A PAL Program of the Blackboard Evaluator
Arthur Evans, Jr.
May 16, 1968

Attached is a listing of a PAL program that simulates the left-hand
blackboard evaluator of 6,231, It includes the following:
the applicative subset
tuples
assignment
recursion of single functions
simultaneous definition
labels, in PAL's complete generality
val and res
It does not include
simultaneous assignment
simultaneous recursion
the operator jj
Adding simultaneous assignment is easy; adding Jj is not too hard; and ad-
ding simultaneous recursion is much harder,
The attached listing, with pages numbered 1 to 21, contains five files,
like this. ‘

AA page 1
BB 6
T7 8
(HH 12
/LB02/ 18

They are organized as follows:

AA PAL
This file contains definitions of the data structures needed, along

with routines to operate on them. The order, roughly, is

debugging

control and stack

environment

memory

codes used in control and stack

cycle counter
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dump
initialization routines
In general, the actual structure of the various data bases is known only

to the routines in AA,

BB PAL
This file is best ignored. It contains a routine for printing values

produced by the interpreter, and it contains various debug things.

T7 PAL
This file contains sample input to the evaluator. The comment shows
the PAL program being simulated, and the rest of the file contains the def-

inition of a tuple, D, which is the control structure,

CC PAL

This file does the work. After the definition of the function Apply=-
Closure, the rest of the file is imperative. The actual evaluator is on
pages 13 to the middle of 16. Each label BRn processes a single control item,
as indicated on page 3.

The code on page 16 labelled MAIN accepts a directive from the console

and then carries it out. The possible directives are at the bottom of page 16.

[LB02/ PAL

This library file is used instead of /LB00/. It is shown here for
completeness, but is not part of the evaluator,



7/
7/
7/
7/

deft
and

def

//

def
and

1/
Ay
7/
//

7/
7/

def
and
and

7/
def

def

and

%W def

AA FAL 0S/12/68 1212.C 1€69

Simulate the hlackicard machine executing PAL.

Arthur Evans, Jr. 24 April 6y

This file was lact mecdifiad cun 05,12/€8 at 10:497 Ly Lvans.
Ssome definitions fcir deckuqqing.

ERRCREXIT = nil ,, wupdated Later tc MAIN
CLrjj = nil s,/ haeld jj evaluoated in Kepcrt

Feport t = ,/ «errcr detected Lty the siwulator
Write 'EERCHE: '; Wwrite t; Writc '#n?';

CLCjj := 3j; /s save 'j' tor calling LCCebugq
qotc EEBRCREXTT

Lefine the stack and the control, and the relevant selectotrs,

S
C

nil /7 the =stack
nil s/ the ccntrol

The stack and the centrel have the sarme forwat: ETach is a
3-tuple, whose third clement is a 3-tuple, etc. The first
element cf the tuple ic the type of the itew, and the secand
element is relevant data (or wil).

The following three functicns are =electcrs for the stack
and the ccntrcl:

COCE ST = ST V' s/ select code
CATA ST = ST 2 ,/ select datu
LINK ST = ST 3 ,// selcct link

Routines for the stuck and ccntrcl. CLCUCE is fctr debugqging.

nil

CLCTCE

Pop ST = /7 FCp C or $ and return cld top clerent
Null ST -> FKejort 'S cr C unexgectedly empty' ! durwy;
CLLICE := CGLCE 5T, CATIA ST,

ST := LINK ST; /s [cg the thing
3 CLLCTCE

Bush (x, ST) = ,/ vyrush x into C cor §
ST = x 1, x 2, ¥ S1

Stack x = s/ Eush x into S
fFush (x, 9S)



s/ Lefiniticns for the ENVIFGHMERT.

def F = nil s/ the envircnrent

and CurE = C s/ current envitonment level
and lastE = C s/ last environwent level uged
and ENVstuck = nil ,,/ stack of cnvircnrent liyers

s/ An envircpment level is a 3-tuple, like this:

7/ 1 name (as o stiing)

/7 Zz value

7/ 1 indey in E cf next lcvel to lcok in

def lookuping Name = ,, lcck up Nawe in curLrent cenvircnment
f CurE

where rec f x =

x = ¢C
1 E x 1 = tawe =-> [ x 2
v E(E x 3)
def EnterE (Name, Store, Link) =
E := E aug (Name, # Store, o Link);
LastE := Llasti + 1;
ENVstack := & Curk, § ENVstdack; // remcuwber current
CurE := Llastk
and BopENV () = ,/ FEcp the envircnrent stack
&V CurE, ENVStack = Elivetack
and InitE () = s dnitialize the envircnrent tc cmpty

E, CurE, lastf, LNVstack := nil, ¢, 0, nil

def BES = 'RES' ,, identifier fur VAL and KFS

s, Lefiniticns fcr the MENCRY.

def GUESSmark = 'GUESS? ss mars for quesses, tor Y
and GUESSccunt = 0 s wake all juess distinct

def ¥ = 0, (GUESSmark, C), nil // the menrcry

and Lastlk = C s/ the last cell used in the mecocry
def Store v = s/ the routine for curly §

Lasth := Lastd ¢+ 13

M = 1 Lastl, » v, [ VF;

$ Lasth¥
and Contents ¢ = s/ the routine fcr curly C

let rec f x = <¢=x1 =-> x2 ' f(x 3)

in

et t = £ M s/ lcck ug ¢ in the nemcry

%w’ in

CCGLE t = GUESSmark s, did we tind 4 gquegs?

-> 8sepcrt ('Can*'t find ', Name, * in envitonment.?)

enpvirtontent



%ﬂdef

and

def

7/
7/

def
and
and
and
and
and
and
and
and
and
&Vand
and
and
and
and
and
and
and
and
and

7/

def
and
and
and
and
and
and
and

def

-> Feport 'GUEsSS found in uerory!
! t s, all OK, :sc return the value found
Update(c, v) = ,/ uplate ceil ¢ with value v

M = 3$c, v, N

Init¥ () = s, initialize tne memcry

M, LastlF, GUESScount = (0, {(GUESSwarx, ©), nil), v, O
GUESS () = s, return the next yuess

GULESSccunt = idESsecent ¢ 13

GUESSmark, ¥ GUESSccunt

Codes used in the CCNT6CL of the machine:

name ccde Jata

mENV = 1 s/ n (indGex in E)

BVAH = 2 4, print nawe, as a string

mCCN = 31 ,s value

mEBASIC = 4 sy value

mLAMLA = 5 y/ (bedy, (Ev1, £VZ, <o) )
mGAMIMA = 6

MBETA = 17

mLCELTA = 8 ,; n, the sukscrigt in ©

cTAU = 9 ,, n, the order of the tuple to muke
mCurlys = 1C

pCurlycC = 1N

mUPLATE = 12

mSEMICCICHN = 13

mRVGAVEA = 14 ,;7 n, nunkter of ogcerands (1 or 2)
ey = 19

MECUALCCICN = ¢ sy 1tevcrse update, tor Lccursion
mEIGLELTH = 17 s, (Lody, (L1,CL1), (L2,C2), «..)
mGC = 18 ,, (body, dumg)

mVAL = 19

mRES = 20

Codes usged in the STACK ct the machine.

ENVmark = * ENV' ,s n, the index in L

LVmark = ! Iv* s/ n, nemory locaticn

BVmark = rvY ,ss value

BEASICmark = Y[ASIC' /s value

LAMI Amark = YLAMLA' s, (btcdy, (tvl, bv2, ...), €DV)
TUPLEmArk = 'TUELE' ,, n, wmerory locaticn
LUMMYmark = YLUrMKY!

EPmark = EE' ,,; (n, line) (n is index in L)
EALcycles = ¢

stuff tc count cycles cf the c¢valuatcr.



def
and
and
and

def

def

and

def

7/

def
and

7/
7/
7/

def

and

def

7/
def

and

IntCYCLES = © s, tctal count of interpretaticn cycles
MaxCYICLES = 10C /s max cycles permitted per evaluaticn
StartCYCLES = ¢ s, cycle ccunt at teginring of an execution
CurCYCLES = € s, cycles since last exocution of InitCy
CountCYCLF3 () = s ccunt interpretaticn cycles
IntCYCLES t=  IntCYCLFSE + 1

IntCYCLLS > CutCYCIES ¢+ MaxCYCLES

-> Feport 'Interpretaticn cycle linit cxcecded.!

H duntry
InitcY () = s, initialize stuft tcr cycles

StartCYCLES := IntCYCLESS

CurCYCIES +=  IntCYCLES

MoreCY () =

CurCYCLES := IutCYCLES
LastCELTA = 0 ,, last deltia encountered, for Jdekugqging
Cefiniticny for the LCUFE.

Cumg = nil /7 The dumgp, itself.
CumpCount = 1 s,/ The next dump layer tc ke assiqgned.

The duwp is a k-tuple, where is the nurker of layers currently
in use. Fach layer is a b-tuple:
c, 4, FNVutack, Curt

AddCung () = /s «add a layeir to the Jdumy

Cumg :=  Cuwp auq (3C, bs, eENVstack, 3Curi) s
CumgCount := LumpCount + 1
Festcretung n = ,, rLestore things as cf Jdump layer n
let Cu = Cugp n

in

¢ := [L[un 1;

s := [u 23

ENVstdck ¢+= L[u 3%
CurE := Lu 4

Inittu () = /s initialize the dumg

Cumg := nil;g

gumgCcunt = 1

Initializaticn routines for stack, ccntrcl and cverything.
Initc () = /s, initialize the ccntrel

C := G®CELTA, 1, nil;

LastCELIA := C

Inits () = S := nil



h)

def Initall

InitC nil;
nil;
InitE nil;
Initm nil;

Inits

Initlu
InitCy
CLLjj

def EUBTY
and NEWLINE

)

nil;
nil;

=

/7 ccntrel

/7 the stack

/s the anvircuement
s/ the wencry

s/ the Jduep
s/ the cycle ccunter

nil /s, Jj as in Regport

e
'*n'

s/ the oernty string



7/

7/
def

def

def

def

def

SYSTEMERBCLVALUE

P FAL CG/11,68 2129.4

Eart 2 ¢t the Flackicard Evaluatcr: Lekug and print routines,

Last wodificd c¢n 05/11/68 at 21:17 Lty Evans.

rec I v =
CCLE v = < TUClEmatrk
-> { let t = Ccnutents (CATA v)
in
WwLpite ' (%
L(1, Crder t);
Wreite )
where rec P(i, n) =
n = (G -> MWrite nil
!'1 > n => dunwy
! ( If(Ccntents(t i)); E(i+1, n) )
)
! Hrite (' ', LAIA v, ' V)
withan

IntErint x =
write NFWLINE;
TE{ Content:s (CATA x) )3
write *'2pan?

Easicbrint x = /7 the routine called by code
IntErint x;
LVverark, €

1ec

CLClcog = nil /s This iter is updated later to § Lcop.

T, TA, 1L, IC = nil, nil, 0il, nil ,// scue tewmps
SA, SE = nil, nil // SOBc pote

CLCSYSTEMEFRCR = 4 SYSTENMERECa

CLLSYS () = /s set SYSTEMEERCR us it criqinally was

SYSTEMEFFCR := CLCSYSTEMERLOR

MYSYSTEFMEEFRCE t // ©y version of SYSTEMERRCH
let j = 4§ ,s tc call PLetbuy

in

let tcrtfE = & SYSTEFEERCS

in

SYSTEMEERCRVALUE = t
SYSTEMEFRCE := (11 x.x)
ELCekug j;

nil ,,/ value returned Ly SYSTEMEWKCR



SYSTEFEFRCK := Iorrf;
¥ SYSTEMERFCRVALUE

 def M¥YSYS () =
SYSTEMEFERCR := MYSYSTEMEEKCR

def Test = nil /s updated later to a little test function

def Eranch = nil ,/ Updated later to a lakel tuple.



17 PAL 0S5,11,68 2129.4 618
s/ Generalized latels.
s/ Last ncdiiied cn 0S/11/68 at 15:14 by Evans.
¢/ The EAL programg
Y4 let a, %, d = -1, nil, »nil
7/ in
/7 let t x =
7/ 1: 4 = A4
/7 frint u
7/ T x € G {k := 4d)
7/ t 2 = ( (k := 1)
7/ !ogx oz= 3)
7/ in
7/
77 d := n; f a; qctc kg
7/ n: a
s/ Cperatcrs:
def ALD x y = x + Y "
and SUEB x y = x -y
and NEG x = - X
and IES x y = x < ¥
and ECU x y = x =Y
det NIL = nil
s/ 1he contrcl structure:
def [ =
)/ L 1: GAFMA (LAMCA 2 (a k d)) S T3 S RVGAMMAY NEG 1 S nil S nil

(nGAMMA, NIL,
(mLAMCA, (2, ('a', 'k',
(mCurlys, NIIL,
(nTAU, 3,
(mCurlys, NIIL,
(nRVGANMMA, 1,
(nBASIC, NEG,
(mCON, 1,
(mCurlys, NIL,
(nCON, NIL,
{nCurlys, NII,
(mCON, NIL,

nil ))))INMin)

'ary).,

GAFMA (LAMDA 3 £) S (LAMCA € x)

s/ L 23



(nGANMFMA, NIL,

, (mLAMCA, (3, 't"),

@V (mCurlys, NIL,
(nLAMCA, (&, 'x'),

nil ))))

14

s/ L[ 3: (LIGLEL1A & (n 7))

(nBIGCELTA, (4, ('n', RN
nil )

’

s/ L[ 4: €S ; = d Con

(mDELTA, 5,
(nSEMICCICN, NIIL,
(nULLATE, NIL,
(nvas, *4°',
(mCurlyC, NIIL,
(nVAR, 'n°',

nil ))))N)

s7 L[ 5t L€ ; GA¥MM C f a

(nCELTA, 6,

(RSEMICCICN, NIL,
&  (mGANMFMA, NIIL,

(mCurlyC, XNIIL,

(eVAE, 't°',

(nVAB, ‘ta',

nil ))))))

’

s/ L 6: T7 ; GC C K

(eCELTA, 7,
(mnSEMICCLICN, NIL,
(mGO, NIIL,
(nCurlyC, NilL,
(nVAR, 'k',

nil )))))

y/ ©C 8: ( FIGLELTA S (1 9) (m 11) )

o (BIGCELTA, (9, ('1l', 3), ('n*', 11)),
nil )



M

s7 L 9: TC10C

(¢ZELTA, 1C,

(#SEFICCICN, NIL,

(wUDPLATE, NII,
(nVAE, 'at,
(nRVGAFKA, 2,
{mBASIC, ACLL,
(mCurlyC, M1,
(MVAR, ta',
(mCGN, 1,

nil )))))))))

14

¢7 L 10: T11

(nCELTA, 11,

(nSEMICCICK, WIL,

(nGAPMA, NIT,

b3
.

a4 KVGAFMMA ¢+ C a 1

EQINT a

(sBASIC, EasicFErint,

(aVAR, ta?,
nil )))))

77 LT 11: £12 013

(mCELTA, 12,
(rCELTA, 13,
(nBETA, NTL,
(RRVGAFMNMA, 2,
(oBASIC, LES,
(mCurlycC, NIIL,
{mVAL, *x°,
{nCON, C,

nil ))))))))

’

s/ L[ 12: :=

(+3iLATE, NIL,
(1 1ak, VKT,
(;‘;:.LJYC’ NII'
{

.’fln" .d"

nirl ))))

i
§

14

¢/ L 13: T14 L£15 BETA GVGAMMA Eel C x C

(nDETTA, 14,
(mCELTA, 17,
(eBETA, NIL,
(nRVGArFaA, 2,
(nBASIC, ECU,
(nCurlycC, NKIL,

k

C

d

JETA BVGAPMA LS C x C

/0



@&/

(mVAR' ’X',

(nCCK, G,
nil )))))

r

7/ L 14:

(mUPLATE,
(mVAR, 'k’
(mCurlycC,
(mVAE, '1
nil ))))

’

/77 L 1%5:

{mUELCATE,
(BVAR, 'x?
(nRVGANEA,

1))

RIL,

r
NI,

’

NIL,
14
2,

(nBASIC, SUE,

(mCuxlycC,
(mVAR, 'x!
{mCGN, 3,
il )))))

NII,

’

))

[N

X

¢ 1

BVGAFRA

- Cx 1

Y



—~

g

cc paL  05,12,68 1212.C 2258

;/ FEart 3 ot the Llackkcard evaluatcr.

s/ This secticn was last rodified cn 05,12/68 at 11:33 by Evans.

let ApplyClcsure(Ratcr, Kand) = 7/ apply a lamda-closurte
let Egpact = 1 Fator 3 s/ e€nvitonsent in which clcsure formed
in '
Apply (Bator 2, L[ATA Rand) ,, call the rcutine tc dc the wcrk
where rec Apply(F, X) = 7 apply F tc (

Istuple F /s check fci multiple Lv-part
-> { let y = Ccntents X s,/ the tugple rand
in
CCCE y = TUPLEmark ‘
-=> ( 1ot n = Crder F /7 cratcr
and d¢ = Contents (CATA y) /,/ rard
in
n = Crder 4
-> (A 1,/ apply tugle
where rec Ap k =
k >n =~> dunry
! (Apply(F k, d k); Ap(k+1))
)

! @epcrt 'Conformality failure!

)
! Heport 'Cenformality failure,!

)
t s/ single tv-fpart
(
EntertE ( F, X, Epart );
Stack ( tNVmark, HCuctE )
Fush{ (nENV, $Curtk), C )3
Epatt := CurtE

. )
in
7/ ####4#####*######&#Q##t#‘#t*##tiﬁ#*#*i4###‘*###4‘0**“““‘##
7/ EXFCUTICN STARTS HERE!
Test :=
( f
W

here f n =
Lccp := T1;
gctc ClCLccg;
T1: n := n - 1;
n>0 -> qote CLCLcop !
lccgp = Clllcog;

[



)

CLLlcop := lcop;

Eranch := [F1, LtkZ, ER3, EK4, ERS, Pk€, PR7, ov€, ELRY, PHIU,
Ef11, ER12, FRY3, BEI4, ER1S, BEr1€, BR17, ©R18, ER19, EiZ0;

ERRCBREXIT = MALN; s/ e€xit trom the routine Repcrt

MYSYS nily; ,/ «¢statlish my SYSTLMEBRCE

goto MAIN;

s/ Here is the FAIN ERCCESSING LCCF ct thke evaluatci,

Loop: Null ¢ =-> gcto Lene 2 dunmy; s/ A1l done, so qquit.

CcuntCYCLFS nil; ,/ «ccunt interjretaticn cyclec
1 := Pep C; s,/ 9et the next ccntrcl ites
gctce tranch(CCLE T); s, Ekranchk cun its ccde

BER1: /s unvitonment rmarket
TN := Fop S; s,/ the useful value in the stack
TE := lop S; s, the environnent marker in the stack

s/ Ncw we have a validity check.

(CCCE TR = BuvVmark) ,, 1F nmust ke an cwnvircnment matker

& (LATA TE = CAIA 1) ,, it must Le same env as ir centrel
& (CAA 1T = Cutk ) /s abd same €¢nv as current
t (CCCE 1A = LVmark) ,, value must lLc an LV

-> Stack(lvVuwark, LCATA 1A) /s all CK

! Report 'ImpICcpe€r envitonment ratker.';
EopENY nil; ,, set Curt

gycto lcog;

ERD: /7 variatle
Stuck (LVwark, LcckupinE (CATA T))
ycto lcog;

PR3: /7 ccnstant
Stack (FVwark, CATA T);
gctc Lcogp;

ERU: s/ Lasic cperator
Stack (UASICmark, CATA 1)
gctc Lcog;

BRS5: ss landa expressicn
Stack ( LAMCAmark, CATA 1 avg 3 Curk )3
yctc Lcojg;

- BR6 // Jaimna
T :+= Fop S; s, the ratcr
TA := fop S; s/ the rand

CCLE T = LAMLAwark s, check tle type of the ratcr
-> ( ss agply a lamda clozure
aApplyClosure (CATA I, TA)Y; // afply the clesure
Fushk ( (w¢CELTRA, CATA T 1), Q)

/3



«

BR7:

BRB:

ER9:

BR10:

ER11:

ER12:

)
1

CCLE 1T = 1TUPLErark
=> (/7 apply a tuple
TIA := Ccntents (CATa TA); s/ rtv of rand
nct { (CCLE TA = GLvwark)& (fsintecger (CATA TA) ))
-> hepcrt 'Tuple wis-applied.t !
TE = {(Ccntents (LATA T)) (CATA TA);
Stack (Lvrark, L TH)
)
!
CCLE T = TCASICmark ,, apuly a rasic
-> Stack ( (CATA T)~TA)
! Bepcrt 'Inproper hATCR ftor GAMMAL';
gotc Lcog;

s/ bteta -- ccnditional tranch
1A := Eop S; s, thisz is to ke a truth value, so check
nct { (CCLE TA = QVmark) & {lstcclean(CATHh TA)) )

-> Heport 'Non-tcolean argument to ccnditicnal* !

TE := Eop C; s,/ the 'talse' exit
1C := Fop C; s the 'true' exit
Eush( (CATA TA -> 1C ! 1L), C);

gctc Lcoy g

/s delta

lastLELTA := CATA T; s,/ iten tc lcal intc control
I8 := D LustLELTA;

LE€d: s, copy the contiol intc C

Eush ( (TA 1, TA 2), C):

T8 := IA 3,

gcto ANull T& -> Lcop ! LEa;

// tau -- make a k-tugple
T8, TC := onil, CAIA T,
L9a: TE > C

-> (TN = TA auy CATA(EcpE S);
™ = 1 - 1;
gctc LIA
)

Stack (INELEnark, Store '1A4);
getec LCog;

// curly S
Stack (Lvmar%, Stcre (Pcg S));
gcte Icog;

s/ curly C
Stack (Ccntents (LATA (Pog S)))
gctc Lcog;

/s update (:=)

TA := Fop S; s, the left side
1F := Ecf S; ,s the right side
Urpdate (CATA TA, TEY



%W

Eril:

ER14

BR1S:

ER16:

1172

ER18:

LS

Stack (Lvwark, €);
gcte Lcol

s/ sewi-cclon

IA = Fop &3

(CCCE 1A = LVwark) & (LATA TA = 0)

- gotc Llocyp

! hepert 'Iwprcpet sequence element. 'y

/7  LVGAPER
:= LATA(bcp S): s, the rator

1N := 1A ( LMIA(EOF S) )i /s apply tc first rator

CATA T = 2 => (1A := TA(CANIA(Bcr S))) ! dumwy;

Stack (FJuarL~, 1 TA);

ycte lLcop;

s/ Y -- make ug cleosure recursive

18 := Fop $: s/ the closurtc to which we are Applying Y
[uzsh ( (eLLUALCOLCN, nil), C )

Fush ( (eCurlyC, nil), o )3

Fush ( (sGAMMA, nild), C ),

TE := Stcre (GHESS nil,

Stack (IVweark, ¥ T1);

Stack(Lvmar%, 1 TL)

Stack TA;

Jete Leop s

s/ equalcclen (=12)

TA := [u}p S3 s value to Le stcred

TE := lo} S; s,/ the place tc put it
Update (CATA TE, TA)S; s/ ujpdate the nemcry
Stuck IA; /s, 1leave an answer

scte Lcog;

s/ EILCLELTA =-- definc lakels
s/ CMIA has the fcrm (n, (LY1,L7), (LZ,02), ...)
TA ;1= LATA T,
T := ¢rder TA; s, uwumker cf lakels tc define (plus 1)
L17A: i < 2 => gcto L17E ' duemy; s, out if done
f1C := Store(Etwmark, (TA T2 2, & CumpCcunt) )3
EntciE ( TA TE 1, TC, Curt);
stack (FNVmack, & Curf);
Fush( (wENV, & Curf), C )3
1 = T8 - 1
qotc L1174,
L17F: AdJCuwp nil;
Eush{( (mEELTA, TA 1), C )3
gotce Leccg;

s/ 4yctc (tody, dunp)

TA := Fop S; s/ place to gc

CCLF Th = EPmark ,/ check validity of tarqect
-> dummy ,/ it's OK

! Fepcrt 'Irprcper rand for gotc.';
Festorclump (LATA TA 2);

Fush ( (WLELTA, CATA IA 1), C);



gcte Lcofp;

ER19: /7 val

TIA := Fup S; o/ the itcm.whose value we want

TP := Stcire (Efmark, & LumpCount); /7 o dump matker
Fnteuk (KES, TE, CurF); ,/ put RES into the envircnrent
Stuck (ENVrark, HCurt) ;

fush{ (wrNV, % Curt), C );

AddTurp nil;

Lnsh( (mLELTA, CATA TA 1), C )3

gete Lecog;

ER20 // Les

ITh := Contents({ CATIA(Bop S) )3 s/ the dung
1F t= Top S3 ,,/ the result te return
hestoreCump ( CATA TA )

Stack Tl

gete Leoyp;

This ende the r[lacklcard Evaluatcr.

7/
7/ D T Y S T R TR TS L R AR R LI T
s/ Here is tha conscle reading lcof...
BAIN: Sk := CycleCcunt BAlcycles;
[hlrcycles := CycleCcunt G
%rite ( YH: ', SA, '*n*u');
&A= EMETY,
M1 SE := &Headch nil;
' SE = NEWLINE -> ygoto H2
! S = Vxg? -> gotc K1
! dury;
SA ;= 54 %Conc SEj -
gote ¥1;
AR &ph = EMPTY -> gqoto &1 ! duwmy;

krite *W*n';
Sh = ‘teval! ~-> qgotc START

1 sa = Ty -> Intfrint S

! SA = 'dekug' -> Cebug nil

1 €3 = ‘jdebug' -> LkCelug CLCJ]

! Sh = 'more! -> (#creCY nil; gctc Lcof)
1 SA = 'mysys! =-> HMYSYS nil

! SA = 'cldsys! -> CLC5YS nil

! 50 = ‘cycle' ~> urite(CycleCcunt 0, ' cycles.*n')
! 30 = 'olcop' -=> (Lecp := CLCLcog)

! 8A = ltest! -> Test 1

1 854 = 'juit! -> gyoto Quit

! Write '2?%n';

gyuetae FAIN;

/6



START:

Cone:

cuits

/7

s/ Legin here to do an evaluation,
InitaAll nil; ,, 1nitiulize ¢, 5, E, M, and cthor things,.
gcte Icog;

/7 ccre here at the end of the evaluation
hrite (IntCYCLES - SLartCYCLES, ' intcepretaticn cycles.*n');
goto MAIN;

krite 'Geed tyel!



7/ Art Evans' jprivate litirary of PAL functicns.
s/ Last moditie¢d on 05,12/68 at 17:11 Ly Evang,
deft Write x = s, write a tuple, without cormas and parens at
Istuple x
-> W1, Crder x)
! Frint x
where rec w(i, n) =
n =06 =-> [rint nil
1> n -> dummy
¢ PBrint({x 1); wW(i+1, n) )
def FINISE = ,, call FINISH() to tersinate executiocn
j3 (11 ().nil )
def // ccnvert a character to an integet
2erc = Ut s, ASCII value for ‘0!
within
Ctol x = Stul x + Z¢r0
def s/ LEENLG - written by CLarkalow, typcd by Fvans.
Chkind x = ,, <check the kind cf x
let y = Ctol x /7 ccnvert character to numweric
in
you7 & y<tS8 -> y-48 s, diyit
' vy <33 -> 10 s control character (sp, tak,
ty =59 -> 11 /s semicclen
t'y =44 -> 11 7/ conwna
ty = 4 => 11 s/ left parenthosic
!y =01 -> 11 s/ right parenthesis
'!'y =46 -> 11 s/ pericd
ty =139 -=> 12 7/ 4qguate
1 -1 /s default
within

sLEC2, FAL 05,714,688 (C25.7 LR

Ch = nil s/ the last s=cauned chatacter
and

Sysk, val = rpil, nil ,/ last tcken scanned
within
Nextsyab() = ,, read next syubcl
( let N, Kind = 0, 0 /7 twWc teups
in

SgAcelCCE: s, loop to here until o nen=space

kind = Chkind Ch; ,/ <check Kind ¢t charactet

tog

nl)



kind = 10 s, <cpace, tal cr newline
-> (Ch := headch nil; gctc SpacelCCE) /7  skig
!
Kind = 11,/ + , ()
-> (Syek := Ch; Ch := lcadch nil)
1] .
Kindl = 12 ,,/ Leqgin a quataticn
-> ( Sywi, Vval = *C*', '3
CHARLCCE: s/, the lcecp to scan a string

ch 1= fheadch nil; s/ tvad next chavactet
Ch = %t ,, dene with string
<> ( Ch 2= Readch nil; gotao RETUMN)
v Ch = vexr 4,/ precess a zpecial
-> (Ch = weadch nil; /7 read next
Ch := Ch=tt? => =t
! Ch='nt -> tap?
t Ch=srsr =5 txg!
T Ch='LY => &
' ¢h /7 defunlt
)

' dummy; s a character has lteen read
val := val aConc Ch; s, Luild up string
qoto CLAFLCCE

)
t s,/ it wust bhe an identificr
( Sywk, Val = 'C', '3
ICLCCP: s/ Luild up a namc or constant
kind < 1C
-> { Val = Val #Ccnc Ch;
Kind < 0
-2 (Syak = 'VY)
! (N = 10*N ¢ Kind);
Ch =  uweadch nil;
Kind = Chkind Ch;
gete ICLCOP
)
!
Syﬂ:t = 1C
-> (Vval = W)
]
FETUBRY: dumwy
)
)
within
BCetuy j = ,, tinally, the functicn teinyg defined...

let Lcckup S = s/ the function that lcoks up identifiers
€ = 'pil*' ~> nil ! Lookupind (S, j)

in
let rec ,, HKbasic, Kterm and Rexp are mutually [ecursive
( ktasic () = ,/ 1ead an iter
val(let A =
Syskt = 'V' -=> Lockuyr Val
t Syakb = 'C' =-> { Val

! Syuk V(' -> (Nextsymo nil; Rexp nil)



def

def

and

def

def

! tes nil
in
Nextsyml nilg
Les A
)
and bLterw £ =
Synt = 'y | Symk = ' 1 Lyme = v (!
-> ktera( t (tlasic n1l) )
! t
and Fexp () = /s teed an cxpressicn
let A = nil
in
bEXELCCE: s/ 7
A := M aua bHterm (Rbasic nil);
SyanL = v,°
-> {(Nextsynmh nil; goto BFEXPLCCT)
1
Crder A = 1
-> A1 s,/ dontt return a 1-tuyple
! A
)
in

// lBere exccution heyins fcoi detuq.
Write 'Lektug entecred.*n*n';

Ch := Feadch nil; s, start things cft
LCCE: s delug's nain lcog

Nextsyml nil;

Write (Fexp nil, '=n*n');

Symk = .0
-> Write 'Prcyram re-entered.*n?
! goto LCCE

Detug () = s, call detuy, with no preparaticn
ECetug jj

UBLCATE (x, y) = s update x with y
X = ¥
X

GCTC x = /7 yctao
gotc x

Atetug j = s, call detuy, preparing SYSTEMUNECR first
let rcrrE = F SYSIEMEKRCR ,/,/ Save a ccpy
in
SYSTEFMEFECE := (11 x.x); ,, identity functicn
BCetug j;
SYSTENMEEGCH t= rorrt
s/ ftunny tusiness to update SYSTENIRECR
tf x = ./ the value SYSTEFMERKRCE will have is ¢

let j = 3]



J1

in
Fr 'Systoen 3
Alebusy 3,
x /s roeturn value called with
within
CLeluyg =
EYSTEBEDACE 1= fy sz update SYSTEMFRECSE
LCetuy 70 this definition is ctherwizo nujatory

def CycleCount n = /s numkter ci execnticn cycles
leckuphe - n

def Lookuphe = 7 uretect it frowm tawpering
t lcokujp¥o

def CoCver = /7 4yt to leCver te restart excouticr
{11 (). L: L)




