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The LispKit Lisp manual: II Sources 

ThiS ....olume IS the secohd of a pdlr which together constitute the lISPKI! 
lisp mdnual The lirst ....olume consists of a brlel Introduction to the language and 
10 some or the eXlsllng Implementations 01 the system, together With a note aoou! 
each 01 the SOftware components of the system ThiS, the companion ....oiIJme, 
contains copies of all of the LISpKlt LISp programs and libraries as they were oelng 
distributed Oy the 'luthors at the time 01 going [0 press. togelher with the text 
or an Implementation ot the .... Irtual machine which supports Ihe LlSpKit system. 
The listings of llSpKit liSp whiCh follow are, substdnt[ally. what yOI) woutd obtain 
by passing each of the sources In a etismbut[on copy of the UspKIf system through 
the prelly-prtnter which IS pro .... [ded In the system - allhOl)gh we confess to Ironing 
out one or two or the more excentrtc layoutS! 

fhe LISPK[t system IS distributed, free or Charge, by the authors for 
copies of lhp. oOCl)mentalion. copies of The liSPK[t system. or lor any lhlormatlon 
about llSpKl1. contact: 

peter Henderson~, Gera~nt Jones or S~mon Jones* 

Oxford University Computing Laboratory 
Programm~ng Research Group 
R-ll, Xeble Road 
Oxford OXl 3QD 

Oxford (0865) 54141 

* address from October 1983 

Department of Computing Science 
University of stirling 
St~rl~ng FX9 4LA 

stirling (0786) 3171 
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Sources of LispRit Lisp programs 

CHECK LSD 

letrec
 
Check
 
( comment
 

quote
 
( ( Variable definition and scope checker )
 

( P Henderson and 5 B Jones PRG Oxford AugUSl 1982 ) ) } 
check lambda ( p ) ( checkexpr p ( quote NIL) ( quote NIL) ) 
checkexpr 
lambda
 
( p e lac
 
( ,(
 

( atom p )
 
( Ok P e loc
 

"( eq ( head p ) ( quote quote ) )
 
( quote NIL)
 

i( 

( eq ( head p ) ( quote lambda ) ) 
( checkexpr
 

( head ( tail ( lail p ) )
 
( append ( head ( tail p ) ) e )
 
loc )
 

i( 

( eq ( head p ) ( quote let ) )
 
( checklet ( lall p ) e lac )
 

i( 

( eq ( head p ) ( quote letrec ) )
 
( checkletrec ( tail p ) e loc 1
 

( " 
( IsOp ( head p ) )
 
( checkeach ( tall p l e loc
 
( checkeach p e lac ) ) ) ) ) ) )
 

Ok 
lambda
 
( name e loc )
 

( " 
( eq e ( quote NIL) )
 
( cons ( cons name lac 1 ( quote NIL) )
 

"( eq name ( head e ) )
 
( quote NIL)
 
{ ok name ( lall e ) lac 1 ) ) )
 

isap
 
lambda
 
{ op 1
 
( member
 

op
 
( quale
 

( chr
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alom
 
head
 
lail
 
leq
 
eq
 
cons
 
add
 
,,0
 
mul 

d"
 
'em
 
If ) ) ) ) 

member 
lambda 
( x I ) 
( if 

( eq I ( quote Nil) )
 
( quote F )
 

iI
 
( eq x ( head I )
 
( quote T )
 
( member x ( tali I ) ) ) J )
 

append 
lambda 
( 11 12 
I If 

( eq 11 ( quote Nil) )
 
12
 
( cons ( head 11 ) ( append ( tail 11 ) 12 ) ) ) )
 

vars 
lambda 
I I ) 
( if 

( eq I ( quote Nil) )
 
( quole Nil )
 
( cons ( head ( head I ) ) ( vars ( tail I ) ) ) ) )
 

checklst 
lambda 
( p e lac 
( append 

( checkexpr
 
( head p
 
( append ( vars ( tall p ) ) e
 
lac)
 

( checklist ( tail p ) e lac 
cneckletrec 
lambda 
( p e lac) 
( let 

( append
 
( checkexpr ( head p ) newe lac )
 
( checklist ( tall p ) newe loc ) )
 

( newe append ( vars ( lail p ) ) e ) ) ) 
cnecklist 
lambda 

CHEel< LSD" 



I e loc 

,,
If
 

eq I ( quote NIL) )
 
quote NIL )
, append
 
( checKexpr
 

( tail ( head
 
e
 
( cons ( head ( head I IOC ) )
 

( checklist ( latl , ) e loc ) ) 

checkeach 
lambda 
( j e loc 
, 'f,
eq I ( quole NIL) )
, qUOIe NIL ), append 

( checkexpr ( head I ) e loc ) 
( checkeach ( tail I ) e loc ) ) ) ) ) 
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EDJGITS LSD 

letrec 
( convert ( cons ( quole 2 ) ones ) ) 
( convert 

'~mbda 

( I ) 
( cons
 

( head I )
 

( convert
 
( normalise 

( quo!e 2 ) 
{ cons ( quote 0 ) ( muit ( tail ) ) ) } ) ) ) ) 

ones cons ( quote 1 ) ones )
 
mult
 
I~mbda 

( I ) 
( cons
 

( mul ( quote 10 ) ( head I ) )
 
( mult ( tall I ) ) ) )
 

normalise 
I~mbda 

( c I )
 
( let
 

( if
 
( eq
 

( dl.,. e c )
 
( div ( add e ( quote 9 ) ) c ) )
 

cons
 
( add d ( dlv e c
 
( normalise
 

( add c ( quote 1 )
 
( cons ( rem e c ) x ) ) )
 

carry
 
c 
( cons 

d 
( normalise add c ( quole 1 ) ) ( cons ex) ) ) ) ) 

( d head I )
 
( e head ( tail
 
( , tall ( lall I
 

carry
 
lambda
 
( c I )
 
( lei
 

( cons
 
( add d ( dtv e c ) )
 

( cons ( rem e c ) x ) )
 
( d head ( )
 

( e head ( tall
 
( x lall ( tail I ) )
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EDIT LSD 

letrec 
( lambda
 

( kb )
 
( cons
 

( quote Editor ) 
cons ( quote ready ) ( edit ( head kb ) ( la,1 kb ) ) ) ) ) 

comment
 
quote
 
( ( S-expression editor)
 

( P Henderson and S B Jones PRG Oxford August 1982 ) ) ) 
edll lambda ( t c ) ( edltloop c 1 ( quote NIL) f ) ) 
editloop 
lambda
 
( C f s pI )
 
( letrec
 

( if
 
( eq ( first t ) eXit)
 
( quo1e ( Exit editor )
 

If
 
( eq ( first I ) contInue
 
resl
 
( cons ( second t ) rest) ) )
 

rest
 
edlHoap
 
( tail c )
 
( third t )
 
( fourth t )
 
( lifth t ) )
 

( t edilstep ( head c ) f s p1 ) ) ) 
edllslep
 
lambda
 
( c f 5 pr )
 
{ if
 

( atom c 
( if
 

( eq c ( quole end ) )
 
( tuple exil nothing I s pI
 

If
 
( eq c ( quole h )
 
( if
 

( atom I)
 
( lup1e error error f s pt )
 
( tuple
 

continue
 
nOlhing
 
( head f
 
( cons
 

( lembda ( x ) ( cons x ( tall I ) ) ) 
5 ) 

head I ) ) )
 
If
 
( eq c ( quote I ) )
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'f
 
( atom r )
 
( wple error error I s pr )
 
( tuple
 

continue
 
nothing
 
( lall r )
 
( cons 

( lambda ( x ) ( cons ( head f ) )( ) ) 
5 )
 

tail f ) ) )
 

'f 
( eq c ( Quote u ) ) 
( it 

( atom s ) 
( tuple error error f 5 pI ) 
( luple 

continue 
nothing 
( ( head s 
{ tail s } 
( ( head s ) I ) ) ) 

if 
( eq c ( quote p ) ) 
( tuple prompt ( dump ( quote 2 ) f ) f s pI ) 

'f 
( eq c ( Quote lap ) ) 
( let 

( luple continue nothing topt ( quole NIL) !OPf ) 
( topt top Is) ) 

if 
( eq c ( Quote undo ) ) 
( tuple continue nothing pi sf) 
( luple error error f 5 pf ) ) ) ) ) ) ) ) 

if 
( eq ( head c ) ( quole c ) ) 
( lei 

( If 
( eq m ( quole NIL) ) 
( tuple error error f s pI 
( tuple 

COntinue 
nothing 
( subsl m ( shead ( slail ( lall c ) ) ) ) 
5 
f ) ) 

( m match ( shead ( tail c ) ) I ) ) 
( (f 

( eq ( heed c ) ( quote r ) ) 
( tuple conlinue nothing ( shead ( tall c ) ) 5 I ) 

( if 
( eq ( head c ) ( quole p ) ) 
( (f 

( eq ( shead ( tail c ) ) ( quote all ) ) 
( tuple prompt f I s pI ) 
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tuple
 
prompt
 
( dump ( shead ( tall c ) ) ! )
 
f
 , 
pf ) ) 

( tuple error error f s pf ) ) ) ) ) )
 

shead lambda ( )( ) ( if ( atom )( ) )( ( head x ) )
 

slail lambda ( )( ) ( If ( atom )( ) )( ( tall x ) ) )
 

match
 
lambda
 
( p s )
 
( if
 

( eq p ( quote NIL) )
 
( quote NIL )
 

If
 
( alom p
 
( cons ( cons p s ) ( quote NIL) )
 

'f
 
f alom s )
 
f quote NIL
 
( append
 

( match head p ) ( head s ) )
 
( match tall p ) ( tall s ) ) ) ) ) ) )
 

append
 
lambda
 
( x y )
 
( if
 

( eq x ( quote NIL) )
 

Y
 
( cons head )( ) ( append ( tall )( ) y ) ) ) )
 

assoc
 
lambda
 
( x a )
 
( If
 

( eq a ( quote NIL ) ) , 
if
 
( eq ( head ( head a ) , )
 

( 'ail ( head a ) )
 
( assoc )( ( tall a )
 

subst
 
lambda
 
( a p )
 
( If
 

( atom p )
 
( assoc p a
 
( cons
 

( subst a head p )
 
( subst a tail p ) ) ) )
 

dump
 
lambda
 
( n )( )
 
( If
 

( atom x ) 
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EXPERT LSD 

let 
( lambda ( mput ) ( ( expert ( head Input) ) ( tail inpul 1 ) l 
( e:ipert
 

lamMa
 
( database
 
( letrec
 

( lambda 
( kb ) 
( sysq kb ( quote in it ) ( quole NIL l ( quote NIL ) ) ) 

sysq
 
lamMa
 
( kb stq kn y )
 

( ,( 

( eq stq ( quote end ) )
 
( quote NIL)
 
( let 

( sys kb sec! nSlq database ) kn " nsrq 
( nstq II eq stq ( quole * ) } y slq ) 1 

'y'
lambda
 
( kb st kn y slq )
 

( "
 
( eq st ( quole NIL)
 
( sysq kb stq kn y )
 
( lei
 

( if
 
( eq key ( quote goto ) )
 
( sysq kb ( head arg ) kn y )
 

,t 
( eq key ( quote say 
( append
 

( ch arg II
 

I cons
 
newline 
( sys kO ( tail st ) kn y Slq ) ) ) 

,t 
( eq key ( quole note 
l sys 

kO 
( tall SI 1 

( newkn kn ( head arg ) ( head ( taj) arg ) ) ) , 
slq ) 

If 
( eq key ( quote getyal ) ) 
( sys 

kO 
( tail st 
kn 
( lOOkup ( head arg ) kn slq ) ) 

If 
( eq key ( quote enq ) ) 

EXPERI' LSD lS 



enq 

'"( sltail 
kn 
( loOkup ( head arg ) kn 1 
( head arg ) 
( ch { (ail arg ) " ) 
slq ) 

if
 
( eq key ( quote ask ) )
 
( enq 

kb
 
( tail st )
 
kn
 
( quole NIL )
 
( head arg )
 
( ch ( lall arg ) " J
 
slq }
 

'f 
( eq key ( quote if ) ) 
( if 

( march ( head arg ) " ) 
{ sysq kb ( head ( tail arg ) ) kn II ) 
( sys kb ( lail st ) kn II stq ) ) 

,f
 
f eq key ( quote iin )
 
( if 

( match ( head arg ) II ) 
( sys kb ( tail 51 ) kn II slq ) 
( sysq kb ( head ( tail arg ) J kn II ) 

( cons key ( quote ????? ) ) ) ) ) ) ) )
 

key head ( head $1 ) )
 

arg 1ail ( head $1 ) ) ) ) )
 

ch
 
lambda
 

( 5 " ) 
( if ( eq ( head 5 ) ( quote " ) ) II 5 ) )
 

ma!ch
 
lambda
 
( a b ) 
( il
 

( alom a )
 
( or ( eq a quote ? ) ) ( eq a b ) )
 
( unless
 

( atom b 
( and 

( malch head a } ( head b ) ) 
( match tall a ) ( rail b ) ) ) ) ) ) 

lOOkup 
lambda
 
( x kn
 
( i1
 

( eq kn ( quote NIL ) )
 
( quote NIL)
 

if
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( eq ( head ( head lin , )
 

( lali ( head l<n ) )
 
( IOOl<up x ( lall l<n ] ) ) j
 

enQ 
lambda 
( kb st kn lup nam sIr stq 
( if 

( eq lup ( quote NIL) ) 
( append
 

sle
 
( sys
 

( tall kb 
51 
( newl<n lin nam ( heao l<D ) }
 
( head lib )
 
stq } )
 

sys kb sl lin IUp stq ) ) )
 
sect 
lambda 
( q d ) 

( " 
( eq q ( head ( head 0 ) ) ) 
( tall ( head d ) ) 
( sect Q ( tail d ) ) ) 

newkn " 
lambda 
( lin )I v ) 
( ,I 

( eo kn ( quote NIL) )
 

( cons ( cons x v ) ( quote NIL) )
 

,I 
( eQ x ( head ( head kn ) ) )
 

( cons ( cons x v ) ( tail kn ) )
 

( cons ( head kn ) ( newkn ( tall kn ) , , ) ) ) ) ) ) ) ,
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EXPERTJ..,IB r.so 

( ( Irlil
 

( say Kelloggs Delegglng Machine ( Model A ) service routine }
 
( gata presbul ) }
 

tagaln ( say Try again: ) ( goto presbut ) )
 
presbul
 
{ ask q Is the bullan pressable? )
 
( if yes legall )
 
( d no isbul ) )
 
,sbut
 
( enQ Qisbul Is there a button? )
 
( if yes dedcoy )
 
( nole butrel tagain
 
( if no new but l )
 

newbut 
( say Fit a new bUllon assembly ( part no £765/wY/35454y/z2 ) ) 
( note qisbul yes ) 

note button new )
 
getval but ret )
 

( gato • ) )
 
oedcay
 
( gelval qdedcoy )
 
( if done Infkel )
 
( nOle qdedcoy done J
 
( say Remove any dead coypu or empty carnflake packets from the )
 
( say bUllon assembly)
 
( goto tagaln ) )
 

rnfkel
 
( say Inspect the ablatIve diStending grommet for signs or infestation )
 
( say by kelp or other southern Atlantic seaweeds --- )
 
( enq qinlkel is II clear? )
 
( if no salsoak )
 
( gelval button )
 
( if new deaier )
 
( note butret tagain )
 
( gala newbut ) )
 

solsoak
 
( note qinfkel yes )
 
( say Soak in Kelloggs Patent Marine Salvenl lor three days )
 
( goto tagaln ) )
 

pagaln ( say Press lhe button again) ( goto iegoll) )
 
legoll
 
( ask q Do all the legs lall of!? )
 
( if yes isclen )
 
( il no anylof
 

anylol
 
( gelval qa10f )
 
( if yes insflegs )
 
( ask qal01 Do any 01 the legs fall ofl? )
 
( il no anylegs )
 
( nole butquery no )
 
( If yes insllegs ) )
 

anylegs 

18 EXPERT_LI~ LSO 



enq qanylegs Are [here any legs? )
 
if no nOlegs J
 
note burquery yes
 

( Ii yes rnsuegs ) ) 
nolegs
 
( nole qanylegs yes )
 
( say Frx new legs ( parI no £7576/el7yeyrlSww/p ) )
 
( goto pagain ) )
 

Insflegs
 
( getval despr 1
 
( " yes nOQlue )
 
( say Inspect the non-departed legs: )
 
( enq nailedon Have they been nailed on? )
 
( r1 yes rernnails )
 
( rl no lookglue ) )
 

remnails
 
( note nailedon no )
 
( say Remove all nails from the legs )
 
( goto pagaln ) )
 

lookglue
 
( note despr yes )
 
( enq rsglue Is there any sign 01 glue? )
 
( It yes rernglue )
 
( if no nog1ue ) )
 

remglue
 
( note Isglue no
 
( say Soak legs In paradi-Chloro-phanyl-penranolc aCid )
 
( golo pagain ) )
 

noglue
 
( getval burquery
 
( if no tryone )
 
( getval bullon )
 
( II new tryone )
 
( note burrel pagain
 
( goto newbur ) )
 

tryone
 
( galval qon e )
 
( If done Irytwo )
 
( note qone done
 
( say Replace the pelargonlum extraction unit )
 
( say ( part no £-2081070112g1-yu4 ) )
 
( gala pagaln ) )
 

trytwO 
( gerval Qtwo ) 
( If done dealer ) 
( note qlwo done ) 
( say Try inserting a secondary positron acidifler in the benign) 
( say matriculating quadrille) 
( gala paga1n ) ) 

dealer
 
( say OK. I give up
 
( say Go fa yOur nearesl authorised dealer)
 
( goto end ) )
 

isclen
 
( ask q Is the machine clean and shiny? )
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( 11 yes nofaul! )
 
( If no try soap )
 

nofaull
 
( say Your Kelloggs Delegglng Machine ( Model A )
 
( say IS now In perfect working order )
 
( goto end ) )
 

Irysoap
 
( ger....al qsoap )
 
( if done tryboll j
 

( nore qsoap aone )
 
( say Sponge 'he machine wltl1 warm soapy water. )
 
( say taking care not to wet tl1e expeditionary telephone emulator)
 
( sayar Il1e cold air InlaKe conduir )
 
( goto isclen J )
 

tryboli
 
( geNal qboil )
 
( II done fllll1y )
 
( note qboil done )
 
( say Boil tl1e machine for 30 mins in delonlsed water )
 
( goto isclen ) J
 

lilll1y
 
( say Your machine is incurable 'ilthy, I can do nothing lor il )
 
( gala end ) ) )
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INTERP LSD 

Jetrec 
( lambda 

( kb ) 
( append 

( quote ( LispKll In1erpreter: type end to finish ) ) 
( InteraCI 

kb 
( qUOle ( patience ) ) 
( quote ( ( quote 50 ) ) ) 
( quote NotDelined ) ) ) ) 

comment 
Quote 
( ( UspKlt lisp Interpreter ) 

( Geraint Jones. PRG Oxlord ) 
( Last changed 29 MarCh 1983 ) ) ) 

Interact 
lambCla 
( kb global_n glooal_v it 
( letrec 

{ cons newline ( cons ( quote > ) line ) ) 
( line 

if 
( eq tag ( quote exit ) ) 
( quote ( Exit interpreter ) 
( if 

( eq tag ( quote message ) ) 
( append 

message 
( interact ( 'ail kb ) new_global_n new_global_v it ) ) 

if 
( eq tag ( quote evaluation ) ) 
( append 

( print expression ) 
( Interact ( tail kb ) global_n glObal_v expression ) ) 

'f 
( eq lag ( quote restore ) ) 
( Interact 

( append 
lile 
( leI 

( if 
( eq ( head t ) ( quole > ) ) 
( tail t ) 
I I 

( t tail kb ) ) ) 
global_n 
global_v 
it ) 

cons 
( quote Error ) 
( Interact ( tail kb ) global_n global_v il ) ) ) ) ) ) 

( tag 1 result ) 

24 INTER> LSO 



message 2 result )
 
expression 2 result
 
liIe 2 result )
 
new_global_n 3 result
 
new_global_v 4 result
 
result lOop ( head kb ) global_n global_v It )
 
print 
letrec 
( lambda ( s ) ( firS1 patience ( flatten s ) ) ) 
( lirst 

lambda
 
( n I )
 
( 'I 

( eq I ( quole Nil) )
 
( quole Nil)
 

;f
 

( eQ n ( quote 0 ) ) 
( let 

( list stop stop SlOp) 
( slop ehr ( quote 46 ) ) ) 

cons 
( head I ) 
( first ( sub n ( quote 1 ) } ( tail I ) ) ) ) ) ) 

patience evaluale ( quote patienCe) global_n global_v it ) 
flatten 
lambda 
( s ) 
( lelrec 

( " 
( isfunction s )
 
( symbol ( quote function ) ( Iiallen ( show1unction s ) ) )
 

"( iscede s ) 
( symbOl ( quole co 'e ) ( Iiallen ( showcode s ) ) ) 

"( atom s
 
( list s )
 
( cons 

open 
( append ( Ilatten ( head s ) } ( tailpart r ) } ) ) ) ) 

symbol 
lambda
 
( type rep
 
( cons
 

open 
cons 
point 

( cons type ( cons pOint ( lailpart rep) ) ) ) ) ) 
lallpart
 
lambda
 
( , )
 

( " 
( eq ( head r ) ( quote Nil) ) 
( list close ) 

;1 
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eq ( head r ) open 
lal! r ) 

( cons point ( append r ( IIsl close ) ) ) ) ) ) 
r flatten ( lail s ) ) 
open chr ( Quale 40 ) ) 
close chr ( QUale 4' ) ) 
poinl chr ( QUale 46 ) ) ) ) ) ) ) 

lOOp 
larnbda 
I cornrnand glotlal_n globaJ_v it ) 
( letrec 

( if
 
( atorn command
 
( il
 

( eq command ( quote end ) )
 
exit
 

If
 
( eq command ( Quote save ) )
 
( save global_n global_n gJObal_v
 

'f 
( eq command ( quote 'lars ) )
 
( message global_n global_n global_v
 
( evaluation e:xpression ) ) ) )
 

,f 
( eq keyword ( quOte der ) 
( If
 

( eq name ( quote Error
 
error
 

If
 
( atom name )
 
( rnessage
 

( cons narne ( quote ( defined ) ) )
 
( cons name gfobal_n )
 
( cons value global_v) )
 

error ) )
 
If
 
( eq keyword ( quote cancel)
 
( jf
 

( member name global_n )
 
( message
 

( cons name ( quote ( cancelled 
( remove name global_n global_n 
( remove name global_n global_v 

error ) 
If
 
( eq keyword ( quole save ) )
 
( save ( tail command ) global_n glotlal_v )
 

If
 
( eq keyword ( quole restore } )
 
( restore ( lail command ) )
 
( evaluation expression ) ) ) )
 

keyword head command )
 
name head' ( tail' command ) )
 
value head' ( !all' ( tall' command ) ) )
 
expression evaluate command global_n global_v it )
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remove 
lambda 
( a t I 
( (f 

( eq a ( head I ) )
 
( lall I )
 
( cons
 

( head I ) 
( remove a ( tail I ) ( tail I ) ) ) ) ) 

exit list ( qUOle exit ) ) 
message 
lambda
 
( m n v )
 
l list ( quote message) m n v ) )
 

evalualion lambda ( e ) 
error message ( quote 
save 
lambda
 
( I global_n global_v
 

( list ( quote evaluahon ) e 
( Error) ) global_n global_v 

( letrec 
( message 

{ Jlsl 
( cons 

( quote 
( deflisl 

global_n 
global_v 

deflist 
lambda 
( I n v d 
( (f 

restore)
 
I glooal_n global_v ( quole NIL) ) ) 1
 

( eq n quole NIL) ) 
d 
( dellist 

( 

( tail " )
( tail , ) 

( (f 

( member ( 
( cons 

( list 
( quote 
( head 
( head 

d ) 

head n ) I ) 

del) 
n ) 
v ) ) 

d ) ) ) ) ) 

( restore lamoda ( f ) list ( quote restore ) f ) ) ) ) 
evaluate 
letrec 
( lambda 

( e global_n glooal_v it ) 
( lelrec 

( eva I e n v ) 
( n cons ( cons ( quole It ) globaJ_n ) ( quole NIL ) ) 
( v 
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cons
 
( cons il ( Iisteval global_v n v ) )
 
( quole NIL) ) ) }
 

eval 
lambda 
( e n v 
( lelrec 

( il
 
( atom e )
 
( associate e n v )
 

" ( eq keyword ( quole quote ) ) 
( letrec
 

( secure lextl
 
( secure
 

lambda 
( I )
 
( let
 

( if
 
( atom I )
 
I
 
( cons
 

( if 
( atom h ) 
( I' ( reser ....ed h ) ( quole Error ) h ) 
( secure h ) ) 

( secure ( tall I ) ) ) ) 
( h head I ) } ) ) 

"( eq keyword ( quote atom ) )
 
( atom argumentl l
 

"( eq keyword ( quote head ) ) 

( " 
( inCivisible argumenfl
 
( quote Error )
 
( head argumentl ) l
 

"( eq keyworC ( quole tail 
( if
 

( Indi.... islble argumentl
 
( quote Error )
 
( tail argumentl l )
 

"( eq keyword ( quote cons ) ) 
( cons 

( il ( reserved argumentl ) ( quole Error) argumentl ) 
argumenl2 ) 

'f
 
( eq keyword ( quote eq ) )
 
( eq argumentl argument2 J
 

" ( eq keyword ( quole leq ) )
 
( arithmetic ( leq argumentl argument2 ) )
 

" 
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( eq keyword ( quote add ) ) 
( arithme11c ( add argumeml argumen12 ) I 

'f 
( eq keyword ( quote sub) I 
( arithmetic ( sub argumentl argumenl2 I ) 

"( eq keyword ( quote mul ) ) 

( arithmetic ( mol argvmentl argumem2 ) ) 

'f 
( eq keyword ( quole div ) ) 

( arithmetic 
( 'f
 

f eq argument2 ( Quote 0 ) )
 

( quote Error)
 
( dlV argumentl argument2 ) )
 

'f
 
( eq keyword ( quole rem) )
 

( arithmetic
 
(
 'f 

( eq argument2 ( quote 0 ) 
( quote Error ) 
( rem argumentl argument2 ) ) ) 

'f
 
( eq keyword ( quote if ) )
 
( If argumentl argument2 argument3
 

'f 
( eq keyword ( quole lambda ) ) 
( makeftmctlon taxll lelCt2 n \I ) 

,I 
( eq keyword ( quole lei) ) 
{ let 

( eval laxll newn new... ) 
( newn cons ( variables definitions ) n ) 
( new... cons ( IIsteval ( values definitions) n Ii ) \I ) ) 

"( eq keyworO ( quote 'slrae ) ) 
( lelree 

( eval tex11 newn ne""" ) 
( newn cons ( variables definitIons) n ) 
( newv 

cons
 
( Iisteval ( values dellnltions ) newn newv )
 , ) )
 

if 
( eq keyword ( quole chr l ) 
( 11 ( number argumentl ) ( chr argumentl ) ( quote Error) ) 

if 
( eq keyword ( quote exec 
( it 

( atom argumenll ) 
( quote Error) 
( makecode argumentl 1 ) 

letrec 
{ if 

( Isftmction appllcand ) 
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( e'o'a! body newn new'o' 
,f 
( iscode appiicand ) 
( apply lunction arguments 
( quole Error) ) ) 

body tall ( head function ) 
newn 
cons 
( /'lead ( head function ) ) 
( head ( lail function ) ) ) 

newv cons argumenls ( tail ( tail runCllon ) ) 
runcllon tail appJlcand ) 

( applicand eva! ( head e ) n v»»)) ))))) »»)) ))))) 
keyword head e ) 
arguments Jisteval texts n v 
argumenn head' arguments ) 
argumenl2 head' ( tail' arguments ) ) 
argument3 head' ( tail' ( tail' argumenls ) ) ) 
arilhmetic 
lambda
 
( resull )
 
( ir
 

( and ( number argumentl ) ( number argumenl2 ) )
 
result
 
( quote Error ) ) )
 

definitions assoelist' ( lall' tex1s ) )
 
texts tal! e )
 
textl head' texis)
 

( texl2 head' ( tair texts ) ) ) }
 
Ilsle'o'al
 
I.t
 
( lambda ( I n v ) ( map ( e n '0' ) I ) )
 
( . 

lambda
 
( n '0' )
 

( lambda ( x ) ( eval x n v ) ) ) )
 
associate
 
lelree
 
( lambda
 

( a n v ) 
( If
 

( eq n ( quole NIL)
 
( Quote NolDeflned )
 

if 
( member a ( /'lead n ) ) 
( locale a ( head n ) ( head v ) 
( assoCiate a ( tail n ) ( lail v ) ) ) ) ) 

locate
 
lambda
 
( any
 
( if
 

( alom '0' )
 

( quote Error
 
If
 
( eq a ( head n ) )
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( head \I )
 

( locate a ( tall n ) ( tatl 1/ ) ) ) ) ) )
 

variables 
let 
( lambda ( d ) map 1/ d ) ) 
( \I lambda ( b ( head b ) ) 

..,alues 
let 
( lambda ( d ) map \I d ) } 
( \I lambda ( b ( tall b ) ) ) 

indivisible 
lambda 
t c ) 
( or ( alOm c ) ( or ( islunCllon c ) ( Iseode c ) ) ) ) ) ) 
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LC [.So 

lelr€c 
compile 
( comment 

QUOle 

( ( Compiler generating closures from lambda express-ions 
( Gerainl Jones. PRG Oxford. 25 March 1983 ) ) ) 

c~mpde 

,ambda 
, e ) 
I cons ( comp e ( Quole NIL) RTN_seq ) [ quole t.JJL 1 1 ) ) 
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LIBMAN UlO 

letrec
 
( lambda
 

( i ) 

( append 
, quote ( LlspKit librarian ) ) 
( librarian ( head I 1 , !reevars ( head I ) ) ( lall I ) ) ) ) 

librarian
 
lambda
 
( e u I
 

( lelrec
 
( d
 

( eq missing ( Quote NIL) )
 
( write ( bind_operators e u ) I )
 

( cons
 
newline
 
( append
 

missing
 
( ,1 

( eq ( head i ) ( quote end ) ) 
( write e ( tail I ) ) 

,I 

( eq ( head i ) ( qUOle aborl J 
( qUOTe NIL) 
( librarian e' u· ( tail I ) ) ) ) ) ) 

missing difference u operators
 
e' head next)
 
u· tail nexI )
 
next bi nd e u ( head i ) )
 
write
 
lambda
 
( e i )
 
( cons
 

newline 
( append 

( quote ( Type anything to prtnt resull ) ) 
( sequence ( head I J ( cons e ( quole NIL) ) ) ) ) ) ) J 

bind
 
lambda
 
{ e u a
 
( letrec
 

( cons
 
( il
 

( eq dels ( quote Nil)
 
e 
( cons ( quole letrec ) ( cons e defs ) ) ) 

( difference u· ( map ( lambda ( d ) ( head d ) ) a ) ) ) 
defs
 
filter
 
( lambd3 ( d ) ( member ( head d ) u· ) )
 
a ) 

( "' 
ClOse 
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lambda 
( , ) 

( reduce 
( lambda 

( d I ) 
( if 

( member ( head d l II ) 
{ ( tall d l I ) 
I ) ) 

a' , 
" )

a' 
map 
( lambda 

( d ) 
( cons 

( head d 
( lambda ( I ) ( unIon { (reellars ( tall cl ) ) I ) ) ) ) 

a ) ) ) 
bind_operators 
lambda 
( e u ) 
( lelrec 

( If 
( eQ u ( Quote NIL) ) 

e 
( cons 

( Quote let ) 
cons 
e 
( append 

( map 
( define ( Quote 1 ) ) 
( intersection u monadic_ops ) ) 

append 
( map 

( define ( Quote 2 ) ) 
( intersection u dladlc_ops ) ) 

map 
( define ( Quale 3 ) ) 
( intersection u trladic_ops ) ) ) ) ) ) ) 

define 
lambda 
( arlty ) 
( lambda 

( name 
( lei 

( list 
name 
( quote lambda ) 
arguments 
( cons name arguments ) ) 

argumenls 
first 
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LlBRARIAN l.'lO 

lelrec 
( lelrec 

( lambda Inpu1 ) ( librarian ( head Input j ( tail input) predellned 1 

comment
 
quote
 
( ( S-expresslon librarian j
 

( Geralnt Jones, PRG Oxtord ) 
( last changed 29 March 1983 ) ) )
 

predefined quote Nil)
 
iibrarlan
 
lambda
 
( expression input assoclist )
 
( letrec
 

( if 
( eq includes ( quote Nil) ) 
( append tlnalprompt ( output expression Input ) ) 
( append 

prompts 
( librarian
 

( instance expression bindings )
 
restollnput
 
bindings ) ) )
 

includes requirements expression )
 
dO_bindings bind_names includes Input assoClist )
 
prompts 1 dO_bindings )
 
restollnput 2 dO_bindings
 
bindings 3 dO_bindings )
 
llnalprompt
 
quote
 
( Type 'end' to tinish. anything else to prinl result) ) ) )
 

requirements
 
lambda
 
( expresSIOn
 
( If
 

( atom expression
 
( quote Nil )
 

if
 
( isinclude expression )
 
( cons ( filename expression ) ( quote Nil) )
 
( append
 

( requirements head expression )
 
( requirements tail expression ) ) ) ) )
 

instance
 
lambda
 
( expression assoclist )
 
( if 

( atom expression
 
expression
 

;/
 
( Islnclude expression )
 
( aSSOCiaje ( tllename expression ) assocllst )
 
( cons
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( Instance head expression ) assocl,st ) 
( Instance tail expression 1 assocllst ) ) ) ) ) 

output
 
lambda
 
( result Input )
 
( il
 

{ eq ( head input ) ( quote end ) )
 
( quote ( EXit librarian ) )
 
{ cons result ( output result ( lall InpUl ) ) ) ) }
 

bind_names.
 
lambda
 
( namellst Input assOC!lst )
 
( letrec
 

( ,( 

( eq namelist ( quote NIL ) )
 
( list ( quole NIL) 'Input associist
 

;(
 
( Oefined ( head namelJst ) associist ) 
( bind_names ( tail name list ) input associist 
( list 

( append ( 1 bind_head bInd tali ) 1
 

( 2 bind_tail )
 
( 3 bind tall ) ) )
 

bind_head bind new head namelist ) ( head Input) } 
bind_new
 
lambda
 
( name definition
 
( list
 

( cons
 
name
 

cons ( quote ) ( sequence definition ( quole NIL) ) l ) 
name 
definition ) ) 

bind_tail 
bind_names 
( tajl nameHst 
( tail input ) 
( bInd ( 2 bind_nead ) ( 3 bind_head ) associ is! ) } ) ) ) 

Islnclude
 
lambda
 
( e ) 
( unless
 

( alom e
 
( and
 

( eq ( head e ) ( quote include ) ) 
( unless
 

( atOm ( tall e )
 
( and
 

( atom ( head ( tail e ) ) ) 

( eq ( tail ( tail e ) ) ( quote Nil) ) ) ) ) ) ) 

( filename lambda ( e ) { head ( tail e ) ) ) ) 
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LOADER LSD 

letrec
 
( run and halt 10ad_go_100p )
 
( load_90_ looP
 

letrec
 
( appliCatiOn load_go ( quote Nil )
 

( load_go lambda Nil ( consume outpUI ( exeCule ( input) ) ) ) }
 
I consume
 

letrec
 
( lambda ( s ) ( application step ( list s ) ) )
 
( step
 

lambda 
( 5 ) 
( If 

( atom s ) 
( sequence ( print_ilem newline ) 10ad_go_loop ) 
( sequence 

( pnnt_llem ( head s ) )
 
( consume ( tail s ) } ) ) ) )
 

output
 
lambda
 
( 5 ) 

( If
 
( a10m s )
 
( if
 

( eq s ( quote Nil)
 
( quote Nil )
 
( cons s ( quote Nil) ) )
 

lIallen ( head s ) ( output ( tall s ) ) ) ) ) 
execute
 
lambda
 
( in_stream
 
( if 

( lelrec 
( 0' 

( atom closure ) 
or ( atom code ) ( not ( number tlrst_op ) ) ) ) 
closure head In_stream 
code head closure ) 

( Ilrst_op head code ) ) 
quote ( Input is not a closure) ) 

( ( load_code ( head In_stream) ) ( tall In_stream) ) ) ) 
Input
 
lambda
 
NIL
 
( letrec
 

( stream l1em ( input) ) 
( stream lambda ( a b ) ( sequence a ( cons a b ) ) ) 
( Item read_Item ) ) ) ) 

application lambda ( Ie) ( strict_cons f e ) ) ) 
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LOGIC LSD 

Ie tree 
( letrec 

( lambda
 
( kb )
 
( append
 

( quote ( LogiC lIspKi\ Interpreter: type end to finish ) ) 
( interact 

kO 
{ QuOle ( patience) )
 
( quote ( ( quole 50 ) ) )
 
( quote NotOefined )
 
( quote NIL ) ) l )
 

comment 
quote 
( ( logic LlspK11 interpreler. Garalnl Jones. PAG Ox10rd 

( last changed 11 November from the lexl of ) 
( LispKit Interpreter. Geraln! Jonas, PAG Oxford) 
( last Changed e November 1982 ) ) ) 

interact 
lambda
 
( kb globeln glObal... II database )
 
( letrec 

( cons ( chr ( quote 13 ) ) ( cons ( Quale) ) line) ) 
( line 

,I 
( eq lag ( quole ellil ) )
 
( quota ( Exit logic interpreler ) )
 
( If
 

( eq tag ( Quote message ) ) 
( append 

message 
( interact
 

( tail kb )
 
newgtobaln
 
newglobalv
 
If
 
newdatabase ) )
 

If 
( eq tag ( quole evaluation ) ) 
( append 

( print expression 
( Interact
 

( tall kb
 
globaln
 
globalv
 
expression
 
database)
 

"( eq tag ( quote restore) )
 
( inleraCI
 

( append
 
1IIe
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lei 
( if
 

( eq ( head I ) ( quale > ) )
 
( tall t )
 
I )
 

( I tail kb ) ) )
 
globaln
 
glObalv
 
II
 

database
 
Cons 
( quole Error ) 
( InteraCI ( rail kb ) globaln globalv il database) ) ) ) ) ) 

tag head result )
 
message head ( tail reswll ) )
 
expression head ( tall result ) )
 
file tall result )
 
newglobaln heaa tail ( tall result ) ) )
 
newglobalv head { tail ( tail ( tail resutl ) ) ) )
 
newdatabase head ( tail ( tall { tail ( tail result ) ) ) ) )
 

result loop ( head kb ) globaln globalv it database )
 
print
 
Jafree
 
( lambda ( s ) ( first patience ( Ilatten 5 ) ) )
 
( first
 

lambda
 
( n I )
 
I It
 

( eq I ( quole NIL) )
 
( quole NIL)
 

It
 
( eq n quote 0 ) )
 
( lei
 

( cons 
stop 

cons slOp ( cons stop ( quote NIL) ) ) ) 
( SlOp chr ( quote 46 ) ) ) 

cons 
( head I )
 
( IlrSI ( sub n ( quote 1 ) ) ( tall I ) ) ) ) ) )
 

patience
 
evaluate
 
( quote patience )
 
globaln
 
globalv
 
It
 
dalabase
 

/lallen
 
lambda
 
( 5 ) 

( letrec 
( if 

( IsfunCtlon s )
 
( quote ( .. 'unCtIon .... ) )
 

If
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( isvarlable s )
 
[ subscript ( tall s ) ( Quale NIL) )
 

"( atom s ) 
( cons s ( Quote Nil) ) 
( cons open ( append ( Iiallen ( head s ) ) t ) ) } ) ) 

t 
,t 
( eQ ( head r ) ( Quote Nil) ) 
( cons close ( Quote NIL J ) 

( 11 
( eq ( head r ) open )
 
( tall r )
 
( cons
 

point 
( append r ( cons close ( quote NIL) ) ) ) ) ) 

r tlatten ( lail s ) ) 
subsCript 
lambda
 
( v s )
 
t If 

( atOm v ) 

( cons v s 
( subscript 

( tail v ) 
( cons COlon ( cons ( head v ) s ) I 1 ) } 

open chr ( Quote 40 ) ) 
close chr ( Quale 41 ) ) 
point chr ( Quote 46 ) ) 
colon chr ( Quote 58 ) ) ) ) } ) ) 

lOOp
 
lambda
 
( command glOtlaln globalv H dalabase )
 
( letrec
 

t If
 
( atom command
 
( if
 

( eo command Quote end ) ) 
allil 

;, 
eQ command ( Quote save ) ) 
save 
( cons ( c,uote database ) globaln 
globaln 
globalv 
database 

If 
( eQ command ( Quote vars ) ) 
( message glotlaln globaln glOtlalv database) 

;1 
( eQ command ( Quote new 
( message
 

( Quote ( new database )
 
glOtlaln
 
globalv
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( Quote NIL) )
 

evaluation expreSSion ) ) ) ) )
 

" ( eq keyword ( Quote del 
( jj 

( eq name ( quoTe Error
 
error
 

if
 
( atom name)
 
( message
 

( cons name ( quote ( defined ) ) )
 

( cons name globaln )
 

( cons value globalv )
 
database )
 

error ) ) 

if 
( eq keyword ( quote cancel ) ) 

( if 
( member name globaln 
( message
 

( cons name ( quote ( cancelled ) ) )
 

( remove name globaln globaln )
 
( remove name globaln globalv )
 
database )
 

error ) 
If
 
( eq keyword ( quote save ) )
 
( save ( tail command) globaln globalv database)
 

if 
( eq keyword ( quote restore ) ) 
( reslore ( tail command ) ) 

"( i1 
( eq keyword ( qUOle fact ) 1 
( quote T ) 
( eq keyword ( Quote lorall ) ) 

message
 
( quote ( asserted ) )
 
globaln
 
globalv
 
( cons command database ) )
 

( evaluation expression ) ) ) ) ) ) ) 
keyword head command ) 
name head' ( tail' command ) ) 
value head' ( tall' ( tail' command ) ) ) 
e)(pression evaluate command globaln globalv it database ) 
remove 
lambda
 
( a t J
 

( if
 
( eq a ( head ( ) )
 
( lail I )
 
( cons
 

( head I )
 
( remove a ( tail I ) ( tall I ) ) ) ) )
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exit cons ( qUOle eXit) ( quote Nil) ) 
message
 
lambda
 
( m n v d )
 
( cons
 

( quole message 
cons 
m 

( cons n ( cons II ( cons d ( quOte Nil ) ) ) ) ) ) ) 
evalua1ion 
lambda 
( e ) 
( cons ( quote evaluatJon ) ( cons e ( quote NIL ) ) ) ) 

error message ( quote ( Error) ) glObaln globalv ) 
save 
lambda
 
( I globaln global... database)
 
( lelrec
 

( message 
( cons 

( cons 
( quole restore ) 
( defllsl
 

I
 
globaln
 
global",
 
( if 

( member ( quote dalabase ) I )
 
oatabase
 
( quote NIL) ) ) )
 

( Quote NIL) )
 
globaJn
 
global v
 
database 

deWst
 
lambda
 
( I n v d
 
( if
 

( eq n ( quote NIL) )
 

d
 
( derUst
 

I
 
( tail n
 
{ lail II
 

( " 
( member ( head n 1 I ) 
( cons 

( cons 
( quote del 

cons 
( head n ) 

cons ( head II ) ( quote NIL) ) ) ) 
d ) 

d ) ) ) 
( restore lambda ( f ) ( cons ( quote restore ) I ) ) ) ) 
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evaluate
 
lelrec
 
( lambda
 

( e glooaln globalv II database) 
( letrec
 

( eva I e n v )
 
( n
 

cons
 
( cons ( quote It 1 ( Cons ( quote database ) globaln 1 )
 
( quote NIL ) )
 , 
cons
 
( cons
 

;t 
Cons ( assemble database ) ( Iisteval globalv n v ) ) ) 
quote NIL 1 ) ) ) 

eval
 
lamOaa
 
( e n v
 
( letreC
 

( If
 
( atom e )
 
( associate e n v )
 

If
 
( eq keyword ( quote quote ) 1
 
telCl1
 

" ( eq keyword ( quote atom ) ) 
( if
 

( atom argumentl )
 
( quote T )
 
( IsvariabJe argumeml ) )
 

"( eq keyword ( quote head 
( if
 

( indivisible argumenl1
 
( quote Error )
 
( head argumentl ) )
 

"( eq keyword ( quote taU 
( if
 

indivisible argumenll
 
quote Error)
 
tail argumenll 1 )
 

"{ eq keyword ( quote cons) ) 
( cons 

( If ( reserved argumentl ) ( quote Error ) argumenll ) 
argument2 ) 

"( eq keyword ( quote eq ) )
 
( equal argumentl argument2
 

If
 
( eq keyword ( quote leq ) )
 
( leq argumentl argumen12 )
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'f
 
( eq keyword ( Quote adCl I I
 
( add argument1 argument2 )
 

"( eq keyword , Quore sub ) )
 

( ,ub argumenll argumenl2 )
 

" ( eq kaywara ( quote mul ) )
 

( mul argumentl argument2 )
 
iI
 

( eQ keyworCl ( Quote dlv )
 
( iI
 

( eq argument2 ( quole 0 ] )
 

( quole Error )
 
( di'" argumentl argumem2 )
 , 

" ( eq keyword ( quote rem 
( iI
 

( eq argumenl2 ( Quote 0 )
 
( quote Error )
 
( ,em argumenll argument2
 

'f
 
( eq keyword ( quole If ) }
 
( if argumentl argumen12 argumen13
 

" ( eq keywora ( quote lambda ) )
 
( rnakerunctlon textl lext2 n v )
 

" ( eq keywora ( quote let ) ) 
( let 

( eval taxll newn newv ) 
( newn cons ( names definitions ) n ) 
( newv cons ( lisleval ( values dellnl!lons ) n " ) v ) } 

II
 
( eq keyword ( quole lelrec ) )
 
( letrec
 

( eval lexll newn newv ) 
( newn cons ( names definitions ) n ) 
( new...
 

cons
 
( Iisteval ( values definitions 1 newn newv ) , ) ) 

'f
 
( eq keyword ( quote Cl1r ) )
 
( chr argumentl )
 

"( eq keyword ( quote all ) ) 

( solve
 
textl
 
{ tall' texts
 
( aSsociale ( quote database ) n , ) )
 

"( eq keyword r quote logrc )
 
( letrec
 

( eval textl newn newv )
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newn cons ( Quole ( database ) ) n ) 

new"
 
cons
 
( cons 

( dbappend 
( assemble tail' texts ) ) 

( associate Quote database) n v ) ) 
( quote NIL) , ) 

dbappend
 
lambda
 
( no)
 
( ,( 

( eq n ( quote NIL) ) 
o 

,( 

( atom n ) 
( Quote NIL 
( cons 

( head n ) 
( dbappend ( tail n ) a ) ) ) ) ) ) 

letrec 

( " 
( islunction applicand ) 
( eval bOdy newn new... 
( quote Error) ) 

body tall ( l1ead 'unction ) 
newn 
cons 
( head ( head Junction ) ) 
( head ( tail function ) ) ) 

new" cons arguments ( tail ( tall tunc-Hon ) ) 
function tall applicand ) 

( app11cand eval ( head e ) n " »)))) »») ))))) ))))) » 
keyword head e ) 
arguments lisleva! texIs nil) 
argumentl head' arguments ) 
argumen12 nead' ( tail' arguments) ) 
argument3 head' ( tall' ( tall' arguments) ) 
delinitions assoclisl' ( tail' texIs ) ) 
texIs tail e ) 
taxll head' teXis ) 

( text2 head' ( tall' le)(IS ) ) ) ) 
Iisleval
 
le(
 
( lambda ( I n v ) ( map ( e n v ) I ) )
 
( e 

lambda
 
( n v I
 

( lambda ( )( ) ( eval x n v ) ) ) )
 
assocIate
 
letrec
 
( lambda
 

( a n v
 
( if
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( eq n [ quole Nil ) 

( quote NotDelmed ) 

" ( member a ( head n ) , 
( locate a ( head n ) ( head , ) ) 

( associate a ( tail n ) : 1al! v ) ) ) ) ) 

locale 
lambda 
( a n 1/ 

( if 
( atom II ) 

{ quote Error 
;f 

( eq a ( head n ) 
( head II ) 

( locale a ( tall n ( tail " ) ) ) ) ) } 
names 
Ie) 
( lambda ( d ) map v d ) } 
( II lambda ( b ( head b ) ) 

values 
lei 
( lambda ( d ) map v d ) ) 
( \I lambda ( b ( tall b ) ) ) 

Indivisible 
lambda 
I C ) 
( il 

( alom c ) 
( quole T ) 

(f ( Isfunctlon c ) ( quote T ) ( isvariable c ) ) 1 ) 
solve 
le/ree 
( lambda 

( variables constraints database) 
( realise 

...anables 
( loop 

( quote 
( cons 

( cons 
( setvars 

( quole 0 ) 
( markvars variables constraints 1 ) 

( quote NIL ) ) 
( quole NIL ) ) 

database ) ) ) 
realIse 
letrec 
( lambda 

( variables envIronments ) 
( map ( Instantiate ( map subD variables ) ) environments ) ) 

subO 
lambda 
( v ) 
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( subscript ( QUale 0 ) ( make'.lariable '.I) ) )
 

instantiate
 
lamCda
 
( , )
 

( lamCda ( e ) ( Instance '.I e ) l )
 

instance
 
lamCda
 
( '.I e ) 
( if
 

( isvariaCle '.I )
 

( if
 
( defined '.I e )
 
( instance ( assoCiate '.I e ) e )
 , )
 

«
 
( atom '.I ) , 
( cons
 

( instance head '.I ) e
 
( Inslance tall v ) e ) J ) ) }
 

lOOp 
lambda 
( level wailing database) 
( )elrec 

( il
 
( eq wailing ( quole Nil ) )
 
( quote NIL )
 
( append
 

sol'.led 
( lOop
 

( add ( quole 1 ) le'.lel )
 
resubmllted
 
database ) ) )
 

solved head dedUCtion ) 
resubmitted lall deduction 

( deduction deduce waiting ( set'.lars level database) } ) ) 
deduce 
lamCda 
( waiting database ) 
( le1rec 

( il
 
( eq wailing ( quole NIL ) }
 
( quote ( Nil) }
 
( cons sol'.led resubmHled ) )
 

solved 

'f
 
( eq constraints ( quote Nil)
 
( cons en'.lironmenl sol'.led'
 
solved' )
 

resubmitted
 
« 
( eq constralnls ( QuOte Nil) )
 
resubmitted'
 
( append
 

( resol'.le constraints en'.lironment database ) 



resubmitted' ) ) 
constramts head ( head walling ) ) 
environment tail ( head walling ) ) 
solved' head rest) 
resubmitted' tail rest) 

( rest deduCe ( tall waiting ) database ) ) ) 
resolve 
lambda 
( constraints environment database ) 
( letrec 

( ,( 

( eq database ( quole NIL J ) 

( quole NIL) 

" 
( eq unification ( quote Impossible ) ) 
resl 
( cons ( cons relaxation unification ) rest) ) ) 

unillcafion 
unify 
( head constraints 
( head clause ) 
environmefll ) 

( relaxation append ( tall clause) ( tail constraints ) ) 
( Clause head database) 
( rest resolve constraints environment ( 1all lJatabase ) ) ) ) 

unify 
lambda 
( a b substltution 
( le1rec 

( if 
( equal a' b' ) 
substitution 

;, 
( Isvarlable a' ) 
( bind a' b' substitution 

U 
( Isvanable b' ) 
( bind b' a' subslilullon 

;, 
( If ( alom a' ) ( quote T ) ( atom b' ) ) 
( quote impossible) 

'I 
( eq unifyheads ( quote impossible) ) 
< quote impossible ) 
unlfytal!s ) ) ) ) ) 

a' associate a SubSlitutlon 
b' associate b substllullon 
unifyheads unily ( head a' ) ( head b' ) substitution 

( unilytaijs unify ( tall a' J ( tail b' > unlfyheads ) ) ) 
delined 
lambO'a 
( v e ) 
( U 

( eq e ( quole NIL ) ) 
( quote F ) 
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,j 

( equal 1/ ( head head e ) )
 

( quale T )
 
( defined ( lail e ) ) ) )
 

associate
 
lelrec
 
( lambda
 

( v e )
 
( ,j 

( defined v e )
 
{ aSSOCiate ( Immediate " e ) e )
 , ) )
 

immediale
 
lambda
 
( lie)
 

( il
 
( equal II ( head ( head e ) ) )
 
{ tail ( head e ) )
 
( Immediate" ( lail e ) ) 1 ) )
 

bind
 
lambda
 
( n " e J
 
( cons ( cons nil) e ) )
 

selvars
 
lambda
 
( i e )
 
( II
 

( ISliar/able e )
 
( subscript Ie)
 

(j 

( atom e ) 
e 
( cons 

{ selVars i head e 
( selvars i tail e ) ) ) ) 

subscript
 
lambda
 
( I II )
 

{ makev3rlable ( cons j ( lail II ) ) ) ) )
 
assemble
 
lambda
 
j d )
 
( lelrec
 

( il 
( alom d ) 
( QUale Nil 

,j 

( atom clause 
rest 

if
 
( eq keyword ( quote fact) )
 
( cons ( tail clause ) rest )
 

(j 

( eq keyword ( Quote lorall ) 
( cons 
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markvars 
( head ( tall clause 
( tail ( tall clause ) 

rest) 
rest) ) } ) 

clause head d ) 
keyword head clause ) 
rest assemble ( lail d ) ) } } 

markvars
 
lambda
 

( " e ) 
( il 

( atom e ) 
( If ( member e ..... ) ( makevanable e ) e ) 
( cons 

( markvars v head e
 
( mark.....ars tail e ) ) ) ) )
 

append 
lambda 
( a b ) 
( il 

( alom a

•( cons head a ) ( append ( Cail a ) b ) ) ) } 
member 
lambda 
( a I ) 
( if 

( atom I )
 

{ Quote F )
 
11
 
( eq a ( head J )
 

( quole T )
 
( member a ( tall ) ) ) ) )
 

equal 
lambda 
( a b ) 
( if 

( eq a b )
 
( Quote T )
 

"( II ( 810m a ) ( Quote T ) ( atom b ) )
 
( Quale F )
 

11 
( equal ( head a ) { head b ) 1 
( eQual ( tail a ) ( tail b ) ) 
( quote F ) ) ) ) ) 

map 
lambda 
( I I ) 
( il 

( atom 
I 
( cons ( head , ) ) ( map f ( tail I ) ) ) ) 1 

head' 

LOGIC LSD 53 



'amOda 
c ) 

I It ( atom c ) ( quote Error ) ( head c ) ) 1 
lall'
 
lamOda
 
r C )
 

I If ( atom c ) ( quote Error ) ( tall c ) ) )
 
assoclist'
 
lamOda
 
I I )
 
I If
 

( atom I )
 

( quote NIL
 

" ( atom ( head I ) )
 
( assoclis!' ( tall I )
 

, " 
( atom ( head ( head I ) ) )
 
( cons ( head I ) ( associ IS!' ( tall I ) ) )
 
( assocllst' ( lail I ) ) ) ) ) )
 

IsvanaOle 
lambda 
I v ) 
i If 

atom v )
 
quote F )
 

( eq ( head II ) ( quote VarlableTag ) ) l ) 
makevariaOle lambda ( v ) ( cons ( quote VarlaOleTag ) v l ) 
Islunction 
lambda 
I I ) 
I II 

( atom f )
 
( quole F )
 
( eq ( head f ) ( quote FunctionTag ) ) ) )
 

makefunctlon 
lambda 
I formals Oody n v ) 
I cons 

( quote FunctlonTag )
 
I cons ( cons formals body) ( cons n v ) ) ) )
 
reserved 
lambda 
I a ) 
I II 

I eq a ( quote FunctionTag ) )
 
I quote T )
 
I eq a ( quote VarlaOleTag ) ) ) ) )
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LOG I Cj.IB LSD 

restore 
( def
 

fist
 
( lambda
 

( I ) 

( 'f 
( eq I ( quote NIL) )
 
( quote NIL)
 
( cons
 

newline 
( cons ( head ( head , ) ) ( list ( tail , ) ) ) ) ) ) ) 

del newline ( chr ( quote 13 ) ) ) 

del 
palindromes 
( lOgiC
 

( list ( all ( x ) ( x () x ) ) )
 
( forall ( x ) ( x = NIL + x ) )
 
( !orall
 

( a x y z )
 
( ( a x ) = ( a y ) + l )
 
( , y + l ) )
 

fact ( NIL () NIL)
 
forall
 
( a , y z )
 
( ( a x ) () y
 
( x () z )
 
( y z + ( a ) ) ) )
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MUFP LSO 

lelrec 
( IsITae
 

C interpreter ( quole muFP ) eval mUfp_lib )
 
[ interpreter
 

lambda
 
( name eva I predefined )
 
( lelrae 

( lambda
 
( kb )
 
( append
 

( Iisl name ( quole Interpreter) ) 
( Interpret kb ( Quote NIL) ) ) ) 

Interpret
 
lambda
 
( kb env
 
( lelrec
 

( app6lld 
( IIs1 newline ( quote) ) ) 
( if 

( eq lirst ( quote end ) ) 
( list ( Quote Exit) name ( quale Inlerpreter ) ) 

II 
( eq firs! ( quole vars ) ) 
( append ( map head env ) irest ) 

II 
( eq first ( quote dump ) ) 
{ append 

( reduce 
append 
{ cons 

( quole NIL 
( map 

( lambda 
( , ) 

( IIS1 ( showdef ( head )( ) ) 'lewllne ) ) 
eny ) ) 

irest 
If
 
( atom first
 
Irest
 

II 
( eq ( head first ) ( quote def ) ) 
( J111erprel 

( tall kb 
( updafe 

on,
quole 2 lirst(( 0'0' quote 3 first ) ) 

II 
( aq ( head first ) ( quote show) ) 
( cons 

( pretty ( showdet ( al ( qUOte 2 ) first) ) ) 
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Iresl 
if 
( eq ( head first ) ( quote cancel ) ) 
( interpret 

( tail kb 
( unbind el ( quole 2 ) first env ) ) 

(f 
( eq ( head first 1 ( quote run ) 
( append 

( run 
( el ( quote 2 ) Ilrst ) 
( untllend ( tail kb ) ) ) 

interpret ( afterend kb ) env ) ) 
If 
( eq ( head first ) ( quote edit) ) 
( let 

( append 
edit_output e ) 
interpret 
( afterend kb ) 
( update 

en, 
( el ( quole 2 ) first 

• 
edit 

( edit_lite e ) ) ) ) 

( associate ( el ( quole 2 ) first ) env ) 
( untilend ( fall kb ) ) ) J 

Irest ) ) ) ) ) ) ) ) ) ) 

showdef 
lambda 
( n ) 
( list ( quole def ) n associate n env ) ) ) 

iresl inlerprel ( lail kb env } 
firsl head kb J 

"" lamMa 
( ellp inpul 
( letrec 

{ ( eval exp realenv ) Input ) 
( realenv 

append 
( map 

( lambda 
( , ) 

( cons 
( head x ) 
( eva I ( tall x ) realenv ) ) ) 

env ) 
predefined ) } ) ) ) 

eva I 
lambda 
( exp env 
( fp_eval 

( ( mufp_evaJ ( lambda ( a ) ( delined a mufp_Jlb ) ) ) exp ) 
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anv ) ) 
( mulp_evaJ
 

lamtlda
 
( inlp )
 
( latrec
 

mulp_eval
 
( mulp_eval
 

lamtlda
 
( e ) 
( lei
 

( If
 
( atom e )
 
( il ( Intp e ) Slaleless e )
 

If 
( eQ ( head e ) ( quote select ) ) 
stateless 

If 
( eq ( head e ) ( quOte constant ) ) 
stateless 

If 
( eq ( head e ) ( quote alpha ) ) 
( list
 

( quote compose
 
( quote zip )
 
( Iisl
 

( quote alpha ) 
( mufp_eval ( el ( quote .2 ) e ) ) ) 

quole Zip ) ) 
If 
( eq ( head e ) ( quole slash) ) 
( list 

( quote compose ) 
( list 

( quole slash ) 
IiSI 
( quote compose 
( mulp_Bval ( el ( quote .2 ) e ) 1 
( quote zip ) ) ) 

quote Zip ) ) 
If 
( eq ( head e ) ( quote construct ) J 
( lIst 

( quole compose 
( quole ziP) 
( cons 

( quote construel 
( map mufp_eval ( tail e ) ) ) ) 

If 
( eq ( head e ) ( quote II ) ) 
( list 

( quote compose 
( Quote 

( alpha 
( If 

( select 1 ) 
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( select 2 
( select 3 ) ) 1 J 

quole Zip ) 
cons 
( quole construct 
( map mulp_eval ( tail e ) ) ) ) 

if
 
( eq ( head e ) ( quole mu ) )
 
( list
 

( quote loop 
( fist 

( quote compOse 
( quote lip ) 
( mulp_eval I el ( quote 2 ) e ) ) 
1 Quote lip) ) 

el ( qUOle 3 ) e 
i1 
( eq ( head e ) ( Quote compose ) ) 
( cons ( quote compose ) ( map mufp_eval ( tall e ) 1 ) 
( quote ....synerr"" ) 1 ) ) ) ) ) 1 ) ) 

stateless list ( Quote alpha ) e ) ) J ) ) 

1p_eval 
lambda 
( exp anv 
( lelrec 

( fp_eval exp
 
( lp_eval
 

lambda
 
( I ) 
( 11 

( atom f ) 
( If
 

( dell ned f env )
 
( associate f env )
 
( lambda ( y ) ( quote ""lIberr u ) ) )
 

;, 
( eq ( head f ) ( quote select ) )
 
( lambda
 

( , )
 

( el ( el ( quote 2 ) I ) xl)
 
;,
 
( eq ( head 1 ) ( quote compose ) )
 
( reduce
 

( lambda
 
( x y ) 

lambda ( z ) ( x ( Y Z ) ) 1 ) 
map 1p_eval ( tall 1 1 ) ) 

If
 
( eq ( head , ) ( Quole conSlruct ) )
 
( construct ( map Ip_eval ( (all I ) ) )
 

;, 
( eq ( head I ) ( quote alpha ) ) 
( lei
 

( lambda ( x ) ( map 9 J(
 

( 9 lp_eval ( el ( Quote 2 ) I ) ) )
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"( eq ( head I ) ( quole slash ) )
 
( let
 

( lambda
 , , ) 

( reduce 
( lambda 

( )( y ) 
( 9 ( list x Y ) ) ) , ) , 

( 9 fp_eval ( sl ( quole 2 ) 

"( eq ( head f ) ( quote constant) ) 
( lambda ( x ) ( el ( quote 2 ) ! ) ) 

" ( eq ( head f ) ( quote loop ) )
 
( let
 

( lambda
 
( i )
 

( lelree
 
( ef ( quote , ) p ) 
, p 

g 
( list , 

( cons 
( el ( quole 3 ) f ) 
( el ( quote 2 ) P ) ) ) ) ) ) 

( 9 fp_eval ( el ( quote 2 ) I ) ) ) 
if
 
( eq ( head I ) ( Quote il ) )
 
( let
 

( lambda , , ) 

( let 
( il 

( eq y ( quote 1 ) } 
( b x ) 

r'
( eq y ( quote 0 ) ) 
( ex) 
( quole ''''llerr''''' ) ) 1 

( Y a x ) } ) 
a fp_eval ( el ( quote 2 
b fp_eval ( el ( quote 3 

( c Ip_eval ( el ( quote 4
 
lambda
 
( , )
 

( quote "·synerror"· ) ) ) } ) ) ) ) ) ) ) ) J ) 
mUlp_lib 
1151 

( COrls
 

( quole append I
 
( IBm!:lda , , ) 
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( cons ( head x ) ( el ( quole 2 ) x ) ) ) ) 
cons
 
( quote appendr
 
( lambda
 

( , l
 
( append
 

( head , l
 
{ list ( el ( quote 2 ) x ) ) ) ) )
 

cons ( quote hd ) head l
 
cons ( quote II ) tail)
 
cons
 
( quole dls11
 
( lambda
 

( , )
 

( map 
( lambda ( y ) ( lisl ( head x ) y ) ) 
( el ( quote 2 ) x ) ) ) J 

cons
 
( quole distr
 
( lambda
 

( , )
 

( map
 
( lambda
 

( y )
 
( list Y ( el ( quole 2 ) x ) ) )
 

head x ) ) ) )
 
cons ( qUOIe id ) ( lambda ( x ) x ) )
 
cons
 
( quote ZIp )
 
{ lelrec
 

,(p 
( zip
 

lambda
 
( a ) 
{ if
 

( atom a )
 
a
 

(,
 
( atom ( head a ) )
 
( head a )
 
( leI
 

( cons 
( map head a' ) 
( zip ( map tail a' ) ) ) 

a' 
map 
( lambda 

( , ) 

( if 

( atom x ) 
( quote ("''''zlperr'''· ·"'zlperr·"'» 
, l l 

a ) ) ) ) ) ) ) 
cons
 
( quote eq
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MUFP_LJB LSO 

del and ( il ( select 1 ) ( select 2 ) ( constant 0 ) ) )
 
del or ( il ( select 1 ) ( constant 1 ) ( select 2 ) ) 1
 
def not ( II id ( constant 0 ) ( constant 1 ) ) )
 
def xor ( compose and ( conSlruct or ( compose not and ) ) } )
 
del hall-a<l<ler { construct ;(or and ) )
 

de' 
full-adder
 
( compose
 

( constrUCl
 
[ compose ( select 1 l ( select 1 ) )
 
( compose
 

m 
( constrUCl
 

{ compose ( select 2 ) ( select 1 ) )
 
( select 2 ) l ) )
 

construcl 
( compose 

half-ad<ler 
( construct ( compose ( select 1 ) ( select 1 ) ) ( select 2 ) ) ) 

( compose ( select 2 ) ( select 1 ) ) )
 
construct half-adder ( select 3 ) ) ) }
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ROUND LSO 

le!rec 
( letrec 

x 
( X cons Quale 1 ) I merge X2 ( merge X3 XS ) ) )
 
( X2 limes ( Quale 2 } X )
 
( X3 limes ( Quale 3 } X )
 

( XS limes ( Quale 5 } X }
 
merge
 
lambda
 
( a b )
 
( 11
 

( eQ ( head a ) ( head b ) )
 
( merge a ( lail b 1 1
 

"( leQ ( head a ) ( head b ) )
 
( cons ( head a ) ( merge ( tail a ) 0
 
( cons ( head b ) ( merge a ( lail o } ) } }
 

( times 
lambda 
( c I ) 

( cons ( mul c ( head I ) } ( times c ( lail I ) ) ) } } 
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SEMMET LSO 

Ie tree 
( lambda ( kb ) < execute 
( e::.:ecule 

lambda 
l C db 
( if 

( eq c ( quote NIL ) 

( Quale NIL J 
H 
( Isadd ( head c ) ) 
( execute 

( tail c ) 
( adds9t 

db 
( eval ( arg1 ( 
( mkalOm ( arg2 
( eva I ( arg3 ( 

if 
( Isdb ( head c ) ) 
( cons db ( execute 
( cons 

( eva I ( head c ) 

( unlilend ( tail kb ) ) ( head kb ) ) ) 

) 

head c ) ) db 
( head c ) } 

head c ) ) db ) ) ) 

( tall c J db ) ) 

db ) 
( execute ( tail c ) db ) ) ) ) ) ) 

eva! 
lambda 
( e db 
( If 

( Isunlon e ) 
( union 

( eva' ( arg1 
( eval ( arg2 

if 
( Islnler e 
( Intersection 

( eval ( arg1 
( eval ( arg2 

of 
( isdll' e ) 

( dil/erence 
( eva I ( arg1 
( eval ( arg2 

of 
( 15Jm e ) 

( Imageset 
( eval ( arg1 

e ) db 
e ) db 

e ) db 
e ) db 

e ) db 
e ) dO 

e ) db 
( mkatom ( ar92 e ) 

,! db ) 

( Isinvim e ) 
( invlmage
 

( eval ( arg2 e ) db
 
( mkatom ( arg1 e )
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dO ) 
( if ( IsalomllSl e ) e emptyset 1 ) ) ) ) ) ) 

Imageset
 
lambda
 
( nodeset aUr db )
 
( reduce
 

union
 
( map ( lambda ( n ) ( image n allr db ) ) nodeset )
 
emptyset ) )
 

Image
 
lambda
 
( node am db )
 
( if
 

( derined node db ) 
( let 

( if ( defined aliT a ) ( associate aUr a ) emptyset ) 
( a associate node db ) ) 

emptysel ) ) 
Invrmage
 
lambda
 
( nodeset altr db )
 
( filter
 

( lambda
 

( " )
 
( not
 

( eq
 
( Intersection ( Image n am db ) nOClesel )
 
emptyset ) ) )
 

( domain db ) ) )
 
addset
 
lambda
 
( db nsl altr ns2 )
 
( reduce
 

( lambda ( n db ) ( addel n atlr ns2 db ) )
os, 
dO ) 

addel
 
lambda
 
( node aUr flodeset db )
 
{ let
 

( let 

( update db noaa ( update a ailT ( union nodeset s ) ) ) 
( 5 If ( dellned aUf a ) ( associate altr a ) emptyset ) ) 

a 
,( 

( defined node db )
 
( associate node db
 
( quole Nfl) ) ) )
 

isunion
 
lambda
 
( e )
 
( and
 

( not ( alom e ) )
 
( eq ( head e ) ( quote union ) ) l )
 

Isinter
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lambda 
( e ) 
( and 

( not ( atom e ) ) 
( eq ( head e ) ( quote Inter ) ) ) ) 

Isdlff 
lambda 
( e ) 
( and 

( not ( atom e ) ) 
( eq ( head e ) ( quote dilt ) ) ) ) 

IS 1m 
lambda 
( e ) 
( and 

( not ( alom e ) ) 
( eq ( head e ) ( quote 1m ) ) ) ) 

Islnvlm 
lambda 
( e ) 
( and 

( not ( etom e ) ) 
( eq ( head e ) ( quote inv ) ) ) ) 

isadd 
lambda 
( e ) 
( and 

( not ( atom e ) 
{ eq ( head e ) ( quote add) ) ) ) 

isdb lambda ( e ) ( eq e ( quote db ) ) 
isatomllst 
lambda 
( e )
 
( 0'
 

( eq e ( quote NIL) ) 
( and 

( not ( atom e ) ) 
( and ( alom ( head e ) ) { lsatomlist ( tail e ) ) ) ) ) ) 

arg I 
lambda 
( e ) 
( If 

( leq ( Quale 2 ) ( length e ) ) 
( head ( tall e ) ) 
( quote NIL) ) ) 

arg2 
lambda 
( e ) 
( If 

( leQ ( Quale 3 ) ( length e ) ) 

( head ( tall ( tall e ) ) ) 
( quote NIL) ) ) 

arg3 
lambda 
( ).
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if
 
( leq ( quote 4 ) ( length e ) )
 
( head ( tnl { tail ( tail e ) 1 ) )
 
( quote NIL ) ) )
 

rukatom lambda ( x ) ( ~f ( atom x ) x ( quote NIL ) ) ) 1 
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SRMNETJ.JB LSD 

( John ( loves Mary LogiC ) ( isa Male Programmer ) )
 
( Mary ( loves John LogiC Whiskey ) ( ,sa Female Programmer ) )
 
( Glving1 ( Isa Giving ) ( giller John ) ( gillee Mary ) ( given Book) )
 
( Glvlng2 ( Isa Giving ) ( giller JOhn ) ( g,1l6e Mary) ( given Flowers ) )
 
( Glvlng3 ( Isa GIVing ) ( giller Mary ) ( givee John ) ( given KIss) ) )
 

S:E:MNET_LIB LSO 73 





0 ~
 

n ~
 

u••~
 

C • x~• 
::1.. 

•2 
" ~ 

c ~ 
• 0 

." 
~

 

~
 

~
 

•u n
 
E


 
~ 

'!' 
~ • 



Sources of LispKit Lisp libraries 

ASSOCIATION LIB 

( ( domain
 
lambda
 
( a ) 
( il
 

( atom a )
 
( quote NIL )
 
( cons ( head ( head a ) ) ( domain ( tail a ) ) ) ) )
 

defIned
 
lambda
 
( e a ) 
( unless
 

( atom a
 
(m 

( eq ( head ( head a ) ) e )
 
( defined e ( tall a ) ) ) ) )
 

associate
 
lambda
 
( e a )
 
( If
 

( eq ( head ( head a ) ) e )
 
( tail ( head a ) )
 
( associate e ( tall a ) ) ) )
 

bind lambda ( e d a ) ( cons ( cons e d ) a ) ) 
unbind
 
letrec
 
( lambda
 

( e a ) 
( If ( de11 ned e a ) ( u e a ) a ) ) 

" lambda 
( e a ) 

( " 
( eq ( head ( head a ) ) e )
 
( tall a )
 
(cons ( head a ) ( u e ( lail a ) ) ) ) ) )
 

updale
 
lelrec
 
( lambda
 

( a e d 
( if
 

( defined e a
 
( u e d a )
 
( bind e d a ) )
 

" lambda
 
( e d a
 
( " 

( eq ( head ( head a ) ) e )
 
( cons ( cons e d ) ( tail a )
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E_CONTROL LIB 

( ( Mil
 
lambda
 
( I I )
 
( edl\lOOp I , slate f ( quole NIL J I ) ) )
 

editloop
 
lambda
 
( it)
 
( lelrec
 , " 

( atom I ) 

( return_liIe ( head ( top I s d ) ) ) 
;, 
( eq key ( quole print) J 

( return_message ( lis! newline file ) ( edi1100p ( tall I ) r ) } 
;, 
( eq key ( quole continue ) )
 
( edillOOp ( lail i ) l' )
 

( return_message
 
( list newline ( qUOle Error ) ) 
( editloop ( taii ! ) I ) ) ) ) J 

key il ( atom slep ) ( quole error ) ( head step ) ) 
file head ( tail step ) ) 
(' head ( tail ( tail slep J ) 

slep editstep ( head I ) t ) 
1 head t ) 
s Mao ( tail t ) ) 

( d head { head ( tai! I ) ) ) ) )
 

editstep
 
lambda
 
( c ( ) 
( lei 

( II
 
( atom c )
 
( if
 

( eq c ( quole d ) )
 
( ( strict slep ) ( deJelel f s d ) )
 

;, 
( eq c ( quote lile ) )
 
( print It)
 

"( eq c ( quote p ) ) 
( print ( pretty ( dump ( quole 3 ) I ) ) t ) 

;f
 

( eq c , quote top) )
 
( step ( top r s d ) )
 

;1 
( eQ c ( quote u ) )
 
( ( strict step ) ( up f s d ) )
 

;, 
( eq c ( quote undelete ) )
 
{ step ( undelele I s d ) )
 

;(
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number c )
 
( strict slep ) ( move c f s d ) )
 
quote error) ) ) )
 

"( and ( eq key ( quole a ) ) lwoargs ) 
( ( slrlct slep ) ( alter pattern template 1 s d ) ) 

if 
( and ( 8q key ( quote b ) ) twoargs ) 
( ( strict step ) ( belore pattern template f 5 d ) ) 

if 
I and ( eq key ( quote c ) ) twoargs ) 
( ( strict slep ) ( change pallern template f 5 d ) ) 

if
 
I and ( 8q key ( quote d ) ) onearg )
 
( ( slrlct step ) ( delete pauern r s d )
 

if 
( and ( eq key ( quole e ) ) twoargs ) 
( ( slrlct slep ) ( exchange pattern template f s d ) ) 

if 
( and ( eq key ( quote , ) ) onearg ) 
( ( slnel step) ( find pattern f s d ) ) 

"( eo' 
( eq key ( quote 9 ) ) 

( and twoargs ( not ( number ( head tatl c) ) ) ) ) ) 
( step ( global pallern template f s d ) 

" ( ,no eQ key ( quole p ) ) onearg 
(
 

"( number argument )
 
( print ( prelly ( dump argument f ) ) t )
 

,r 
( 8q argument Quote all ) )
 
( print ( pretty ) r )
 

if
 
r eq argument quote Hie ) )
 
( print I t l
 
r quote error ) ) )
 

,r 
( and ( eQ key ( quole r ) ) onearg
 
t step ( replace argument f s d ) )
 
( quote error ) ) ) ) ) ) ) ) ) ) )
 

key head c ) 
onearg
 
unless
 
( atom ( tail c ) )
 
( eq ( tall ( tall c ) ) ( quote NIL) ) )
 

Iwoargs
 
unless
 
( atom ( tail c
 
( unless
 

( alOm ( tail ( tail c ) ) 
( eq ( tall ( tail ( tail c ) ) ) ( quole NIL) ) ) ) 

argument head ( tail c ) ) 
pallern compllep ( head ( tail c 
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E_FUNCTION LIB 

( ( ~p 

lambda 
( f s d 

( " 
( eq s ( quote NIL ) ) 
( quole error ) 
( stale ( ( head s ) f ) ( tall s ) d ) ) ) 

'op 
lambda 
( f s d 
( if 

( eq s ( quote NIL 
( slate f s d ) 
( top { ( head s ) f ) ( tail s ) d 

undelete lambda ( I S d ) ( slale d s 
move 
lambda 
( n r s d ) 
( letrec 

( m n f newCursor 
1m 

lambda 
( n f' k 
( if 

{ atom I' 

I " 
( eq n ( quole 1 ) ) 
( stale f' ( cons k s ) d ) 
( Quale error ) ) 

"I eq n ( Quale 
( state 

( head f' ) 

( cons ( keeplad f' k ) s ) 
d , 

m 
( sub n ( quare 1 , ) 

( tall f' ) 
( keep head l' k ) ) ) ) ) ) ) 

( after 
lambda 
( pattern lemplale f s d ) 
( Ie tree 

( a 1 newcursOr 
I a 

lambda 
( l' k ) 
( let 

( if 
( alom I' ) 
( quote error 

'f 
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eq env_head ( quote error 
a ( tail f' ) ( keephead t' 
state 
( k 

( cons 
( head I' ) 

cons ( template en\l head ) ( tail f' ) ) ) ) 

5 
I ) ) )
 

env_heM pattern ( head f' 1 ) ) ) ) }
 
before
 
lambda
 
( panern template f s d )
 
{ letrec
 

( b f newcursor 
( b
 

lambda
 
( l' k )
 

( let
 
( 'f 

( atom I' ) 
( if 

( eq eM_ali ( quote error ) ) 
( quote error ) 
( slate 

( k ( cons ( template en\l_all ) f' ) ) 

s 
f ) ) 

If 
( eq env_head ( quote error) ) 
( b ( tail I' ) ( keephead f' k ) ) 
( stale ( k ( cons ( template en\l_head ) f' ) ) s 1 ) ) ) 

eml_all pattern " ) 
en"_head pattern ( head l' ) ) ) ) ) ) 

change
 
lambda
 
( pattern template r s d )
 
( let
 

( If
 
( eq anv_all ( quote error ) )
 
( quota error)
 
( state (Template env_all ) sf) )
 

( en\l_all pellern f ) ) ) 
delete
 
lambda
 
( pat1ern 1 s d )
 
( letrec
 

( e f newcursor 
( . 

lambda
 
( l' k )
 
( If
 

( atom f' 
( if 

( eq ( pattern l' ) ( quote error) ) 
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quote error ) 
state ( k ( quote NIL) ) s , ) ) 

,t 
( eq ( pattern ( head j' ) ) ( quote error ) ) 
( e ( lall l' ) ( keephead t' k ) ) 
( state ( k ( tail j' ) ) s 1 ) ) ) ) ) ) 

( deletel
 
lambda
 
( 1 s d 
( if
 

( atom f )
 
( quote error l
 
( state ( tail f ) s I ) l )
 

( ellchange
 
lambda
 
( pal1ern template j s d )
 
( letrec
 

( e I newcursor 
I e
 

lambda
 
( I' k )
 

( let
 

I " 
( atom l' 

I " 
eq en"'_aIJ ( quote error ) ) 
quote error) 
state ( k ( template en"'_all ) ) sf) ) 

"( eq en"'_head ( quote error
 
( e ( tail f' ) ( keephead f'
 
( Stale
 

( k ( cons ( template env_head ) ( tall f' ) ) ) 
s 
f ) ) )
 

en"'_all pattern l'
 
env_head pattern ( head f' ) ) ) ) ) )
 

IJno
 
lambda
 
( pattern I s d )
 
( letrec
 

( g 1 newcursor s ) 
I 9 

lambda
 
( j' k s' )
 
( let
 

( if ( eq across ( quote error ) ) down across )
 
( across g' (' k s' )
 
( down g" f' k s' ) ) )
 

9 
lambda
 
( I' k s'
 
I II
 

( atom f'
 
I II
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eq ( pallern f' ) ( quOle error ) )
 

quole error )
 
state f ( cons k 5' ) d
 

,/ 

( eq ( pallern ( head /' ) ) ( quale error ) ) 

( g' ( ta,'1 I' ) ( keephead f' k ) ), ' 

( stale 
head f'
 

( cons ( keaplall l' k )
 " )
d ) ) ) ) 

g"
 
lambda
 
( f' k s
 
( let
 

( if
 
( alOm l' )
 
( quole errOr
 

'f 
eq component ( quote error 

( g" ( tall f' ) ( K€ep,l1ead f' k ) s' ) 
component ) ) 

component
 
9
 
( head r ) 
newcursQr 
( cons ( keeptail l' k ) s' ) ) ) ) ) 1 

global 
lambda 
( pallern template , 5 d 
( lelree
 

{ Slale ( 9 j ) s f
 
( 9
 

lambda
 
( f' )
 
( let
 

( if
 

( eq env_all ( quole error) )
 
( if
 

( atom I' )
 
f'
 
( cons
 

( " 
( eq em'_head ( quole error
 
( 9 ( head t' ) )
 
( template ( g' em'_head ) )
 

( 9 ( tail t' ) ) ) ) 

( template ( g' env_all ) ) ) 
env_all pat1ern f' } 
am'_head pattern ( head l' ) ) ) ) 

g'
 
lambda
 
( env )
 
( lambda ( a ) ( 9 ( env a ) ) ) ) ) )
 

replace lam bda ( template f 5 d ) ( state template 5 f ) ) ) 
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EJUtsTCH LIB 

( ( compilep
 
letrec
 
I lambda
 

( pat) 
( let
 

( lambda )( ) ( c )( ( lambda ( x ) )( ) ) )
 
( c head cp pat ( quote NIL ) ) ) ) )
 

cp
 
lambda
 
( p II )
 

( letrec
 
( d
 

( number p J
 
( jf
 

( member p II )
 

( cons ( oldllar p ) II )
 

( cons ( newllar p ) ( cons p II ) ) )
 

if
 
( atom p
 
( cons ( al0mic p ) II )
 

( cons
 
( composite p ( head h ) ( head t ) ) 
( tail t ) ) ) )
 

( h cp ( head p ) II )
 

( t cp ( tail p ) ( lail h ) ) ) )
 
oldllar
 
lambda
 
( p ) 
( lambda
 

( x e )
 
( If
 

( unless
 
( eq e ( quote error 1 1
 
( equal x ( e p 1 I )
 

e 
( quote error) ) )
 

newllar
 
lambda
 
( p ) 
( lambda
 

( x e )
 
( i1
 

( eq e ( quote error ) )
 
( quote error)
 
( lambda
 

( a ) 
( il ( eq a p ) x ( e a ) 1 ) ) ) )
 

atomic
 
lambda
 
( p ) 
(	 lambda
 

( x e )
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EJnsc LIB 

( newcursor lambda ( x ) x ) 
( keephead 

lambda 
[ f k ) 

( lambda ( x ) ( I<. ( cons ( head , ) x ) ) ) l 
keeptail 
lambda 
I f k ) 
I lambda ( x 1 ( k ( cons x ( tail f ) ) ) ) ) 

Mil_file lambda ( r ) ( head r ) ) 
edll_output lambda ( r ) ( tail r ) ) 
return_file lambda ( f ) ( cons I ( quole NIL ) ) ) 
relurn_message 
lambda 
( m r ) 
( cons ( edit Ille r ) ( append m ( edll_output r ) ) ) ) 
Slate 
lambda 
( I S d ) 
( cons I ( cons s ( cons d ( quote NIL) ) ) ) ) 
prlnl 
,'ambda 
( It) 
( cons ( quole print ) ( cons t ( cons I ( quote NIL ) ) ) 1 ) 
step 
lambda 
I I ) 
( cons 

( quote conlinue 
cons ( quote NIL l ( cons t ( quote NIL) } ) } ) 

slriCI 
lambda 
I I ) 

( lambda 
( I ) 

( if
 
( eq t ( quote error ) )
 
{ quole error }
 
( f t ) ) ) ) ) 
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INTERPJ4ISC LIB 

( ( head'
 
lambda
 
( c ) 
( if ( alom c ) ( QUale Error 1 ( head c ) ) )
 

lail'
 
lambda
 
( c )
 
( If ( atom c ) ( quole Error) ( tail c ) 1 l
 

assoclisl'
 
lambda
 
( I ) 

( " 
( alOm I )
 
( quole NIL
 

if
 
( atom ( head I ) )
 
( assoclist' ( lall I )
 

if
 
( atom ( head ( head I ) ) )
 
( cons ( head I ) ( assoclist' ( tail I ) ) )
 
( assoclist' ( tall I ) ) ) ) ) )
 

Islunctlon
 
lambda
 
( f )
 

( unless ( alom I ) ( eq ( head f ) ( quote _lunction_ ) ) ) }
 
makefunction
 
lambda
 
( formals body n " )
 
(	 cons
 

( quole _functlon_ )
 
( cons ( cons formals booy ) ( cons n " ) 1 ) )
 

showluncllon
 
lambda
 
( f ) 
( let
 

( cons ( head' I ) ( cons ( tail' I ) ( quote NIL) ) )
 
( I heaO' ( tail f ) ) ) )
 

iscode
 
lambda
 
( k ) 
( unless ( atom k ) ( eq ( head k ) ( quole __code__ ) J ) ) 

makecode lambda ( k ) ( cons ( quote __code__ ) k ) ) 
showcode 
lambda 
( k ) 
( leI 

( cons 
( head' I ) 

cons ( quote in ) ( cons ( tail' t ) ( quote NIL ) ) ) ) 
( I tall k ) ) ) 

reserved
 
lambda
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LISPKIT LIB 

( ( comp
 
lambda
 
( e n c
 
( If
 

( atom e )
 

( cons LO_code { cons ( location e n ) ( cons APO_code c ) ) )
 

,I 
( eq ( head e ) ( quote quote ) )
 
( cons LOG_code { cons ( head ( tall e ) ) c ) )
 

II
 
( eq ( head e ) ( quote add 1 )
 
( comp
 

[ head ( tal) e ) )
 
n
 

comp
 
( head ( tall ( tall e ) ) )
 
n
 
( cons ADO_code c ) ) ) 

If
 
( eq ( head e ) ( quote sub ) )
 
( comp
 

( head ( tall e 1 )
 
n
 

comp
 
( head ( tall ( tall e ) ) )
 
n
 
( cons SUB_code c ) ) ) 

If
 
( eq ( head e ) ( quole mul ) )
 
( comp
 

( head ( tail e ) )
 
n
 

comp
 
( head ( lall ( tall e ) ) )
 
n
 
( cons MUL_code c ) ) )
 

If
 
( eq ( head e ) ( quote div ) )
 
( comp
 

( head ( fall e ) )
 
n
 

comp
 
( head ( tail ( tall e
 
n
 
( cons DIV_code c
 

If
 
( eq ( head e ) ( quote rem ) )
 
( comp
 

( head ( tall e ) )
 
n
 

comp
 
( head ( tall ( tail e ) ) )
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n
 
cons REM_code c ) ) )
 

II
 
( eq ( head e ) ( quote leq ) )
 
( camp
 

( head ( tail e ) )
 

n
 
camp
 
( head ( tall ( tail e
 
n
 
( cons LEO_code c )
 

II
 
I eq ( head e ) ( quote eq ) )
 
( camp
 

( head ( tail e ) )
 
n
 

camp
 
( head ( tail ( tail e ) )
 

n
 
( cons EO_code c ) )
 

"( eq ( head e ) ( quote heM) )
 
( camp
 

( head ( tail e ) )
 
n
 
( cons HEAD_code ( cons APO_code c ) ) )
 

"( eq ( head e ) ( quote tall ) ) 
( comp
 

( head ( tail e )
 
n
 
( cons TAIL_code cons APO_code c ) ) )
 

( " 
( eq ( head e ) ( quote atom ) )
 
( camp ( head { tall e } ) n ( cons ATOM_code c ) )
 

"( eq ( head e ) ( quole cons ) ) 
( complazy
 

( head ( tail ( lail e ) ) )
 
n
 

( complazy { head ( tail e ) ) n ( cons CONS_code c ) ) ) 

"( eq ( head e ) ( quote if )
 
( let
 

( camp 
( head ( tail e ) 
n 
( cons SEL_code ( cons thenparl ( cons elsepart c ) ) ) ) 

then part camp ( head ( tail ( tail e ) ) ) n JOIN_seq 
elsepan 
camp
 
( head ( tail ( tail ( tail e ) ) } )
 
n
 
JOIN_seq ) ) 

( If 
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eq ( head B ) ( quole lambda 
let
 
( cons LDF _code ( cons body c
 
( body
 

comp
 
( head tail ( tall e ) ) )
 
( cons ( head ( tail e ) ) n )
 
RTN_seq ) )
 

"( eq ( head e ) ( quole let) )
 
( lei
 

( lei
 
( complisl
 

args 
n 
( cons LDF_code ( cons bOdy ( cons AP_code c ) ) ) ) 

body camp ( head ( tall e l ] m RTN_seq ) ) 
m cons ( domain ( lall ( ta,l e ) ) ) n ) 
args exprs ( tall ( lall e ) ) ) ) 

If
 
( eq ( head e ) ( quote letrec
 
( let
 

( let 
{ cons
 

DUM_code
 
( compllsl
 

args
 
m
 
( cons
 

LDF code 
( cons body ( cons RAP_code c ) ) ) ) ) 

{ bOdy comp ( head ( tail e ) ) m RTN_seq ) ) 
m cons ( domain ( tail ( tail e ) ) ) n ) 

( args exprs ( tall ( tail e ) ) ) ) 
comp!lst 
( (ail e 
n 
( comp head e ) n ( cons AP_code c ll))) »)))) ))))) »)))) 

campUst
 
lambda
 
( e n c
 
( If
 

( eq e ( quole NIL ) )
 

( cons LDC_code ( cons ( quote NIL ) C ) )
 
( compllst 

( lall e ) 
n 
( complazy ( head e ) n ( cons CONS_code c ) ) ) ) ) 

complazy
 
lambda
 
( e n c )
 
( cons LDE_code ( cans ( comp e n UPD_seq ) c ) ) )
 

location
 
lambda
 
( en)
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lelrec 

I " 
( member e ( head n ) ) 
( cons ( quote 0 ) ( posn e ( head n ) ) ) 
( Inchead ( location e ( tall n ) ) ) ) 

posn 
lambda 
( en) 
( if 

( eq e ( head n J ) 

( quole 0 ) 
( add ( quote , ) ( posn e ( lail n ) ) ) ) ) 

inchead 
lambda 
( I ) 
( cons ( edd ( quote 1 ) ( head I ) ) ( tail j ) ) ) } ) 

erprs 
lambda 
( d ) 
( il 

( eq d ( quote Nil ) ) 
( quote Nil ) 
( cons { tail ( head d ) ) ( exprs ( tall d ) ) ) ) ) 

freevars 
lambda 
I • ) 
( if 

( alom e ) 
( singleton e ) 

"( eq ( head e ) ( quote quote ) ) 
emptysel 

"( eq ( head e ) ( quole lambda) ) 
( let 

( dillerence ( 'reevars bOdy ) arguments 
( bOdy head ( 10311 ( tall e ) ) ) 
( arguments head ( lail e ) ) ) 

II 
( eq ( head e ) ( quole let 
( let 

{ reduce 
union 
( map ( lambda ( d ) ( freevars ( tall d ) ) ) delinltions 
( difference ( freevars bOdy) ( domain definitions) ) ) 

body head ( lail e ) ) 
deflnltlons tall ( tall e ) ) ) 

II 
( eq ( head e ) ( quote letrec ) 
( let 

( difference 
( reduce 

union 
( map ( lambda ( d ) ( Ireevars ( lail d ) ) ) deflnilions ) 
( freevars bOdy) ) 
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( domain definitions ) )
 
body head ( tall e ) )
 

( definitions tail ( tall e ) ) )
 
reduce
 
union
 
( map
 

freeva rs 
( it ( memDer ( head e ) operalOrs I ( tall e ) e ) ) 

emplyset ) ) ) ) ) ) ) 
slrucltJre 

Ie' 
( lamDda 

( e ) 
(	 ,I 

( or ( atom e ) ( eq ( head e ) ( qUOTe quole ) ) J 

loken 

'f 
I 0<
 

( eq head e quote lenec ) )
 
( eq head e quote leI) ) )
 

( cons
 
( head e )
 

( cons
 
( sTructure ( head ( lall e ) ) )
 
( map
 

(	 lambda 
( d ) 
( cons ( head d structure ( tall d ) ) ) ) 

tall ( lall e ) ) ) 
if
 
( eq ( head e ) ( Quote lambda ) )
 
( list
 

( head e
 
( head ( lail e ) )
 
( structure ( hllad ( lail ( tail e ) ) ) ) )
 

reduce
 
( lambda
 

( hi)
 
( if
 

( and ( atom h ) ( alom I ) )
 
token
 
( cons hi) )
 

map structure e )
 
( quote Nil ) ) ) ) ) )
 

( token quote • ) ) 
operalors append monadlc_ops ( append dladic_ops IrladlC_OPs ) ) 
monadlc_ops quote ( head tail atom ) ) 
dladlc_ops qUOle ( add sub mul di'l rem leq eq cons) ) 
triadlc_ops quole ( if ) ) ) 
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5

10

15

20

25

op_conE LIB 

( LD_code quote) ) 
( LOC_code quole 2 
( LOF_code quole 3 ) 
( AP_code quote 4 ) 
( RTN_code quote 5 ) 
( RTN_seq quote ( ) 
( DUM_code quole 6 ) 
( RAP _code quote 7 ) 
I SEL_code quote 8 ) 
( JOIN_code quote 9 ) 
( JOIN_seq quole ( 9 ) ) 
( HEAD_code quote ) 
( TAIL_code quole 11 ) 
( ATOM_code quote 12 
( CONS_code quote 13 
( EQ_code quole 14 1 
( ADD code quote ) 
( SUB_code quote 16 ) 
( MUL_code quole 17 ) 
[ olV_code quote 18 ) 
( REM_code quote 19 ) 
( LEO_code quole ) 
( STOP_code quole 21 ) 
( STOP_seq quote ( 21 ) 
( WE_code quole 22 ) 
( lJPO_code quote 23 ) 
( UPD_seq quole ( 23 ) 
( APO_code quote 24 ) 
( READ_code quote ) 
( PRINT_code quole 26 ) 
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SECD_CODE LIB 

( run and halt Quote ( ( 1 ( 0 o ) 24 21 ) ) ) 
( prlnt_llem 

quote 
( ( 1 (0 0) 24 26 1 ( 0 o ) 5 ) )
 

read_item quote ( ( 25 5 ) ) )
 
chr quole ( ( 1 (0 0) 24 27 5 ) ) )
 
apply_code
 
quole 
( ( 1 ( 0 ) 24 1 ( 0 o ) 24 4 5 ) ) ) 

flexible
 
lambda
 
( I ) 
( let
 

( strict_cons code environ men I )
 

( coce
 
quore 
( 2 Nil 3 Nil 11 10 13 1 ( 1 o ) 24 4 5 ) J 

environment
 
stncr_cons
 
( slrlcl_cons I ( quote Nil ) )
 
( quote NIL) ) ) )
 

slnct_cons
 
quote
 
( ( 1 ( 0 ) 24 1 ( 0 0)24135») 

sequence
 
quote
 
( ( 1 (0 0) 24 1 ( 0 1 ) 13 10 24 5 ) ) )
 

make_closure
 
lambda
 
( ( ) 

( sequence
 
( Inspecl_code ( head f ) )
 

( sequence ( Inspec,-env ( tail f ) ) ) ) )
 

ma~e_argl/st lambda ( I ) ( sequence Inspeccarglisl I ) I ) )
 
Inspecccode lambda ( I ) ( finite f )
 
inspect_en ...
 
lambda
 
( e ) 
( if
 

( atom e )
 
( quole T )
 
( sequence
 

( inspeccargiist ( head e
 
( Inspect_env ( tail e ) )
 

inspect_arglist
 
lambda
 
( I )
 
( il ( atom ) ( quole T ) ( inspecl_argllsl ( tail t ) ) ) )
 

finite
 
lambda
 
( e ) 
( jf 
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SET LIB 

( emptysel quote NIL) 
( singleton lambda ( e ) ( cons e ( quo1e NIL) ) ) 
( addelement 

lambda
 
( e I )
 
( II ( memberei ) I ( cons e I ) ) )
 

remelemenl
 
lambda
 
( e I )
 
( It
 

( atom f )
 

( Quole NIL
 

"( eQ e head 
( lal) I 
( cons head remelemenl e ( lall I ) ) ) ) ) ) 

union
 
lambda
 
( a b )
 
( (f 

( alom a )
 
b
 

if
 
( member ( head a I b I
 
( union ( tall a ) b I
 

union ( tall a ) ( cons ( head a ) b ) ) ) ) ) 
intersection 
lamlJda 
( a b ) 

( " 
( alom a )
 
( quote NIL
 

if
 
( member ( head a ) b )
 
( cons ( head a ) ( intersection ( ,ail a } b ) J
 
( inlersect/on ( tail a ) b ) ) ) )
 

dillerence 
lambda 
( a b ) 
( if 

( atom a )
 
( Quote NIL
 

(f 

( member ( head a ) b } 
( difference ( lail a ) b ) 
( cons ( head a ) ( ditlerence ( tall a ) b ) ) ) ) ) } 
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S-EXPRESSION LIB 

( ( dump 

'" ( lambda 
( n I ) 
( jf 

( alom , f ) 

"( leQ n ( quote 0 ) ) 
loken 
{ let 

( " 
and 
( eq h token ) 

( " 
( atom I ) 
( eq I token 
( and 

I eq head ) token) 
( eq tail I ( quote NIL) ) ) ) ) 

token 
( cons h I ) ) 

h dump ( sub n ( quote 1 ) ( head f ) ) 
( \ dump n ( tarl I ) ) ) ) ) 

( token Quote * ) ) 
Iiallen 
letrec 
( lambda 

( s c ) 

I " 
( atom 5 ) 

( cons 5 C ) 

( cons open ( flattenlaiJ 5 c ) ) ) ) 
Iialtentail 
lambda 
( s c ) 
( " 

( eQ s ( Quote NIL) ) 
( cons close c ) 

"( atom s ) 
( cons point ( cons s ( cons close c ) ) ) 
( Ilatten ( head s ) ( Ilattentall ( tall s ) c ) ) ) ) ) 

open chr ( qU01e 40 ) ) 
point chr ( Quote 46 ) ) 

( close chr ( quote 41 ) ) 
pretty 
'el 
( lelrec 

( lambda ( s ) ( p s ( quote 0 ) ) ) 
( p 

lambda 
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s , ) 
iI 
( 0' 

( atom s ) 
( leq ( quote 0 ) 9 5 ( suo Imelenglh x ) ) ) ) 

s 
( ( if ( n 5 ) q' p' 

s 
( add x ( Quote 2 ) ) ) ) ) 

[ g 
lambda 
( 5 X ) 

( jf 

{Ieq (quote 0 ) )( ) 
{ if
 

( atom s )
 
( sub x ( atomslze 5 ) )
 
( g' s ( sub )( Iistsize ) )
 

noroom ) )
 
g'
 
lambda
 
( s )( ) 

( " 
( leq ( quole 0 ) x )
 
( if
 

( eq s ( quore NIL) )
 , 
iI 
( atom s ) 
( sub x ( add dOlsize ( alomsize 5 ) ) ) 
( g' ( tail 5 ) ( 9 ( head s ) x ) ) ) ) 

noroom ) )
 
P'
 
lambda
 
( s x )
 

( cons
 
( P head s ) x )
 
( II
 

( alom ( tall 5 )
 
( tails)
 
( p" ( lail 5 ) )( ) ) 1 )
 

p" lam bda ( s x ) ( I X ( p' 5 X ) 1 1
 
q'
 
lambda
 
( s x )
 
( cons
 

( p head s , ) 

( II 
( eq (ail tail 5 ) ) ( quote NIL) ) 

( p" tail 5 ) ( sub x ( quote 2 1 ) ) 
( q" tall 5 ) )( ) ) ) ) 

q" lambda ( s )( ) ( I x ( Q' 5 x ) ) ) 
i lambda ( )( 5 ) ( cons newline ( I' x 5 ) ) ) 

"lambOs 
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, s ) 
'f 
( eq x I QUQle 0 ) ) 

s 
( cons space ( j' ( sub x ( qUOle 1 ) ) 5 ) ) ) ) 

I c 
lambda 
I s I 
( and 

( atom ( head s ) ) 
( unless 

( a10m ( lail s ) } 
( n' ( head s 1 ( tails) ) ) ) ) 

c' 

lambda 
( k 5 ) 

( if 
( eq ( lall s ) ( quole NIL ) ) 
( unless 

( atom ( head 5 ) ) 
( eq ( head ( head 5 ) ) k ) ) 

unless 
( alom ( tail s ) ) 
( n' k ( lall 5 ) ) ) ) 

I linelenglh qUDle 60 ) 
alQmsize lambda (s (quote 4 
listsize quale 4 ) 
dotslze quole 2 ) 
noroom quote -1 ) ) ) 
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SORT LIB 

( ( qUlcksorl 
lambda 
( less ) 
( letrec 

sort
 
( sorl
 

lambda
 
( I ) 
( If
 

( atom I )
 
I
 
( lei
 

( append 
( SOrl beginning ) 
( append middle ( sort endtng ) ) ) 

beginning 
filler 
( lambda ( I( ) ( less I( ( head I ) ) ) 
( tail ( ) 

middle 
'ilter
 
( lambda ( I( ) ( incomparable x ( head J ) ) )
 

I )
 
ending 
filter 
{ lambda ( I( ) ( less ( head I ) x ) ) 
( tail I ) ) ) ) ) 

incomparable
 
lambda
 
( a b ) 

( " 
( less a b ) 
( quole F ) 

11 ( less b a ) ( quote F ) ( quote T ) ) ) ) ) ) ) 
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STANDARD LIB 

( ( append
 
lambda
 
( el e2
 
( if
 

( atom e1 
.2 
( cons ( head el ) ( append ( tail el ) e2 ) ) ) ) 

member
 
lambda
 
( e I )
 
( unless
 

( atom 1 ) 
( O( 

( eq e ( head I ) )
 
( member e ( tail I ) ) ) ) )
 

equal
 
lambda
 
( e1 e2
 
( O( 

( eq e1 e2 ) 
( unless
 

( or ( atom e1 ) ( atom e2 )
 
( and
 

( equal head e1 ) ( head e2 1 ) 
( equal tall e1 ) ( lail e2 ) ) ) l ) )
 

null lambda ( e ( eq e ( quole Nil ) ) )
 
length
 
lambda
 
I ( )
 

I " 
( atom I )
 
( quote 0 )
 
( ada ( quote 1 ) ( length ( lajl I ) ) ) ) )
 

first
 
lambda
 
( n I )
 

( " 
( or ( eq n ( quote 0 ) ) ( atom I 1 )
 
( quote Nil)
 
( cons
 

( head I ) 
( first ( sub n ( quote 1 ) tall I ) ) ) ) )
 

lisl flexible l lam bela ( I ) I ) )
 
nOI lambda ( c ) ( If c ( quote F ) ( quote T ) )
 
or lambda ( c1 c2 ) ( il c1 ( quote T ) c2 ) 1
 
and lambda ( c1 c2 ) ( il cl c2 ( quote F ) 1 )
 
unless lambda ( cl c2 ) ( il cl ( quote F ) c2 )
 
until
 
lambda
 
( e I )
 
( jf
 

( eq ( head I ) e ) 
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( quole Nil)
 
{ cons ( head I ) ( until e ( tail I ) ) ) ) )
 

after
 
lambda
 
( e I )
 
( if
 

( eq ( head I ) e
 
( tall I )
 
( alter e ( lail I ) ) ) )
 

untilend lambda ( I ) ( until ( quote end) I ) )
 
aflerend lambda ( I ) ( aller ( qUOle end) I ) )
 
map
 
lambda 
( I I ) 
( il
 

( atom I )
 

( quote NIL)
 
( cons ( 1 ( head I ) ) ( map f ( lali I ) ) ) ) )
 

reduce
 
lambda
 
( I I z
 
( if
 

( atom J ) , 
( I ( head I ) ( reduce f ( tail I ) z ) ) ) )
 

transpose
 
lambda
 
( m ) 
( if
 

( atom m
 
m
 
( letreC
 

{ { m 
{ { 

lambda 
( m )
 
{ lei
 

( if 
( reduce or ( map atom m ) ( quote F ) ) 
( quote NIL) 
( cons heads ( I tails) ) ) 

heads map head m ) 
tails map tall m ) ) ) ) ) ) 

filter
 
lambda
 
( Pi)
 
( il
 

( alom I )
 
( quole NIL
 

;1 
( P ( head t ) )
 
( cons , head I ) ( filter p ( tail I ) ) )
 
( filter p 'tail I ) ) ) ) )
 

close
 
lambda
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SYNTALERROR LIB 

( err_undef quote 1 ) 
( err_fewargs Quote 2 ) 
( err_manyargs quote 3 
( err_arglist Quote 4 ) 
( err_lnvform Quote 5 ) 
( err_lnvdef quote 6 ) 
( err_deftwice quote 7 ) 
( err_form list Quote 8 ) 
( err_formarg quole 9 ) 
( err actlltst Quote 10 ) 
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SYNTALPUNCT'ON LIB 

( ( syntax 
letree 
( lambda ( e ) ( check e ( qUOle NIL) ( quole NIL) ) ) 
I check 

lambda 
( e n p 
( letrec 

( leI 
( if 

( atom e ) 
( defined e n p ) 

if 
( eq keyword ( quole quO!e ) ) 
( list ( quote 2 I keyword e p ) 

if 
( member keyword monadlc_ops 1 
( operation ( quote 2 l keyword e n p ) 

'f 
( member keyword dladic_ops ) 
( operation ( quote 3 ) keyword e n p ) 

if 
( member keyword triadic_ops ) 
( operation ( quote 4 ) keyword e n p ) 

if 
( eq keyword ( quote lambda ) ) 
( checkfun keyword e n p ) 

If 
( member keyword ( qUOIe ( leI letree ) ) ) 
( checkdel keyword e n p ) 
( checklist e e n p ) ) ) ) ) ) ) ) 

( keyword head e ) ) 
defined 
lambda 
( e n p 
( if 

( eq n ( quote NIL) ) 
( error err_undef e e p 

'f
 
( member e ( head n )
 
( quote NIL)
 
( defined e ( tail n ) p ) ) ) )
 

list
 
lambda
 
( lenglh keyword e p
 
( letrec
 

( count length e
 
( count
 

lambda
 
( n I )
 
( If
 

( atom I )
 
( if
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eQ I ( Quote NIL) ) 
i1 
( eQ n ( Quote 0 
( QUOle NIL) 
( has err_fewargs 

has err_arglisl ) ) 
i1
 
( eQ n ( Quote 0 J )
 
( has err_manyargs )
 
( count ( sub n ( Quote 1 ) ) ( tall I ) ) ) )
 

( has lambda ( n ) ( error n keyword e p ) ) ) ) 
operation 
lambda 
( length keyword e n p ) 
( provided 

( list length keyword e p )
 
( checklist ( lail e ) e n p ) ) )
 

checkdef 
lambOa 
( keyword e n p ) 
( letrec 

( 11 
( alom ( lall e ) )
 
Invalid
 
( both
 

( check bOdy n' p ) 
( checkdefs
 

definitions
 
( QUOle NIL
 
e 
( If ( eQ keyword ( Quote lelrec ) ) n' n ) 
p ) ) )
 

invalid error err_invform keyword e p )
 
booy head ( lail e ) )
 
dellnltions tall ( tail e )
 
n'
 
felrec
 
( cons ( deliniends deflnllions ) n )
 
( definiends
 

lambda 
( d ) 
( il
 

( atom d J
 

( QUOle NIL
 
i1 
( unless 

( alOm head d ) ) 
( alom head ( head d ) ) ) ) 

cons 
( head ( head d ) ) 
( dellniends ( lail d ) ) ) 

( definiends ( tall d ) ) J ) ) 
checkdefs
 
lambda
 
(dlenp)
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" ( atom d ) 
( ,1 

( eq d ( quole NIL) ) 
( quale NIL 
invalId ) 

,I 

unless 
( alom head d ) ) 
( atom head ( head d l ) ) ) 

both 
( bOlh 

( " 
( member ( head ( head d ) ) I ) 
( errOr 

err_deftwice 
( head ( head d ) ) 
e 
p ) 

( quole NIL) ) 
check 
( lail ( head d ) ) 
n 
( cons ( head ( head d ) ) p ) ) ) 

checkde1s 
( tail d ) 
( cons ( head ( head d ) ) I } 
e 
n 
p ) ) 

bolh 
( error err_invdef ( head d ) e p J 
( checkde1s ( tail d ) len p 1 J ) ) ) ) ) 

checkfun 
lambda 
( keyword e n p ) 
( letree 

( provided 
( list ( Quote 3 ) keyword e p ) 
( both 

( formallisl lormals ( quote Nil) ) 
( check body ( cons ( clean formals ) n ) p ) ) ) 

body head ( tail ( tail e ) ) ) 
formals head ( tail e ) ) 
formallisl 
lambda 
( I I ) 
( 11
 

( atom f )
 

( " 
( eq f ( quote NIL ) ) 
( quole NIL) 
( errOr err_formllsl e e p ) ) 

11 
( atom ( head I ) } 

110 Snn'AJe-P'UNCTION LIB 



,I 

( member i head f ) I ) 
( both 

( error err_deltwlce ( head j ) e p ) 
( formallisl ( lall f 1 I ) ) 

tormallrst 
( lall f ) 
( cons ( head r I) 

bOlh 
( errOr err_formarg ( head f ) e p ) 
( lormallisl ( tail f ) I ) ) ) ) } 

clean 
lambda , , 

,I 

( alOm I ) 

( quote NIL 

'I 
( atom ( head I ) )
 
( cons ( head I ) ( clean ( lail I ) ) )
 
( clean ( 1all I ) ) ) ) J ] I
 

checklist
 
lambda
 
( len p )
 

;j 

( atom 
( 

" ( eq I ( quote NIL) ) 

( quote NIL) 
( error err_actllist j e p ) 

both 
( check ( head I ) n p ) 
( checklisl ( lail I ) e n p ) ) ) ) ) ) 

error 
lambda
 
( n a e p
 
( cons 

( cons 
n 

cons a ( cons e ( cons p ( quote NIL) ) ) 1 ) 
( quote Nil ) ) ) 

provided 
lambda 
( a b )
 
( il (eq a ( quote Nil ) ) b a ) )
 

both ap pend ) )
 
primerrors 
letrec 
( lambda 

Ie) 
( append
 

(Quole Syntax check ) )
 

( " 
( eq e ( quote Nil) )
 
( quote ( revealed no errors ) )
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( prlntlist e ) ) ) ) 
prrntllsl
 
lambda
 
I I I
 
( if 

( eq I ( quole NIL) ) 
( quare NIL) 
( append ( prrnt ( heaCl I ) ) ( pnntlisl ( tali I ) ) ) ) ) 

prrnt 
lambda
 
( , I
 
( let
 

I " 
( eq n err_undel ) 
( send 

( cons a ( Quote ( used but not defined ) ) 
P I 

II
 
( eq n err_/ewargs )
 
( send
 

( cons a ( quote ( has too few arguments) ) ) 
( cons e p ) ) 

"( eq n err_manyargs 
( send 

( cons a ( quote ( has too many arguments ) ) ) 
( cons e p ) ) 

'f 
( eq n err_arglist 
( senCl 

( cons a ( quote ( has an mcorrect argument lisl ) ) ) 
( cons e p ) ) 

"( eq n err_inviorm 
( send 

( cons ( quote incorrect ) ( cons a (quote ( lorm ) } ) ) 
( cons e p ) ) 

"( eq n err_lnvdel ) 
( send 

( qu01e ( inCOrrect form of C1efinitions ) ) 
( cons ( Clump ( quote 2 ) a ) p ) J 

If
 
( eq n err_deftwice
 
( senCl
 

( cons a ( quote defined more than once ) ) ) 
( cons e p ) ) 

"( eq n err_formlisl 
( send 

( quote ( incorrect formal argument Iisl ) ) 
( cons e p ) ) 

If 
( eq n err_lormarg ) 
( senCl ( quole ( incorrect formal argument ) ) (cons e p ) ) 
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"
( 8q n err_aClllisl ) 

( send 
( quote ( Incorrect actual argument Irst ) ) 
( cons e p ) ) 

send 
{ append 

( quole unexpected error number ) ) 

( cons n ( quole NIL) ) ) 
p ) ) 1 ) ) ) ) ) ) ) } 

( n he80 l( )
 

( a head ( tail x ) )
 
( e dump ( quote 2 ) ( head ( tall ( tall )C ) J ) )
 

( p head ( tall { tall ( tail x ) ) ) ) ) )
 
send 
lambda 
( m p ) 
( cons 

newline
 
( append
 

m
 
append 
( list newline space space space space ) 
( if 

( eq p ( quote NIL) )
 
( quote ( In the body 01 me program ) )
 
( position p } ) ) ) ) )
 

POSition 

lambda 
( p ) 

( " 
( eq p ( Quote NIL) ) 

( quote NIL) 
( cons 

( quole in ) 
cons ( head p ) ( pOSition ( tall p ) ) ) ) } ) ) ) 
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TUPLE LIB 

( 1 lambda ( t ) ( head I ) )
 
( 2 lambda ( ( ) ( head ( tall ) )
 

( 3 lambda ( I ) ( head ( lali lall ) )
 

( 4 lambda ( I ) ( head ( tall lall tall ) ) ) )
 

( 5
 

IJmbda
 
( , )
 

(head ( tail ( tail ( lail ( tall I ) ) ) ) ) )
 

6 
lambda
 
, I )
 

I head ( tall ( tail ( tall ( tall ( 1all t ) ) ) ) l ) ) 
el
 

lambda
 
( n I )
 

1 If
 
( eq n ( quote 1 ) )
 
( head I )
 
( el ( sub n ( quole 1 ) ) ( tall I ) ) ) J )
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Pascal Bources for the virtual machine
 

The reference virtual machine
 

prograJll LJ.spKJ. t( Input, Output, InFJ.le, outFJ.le); 

(~-----------------------------------------------------------------~) 
( ~ ~) 

(~ Reference model lazy J.nteractJ.ve SECD machine, 3 ~) 

(,.- -- version 3a April 83 "') 
('" -- IMPLODE and EXPLODE J.nstructl0ns, versJ.on 3b May 83 "') 
( ~ ~) 

('" Machine specific code has been omitted from thJ.s text ~) 

( ~ "') 

("'-----------------------------------------------------------------~) 

('" "') 

(,. (c) Copyright P Henderson, G 11. Jones, S B Jones ~) 

('" OXford University computJ.ng Laboratory ~ ) 
( '" Programming Research Group "') 
('" 8-11 Keble Road "') 
{'" OXFORD OX1 3QD "') 
('" "')

("'-----------------------------------------------------------------"') 
( '" ~) 

(~ Documentation: ~) 

( ~ ~) 

(~ P Henderson, G A Jones, S B Jones ~) 

(~ The LispKit Manual ~) 

('" Oxford UniversJ.ty Computing Laboratory "'J 
('" Programming Research Group technical monograph PRG-32 "') 
('" Oxford, August 1983 "') 
('" .) 

( '" P Henderson "') 
(1t FunctJ.onal Programming: Application and ImplementatJ.on. "') 
(1t Prentice-Hall International, London, 1980 *) 
( ~ ") 

(,,-----------------------------------------------------------------"') 

(,,------------------ Machine dependent constants ------------------~) 

label 99; 

const TopCell = [ omitted } ( . size of heap storage '} 

("'--------------- Machine dependent file management -------------~) 

{ omitted I 

(.------------------- Character input and output ------------------"') 

procedure GetChar(var ch char); (omitted 

procedure PutChar( eh char); { om.J.tted } 
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(~------- Machlne dependent 1nit1a1isation and fina1isat1on -------~) 

procedure 1n1t ia11se( Vers10n, SubVers10n char): { omi.tted 

procedure Terminate: t omitted) 

(*--------- The code which fo110,",s is 1n standard Pascal ----------*) 
(~ As far as is possible, 1t is also machine ~ndependent. The ~) 

(* rtlDSt obv~ous machine dependency is that the character code of *) 

(~ the host mach~ne has been assumed to be ISO-7 or slmi1ar. ~ ) 
(~--------------------------------------------_.-------------------~) 

procedure Mach~ne; 

const Version = ':3': 

SubVersion'" 'b': 

type TokenType = (Nwner1c, Alpha, De!imlter); 

var Marked, IsAtom, IsNumb : paCked array [1. .Topce11) of o .. 1: 

(-----------------------------------------------) 
{ cell type coding: IsAtom IsNumb }
 
(Cons 0 0 )
 

{Recipe 0 1 }
 

{Number 1 1 }
 
{Symbol 1 0 }
 

(-----------------------------------------------) 
H~d, Tail; array [1 .. Topce11] of 1nteger; 

[-----------------------------------------------) 
{ Head is also used for value of integer, IVAI. }
 
{ pointer to Symbol, SVAL )
 
{ BODY of recipe }
 
{ Tail is also used for ENVironment of recipe }
 

(-----------------------------------------------J 
S, E. C, 0, W, SymbolTable : integer;
 
Nlr.L, T, 1', OpenParen, Point, C10seParen 1nteger:
 
1'r~eCell : integer;
 
Halted boolean;
 

InCh: char;
 
InTokType : TokenType;
 

(*------------------ Garbage collection routines ------------------*) 

procedQre co11ectGarbage; 

p~ure Mark(n : integer); 
begin if Marked[n] a 0 

then begin Marked[n) := 1; 
if (IsAtom[n] = 0) or (ISNumb[n) = 0) then 

begin Mark(Head[n]); Mark(Tail[n) end 
end 

end (Mark); 
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procedure Mar~ccessibleStore; 

begin	 Hark(NILL); Mark(T); Mark(F);
 
Mark(openParen}; Hark{Po~nt}; Mark(CloseParen);
 
Mark(S); Hark(E); Mark(C); Mark(D); Mark(W)
 

end; 

proceaure ScanSymbols(var i integer);
 
begin if ~ (> NILL then
 

1f Markea[Head(Head[i]l) ~ 1 then
 
begin	 Harked[i] :~ 1; 

Harked[Head[i)l := 1; 

ScanSymbols{Tail(i) 
eM
 

e~se begin i := Ta~l[i); ScanSymbols(i) end
 
end;
 

procedure ConstructFreeList;
 
var i : integer:
 
begin for i := 1 to Topeell do
 

if Harkea[i) = 0 then
 
begin Tail[i) :~ FreeCell: Freecell := i end
 

else Markea[i) :'" 0
 
end;
 

begin	 Hark1\ccessJ.bleStore; 
ScanSymbols( SymbolTable ): 
FreeCell := 0; 
ConstructFreeList; 
if FreeCell = 0 then 

begin writeln( Output. 'cell store overflow' ); Terminate ~nd 

end {CollectGarbage}: 

('"-.----------------- storage allocation routines	 W) 

function Cell : ~nteger; 

begin	 if PreeCe11 = 0 then CollectGarbage: 
Cell := FreeCell; 
FreeCell := Tail[FreeCell] 

end {Cell} I 

function Cons : integer; 
var i : integer; 
begin	 i :~ Cell; 

ISAtOll1[i] := 0; IsHwnb[i] := 0; Head(~] I'"' N'ILL; Tail[i] :'-' HILL; 
Cons := i 

end {Cons}; 

function Recipe : integer; 
var ~ : integer; 
begin ~ := Cell; 

IsAtom(i] := 0; ISNwnb[~] := 1; Head[~] :"" N'ILL; Tail[i] := NILL; 
Recipe :'" i 

end {Recipe}; 

function Symb integer; 
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vax 1 ~nteger; 

begill	 ~ := cell: 
1SAtom(~] 1; 1SNumb[~] := 0; Head[~] :"" NILL; Tail[~] N1LL; 
5ymb := i 

end {5ymb}; 

function Numb : ~nteger; 

vax i integer; 
begin ~ : = Cell; 

1sAtom[~l := I; 1SNumb[~] := 1; 
Numb :"" ~ 

end {:fumb}: 

funchon 1sCons( i : integer) : boolean;
 
begin1sCons :"" (ISAtom[~] = 0) and (1SNumb[~] '" 0) end;
 

funchon 1sRec~pe( ~ : ~nteger) : boolean;
 
begin1sRecipe := (1sAtom[L] '" 0) and (1sNumb[~] = 1) end;
 

functlon 1sNumber(i : integer) : boolean;
 
begin1sNumber := (1sAtom[~] = 1) and (1SNumb[~] = 1) end;
 

functIon 1s5ymbol(i : integer) : boolean;
 
begin1s5ymbol := (1sAtom[i) '" 1) and (1sNumb[i] '" 0) end;
 

functlon 1SNill(i : ~nteger) : boolean;
 
begin 1sNi11 : = 1s5ymbol( i) and (Heade i] Head[N1LL]) end;
 

proc~ure 5tore(var T : integer): 
vax 51, 5ij, Tj : ~nteger; 

found : boolean; 
beginTj := T; 

if 1sAtom[Tj] .. 1 then Tj := N1LL 
else 

begin	 while 1sAtom(Tail[Tj]) = 0 do Tj := Tail[Tj); 
Ta~l[Tj) := N1LL 

eoo;
 
5~ := 5ymbolTable; found := false;
 
while (not found) and (5i <> N1LL) do
 

begin	 5i] := Head[Head[5i)]; Tj := T; found := true; 
while found and (Tj <> N1LL) and (5ij <> N1LL) do 

beg~n if Head[Tj) <> Head[5ij] then 
if Head[Head[Tj)) = Head[Head[5ij]] 
then Head[Tj) := Head[5ij) 
else found := false; 

Tj := Tail[Tjj; 5ij := Tail[5ij] 
end; 

if found then found := T] = 5~j; 

if found then T := Head[5~] else 5i := Ta.il[5i] 
eoo;
 

1£ not found then
 
begin	 Tj := T; (* NB: T may be an alias for W *) 

W := Cons; 
Tail[W] := Tj; 
Head[W] := 5ymb; 
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Head[Bead[wJ] :'" TaJ.l[W]; 
Tail[w] := SymbolTable; 
SymbolTable := W; 
T := Head[WJ
 

end
 
end (Store); 

procedure 1m.tLlstStorage; 

var i lnteger; 

function L~st( ch char) ~nteger; 

begin	 W := Cons;
 
Head[W] := Numb; Head[Head[W]] ord(ch);
 
Llst := W
 

end (List}; 

procedure OneChar(var reg : ~nleqer; ch , char);
 
begin reg : = L~st( ch); Store( reg) end {OneChar};
 

begin	 FreeCell : = 1 i 
for i := 1 to TopCell - 1 do 

~gin Karked(l] ,= 0; Ta~l{~l := i + 1 end;
 
Marked[To~ellJ := 0;
 
Ta~l[TopCell] ,-= 0;
 
NILL := s~; Head[NILL] := HILL; Tail[NILL] := NILL;
 
S := NILL; E := NILL; C ,= HILL; 0 := NILL; W := NILL; 
T := NILL; F := NILL;
 
OpenParen := NILL; Point := NILL; CloseParen := NILL;
 
Head[NILL] := Llst( 'N');
 
Tail[Head[NlLL]] := Llst( 'I');
 
Tail[Tail[Head[NlLL])] := List( 'L');
 
symbolTable := Cons;
 
Read[SymbolTable] := NILL; the symbol
 
Tail(SymbolTable] '" NILL; the empty list
 
OneChar(T, 'T');
 
OneChar(F, 'F');
 
OneChar(OpenParen, '(');
 
OneChar(Point, '.');
 
OneChar( CloseParen, ').)
 

end {InitListStorage}; 

procedure Update(x, y : ~nteger); 

begin	 IsAtom[x] := IsAtom[y]; 
IsNumb[x] := IsNI.llllb[y]; 
Read(x] := Head[y); 
Tail[x) := Tail(y] 

end {Update}; 

(~---------------------Token input and output --------------------~) 

procedure GetToken( var Token ~nteger); 

var x : char; 
p : integer; 

be9~n while InCh = •• do GetChar( InCh); 
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x := InCh;
 
GetChar{ InCh);
 
if {( '0' (= x) and (x <= '9'»
 

ore ((x='-')or(x='+'»
 
and {'O' <= InCh} and (InCh <= '9'» then
 

begin	 InTokType := Numeric;
 
Token ;= Numb;
 
if (x = '+') or (x = '-')
 

then Read[TOken) := 0 
else He<trl[Token] := ord(x) - ord( '0'); 

while ('O' <"" InCh) and (InCh <'" '9') do 
begin Head(Token) := (lO * Head[Token]) 

+ (ord(InCh) - ord( '0' »; 
GetChar( InCh ) 

end; 
if x = then Head[Token] := - Head[To)cenj 

end 
else
 

if {x = '(') or (x '" ')') or (x = ',') then
 
begin InTokType := Delimiter;
 

if x = '(' then To)cen := openParen 
else if x = '.' then To)cen := P01nt 
else Token := CloseParen 

end 
else 

begin	 InTokType := ~lpha;
 

Token := Cons; p := To)cen;
 
Head[p) ;= Numb; Head[Head[p)) = ord(x);
 
while not ( (InCh = '(') or (InCh = ')')
 

or (InCh = '.') or (InCh = ' ') } do 
begin	 Tail[p] :~ Cons; p := Tail[p]; 

Head[p) := Numb; Head(Head(p)) := ord(InCh); 
GetChar( InCh) 

end;
 
Store(Token)
 

end 
end (GetToken};
 

procedure PutSymbol(Symbol ; 1nteger);
 
vac p integer;
 
begin p ;= Head[Symbol);
 

while p <> NILL do 
begin PutChar{chr{Head[Head[p]j»; p := Ta11[p) end; 

putChar(' ') 
end (PutSymbol); 

procedare PutNumber(Number : integer); 

pr~ure PutN(n 1nteger);
 
begIn if n > 9 then putN{n div lO);
 

PutChar{chr(ord('O') + (n mod 10»)
 
end; 

beqin if Head[Number) ( 0 then 
begin PutChar( '-'); PutN(-HeadINumber) end 
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else putN(Head[Number]); 
PutChar(' ') 

end {PutNllmber} I 

procedure putRecipe( E : integer); 
begin	 putChar( , .. ' ); 

putChar( ••• ); 
putChar( 'R' ); 
PutChar( •E' ); 
PutChar( 'C' ); 
PutChar( 'I' ); 
PutChar( 'P'); 
putChar( 'E'); 
putChar( ... ' ); 
putChar( , .. ' )} 
PutChar(' ') 

end {PutRecipe), 

( ..~---------------- S-expression 1nput and output ---------.--------.) 

procedure GetExp( var E integer) I 

procedure GetList( var E : integer);
 
begin if E = closeParen then E := NILL
 

else begin W ;= Cons; Head[W] := E; E := W;
 
if Head(E] = OpenParen then
 

begin GetToken(Head[E]); GetList(Head(E]) end; 
GetTOken(Ta11[E]); 
if Tail[E] = P01nt then 

begin GetExp(Tail(E]); GetToken(W) end 
else GetL1st(Tail(E]) 

end 
end (GetList); 

begin GetToken(E); 
if E = openParen then begin GetToken(E); GetList(E) end 

end {GetExp} I 

procedure PutExp(E integer); 
var p	 ; integer; 
begin if IsRecipe( E) then PutRecipe(E) 
else if IsSymbol(E) then putSymbol(E) 
else if IsNumber( E) then putNumber( E) 
else begin PutSyml>ol( OpenParen) I 

p := E; 
while ISCOns(p) do begin PutExp(Head[p]); p := Tail[p] end; 
if not ISN111( p) then begin PutSymbol( P01nt ); PutExp( p) <li!nd; 
PutSynUbol(Closeparen) 

end 
end {PutExp) I 

procedure LoadBoot strapProgram; 
begin	 InCh := ' '; 

GetExp( S), (. NB GetExp corrupts W "') 
E := Tail[S]; C ;= Head(S); 
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5 ;= NILL; D := NILL; W := NILL
 
eM {LoadBootstrapProgram};
 

(*------------ Microcode for 5ECD mach~ne operations -------------*) 

proc:edure LOX; 
var WX, i : integer; 
beqin WX := E; 

for i := 1 to Head[Head[Head[Tail(c]]]] do Wx := Tail[Wx];
 
WX := Head(WX];
 
for i := 1 to Head[Ta~l[Head[Tail(c]]]] do Wx := Tail[Wx];
 
WX := Head[WX];
 
W := Cons; Head[W] := WX; Tail(WJ := S; S := w;
 
C := Tail[Tail[C]]
 

end (LOX); 

procedure LOCX, 
begin W := Cons; Head[W] := Head[Tail[C]], Tail[W] := 5; 5 W: 

C :~ Tail[Tail[C]] 
end (LOCX); 

procedure LDFXI 
begin	 W := Cons; Head[w] := Cons; 

Head[Head{W]] := Bead[Tail[C)]; Tail[Head[W)) := E; 
Tail[wJ := 5, S := WI 
C := Tail[Tail[C]] 

end (LOFX); 

procedure APX; 

begin	 W := Cons; Bead[W) := Tail[Tail[S)J; 
Tail[W] := Cons, Head[Tail[W)] := EI 
Ta~l[Tail[W]) := Cons; Head(Ta~l(Ta~l[W)] := Tail[C]; 
Tail[Tail[Ta~l[W]Jl ;= D; D := W; 
W := Cons; Head[W) := Head[Ta~1[5)]; Ta~l[W] := Tail[Head[5)]; 
E := W; 

C := Head(Head[5j]; 
S := NILL 

end {APX} , 

procedure RTNX; 
beqinW ;= Cons; Head(W] := Head[5]; Tail[W] Head(D]; S := W; 

E := Head(Tail[D]]; 
C := Head[Tail[Ta~l[D])J; 

D := Tail[Tail[Tail[D)]] 
end {RI'NX); 

procedure DUHX;
 

begin Ii' := Cons; Head[W] := NILL; Tail[W] :-= E; E :'" W: C := Ta~l[C]
 

end (DllMX);
 

procedure RAPX; 
begin	 Ii' :'" Cons, Head[W) := Ta~1[Tail[5J); 

Ta~l[W] := Cons; Head[Ta~l(W)J ;= Ta~l[E); 

Tail[Tail(W)] ;~ Cons; Head(Tail[Ta~l[W])] := Ta~l[C]; 

Tail[Tail[Tail[W]]] ;= D; D := W, 
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E Tul[H:ead[S) J; Bead[E] :'" Head(Tall[S]];
 
C :'" Head[H:ead[S));
 
5 ". NILL
 

end {RAPX}; 

procedure SELX; 
begin W ;= Cons; Head(W) := Tail[Tall[Tall[C]]]; Tall[W] := D; D w, 

if Head[Head(S]] Head[T] then C := Head(Tall[CJJ 
else C := Head(Tail[Tall[C)]); 

S := Tai1[S] 
end {SELX}; 

procedure JOINX; l>egin C := Head[D); D := Tall(D) end (JOINX); 

procedure CARX; 
begin W := Cons; Head(W] := Head(Head(S)]; Tall[W) := Tail[S); S := W; 

C := Tail(C) 
end [CARX!; 

procedure CDRX; 
begin W := Cons; Head[W) Tai1[Head[S)); Tall[W) := Tai1(S]; 5 w, 

C := Tail[C) 
end {CDRX}; 

procedure ATOKX; 
begin	 101 := Cons; 

if IsAtorn(Head[S)) = 1 then Head(W] T else Head[W] := F; 
Tai1[W] := Tai1[S); S := 101; 
C :: Tall[C] 

end [ATOHX}; 

procedure CONSX; 
begin	 101 ;= Cons; Head(W) :: Cons) 

Head(Head[W']] := Head[S]; Tall[Head[W} J Head[Tall[S]] ; 
Tall(WJ := Tall[Tul[S)); 5 := 101; 
C :=Tai1[C) 

end (CONSX); 

procedure EQX; 
begin 101 := Cons; 

if ( ( IsS~l(Head(S]) and ISSyrnbol(Head[Tail(SJ)) 
or ( IsNugUjer(Head[S)) and !SNurnber(Head[Tall[SJ]) 

and (Head(ffead(S]] = Head[Head[Tail[SJ)))
 
then Head[W'] ;= T
 
else Head(W'] := F;
 
Tai1[W) : .. Tall[Tail[S]J; S := 101;
 
C := Tul(C]
 

end {EQX}; 

procedure ADDX; 
begin	 W := Cons; 

Head[WJ :'"' Numb; 
Bead[Bead[W']] := Head(Head[Tall(S))1 + Head[Head[S)); 
Tai1[W] :'" Tall[Tall[S)); 5 := 101, 
C := Tall(C] 
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end [ADDX} I 

procedure SUBX; 
begill	 W :.. Cons I 

Head[W] :: Numb; 
Head[Head[W]] :: Head[Head[Ta~I(S]l] - Bead[Head[S]]; 
Ta~I[W] ;~ Tail[Ta~I[S]); S := W; 
C ;'" Tail[Cj 

end (SUBX); 

procedure MULX I 
begin.	 W := Con~1 

Head(Wl := Numb; 
Head(Head(W]] := Bead[Head[Ta~I[S]]] ~ Head[Bead(S]]; 
Tail[Wl := Tail[Tail[S]]; S := WI 
C := TuI(c] 

end (KULX); 

procedure DIVX; 

begin W := Cons; 
Head[W) := Numb: 
Head[Bead[W]] := Head[l:Iead(Tail[S])] div Head[Head[S]]; 
Tail[W] := Tail[Tail[S]J; S := WI 

C := Ta:l.I[C] 
end {DIVX); 

procedure REKX; 
begin W := Cons; 

Head(WJ := Numb; 
Head(Bead(W]] := Head[Bead[Tail(S]l) mod Head(Head(S]]: 
Tail[W) := Tail(Tail[S]]j S := W; 
C := Tail[C] 

end {REMXJ; 

procedure ["EQX; 

begin Ii' : =- Cons; 
if Head[Read[Tail(S]]) Head[Head[Sll then Head[W] :'" T (E 

else Head(W] :"" F; 
ra:l.I[W] := Tail(Tail[S]]: S := w; 
C := TuI(Cl 

end {LEQX} I 

proced1lte STOPX;
 

begin 1f IsAtom[Head[Sl) = 1 then Halted := true
 
else begin	 W :'" Cons; Head[W] := Tail[S]1 

Tail(W] :-- Cons; Sead(Tail[W]] := E; 
Tail[Tail[W]] := Cons; Bead(Tail[Tail[W]]) := c; 
Tail[Tail[Tail[W]]] :.. D; D := w; 
C :- Head(sead[Bead[S]]]; 
W := Cons; 
Head[W] := Ta~I[Head[S]]; 

Tail[W] := Tail[Head[Bead[S])]1 
E := W: 

S := NILL 
end 
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end (5TOPX); 

procedure LDEX; 
beogin	 W :"" ConSi Tail[WJ := 5i 5 :'" Wi 

Head(w] := Recipe; 
Hea.d(Head[w]] := Hf>ad[Tail[C]]; Tail[Head[W)) := E; 
C ;.:. Ta.~l[Tail(C)] 

end {LDEX}; 

procedure UPDX; 
begin	 updatf>(Hf>ad(Head(D]],Hf>ad[5)); 

5 = Head(D]; 
E :"" Head(Tail(D)]; 
C '" Head[Tail[Tail(D] J]; 
D := Ta~l(Tail[Tail(D]J] 

end {UPDX}; 

procedure APOX;
 
begin if IsRecipf'( Head( 5 1) then
 

begin	 W := Cons; Head(W] := 5; 
Tail[W] := Cons; Head[Ta~l[W)J := E; 
Tail[Ta~l[W]] := Cons; Hf>ad(Ta~l[Tail[W]]] := Tail[C)i 
Tail(Tail(Tail[W))) := D; D :'" W; 
C := Head(Head(5)]; 
E := Tail[Head[S]]; 
5 : = NILL
 

end
 
else C :'" Tail[c) 

end {APOX} i 

procedure READX;
 
begin W (= Cons; Tail[W] := SI S := W; GetExp(Head[5]): C := Tail[C]
 
end {READX};
 

procedure PRINTX;
 
begin PutExp(Head(S]); S := Tnl!5]; C := Ta~l[cl end {PRINTX);
 

procedure IJlWLODEX; 
begin W := Cons; Head[W) ;= Head[S]; Tail(W] := Tnl[S]i S := Wi 

if IsNumber( Head(5)) then 
if Head[Head(5]] ~ ord(' .) then Head(S] :~ NILL 

else begin	 W : = Cons; 
Head[W] := Head(S); 
Head[S) 1= W 

end;
 
store(Head[S] );
 
C := Ta~l[C]
 

end (IMPLODEX); 

procedure EXPLODEX; 
begin W := Cons; li"ead(W] Head[Head[5]]: Tail[W] := Tail[S]; S := w; 

C := Tail[C] 
end {EXPLODEX J; 

(--------------------- Instruction decode loop --------------------~) 

The reference v~rtual machine 125 



procedure FetchExecuteLoop;
 
label 1;
 
begiD Halted := false;
 

1: case Head[Head[C] J of 
1: LOX; 11: CDRX; 
2: LDCX; 12: ATOMX; 

3: LDFX; 13: CONSX; 
4: APX; 14: EQX; 
5: RTNX; 15: ADDX; 
6: OUMX; 16: SUHX; 
7: RAPX; 17: MULX; 

8: SELX; 18: OIVX; 
9: JOINX; 19: REMX; 

10: CARX; 20: LEQX; 

21: begin STOPX; if Halted then Term1nate end; 

22: LOEX; 25 : REAOX; 

23: UPDX; 26: PRINTX; 
24: APQX; 27: IKPLODEX; 

2 B: EXPLODEX
 

end;
 
goto 1
 

end l:'etchExecuteLoop}; 

(.----------------- body of procedure Machine ---------------------.) 

begin	 In1tialise(Vers1on, SubVers10n); 
InitListStorage; 
LoadBootstrapProgram; 
FetchExecuteLoop 

end (Kachine); 

(------------------- body of program LispKit ---------------------.) 

begin Mach1ne; 99: end {LispKit}. 
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The Sage UCSD Pascal virtual machine 

program LlSpKlt( Input, Output, 1nFile, outFlle); 

(*-----------------------------------------------------------------~) 

( * ~ j 

(~ Reference model lazy J.nteractlve SECD machJ.ne, 3 "] 
(* -- versJ.on 3a AprJ.I 83 "] 
(* -- IMPLODE and EXPLODE instructlonS, ver~>J.on 3b May 83 ,,) 
( " *) 
(" Modifications speclfJ.c to UCSD pascal gaj AprJ.l 83 ,,) 
( " ")

(*-----------------------------------------------------------------*)
("	 *) 
(* (c) CopyrJ.g'ht P Henderson, G A Jones,S B Jones *) 

(* oxford University Computing Laboratory "1 
( * ProgrammJ.ng Research Group ") 
(* 8-11 Keble Road ") 
( * OXFORD OXl 3QD ,,) 
(" ") 

(,,-----------------------------------------------------------------") 
(" ,,) 

( * Documentation: *) 

(* "I 
(* P Henderson, G A Jones, S B Jones ") 
(* The LispKit Manual *) 

(* Oxford University computing Laboratory ,,) 
(* Programming Research Group technical monograph PRG-32 ") 
( " Oxford, August 1983 ") 
( *	 ") 
(* P HenderSon *) 

(* Functional Programming: ApplJ.cation and Implementation. *) 

(* Prentice-Hall International, London, 1980 "] 

( * " )
( *-----------------------------------------------------------------") 

(*----------------~-Machine dependent constants ------------------.,,) 

label 99; 

const TopCell = 8000; ( . size of heap storage .) 

(*--------------- MachJ.ne dependent file management -----------,,] 

vax	 InOpen : boolean; 
InFils : J.nteractJ. ve; 
OutFile : text; 

procedure openInFi.le; 
vax s : string; 
begin write In( Output); 

wrJ.te(output. 'Take J.nput from where? '); 
read In( Input, s); 

if s = " then s :'" 'CONSOLE:'; 
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I$l-} reset(lnF~le, S) {SIT};
 
InOpen ;= IOResult = 0;
 

if not InOpen then 'ooi'r~te(Output, 'Cannot f~nd s)
 
end (OpenlnF~le); 

procedure closelnFile; begin close(lnP~le, NORMAL), InOpen := false end; 

procedure ChangeOutPile: 
var s : str~ng; 

ok : boolean; 
begin close(OutF~le, LOCK): 

repeat	 'ooi'r~teln(Output): 

'ooi'r~te(output, 'Send output to where? '): 
readln(lnput, s); 
if s = .. then s := 'CONSOLE:': 
{SI-} rewrite(OutFile, s) {SIr}: 
ok := IOResult = 0, 
if not ok then wr~te(output, 'Cannot write to s) 

until ok 
end (ChangeoutFile); 

(*------------------ Character ~nput and output -----------------*) 

procedure GetChar( var ch : char),
 
constE:M = 25;
 

begin while not lnOpen do OpenlnFile;
 
if eof{ InFile) then begin CloselnFile; ch =' , end 
else 

if eoln{InFile) then begin readln(InPile); ch :- ' , end 
else 

begin read{InF~le, ch); 
if ch = chr(E:M) then 

begin readln(InFile); ChangeOutFile; ch := ' , end 
end 

end (Get Char 1; 

procellure putChar( ch : char);
 
const CR = 13:
 

beg.in if cn .. chr(CR) then writeln(OutFile) else write(OutFile, ch)
 
end (PutChar),
 

( ..------ Machine dependent initialisation and finalisation ------- .. )
 

procedure In~tial~se(Version. SubVersion: char); 
beg.in wri teln( output. 'Sage Pascal SECD mach~ne vers ion, 5ubvers~on); 

{SI-} reset(InFile, '''SECD.BOOT') ISH}; 
InOpen :~ IOResult = 0; 
if not InOpen then writeln(Output, 'No file "SEeD. BOOT' )1 

rewrite(OutFile, 'CONSOLE:') 
end {Initialise}: 

procedure Terminate: begin close(OutPile); exit(PROGRAl1) end (Terminate). 

(*----------------- Machine ~ndependent code --------------------- .. ) 
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The VAX VMS Pascal virtual machine 

[INHERITI . SYSSLIBRARY: STARLET , )) { FAB-related def~n~t~ons 

program. L~spKit(Input, output, InP~le, OutFile); 

( ,,~------_._--------------------------------------------------------" ) 

(" ") 

('" Reference model lazy ~nteractlve SECD machlne, 3 "') 
('" -- version 3a A..pril B3 "') 
(" -- IMPLODE and EXPLODE instruct~ons, version 3b Hay B3 "') 
('" "') 

(" Ho.hfications speclflc to VAX VMS pascal gaJ A..pr~l B3 "') 
(" Break long lines in file output gaj August B.'l "') 
('" "') 

("'-----------------------------------------------------------------"') 
(" ") 
(* (e) Copyright P Henderson, G A Jones, S B Jones *) 

(* oxford Un~versity Computing Laboratory "') 
(* Programming Research Group "') 
(* B-ll Keble Road ") 
( ... OXFORD OXl 3QD " ) 
('" ") 
( "'-----------------------------------------------------------------* ) 
('" "') 
( * Documentation: '" ) 
('" ") 
('" P Henderson, G A Jones, S B Jones "') 
('" The LispKit Manual "') 
(* Oxford Univers:tty Computing Laboratory "') 
(.. Programming Research Group technical monograph PRG-32 ,,) 
(.. Oxford, August 19B3 ") 
('" ") 

( '" P Henderson * ) 
('" Functional Programming: Application and Implementation. ,,) 
(.. Prentl-ce-Hall International, London, 19BO .. ) 
( ..	 '" ) 
(0 ----------------------------------------------- 0) 

(,,------------------ Machine dependent constants ------------------"') 

label 99; 

CODst	 Topeell = 40000) ('" size of heap storage 0) 

FlleRecordLimit = 255; 
OutFileW~dth = 200) 

OutTermWidth = BO; 

("'-------------- Machine dependent file management --------------"') 

var InOpen : boolean; 
InFile : text; 
NewInput, InFromTerminal, OutToTerm~nal boolean; 
OutPile : text; 
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OutPileColumn ~nteger;
 

OutTermColumn ~ntegerJ
 

NullName : ~cked arraY[l, ,255) of char;
 

function IsTerminal(VAR f : text) boolean; 
type phyle = [UNSAFE] text; 

pointer = TPAB$TYPE;
 
var p : po~nter;
 

function PAS$P~(VAR f phyle): pointer; EXTERN;
 
begin p := PAS$F~(f); 

IsTerminal :~ pT,FAB$~DEV = 201588743 
end (IsTerminal); 

procedure OpenlnFile;
 
var s : packed array[l. ,255] of char;
 
begin writeln(Output);
 

write(Output, 'Take input from where? ');
 
readln(Input, s)J
 
writeln( Output);
 
if s ~ Nu l1.Name then
 
open(File_Var~able := InFile,
 

File_Name := 'SYS$INPUT',
 
History : = Old)
 

else 
open(File_Var~able := InFile,
 

F~le_Name ;= s,
 
History ;~ Old,
 
Error : = CONTINUE),
 

InOpen := Status(lnFile) <= a, 
if InOpen then 

begin reset( InFile); InPromTerminal : = IsTerrninal( InFile) end 
else write( output, 'Cannot read from that file') 

end (OpenlnPile); 

procedure CloselnFile; begin close(InFile); InOpen := false end; 

procedure ChangeOutFile; 
var s : packed array[l .. 255] of char; 

ok ; boolean; 
oegin closet OutFLle); 

repeat	 write In( output);
 
write(Output, 'Send output to where? .);
 
readln(Input. s);
 
if s = NullName then
 

open(File_Variable := OutP~le, 

File_Name :m 'SYS$OUTPUT', 
History : .. New, 
Record_Length := FileRecordLimit) 

else 
open(File_Variable := OutPile, 

File_Name := s, 
History := New, 
Record-Length := FileRecordL~mit, 

Error :~ CONTINUE); 
ok : = Status( OutP~le) <= 0 I 
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if ok then rewrite(OutFile) 
else wr~te(Output, 'Cannot wr~te to that r~le')
 

'Intil ok;
 
OutToTerminal := IsTerminal(OutFile);
 
DutTermcolumn := 0:
 
outFileColumn := 0
 

end lC1angeoutFile); 

(~-------------------Character input and output t) 

procedure GetCha.r( VAR ch : char);
 
const ~ = 8:
 
begin 'lrhilA! not InOpen do begin OpenlnFile; NeW-Input := true end:
 

if eof(InFile) then begin CloselnFile; ch :~ •• end 
else 

if eoln(InP~le) then 
begin readln(InFile); Newlnput := true; ch ;"" ' , end 

else 
begin if NewInput then 

begin if InFromTenll1nal then OutTermColulnn : = 0; 

Newlnput := falee 
em;
 

read(InFile, ch);
 
if ch .. chr(~) then
 

begin readln(InFile); changeoutFile; ch := ' , end 
end: 

em {GetChar); 

proced~re putChar( ch : char); 
const CR = 13; 
begin if ch = • , thEin 

if outToTerminal then 
begin if OutTermeolumn »~ OutTermWidth then ch :- chr(CR) end 

else 
begin if OutFileColumn »- OutFileWidth then ch := chr(CR) end; 

1f ch ~ chr(CR) thEin 
begin writeln(OutFile); 

if outToTerminal then 
OutTermColumn :"" a 

else OutFileeolumn ;- a 
end 

else
 
begin write(OutFile, ch);
 

if OutToTerminal then
 
OutTermColumn :~ OutTermColumn + 1
 

elee OutFlleColumn :"" OutFileColumn + 1
 
end 

Elm {PutChar}; 

(t Machine dependent initialisation and finalisation t) 

proced~ In~tialise(Version, SubVersion: char);
 
var ~ 1,,255:
 

begin n:iteln(Output, 'V1OC. Pascal SEeD machine Version, SubVers~on);
 

~r i :m 1 to 2SS do NullMame(i];- ': 



open(File_Variable :'" InFile,
 
File_Name := 'LISPKITSsrCDBOO'I";
 
History : "" Old,
 
Error :"" CONTINUE};
 

InOpen := status(InF1Ie) ,= 0:
 
if InOpen then
 

begin reset( InFile): InFrom.Terminal :,. IsTennnal( InFile) end 
else writeln(Output, 'No fib L1spKitsSECDboot'); 
NewInput : = true; 
open(File_Var:iable t= OutFile, 

File_Name t = • SYSSOUTPU'I" •
 
History := New,
 
Record_Length := F1IeRecordLimit);
 

rewrite( OutF~~e)I
 
OutToTermi.nal := IsTerminal(OutF'ile);
 
OutTermC'o1 umn : = 0;
 

OutFileCo1umn :'" 0
 
end (Init~alise); 

procedure Terminate I
 
begin writeln(OutPile); close(OutFile); goto 99 end (Terminate);
 

(------------------- Machine 1ndependent code ---------------------~) 

procedure Machine; omitted 

begin Machine; 99: end {~SpKit}. 
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The Perq POS Pascal virtual machine 

program LispXit(Input, Output, InFile, OutFl.le); 

(~-----------------------------------------------------------------~) 
(~ ~) 

(~ Reference model lazy interactive SECD machine, 3 ~) 

(~ -- version 3a April 83 10..) 

(~ -- !MPLODE and EXPLODE l.nstructions, version 3b Hay 83 ~) 

(~ ~) 

(~ M3difications specif1C to ICL perq POS Pascal gaj Apr1l 83 ") 
(~ ... ) 
( ~-----------------------------------------------------------------~) 

(... ~) 

(~ Ic) Copyr1ght P Henderson, G A Jones, S B Jones ... ) 
(~ Oxford Unl.versity Computing Laboratory ~) 

( ~ Programming Research Group ~) 

(~ B-ll Keble Road ~) 

( ~ OXFORD OX1 3QD ~ ) 
(~ ~) 

(*----------------------------------------------------------------~) 
(~	 ~) 

( ~ Dceumentation:	 ~ ) 
(...	 ~) 

(~ P Henderson, G A Jones, S B Jones	 ~) 

( ~ The LispKit Manual	 ~) 

(~ Oxford University Computing Laboratory	 ~) 

(~ Programming Research Group technical monograph PRG-32 ~ l 
(~ oxford, August 19B3	 ~) 

(~	 ~) 

(~ P Henderson ~) 

(~ Functional Programming: Application and Implementation. ~) 

(~ Prentice-Hall International, London, 1990 ~) 

(~ ~ l 
(~-----------------------------------------------------------------~) 

(~----------------- Machine dependent constants ------------------~) 

imports Perq...string from P:E:RQ...STRING; (... for the type str ing ~ l 
imports stream from STREAM; (~ for I/O error trapping ~ l 

label 99; 

canst TopCell = 10000; ( . size of heap storage .) 

(~-------------- Machine dependent file management ---------------~) 

var	 InOpen : boolean; 
InFlle : text; 
OutFile : text; 

procedUR TryReset( s string ); 

handler Reset:E:rror( f pathname ); 
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begin InOpen := false; exit(TryReset) end {ResetError}; 

begin reset( InFile, s); 
InOpen := true 

enCl (TryReset ) ; 

funct~on TryRewr i tee s string) boolean; 

handler RewriteError(f : pathname);
 
begin TryRewrite := false; exit(TryRewrite) end (Rewr~teError);
 

begin rewrite(OutF~le, s); 
TryRewr~te := true 

end (TryRewrite}; 

procedure OpenInPile; 
Vilr S : string; 
begin writeln(Output); 

wri tee Output, 'Take input from where? ');
 
readln( Input, 9);
 

if s == ,. then s := 'CONSOLE:';
 
TryReset( s );
 
if not InOpen then write(Output, 'Cannot f~nd s)
 

enCl (OpenInFile); 

procedure CloseInF~le; begin close(InFile); InOpen := false end; 

procedure changeoutFile; 
var s : string; 

ok. : boolean; 
begin close( OutF ile); 

repeat	 wr~ teln{ Output); 
write(Output, 'Send output to where? '); 
readln( Input,s); 
if s == ., then s :: 'CONSOLE:'; 
ok. := TryRewrite(s); 
if not ok then write(Output, 'Cannot write to 51 

until ok. 
end (ChangeOutFi~e); 

(,,----------------- character input and output	 t) 

procedure Getchar( Vilr ch : char ~;
 

cona't EM = 25;
 
begin while not InOpen do OpenInFile;
 

if eof( lnf' .lIe) then begin CloseInFile; ch : == ' , end 
else 

if eoln(InFile) then begin readln(InFile); ch :== ' , end 
else 

begin read(InFile, ch); 
if en - chr( l:K) then 

begin readln( InFile); changeOutFile; ch := • , end 
end 

end (GetChar); 
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procedur~ PutChar( ch : char);
 
const CR = 13;
 
begin.if ch = Chr(CR) then wr~te1n(OutF'i1e) else wr~te(OutFi1e, ch)
 
end {PlltChar};
 

(~------ Machine dependent init~alisat~on and final~sation -------~) 

proceclUre lnitialise(Version, SubVersion: char); 
begin ...riteln(Output, 'Perq Pascal SECD machine', version, SubVers~on); 

rryReset( 'SECD,BooT' ): 
if not lnOpen then writeln(Output, 'No file SECD,BOOT'); 
rewr~te(OutFile, 'CONSOLE:') 

end {l~it~aliseJ; 

procedllre Terminate; begin close(OutF~le)1 eXit(LispKit) end (Terminate); 

('It Machine independent code ---------------------..-) 

procedllre Mach~ne: omitted 

begin lIachine; 99: end {LispKit}, 
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