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/'\
let Parse(C, Salt) = C 1 (C, Salt) 6)

in

let Seq(C, Salt) Parse(C 3, Parse(C 2, Salt))

valof ( res Parse(C 2, (Salt 1, L));
L: res Parse(C 3, Salt) )

and 0Or(C, Salt)

let S, Alt = Salt 1, Salt-2
in C 2 eq Stem S => (Stern S, Alt) | (goto Alt)

and Qu(C, Salt)

in

let A, B, C =20, 0, O

B

in ‘
A := (0}, (Seq, B, é}, (Qu, '2")); ﬁ ve. g
= (Or, (Qu, 'Q'), (Seq, (Qu, '0'), C)); v o -
C := (Seq, (Qu, '1'), (Seq, A, (Qu, '1"'))); | c - L
Loop:

( 1et Ch, $ =0, '' in
Write '"Please type some input*n=*n' ;
L: Ch := Readch nil;
if Cheq "*n' do ( if S eq "' do Finish nil;
Parse(A, (S, Fail));
Write(s, ' is OKxn' );
goto Loop;

Fail: Write(S, ' is not OK*n*n' );
goto Loop )

s := § %Conc Ch;
goto L )

// end of program

R 3.733+.850
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EXAMPL PAL 06/14/68 1026.6

def Innerproduct(a, b) = valof <::>
$( let I = Order a '
and rec fn=n1ls 1=>01
an+*bn+ f(n=-1)
In
if | eq Order b then f i ;
do Write 'lllegal call to *'lnnerproduct*'!;
res SYSTEMERROR 0 $)

and Al = 1,2,3
and A2 = 4,5,6
and Bl = 6,7
and B2 = 9,10
in

def Test(p, q) be
do Write(p,'*n', q, '*n*t', Innerproduct(p, g), '*n')
In

do Test(nil, nil);
do Test(Al, A2);
do Test(Bl, B2);

do Write 'and now an illegal argument ...*n*n' ;
do Test(Al, Bl);

do Write 'All done.*n'

// Next example

def Em S = S eq ‘!
in

def Substring(a, b) =
f(a, b, true)
where rec f(x, y, B) =
Em x => true!
Em y => false!
Stem x eq Stem y =-> f(Stern x, Stern y, false)!
B -> f(a, Stern b, true)!
false
in

def Test(a, b) be

def Qu S = Q %Conc S %Conc Q
and N, Q = |*nl' Tl
in

do Write(Qu a, N, Qu b, N, '+t', Substr(a, b), N, N)
in
do Test('', 'ab');
do Test('ab', '');
do Test('abcd', 'abcd');
do Test('be', 'abed');
do Write '*nAll done,.*n'



// Next example

def Cycle A = valof
$( def n, i = Order A, 1

and T = ntl
in
if n eq 0 res false;

L: T ¢:=T aug ( Ai 1s 1 => n+l!
Al grn =>n+l!

$ Al );
I = 1 + 1;
if i 1s n then goto L;
M: 1 =1+ 1;
N: i, Tl :=T 1, n;
if i 1s n then goto N;
if | eq n then res true;

if ngr 0 then goto M;
res false

in

do Test Cycle;

do Write '+nAll done.*n'

R 3,966+2,083
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Pterm(f Rhasic()),
e /Phasic()/(Rhasic())/

Pterm(f (Phasic())),
file
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P 4,100+2,366

A r pal mrdbg pocode
¥ 1703,0
Pal compiler entered
Pal loader entered
Fxecution
Nebue called
X Write(1,2,3,4,5);
1234544%%
% Share(x,x);
true
¥ Share(l,1);Share(x,y);Share(f,f)tte);
false
false

Run time error: Undeclared name f
DPun time error: FPPOP function destroyed
Pun time error: Undeclared name o

Pun time error: FRROP function destroyed
false
P
#1x:
nil
Procram re-enterer
NPebug called
2
¥ x.x.x.x.
2
Prorram re-entered
Nebug called
nil
Progsram re-~entered
Nehup called
nil
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Nohtter called
ntl
Proeram re=-rntered
Nakuere called

X x. X. x.
e

Prosram re-entered
Nahue called
7
Prorram re-entered
Neahur callnd
8
Pro~ram re-entere-
Rahur called

X n#vdA(rons(rons(x, fors(vy,2)),z));
Run time error: Undeclared name (Cons
Pun time error: FRPOR funection destroyed
Pun time error: Undeclared name Cons
Run time error: FRRANDP function Aestroyed
Run time error: Undeclared name fons
Pun time error: FRPOR function Aestroved
Pun time error: nil applied to ( 2 2 )
Pun tima arror: nil apnlied to ( 9 nil
Pun time »arror: nil applied to ( ril 3
Qun time error: Areument structure ni)
Pun time arror: FRPOR function Aestroyed,

Pun time arror: Undeclared pame x

Pun time error: FPROR function destroyed
nil

Xx;v:2;
9
2

3
*(123,456,789) 2, (123, (456, 789), 'asd') 2 3;

Run time mrror: ( 456 789 ) applied to
(456, (456, 789))

oulT,

P 31,216+12.116
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ST fay 12/22/67 1713.0

Aef Write x = Istuple x =% W(1, Lenesth x), Print x
vihere reec W(i, n) = n=0 -+ Print nil,
i sr n =*x dummy,

( Print(x 1); W(i+l, n) )

def Nebug() =
( let j = ji in

1at Lookuo S = Lonkupind(S, 1§)

in

Write('Nehup calledsn');

let Ch, Symb, Val =0, 0, 0

In

let Chkind(x) =
x='0" -x 0, x="1' =+ 1, x='2' -x 2, x="'3' -x
x="'4"' «x 4, x="'5' -»x 5, x='6"' - 6, x='7"' -»
x='8' -» 8, x='9' -+ 9,
x="+*n' -x 10, x="*s' -+ 10, x='+t' -+« 10,
x=';' -« 11, x=',' -+ 11, x='(' -+ 11,
x=")' -+ 11, x=',' -+ 11, ‘
x=l*ll - 12’
-1

in

lat Maxtsymh() =

( let M, ¥ind =0, 0 ip

L: ¥ind := fhkind(rh);
¥Kind=10 =% ( rh := Peadch(); goto 1),
Kind=11 =% ( Symh := rp;
fh := Readch() ),
Ph='+'' —x
( Symh, Val := 'r', '

Nsch: b := Readech();
Ch="'+'" —% (rh := Readch();
goto Return ),
Ch='**"' -2 ( Ch := Readech();
Ch :='Ch=ltl -k l*tl,
Ch="n' -» 'apn!,
Ch='s! - 'xg!,
Ph:'h' - '*h',
~k ), Aurmmy;
Val := Val %fnnec Ch;
rotn Mseh ),
( Symh, Val := 'r? 11,
: Vind 1s 10 =« ( Val := VYal %fonec ©h;

M A
¥ind 1s 0 =% ( Symh ;= 'V

),
(M = Mx10 + Yipd )

Ch := Readeh();
Find := Chkind(rh);
roto M),
Symh='f' -%x ( Val := N ),
Paturn: dummy ) )
in
let rec (
Phasic() =
val( let A = Symb='V' -+ Lookup(Val),
Symh='r' -+ § Val,
Symb='(' -» ( Nextsymh();
Rexp() ),
res nil
in
Nextsymh();

3,
7,



anAd
Pterm(F) = Symh='V' logar Symh="'C' loror Symh='(' -»
Pterm(f (Phasic())),

£
apd
Paxp() =

( 1at A = nil in

l: A 1= A aur Ptarm{Rhasic());
Symh='," «%x ( Maxtsvmh{); ento | )},
Lleanpgth A =1 =% A 1, A ) )

in

th := npadch();
L: prtsymh();

Wreite(Pexn(), '+n');
Symh=' ' cx Wyrite('Proeram re-entered*n'}), roto I. )

def ( x,v,z2 =1, 2, 3)
L: Pebup(); x :t= x + 1; soto L

R 3.966+1.833
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0.

/7 This projgram solves the Gap Test for randon-nzss ot a sequence
// of decimal digits. The tunction Random() is callad successively
/7 to return an integer between 0 and 9, inclusive. The meab and
// variance of the Jap betwzon successive occuri2nces ot each digit
// 1is calculated. :

/7 The number of obsa2rvations to take 15 read in frowm the console.

// This program was last modified on 01/07/€68 at 16:28 by Evans.

let
p. x = 93989, 54321
within
Random () =
X = X t+ X,
(x >p) -> (x :=x - p)! dupny;
X - 10% (x/10)
in

let Readint() =
// EBxecuting readint() will return an integer typed on the console.
// Readint accepts a line, and returns that valu2 formed by
// considering only the 1igits on the line.
val (
let Num, Next, t, Sign = 0, nil, nil, 1
in

Loop: // Come back here tor each character.

Next := Readch(); // The next character from the line.
Next = *%n' -> (res Num#Sign)! // Quit if newline read
Next = '-! -> (Siyn := -1)! // Read a nejative number

t := Stol Next; // Convert character to intager fornm.
(t > =1) & (t < 10) => (Num := 10*Num+t)! dummy;

goto Loop
_ )
in
let Write x = // write a tuple without commas or outer parens
Istuple x

-> % (1, Length x)
! Print x
where
rec W{i, n) =
(n = 0)
-> Print nil!
(L > n)
-> dJumny!
(



Print (x 1i); Cz:

W{i+1, n)
in
let Duta = nil // this will bLe updated to a 10-tuple of 4-tuples
in
let Test n = // Test calls kRandom *nt' times, and updates Data.

let i, j, t = 1, nil, nil // set i to 1, and create j and t
in

Loop: // this loop calls Randow 'n' times
let Cell = Data(Random() + 1) // Cell is the relevant U4-tuple
in
Null Cell // test if this is tirst occurrence of this digit
-> /7 it is, so initialize

Cell := 3i, 1, 0, 0

j 1= i - Ccell 1; // length of this gap
Cell 1 2= 1i; // index of last occurrca2nce
Cell 2 := Cell 2 + 1; // count occurrences
Cell 3 := Cell 3 + 3J; // suwm of gaps
Cell 4 := Cell 4 + ij%*j // sum of squares of yaps
)
’
i =1 ¢+ 1; // count observations
(i >n) -> dummy! goto Loop
in
let Printresults() = // the function that prints results
let i, Count, Mean, Vaeriance = nil, nil, nil, nil
in

// Calculate meuns and variances, and print results.

Write ('n count*t mwean variance*n#n?) ;
i = 1; // count from 1 to 10

PrLoop: // the loop

let Cell = Data i // the relevant cell
in

Null Cell
->
Write (i-1, ! 0*t no observations of this digit*n?)
1
(
Count := Itoi(Cell 2); // count number of osbservations
Mean := Itol (Cell 3) / Count;



Variance := ITto# (Cell 4) / Count

Hrite (i-1, ! ', Cell-2, t*t', peaa,
)3
i =1+ 1;
(1 < 11) => goto Prloop! Writa {('*nxn')

// Here (finally) is the program...

Start:
Write ('*nType a numbor*n') ;

let n = Readint() // read an integer Erom the console

Yaeansioean;
Variance,

l:.'znl)

Write ('#n', n, ' observations will be taken.*n+n!');

in
(n > Q)
->
(
Data := nil, nil, ail,
Test n;
Printresults () ;
goto Start
)
!
(n < 0)
-2

(Debug () ; goto Start)

Write ('*nAll done.*n!')

nil,

nil,

nilt,

nil,

nil,

nil,

nil;



A TUPLT PAL

// PAlL demonstration --
/]! Last modified on 11/29/67 at 16:30 by Fvans.

// Copied from a program of Martin Richards

let | x = x
In

let Tuple n

Tn i
where re
n=0
11
in
let Made3 =
in
et H1l x y 2z
and H2 x vy z
and 43 x y z
in
let A, P =
In

let Outit(A,
in

dutit(A, B);
A Hl1, R 42
Nutit(A, R);

let 2, h, ¢
in

et f\' 2] =
in,

Nuttt(a, °);
AHL = 5;

Nutit(a, R)

11729/67 17:04

//

= [/ The definition of Tuple Is such that
// makes a 3-tuple whose elements are x, y ard 2z,

cTn
-

h a,

the 'identity!

Tunle 3

Mode3 1 2 3, Node3 4 5 6

R) =

N & X

(Print(A M1, A H2, A H3, R H]l, R H2, R H3);

9;

2, 3

A~ h ¢,

tunle-producine functions.

!
T (n-1) (11 s. h s )

Node3 ¢ b a

funetion

Tunle 3 x v 2

Print('*n') )



r rrinta 3tuple pal
¥ 1826.2

3TIIPLE pa) 11/27/67 1826.3

// P&l demonstration -~ tunle-producine functions.
// Special in this case tn 3-tuples,.

// lLast mndified on 11/27/67 at 17:53 by Fvans.

// ronied from a program of Martin Richar-s

let tMode3 a2 b e = 118, S abe

in

let 3M1 x vy z = x

and 342 xy z = vy

and 343 x y z = 2z

in

let A, R = PMNode3 1 2 3, Node3 4 5 6

in

let Outit() = (Print(A 3H1, A 3H2, A 3H3, R 3H1l, B 3H2, R 3H3); Print('*n')
in

Outit nil;

A 3ul, R 342 := 6, 20;
Nutit nit

P 1.133+1,200

r epal 3tunle
W 1827.2

Pal compiler entered

Pal 1oader entered

Fxecution /4
(1, 2, 3, 4, 5, 6)
(6, 2, 3, 4, 20, 6)

Fxecution finished
R 2,750+44,716



r nrinta ncubes pal
¥ 133%8.3

MPrUNFES PAL 12/03/67 1338.,4
1ot M= 4 In

let Yec g nym= m=n =* not ym, ym : R AT A
In

let rec Next (n, y, x, R) = n=0 -+ not P,
ynexn =+« Mext(n-1, y, x, ®),
R =« Mext(n-l, y, x, false),
false

In

let rec Adj(y, n, P, x) =
Next(N, y, x, true) =+* true,
n=0 -* false,
Adj(g (P n) y, n=-1, P, x)
In
'at Ok(n, P, k, x) = not Adj(g (P n) x, n=1, P, g % Xx)

let rec Srch(n, k, P, x) =
k gr N ==+ 0, |
( ok(n, P, k, x) =«(Srch(n+l, 1, 0, £ k x) where Q =
let Q = Aug P In
Q (n+l) := k;
Print 0; Print '#n';
),

dummy ;
Srchin, k+1, P, x) )
In
Srch(3, 1, (1,2,3), (false, false, false, true))

R 1,750+1,333

r pal ncuhes

“ 1340,6

“al compiler entered
PAl loader entered

Fxecutton

(1, 2, 3, 1)

(1, 2, 3, 1, 4) d
(1, 2, 3,1, 4, 2)

(1, 2, 3,1, 4, 2, 1)
(1, 2, 3,1, 4, 3)

(1, 2, 3, b)

(1, 2, 3, 4, 1)

(1, 2, 3, 4, 1, 2)

(A, 2, 3, 4, 1, 3)

(1, 2, 3, 4, 2)

(1, 2, 3, 4, 2, 1)
Fxecutfon finlshed

R 49,833+8,800

3
A
> ,

L



1 1557.2

nAyp N pay 12702767 1557.2
Aef 1A(x, y) = x
Aaf TI(x, y) = vy

def ( Applypath P S =
let ¥ = Length P in
T(S, 1) where ree T(s, n) = n er X -* s,
T(s(P n), n+1) )

def Order x = Lensth Xx
def fy S = let List = nil in fony S
where Lookup Mde =

let rec Lkp L = Null L =« ( let NewM = nil in
lList := ((Mde, NewM), ¢ List);

false, MewN ),
Share(Mde, Hd | 1) = (true, Hd4 L 2) ,
Lko(T) L)
in Lkp List
within rec fopy Mode = let Fnd, CpyM = [ookup Mode in

Fnd -+ fpyrM , .
not Istunle Mode =% ( fpyM ;= Mode; ' HyM ) |,
let i, Size = 1, Nrder Mode in
Fovin: | er Size =% fpyM ,
( fpyM = Ayp FpvM;
FpyM = Swine(rfpyM, i, fopy(Mode §));
i = j+1;
poto Cnylp )

P 1.533+1,316



>

JTFEST PAL 12/12/67
Print ( let a = 0 in
let h = 2
within Jd = jj
and f x = x,

R ,483+1,.933

r pal jtest

W 1710.4

Pal compiler entered
Pal loader entered
Fxepcution ,
5 v
Fxecution fintshed

R 2,783+5,133%

1710.0
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