ wvalue := getval(x)
;loadconst(reg, value)
}
else
ifop = s_name
then
{ left = findname(x)
; def = names_d[left]
; if tree[def + t.op] = s.wal
then
loadconst(reg, names_v|left])
else
if treeldef + t.op] = s-var
then
loadvar(reg, left)
else

skip
}

else
if op = s_string
then
genstring(reg, x)
else
if op = s_neg
then
{ texp(reg, treelx + t_opl))
;. gen2(i_neg2, reg, reg)
}
else
if op = s_not
then
{ left := treelxr + t_opl]
; if tree[left + toop] = s_eq
then
{ texp2(s-minus, reg, tree[left + t_opl], tree[left + t_op2])
;. genli(i_beq, 1)
;. gen2i(i_mov2i, reg, 1)
;. gen2(i_neg2, reg, reg)
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}

}

else
{ texp(reg, treelx + t_opl))
;. gen2(i_mwvn2, reg, reg)

}

else

if (op = s_sub) or (op = s_lsub)
then

{ left := tree[r + t_opl]

I

I

def := names_d|left]

if isval(treelx + t_op2])

then

{ loadbase(reg, left)

;. walue = getval(tree[z + t_op2])
;ifwvalue < 32

then
ifop = s_sub
then
gen3i(i_ldr3i, reg, reg, value)
else

gen2i(i_add2i, reg, value < 2)
else
{ loadconst(reg + 1, value < 2)
. ifop = s_sub
then
gen3(i_ldr3, reg, reg, reg + 1)
else
gen3(i_add3, reg, reg, reg + 1)
¥
¥

else
if containscall(treelx + t_op2])
then
{ texp(0, tree[r + t-op2])
;. gen3i(ilsl3i, 0, 0, 2)
;. loadbase(1, left)
; ifop = s_sub
then
gen3(i_ldr3, 0, 1, 0)
else
gen3(i_add3, 0, 1, 0)
¥

else
{ loadbase(reg, left)
; texp(reg + 1, tree[r + t-op2])
; gen3i(ilsl3i, reg + 1, reg + 1, 2)
; ifop = s_sub
then
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gen3(i_ldr3, reg, reg, reg + 1)
else
gen3(i_add3, reg, reg, reg + 1)
¥
¥

else
ifop = s_fncall
then
teall(z, true, 0, false)
else
ifop = s.s
then
{ texp2(s-minus, reg, tree[r + t.opl], tree[x + t_op2])
;. gen3i(i_asr3i, reg, reg, 31)
¥
else
ifop = s_eq
then
{ texp2(s-minus, reg, tree[r + t.opl], tree[x + t_op2])
;. genli(i_beq, 1)
;. gen2i(i-mov2i, reg, 1)
;. gen2i(i_sub2i, reg, 1)
¥
else
texp2(op, reg, treelx + t.opl], tree[x + t_op2))
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proc texp2(val op, val reg, val left, val right) is
var sp;
if (op = s_plus) and immop8(left)
then
{ texp(reg, right)
;. genopimm(op, reg, getval(left))
}
else
if ((op = s_plus) or (op = s-minus)) and immop8(right)
then
{ texp(reg, left)
;. genopimm(op, reg, getval(right))
}
else
if ((op = s.Ishift) or (op = s_rshift)) and immop5(right)
then
{ texp(reg, left)
;. genopimm(op, reg, getval(right))
}
else
if containscall(right)
then
if containscall(le ft)
then
{ sp := stackp
; texp(0, right)
;. stackp = stackp + 1
; setstack()
;. gen2i(i_strspi, 0, sp)
;. texp(0, left)
;. gen2i(ildrspi, 1, sp)
;  genop(op, 0, 1)
. stackp = sp

else
{ texp(0, right)
: if (op = s.shift) or (op = s_rshift)
then
{ gen3i(i_lsl3i, 6, 0, 0)
;. texp(0, left)
;. genop(op, 0, 6)
}
else
{ texp(l, left)
; ifop = s_minus
then
gen3(i_sub3, 0, 1, 0)
else
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genop(op, 0, 1)
}
}

else
if containscall(left)
then
{ texp(0, left)
; texp(l, right)
;. genop(op, 0, 1)
¥
else
if (op = s.shift)or (op = s_rshift)
then
{ texp(reg, left)
. texp(reg + 1, right)
; genop(op, reg, reg + 1)
}
else
if regsfor(left) > regsfor(right)
then
{ texp(reg, left)
. texp(reg + 1, right)
;. genop(op, reg, reg + 1)
¥
else
{ texp(reg, right)
;. texp(reg + 1, left)
; ifop = s.minus

then

gen3(i_sub3, reg, reg + 1, reg)
else
genop(op, reg, reg + 1)
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proc genop(val op, val dreg, val sreg) is

ifop = s_plus
then

gen3(i_add3, dreg, dreg, sreg)
else
if op = s_minus
then

gen3(i_sub3, dreg, dreg, sreg)
else
ifop = s_mult
then

gen2(i-mul2, dreg, sregq)
else
if op = s_and
then

gen2(i_and2, dreg, sreg)
else
ifop = s.or
then

gen2(i_orr2, dreg, sreg)
else
ifop = s_xor
then

gen2(i_eor2, dreg, sreg)
else
ifop = s_lshift
then

gen2(ilsl2, dreg, sreg)
else
ifop = s_rshift
then

gen2(i_lsr2, dreg, sreg)
else

skip
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proc genopimm(val op, val reg, val v) is

if op = s_plus
then
gen2i(i_add2i, reg, v)
else
if op = s_minus
then
gen2i(i_sub2i, reg, v)
else
ifop = s_lshift
then

gen3i(i_lsl3i, reg, reg, v)
else
ifop = srshift
then

gen3i(i_lsr3i, reg, reg, v)
else

skip

proc stk_init() is
{ stackp = 0
i Sstkomax = 0

}

proc setstack() is
if stk.mazxr < stackp
then
stk_max = stackp
else
skip



proc loadconst(val reg, val value) is
var v;

var shift;

if value > 0

then
if value < 256
then

gen2i(i_mov2i, reg, value)

else
{ v := value
; shift =0

; while (vand 1) = 0do
{vi=v>1
: shift == shift + 1
¥
. ifu < 256
then
{ gen2i(i-mov2i, reg, v)
;. gen3i(ilsl3i, reg, reg, shift)
¥
else
genconst(reg, value)
¥

else
if value > (— 256)
then
{ gen2i(i-mov2i, reg, — value)
;. gen2(i_neg2, reg, reg)
}
else
genconst(reg, value)

proc loadproc(val reg, val vn) is
if islocal(vn)
then
loadvar(reg, vn)
else
genpref(reg, names_v[vn|)
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proc loadvar(val reg, val vn) is

var of fs;
{ offs := names_vlvn]
:if islocal(vn)
then
gen2i(i_ldrspi, reg, of fs)
else
ifoffs < 32
then
gen3i(i_ldr3i, reg, 7, of fs)
else

{ loadconst(reg, of fs < 2)
;. gen3(ildr3, reg, 7, reg)
}

}

proc storevar(val reg, val vn) is

var of fs;
{ offs := names_vlvn]
i if islocal(vn)
then
gen2i(i_strspi, reg, of fs)
else
ifoffs < 32
then
gen3i(i_str3i, reg, 7, of fs)
else

{ loadconst(reg + 1, of fs < 2)
;. gen3(i_str3, reg, 7, reg + 1)
}

}

func monadic(val op) is
return (op = s_not) or (op = s_neg)

func diadic(val op) is
return (op and s_diadic) # 0

proc gendi(val op, val rd, val rm, val imm) is
geni((op < 11) or (imm < 6) or (rm < 3) or rd)

proc gen3(val op, val rd, val rm, val rn) is
geni((op < 9)or (rm < 6)or (rm < 3) or rd)
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proc gen2(val op, val rd, val rm) is
geni(((op or 256) < 6) or (rm < 3) or rd)

proc gen2i(val op, val rd, val imm) is
geni((op < 11) or (rd < 8) or imm)

proc gensetsp(val rm) is
geni((i_setsp < T7)or (rm < 3)orb)

proc genli(val op, val imm) is
geni((op < 8) or imm)

proc genl(val op, val rm) is
geni((op < 7)or (rm < 3))

proc geni(val 7) is
gen(cbf_inst, 0, 1)

proc gencbr(val i, val lab) is

gen(cbf _cbranch, i, lab)

proc genbr(val seq, val lab) is
if seq
then
skip
else
{ gen(cbf_branch, 0, lab)
; endblock(400)

}

proc gencall(val lab, val seq, val clab, val tail) is
if tail and (lab = proclabel)
then
gen(cbf teall, 0, lab)
else
{ gen(cbf_call, 0, lab)
;. genbr(seq, clab)

}
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proc genconst(val reg, val n) is
var ;

var cp;

var found,;

{ startblock()
i found = false

;1 := constb
; while (¢ < constp) and (found = false) do
if consts[i] = n
then
{ found :=true
pocp =1
}
else
1 =1 + 1
;if found
then
skip
else
{ consts[constp] == n
;. cp = constp

;. constp = constp + 1

}

; gen(cbf_const, (ildrpci < 3) orreg, cp)

}

proc genstring(val reg, val x) is

var i;

var sp;

{ startblock()

;. sp = stringp
;1 =0

; whilei < ((tree[x + 1] and 255) > 2) do
{ strings|stringp] = treelz + i + 1]
; stringp = stringp + 1
ot =1 + 1
}

gen(cbf _string, (i_addpci < 3) or reg, sp)



proc genpref(val reg, val lab) is
{ gen(cbf _prog, reg, constp)

;. consts[constp] = lab

;. constp := constp + 1

}

proc gen(val t, val h, val [) is
{ cbloadpoint := cb_loadpoint + 1
i codebuf fer|cb-buf ferp] == (t < 28)or (h < 16) orl
;ocbobufferp = cbbufferp + 1
; ifebbuf ferp = cb_size
then
generror(“code buf fer overflow”)
else
skip

}

func getlabel() is
{ if labelcount < labval_size
then
labelcount := labelcount + 1
else
generror(“too many labels”)
;. return labelcount

}

proc setlab(val 1) is

{ labvadl[l] = cb_loadpoint
;. gen(cbf_lab, 0, 1)

}

proc genentry() is

{ cb_entryinstp = cbbuf ferp
;labval[proclabel] = cb_loadpoint
; gen(cbf_entry, 0, proclabel)

}

proc genexit() is

{ cb_sethigh(cb_entryinstp, stk_max)
; gen(cbf _exit, stk_maz, 0)

;. endblock(300)

}
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proc initbuf fer() is
{ ¢bloadpoint := 0
; cb_loadbase := 0

; constp = 0
;. constb = 0
; stringp = 0
;. stringb = 0

: chobufferp == 0
; cbblockstart = 0

}
proc startblock() is
if inblock
then
skip
else
{ cbloadbase := cb_loadpoint
;. constb := constp
: stringb = stringp
; cboblockstart = cb_buf ferp
;. gen(cbf blkstrt, 0, 0)
; anblock = true
}

proc endblock(val n) is

var codelength;

var constlength;

var stringlength;

{ codelength := cb_loadpoint — cb_loadbase

;constlength = constp — constb

i stringlength = stringp — stringb

;if inblock and ((codelength + ((constlength + stringlength) < 1)) > n)
then
{ cb_sethigh(cb_blockstart, codelength)
;. ch_setlow(cb blockstart, (constlength < 8) or stringlength)
;. gen(cbf_ blkend, 0, 0)
:inblock = false

}

else
skip
}

proc cb_set flag(val p, val f) is
codebuf fer[p] := (codebuf fer[p| and #F FFFFFF) or (f < 28)
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func cb_flag(val p) is
return codebuf fer[p] > 28

proc cb_sethigh(val p, val f) is
codebuf fer[p] := (codebuf fer[p] and #F) or (f < 16)

func cb_high(val p) is
return (codebuf fer[p] > 16) and #FFF

proc cb_setlow(val p, val f) is

codebuf fer[p] := (codebuf fer[p] and #0) or f

func cb_low(val p) is
return codebuf fer[p] and #F FFF

func cbrlength(val of fset) is
if (of fset > (— 127)) and (of fset < 128)
then
return 1
else
return 1 + brlength(of fset — 1)

func briength(val of fset) is
if (of fset > (— 1023)) and (of fset < 1023)
then
return 1
else
return 2

func cb_entrylen(val p) is
if cb_high(p) = 0
then
return 1
else
return 2
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proc expand)() is

var buf ferp;

var of fset;

var entrysize;

var flag;

{ bufferp := 0

; while buf ferp < cb_buf ferp do
{ flag = cb_flag(buf ferp)
; if flag = cbf _entry

then
{ if labval[cb_low(buf ferp)] # cb_loadpoint
then
labval[cb_low(buf ferp)] = cb_loadpoint
else
skip
;. entrysize = cb_entrylen(buf ferp)
; cb_loadpoint := cb_loadpoint + entrysize
¥
else
if flag = cbf_exit
then
cb_loadpoint := cb_loadpoint + entrysize
else
if flag = cbf _inst
then
cb_loadpoint := cb_loadpoint + 1
else
if flag = cbf_blkstrt
then

{ cbloadbase := cb_loadpoint

;. cb_conststart := cb_loadpoint + cb_high(buf ferp)

; cbstringstart = cb_conststart + ((cb_low(buf ferp) > 8) < 1)
; cboblockstart = buf ferp

}

else
if flag = cbf_blkend
then
{ if (¢b_-loadpoint and 1) = 0
then
skip
else
cb_loadpoint := cb_loadpoint + 1
;if (eb_loadpoint — cb_loadbase) = cb_high(cb_blockstart)
then
skip
else
cb_sethigh(cb_blockstart, cb_loadpoint — cb_loadbase)
; cbloadpoint = cb_loadpoint + (((cb_low(cb-blockstart) > 8) + (cb_low(cb-blockstart) and #F'F
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}

else
if flag = cbf_lab
then
if labval[cb_low(buf ferp)] # cb_loadpoint
then
labval[cb_low(buf ferp)] = cb_loadpoint
else
skip
else
if flag = cbf_cbranch
then
{ offset := labvallcblow(buf ferp)] — (cbloadpoint + 1)
;. cb_loadpoint = cb_loadpoint + cbrlength(of fset)

}

else

if flag = cbf_branch

then

{ offset := labvallcblow(buf ferp)] — (cbloadpoint + 1)
;. cb_loadpoint = cb_loadpoint + brlength(of fset)

}

else

if flag = cbf tcall

then

{ offset := (labval[cblow(buf ferp)] + entrysize) — (cb_loadpoint + 1)
; cb_loadpoint := cb_loadpoint + brlength(of fset)

¥
else
if flag = cbf_call
then

cb_loadpoint = cb_loadpoint + 2
else
if flag = cbf_prog
then

cb_loadpoint := cb_loadpoint + 3
else
if (flag = cbf_const) or (flag = cbf_string)
then

cb_loadpoint := cb_loadpoint + 1
else

cmperror(“code buf fer error”)
;o bufferp == bufferp + 1
}
}
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proc flushbuf fer() is
var buf ferp;

var last;

var of fset;

var entrysize;

var flag;

.{

)

cb_loadpoint = 0

last = 0

expand()

while c¢b_loadpoint # last do
{ last := cb_loadpoint

; cb_loadpoint = 0

;. expand()

}

outhdr()
constb = 0
stringb = 0
buf ferp = 0

cb_loadpoint = 0
while buf ferp < cb_buf ferp do
{ flag = cb_flag(buf ferp)
; if flag = cbf_entry
then
{ outbin(i_pushl < 8)
;. entrysize = cb_entrylen(buf ferp)
;ifentrysize = 1
then
skip
else
outbin((i-decspi < 7) or cb_high(buf ferp))
: cb_loadpoint = cb_loadpoint + entrysize

}

else
if flag = cbf _exit
then
{ ifentrysize = 1
then
skip
else
outbin((i-incspi < T) or cb_high(buf ferp))
: cb_loadpoint = cb_loadpoint + entrysize
;. outbin(i_popl < 8)
}

else

if flag = cbf _inst

then

{ outbin(cb_low(buf ferp))

; cb_loadpoint = cb_loadpoint + 1
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}

else

if flag = cbf blkstrt

then

{ cb_conststart := cb_loadpoint + cb_high(buf ferp)

; cb_stringstart := cb_conststart + ((cblow(buf ferp) > 8) < 1)
; cboblockstart = buf ferp

}

else
if flag = cbf_blkend
then
{ if (¢b_-loadpoint and 1) = 0

then

skip

else

{ ¢bloadpoint := cb_loadpoint + 1

;. out2i(i_add2i, 0, 0)

}
;outconsts(cb_low(cb-blockstart) > 8)
;outstrings(cb_low(cb-blockstart) and #FF)
; cbloadpoint = cb_loadpoint + (((cb-low(cb-blockstart) > 8) + (cb-low(cb-blockstart) and #F'F

}

else
if flag = cbf_lab
then
skip
else
if flag = cbf_cbranch
then
{ offset := labvallcblow(buf ferp)] — (cbloadpoint + 1)
. outchr(cb_high(buf ferp), of fset)
;. cb_loadpoint := cb_loadpoint + cbrlength(of fset)

}

else

if flag = cbf _branch

then

{ offset := labvallcb_low(buf ferp)] — (cbloadpoint + 1)
;. outbr(of fset)

;. cb_loadpoint := cb_loadpoint + brlength(of fset)

}

else

if flag = cbf_tcall

then

{ offset := (labval|cblow(buf ferp)] + entrysize) — (cb_loadpoint + 1)
;. outbr(of fset)

;. cb_loadpoint = cb_loadpoint + brlength(of fset)

}

else

if flag = cbf_call
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then

{ offset := labvallcblow(buf ferp)] — (cbloadpoint + 2)

;. outcall(of fset)

;. cb_loadpoint = cb_loadpoint + 2

¥

else

if flag = cbf_prog

then

{ of fset := ((cb-conststart > 1) + (cb-low(bufferp) — constb)) — ((cb-loadpoint + 1) > 1)
;. outof fs(cb_high(buf ferp), of fset, cb_low(buf ferp))

; cb_loadpoint := cb_loadpoint + 3

}

else

if flag = cbf_const

then

{ of fset := ((cb-conststart > 1) + (cb-low(bufferp) — constb)) — ((cb-loadpoint + 1) > 1)
;. outcref(cb_high(buf ferp), of fset)

; cb_loadpoint := cb_loadpoint + 1

¥

else

if flag = cbf_string

then

{ of fset := ((cb-stringstart > 1) + (cblow(buf ferp) — stringb)) — ((cbloadpoint + 1) > 1
;. outcref(cb_high(buf ferp), of fset)

. cb_loadpoint := cb_loadpoint + 1

}
else
skip
; bufferp (= bufferp + 1
}
;. codesize = cb_loadpoint

}
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proc outcbr(val inst, val of fset) is
if (of fset > (— 127)) and (of fset < 128)
then
outbin((inst < 8) or (of fset and #FF))
else
{ outbin((invert(inst) < 8) or brlength(of fset))
;. outbr(of fset — 1)
}

func invert(val inst) is
if inst = i_beq

then

return i_bne
else
if inst = i_bne
then

return 7_beq
else
if inst = 1_blt
then

return i_bge
else

return ¢_blt

proc outbr(val of fset) is
if (of fset > (— 1023)) and (of fset < 1023)
then
outbin((i-bu < 11) or (of fset and #7FF'))
else
outcall(of fset)

proc outcall(val of fset) is
{ outbin((i-bll < 11)or ((of fset > 11) and #7FF))
;outbin((i-bl2 < 11) or (of fset and #TFF))

}
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proc outof fs(val reg, val of fset, val ¢) is
var pof fs;
{ if (¢b_loadpoint and 1) = 0
then
poffs := cb_loadpoint + 2
else
poffs := cb_loadpoint + 1
;. consts[c] := (labval[consts|c]] — poffs) < 1
; outcref((i-ldrpci < 3) or reg, of fset)
i out2i(i_addpci, 6, 0)
; out3(i_add3, reg, reg, 6)

}

proc outcref(val inst, val of fset) is
outbin((inst < 8) or of fset)

proc out3(val op, val rd, val rm, val rn) is
outbin((op < 9) or (rn < 6) or (rm < 3) or rd)

proc out2i(val op, val rd, val imm) is
outbin((op < 11) or (rd < 8) or imm)

proc outconsts(val n) is

var count;

{ count := 0

; while count < n do
{ outbin(consts[constb + count] and 65535)
;outbin(consts|constb + count] > 16)
; count = count + 1

}

;. constb = constb + n

}

proc outstrings(val n) is
var count;
{ count := 0
; while count < n do
{ outbin(strings[stringb + count] and 65535)
;outbin(strings[stringb + count] > 16)
;. count = count + 1
}
i stringb = stringb + n

}

85



proc outbin(val d) is

{ selectoutput(binstream)

; putval(d and 255)

;. putval(d > 8)

i selectoutput(messagestream)

}

proc outhdr() is

var wordize;

{ wordsize = cb_loadpoint > 1
;. outbin(wordsize and 65535)

; outbin(wordsize > 16)

}
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