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The LispKit Lisp manual: 1] Sources

This voiume 15 the secohd of a pair which lggether constitule the LispKn
Lisp manual The first volume consists of 2 briet wntrgduction to the language and
1o some ol the éxisting Mplementauons ol the system. tagethar with a note abouw?
each of e soliware companenis ol lhe system This, the companion voiume,
contains copies of all of the Lispril Lisp programs and hbraries as they were peing
distributed by lhe authors at the hme ol going 10 press. together with 1he text
al an implememation ol the wiriual machine which supports the LispKil syslem.
The listngs of LispKit Lisp which follow are, subslantally. what you would obtain
by passing each of the sources In a distnbulion copy ©Of the LispKir system thraugh
the pretty-prinier which s provided tn the syslem - although we confess 10 ironing
oul one or two ol the more excentric iayouts!
The Lispkit system s distributed, free of charge. by the authors for
coprtes of the gdocumentation, coptes of The LispKit system. or tar any information
abhout LispKit. comact:

Peter Henderson*, Geraint Jones or Saimen Jones®

Oxford University Computing Laboratory

Programming Research Group

8-11, Keble Road

Oxford 0OX1 3D
Oxford (0B&5) 54141

* address from October 1983

Department of Computing Science

University of sStirling

Stirling FK9 4LA
Stirting (0786} 3171
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Sources of LispKit Lisp programs

CHECK LsG

{ letrec
check
( commant
quole

{ { vanable definiton and scope checker )
( P Henderson and S5 B Jones PRG Oxford August 1982 ) ) )

{ ¢check lambda ¢ p }
{ checkexpr
lambda
(peloc )
1
C atom p )
( ok p e lac )
[
( eq ( head p }
quote NIL >

~

( eq ( head p )
checkexpr
( head ( tait

[ checkexpr p ( qQuote NIL 3

{ quote quote ) )

( quole lambda » »

(1ail p )y

¢ append ¢ head ( 1ail pJ) ) e )

loc '}

eq ( head p
checklet ( tail

{ quote let ) )
p e toc)

( quote letrec 1} )

checkletrec ( taii p ) e loc |

isop { head p

| ]

checkeach ( tail p ? e loc )

it
(
(
it
( eq ( head p )
(
"
¢
(
(

checkeach p e
{ ok
lambda
¢ name e IQc )
()

lac ¥ » 3 ¥y ) 2} )

( eq & ¢ quote NIL } )
( cons ( cons name loc ) ¢ quote NiL ) )

it

( eq name ( head e ) )

-~

quote NIL )
( ok name { tall
( isep
lambda
{ op )
{ member
op
( quole
¢ chr

CHECX LSO

e ) loc ) )y}

{ quote NiL } ) )



—~

member
lambda
Cx |}
Cif

atom
head
tail
leq
€q
cons
add
sub
mul
div
rem
1]

)

)

( eq | ¢ quote NIL ) )

( quote F )

(9]

(eq x { head | ) )

( quate T )

( member x ( tali | ¥ > } )}

-~

append
lampda

112 )

o

( eq 11 ( quote NIL ) )

12

¢ cans ( head 1 ) ( append ( tail 17 1 12 ) ) )

( vars
lampda
(1)
Lif

( eq

( cons ¢

—~

chacklet
lambda

I ( quote NIL ) )
( quote NiL )

(peloc)
( append

( checkexpr

headg ( head 1 ¥ ) ( vars ( 1ail

( head p

{ append

lac )
( checklist ¢ taill p ) e lag ) ) )
{ checkletrec

lambda

{(p e loc }

{let

( append
( checkexpr ( head p ) newe log 7
{ checklist
( newe append ( vars ( lail p Y > e ) ) )

¢ checklist
lambda

Cvars Ctall p )y e)

C tall p } newe loc ) 2

1))

CHECK

i

)

J



(| e loc )
Cif
{ eq | ( quote NIL )} )
( quote NIL )
( append
{ checkexpr
( tait ¢ head 1))
e
¢ cons ¢ head ( head i ) ¥ loCc ) )
¢ checklist C tall 1) e loc ) ) ) )
( checkeach
lambda
1 e loc)
Caf
( eq | ( quote Nil )}
( quete NIl 3
( append
( checkexpr { head | ) e lo¢ )
{ checkeach [ tail 1 ¥ & loc ) ) ) ) )

CHECK LS50



COMPOSE

( letrec
[ lam{da
( keyboard )
{ stream
( c ( head keyboard )
{ stream lambga ( s )
[
lampda
tnt )
tif
(eqn ( quole 0 )}
(f ( heag 1} )
(c

{ lampbda ( x » x )

{ sub n ( quote 1 )2

( fambda ( x )
Ctall 133

( 1ail keyboard ) ) ) )

( cons s ( quote NIL ) } )

1 ( (lgad_code ( head ! } ) x ) )

COMPOSE LSO



( lambda
(i)
{ cong
newling
{ cans
( guote Egitor 3}
[ sequence
{ mnead i 2
( cons
( quote ready )
( append
( eght_output { edit ( head i » { untileno ( tait | ¥ ) } )
{ cons newlline ( quote ¢ Exit editor > >} ) » > ) ) } )

LSO



EDIGITS LSO

{ letrec
( convert ( cons ( quete 2 ) ones 3 )
( convart
lambda
(G
{ cons
( heaa | )
( convert
( normalise
{ quote 2 )
(cons ¢ quote O F C muit Ctaib ) ) b)) )
( ongs cons ( quote 1 ) ones )
¢ mult
lambda
[
{ cons
( myl ( quote 10 ) ¢ head | ) }
Cmult Ctalb 1y ) )}
( normalise
lambda
{c 1}
(let
it
( eq
( divec)
{ div ( agg e ( quote 9 ) ) ¢ ) )
¢ cons
(add d { div e c )
{ normalise
{add ¢ ( quote 1))
(cons (rem g c ) x)))
( carry
c
{ cons
d
( normalisg ( add ¢ (quote 1 } ) (cons e x ) > ) )
{d head 12
( e head ( 1ail
Cx dall ¢ tall |} )
C carry
lambda
tc 1)
(let
( cons
(add d ( div & c ) )
cons (rem @ ¢ ) x )} )
d head I )
e head (¢ tall t
x tall [ tail | )

)
1)

(
(
( 1)
( 1Y)

io EDIGITS LSO



EDIT LS5O

( teirec
[ lambda
( kb )
( cans
( quote Editor )
( cons ( quote ready ?» ( edit ( head kb ) ( tail kb } ) ) ) )
( comment
quote
( { S-expression editor )
( P Henderson ang 5 B Jones PRG Oxford August 1982 ) ) )

( edit lambda ( { ¢ ) ( edttoop ¢ 1 ( quote NIL } f ) )
( editloop

lambda
{(cits pl)
( letrec
¢ if
(eq ( first t ) exit )}
( quoie ( Exit editor ) 3
it
( eq ¢ first t ) continue )
rest
( cons ( secang t )} rest ) ) )
¢ rost
editioop
( tail c ?
( third t )
[ fourth t }
( fifth t ) 3
(1 editstep ( ppad ¢ ¥} {5 pl ) )}
{ ediistep
lambda
(cfts pl)
it
( atom c )
Cif
(eq c ¢ quote end }
( tuple exit nothing t s pt )
[N
(eq c ( quote h »)
tif
 atom §)
( tuple error error £ s pf }
{ tuple
continue
nothing
( head f )
{ cons
(lembda ¢ x ) ( cons x ( tall 1) ) )
s}
¢ head 1t} ) )
CH
(eq ¢ ( quote t 1)

EDIT L3C
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Cit

Cf
¢ atom I3
( wple error error 1 s pf }
( tuple
confinue
nothing
C1all t)
[ cons
( lambda ( x ) ( cons ( head f) x 1)
s )
Ctail 21
[t
(eqc ( quote u )
it
( atom s )
( tupte arror arrar { s pf )
( tuple
conlinue
nathing
( ( head s } 1)
{ tail s 3
( Chead s > 1) })

eq ¢ ( guote p ) )
tupte prompt ( dump ( quote 2 ) f ) f 5 pf )

eq ¢ ( quote tap )}
lat

( tupie continue nothing topf ( quote NIL 1 topf )
( topft top t s ) 2

if

{ eq ¢ [ quote undo ) 3

{ tuple continue nothing pf s f )

( twple error error 1 s pf ) ) > 1) 1))

eq ( head ¢ } {( quote ¢ ) }
et

(g1

eq m ( quote NiL ) >
tuple error error 1 s pt )
tupie

continue

nothing

C subst m ( shead ( stail Ctai c ¥ ) )
5

fi

( m maich ( shead (tail ¢ ) ) 1))

eq ( heed ¢ ) ( quote r } }
tuple conlinue nothing ( shead ( tall ¢ > ) s 1)

eq ( head ¢ ) ( quoie p > >
if

( eq ( shead ( 1wail ¢c » ) ( quote all ) )
( tuple prompl 1 t s pi 2

EDIT



¢ tuple
prompt

( dump ( shead ( tal ¢ > ) 1)

t
s
pt 3 )

( tupie error error f 5 pf } > > ) )2

( shead lambda ( x )

{

it ( atom x > x ( head x )

( stail lambda ¢ x ) Cif ( atom x ) x ¢ @ x ) ) )

( match
lambda
(ps)
¢ if

( 8qg p ¢ quote NiL ) )

( quote NIL )

( atom p )

( cons < cons p s ) ( quote NIL ) )

( atom s ?
( quote NIL )
( append

{ match ( head p ) { head 5 ) )
(match Ctall p ¥ Ctail ) ) )23y

¢ append
lambda
Cxy)
(G

{ eq x ¢ quote NIL )}

¥
{ cons { head x )
[ assoc
lambda
(x a >
[}

( append ( tall x ) y > ) } )

{ eq a ( quote NIL ) )

x
i

{ eq ( head ( head a > ) x )
( 1ait ¢ head a ) )
( assoc x {(1all a ) y)yyd

{ subst
lambda
Cap)
CH
{ atom p 2
( assoc p a)
{ cons

( subst a ( head p ) }

( subst a ( tail
( dump
lambda
{(nx)
{If
( atom x )

EDIT LSO

pIII I

)}
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e e

X
Ol
Cegn { quote Q) )
{ quoie * )
{ cons
f dump ( sub n ( quote 1 ) ) ¢ head x ) )
Cdump n Cotait x )y )
op
lambda
(15
(f
( Bg s ( quote NIL ) ?
1

(lop ¢ Chead s ) ) Ctail 53 ) )}
uple
lambda
fabecde)
{cons @ (cons b {cons ¢ Ccong d e ) ) ) )
first lambda ( x ) ( head x ) )
second lambda ( x ¥ ( head ¢ lail = 1 1)
ihird lambda ( x > { head [ taill ( tait x ) 3 ) )
lurth lambda ¢ x ) ( head ( tail ¢ tail ¢ tail x ) ) )
Iith Jlambda ( x J ( tall ¢ tall ¢ tail ( tail x 3 ) ) )}
prompt quote Prompl }
error quote Error )
exit quote Exit )
continue quote Continue )
nothing quote Neothing ) )

)

3
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EXPERT Lso

C lambda C input ) ( ( expert { head input ) ) (1ail input 3 ) )
{ experi

EXPERT

lfampda
( database )
¢ letrec
( lambda
( kb )
( sysq kb ( guete init X ( quore NIL ) C guole NIL Y ) )
( sysq
lambda
( kb slq kn v )
o
( eq stg ( quate end } )
( quote NIL )
( let
( sys kb ( sect nsiy database ) kn v nstq )
( nstqg 1 ( eq sig ( quote * ) > w stq Y 1 ) )
( sys
lambda
( kb st kn v sig )
(S
( eq st ( quote NIL ) 3}
{ sysq kb sig kn v )
¢ lel
i

—~

eq key ( quole gato } )
sysq kb ( head arg ) kn v )

-~

-~

eq key ( quole say ) )
append
( ch arg v )
t cons
newline
( sys kb ( tail st ) kn v siq } ) )

—~

eq key ( quote note ) )

sSys

kb

{ 1al st

( newkn kn ( head arg > ( head ( 1ail arg ) > )
¥

s1q )

~

~

eq key { quote gelval } )

{ sys

kb

C tail st )

kn

{ lookup ( head arg )} kn sig ) )

-

eq key ( quole eng ) )

LSO
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¢ enq
kb
¢ ta sl )
kn
( lookup ¢ head arg ) kn }
( head arg !
( ch ¢ il arg } v )
s1q )

eq key ( quote ask ) )
enq

kb

( tail st )

kn

( quote NIL

[ head arg )

(ch [l arg ) v )

s1g )
tof
{ eq key ( quote if ) )
Oif

( match ( head arg ! v )
{ sysq kb ( head (1al arg ) )} kn v )
( sys kb ( rtail st ) kn v stg 1 )

( eq key [ quacte iin ) }
if

( maich ( head arg ) v )
( sys kb ( tal 81 ) kn v sig )
( sysq kb ( head ( tait arg ) ) kn v )
( ¢cans key ( quote 2?7777 3 1 3 ) 1))
¢ key head ( head st ) )
C arg 1ail ( head st ) ) ) )
( ¢ch
lambda
(s v )
(il {eq ( head s ) ( quote * ) } v 5 )
( match
lambda
lab}
il
¢ alom a )
(or (eq a (quote ? 7y} (eqgab1l)
{ unless
( atom b )
¢ and
( match ( head a } ( head b ) )
( match ( tarl a » ¢ tail by > ) ) )}
( lookup
lambda
{ x kn )
it
C eq kn ( quote NIL } )
( quote NIL 3
Cif

EXRPERT

)
)

)



¢ eq ( head ( head kn ) ¥ x )
¢ ¢ head kn ) )
Clogkup x ( tad kn 1 ) ) 3 )
( enq

lambda

( kb st kn lup nam str stq

Cif
( eq lup ( quote NIL ) )

( append
sir
( sys
{ tail kb))
5t
{ newkn kn nam ( heao kb »
{ head kb
stq 1)
{ sys kb st kn lup s1q ¥ ) )
{ sect
lambda
(g d)

!
teq g ( head ( head @ ) ) ]
(ia1l ( head d ) )
{ sect g (tail @ ) 1}
{ newkn "
lambda
[ kn x v )
Caf
( eg kn ( quote NIL 3 )
(cons ¢ cons x v ) ( quote NIL 3 )
()
{ eq x { head ( head kn ) ) )
( cgns ( cons x v 3 ( 1all kn ) )
( cgns « head kn ) { mewkn {( tail kn } x v > } Y ) ) }))

EXPERT L3O
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-~

-

-~ -

EXPERT_LIB LS50

ni

( say ¥elloggs Delegging Machine ( Modei A ) serwce routine
C goto presbut )

fagawn ¢ say Try again: )} ( goto presbut ) )

presbut

( ask q Is the bullon pressable? )

C il yes fegall }

Cf na isbut 3 )

1sbut

C eng qisbut Is there a button?

(il yes dedcoy )

¢ note bulrel tagain )

Cif no newbut ¥ )

newbut

say Fil a new buftton assembly ¢ part no £765/wy/35454y/z2 ) )
note qisbul yes )

nate button new )

getval butret )

gato * ) )

gedcay

( getval qdedcoy )

it done nfkel }

noe qdedcoy done )

say Remave any dead coypu or empty cornflake packets from the )
say butlon assembly )

¢ goto 1again )} 2

mnfke!

( say Inspect the ablative distending grommet for signs ol infestation )
( say by kelg or other southern Atlantic seaweeds -—— )
( enqg qginfkel is n clear? 3

{ it no salsoak )

[ getval bution )

Cif new dealer )

( note butret tagain )

( goto newbut ) i

salsoak

 note qinfkel yes 1}

( say Soak in Kellpggs Patent Marine Solvent for three odays )
( goto tagain ) )

pagain { say Prass the button again ) ( goto legoff ) 1}
legoft

( ask q Do ail he legs fall off? )

it yes isclen )

( if no anylofl ) )

anylof

getval qalof }

if yes insflegs )

ask qalo! Do any ol the legs fall aff? )

it no anylegs >

nole butquery na }

it yes insflegs ) )

anylegs

—~ -

-

- e

EXPERT_LTS LSO



enqg ganylegs Are lhaere any legs? )

it no nolegs )

note buyrquery yes }

i yes insflegs ) )

nolegs

( nole ganylegs yes )

( say Fix new legs ( part na £7576/e/Tyeyr/Sww/p ) )
{ goto pagain ) )

insflegs

( getval despr )

(1l yes nogiue )

( say Inspect the non-deparied legs: )

{ eng nalledon Have they been nalled gn? }
{

(

i yas remnails )
1 no lookglue ) }
remnaiis
{ note nailedon no }
{ say Remove all nails from the legs
( golo pagain ) )
lookglue
( note despr yes
{ enq i1sglue Is there any sign aof glue? )
(it yes remglue )
¢ if no noglue ) 7
ramglue
( note Isglue no )
( say Soak tegs in paradi-chloro-phenyl-pentanoic ac )
( golp pagain } )
noglue
( getval butquery )
{if no tryone )
{ getval button )
C I new tryone )
( note bulret pagain )
( goto newbut } )
tryone
( gelval qone )
(it done tirytwo )
¢ note qone done )
( say Reptace the pelargonium extraction unit )
¢
4
r
(
(
(
(
4
{

-

say ( part no £-2081070712gf-yusd ) )
goto pagain )
{ 1rytwo
getval qiwo ?
If done dealer )
note qlwo done )
sday Try inserting a secondary positron acidifier in the benign )
say matriculating quacdrilie )
golo pagain } )
dealer
( say OK. | give wup )
( say Go 10 your nearasl authorised dealer }
{ goto end 3 )
isclen
( ask q Is the machine clean and shiny? )

-

-

EXPERT_LIB L50
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it yes nofault )
C i nc trysoap » 3
nafaull

{ say Your HKelogps Delegging Machie ( Model A ) )

( say I1s now In perlect working order )

{ goto end » )

Irysoap

getwval gsoap }

( il dene tryboil )

( note gsoap gone )

( say Sponpe lhe machine wiln warm soapy water, )

( say taking care nol 19 wetl the sexpediltonary telepnone emulatar
{ say or lhe coid air intake conduit )

{ poto isclen i )

trybonl

( getvat gboit

¢ dane hithy )

¢ ncle gboil done )

¢ say Boil the machine for 30 mins in dewonised water )
( goto isclen ) )

linhy

( say Your machine is incurabile fithy. | can 0o nothing tor it )
¢ gole end } ) )

EXPERT_LIB

LSC



¢ run_and_halt

BALT

(

HAL'T

guote NIL } )

LSO
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( lambda

Cx > x3

IDENTITY



INTEGERS

( letrec
(i ( quote & ) )
Ci
lambda
(n)
Ccons n (i ( agd

INTEGERS Lso

{quote 132 n )

23
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INTERP LSO

( letrec
( lambda
( kb )
{ append
( quote ( LispKil interpreter: typé end 1o iinish ) )
¢ Iinteract
3]
( quote ( patience 3} )
( quoate ( { quate 50 ) ) )
( quote NotDefined > ) ) )
{ comment
quote
{ ¢ LispKit lisp interpreter )
{ Geraint Jones. PRG Oxlord )
( Last changed 29 Marck 1983 ) ) >
{ interact
lambda
{ kb global_n global_v it )
[ lpirec
{ cons newline ( cons ( quote > ) line ) )
L line
if
{ eq tag ( quote exit ) ?
{ quote ( Exit interpreter ) )
Cif
( eq tag ( guole message ! )
( appena
message
( inferact ¢ jail kb ) new_globai_n new_global_v it 1 )
it
{ eq tag ( guate evatuation ) }
¢ append
( print expression )
{ interact ( tail kb )} global_n global_v expression ) )
«af
( gq rag ( quote restore ) )

¢ interact
( append
file
{ lat
cif
(eq ( head t ) ( qQuote » } )
{ tail t 2

t
Ctotail kb ¥ 3 )
global_n
global_v
it )
( cons
( qucte Errar )

( Interact ¢ tail kb } global_n global_v it > » } ) ) )
( wag 1 resuit >

INTERP



INTERP

message 2 resuit )
expression 2 result )
fite 2 result )
new_global_n 3 resuit )
new_global_v 4 result )
result loop ( head kb ) global_n global_v it )
print
letrec
{ lambda ( s ) « f{irs1 patience ¢ fiatten 5 ) ) }
¢ tirst
lambda
‘(n 1)
Cf
( eqg | ( quote NIL } )
( quote NIL )
Cif
Ceg n ( quote 0 ) )
(et
¢ list stop stop stop )
( stop chr ( quote 46 ) } )
{ cons
( head t )
( first ( sub n (quote 1 2 3 Ctail i) ) )))
( patience evaluaie ( quote patience ) global_n global_v it )
( flatien
lambda
(s
( letrec
CH

—~

isfunction s )
symbol { quote function ) ( flatten ( showlunction s » ) 3

—~

( iscode s )
( symbol ¢ quote co'e ) ( tlatten ( showcode s ) )2

( atom s }
( list s )
{ cons
open
( append ( flatten ( head s ) )} { lailpart r ) 21 ) } )
¢ symbol
lambda
( type rap )
( cons
open
( cons
point
( cons type ( cons polnt ( 1ailpart rep ) 3 ¥ ) )}
¢ lailpart
lambda
(r)
CIf
(eq ( head r Y ( guote NIL } )
{ list close )
it

LSO 25
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( tocp

(eq ( head r ) open )
Cfal r )
( cans point { append r ( llst close ) } > } )}
( r flatten ( 1ail s ) )
( open chr ( guote 40 ) 3
¢ clgse chr ( guote 41 ) )
¢ point chr ( gquole 46 ) ) ) > ) } )

Bmbda
t command glodal_n global_v it )
( letrec

4

—~ -~

it

{ atem command )

Cif
( g command ¢ quote end ) )
exit

( eq command { guote save ) }
{ save glgbal_n global_n glabal_v }

( eq command ( quote vars ) )
( message glabal_n global_n gtobal_v )
( evaivation expression )} ) ) )

eq keyword ( quote del ) )
¢ it
( eq name { quote Error ) }
error
i
( atom name )
( message
( cons name ( quote ( deflned » ) )
( cons name global_n }
( cons value giobat_v ) }
arror ) )

aq keyward ( quote cancei ) )
i
( member name gtabal_n )
[ message
{ cons name { gquote ( cancelled 1 } )
{ remove name globat_n glabal_n )
( remove name globat_n global_v ) }
errgr )

-

eq keyword ( quote save ) )
save ( tail command ) global_n giabal_v )

-~

"

-~

eq keyward { quote resiore } )

restore ( ail command ) )

gvaluation expression ) 1 ) ) ) )

keyword head command )

name head’ ( tail’ command } )

value head’ ( tall’ ( tal” command } } )
expresston evaluate command global_n global_v it »

INTERP LSO



{ remove
lambda
Cati)
O if
(eq a ( head 1) }
Ctal 1)
{ cons
( head | )
( remove a ¢ tail 1Y ( tail 1 ¥ )} )}
( exit list ( quale exit ) )
{ message
lambda
(mn v)
{ list ( guote message ) m n v ) )
{ evaluation lambda ( e } ( list ¢ quote evaluabon ) e } )

( error message ¢ guote ( Error > ) global_n global_v }
( save

lambda
(1 global_n global_v
( letrec
{ message
C list
( cons
( gquote restore )
( deflist | glabal_n global_v ¢ quote NIL ) } )} )
gilobal_n
global_v }
{ deflist
lambda
Clnvd)
Cif
Ceq n ( quate NIL ) )
d

¢ deflist
|
¢ tail n )
{ tail v }
Cf
¢ member ¢ head n ) | )
¢ cans
¢ list
¢ guate def }
( head n )
( head v ) )
a
d))
( restore fambda (
( evaluate
letrec
( lambda
{ e globat_n giobal_v il )
( latrec
( aval ¢ n v )

( n cons ( cons ( quole It ) global_n } ( quoie NIL ) )
(v

(IR RN IS
f ) ( list ¢ quote restore ) 1) ¥ 1)
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cao
(
(
( gval
lambda

ns
cons it { listevai global_v n v ) 1}
queie NiL Y ) ) )

{env3

C letrec
it
{
[
Cif
(
(

~

—~

—_

atom e »
associate e n v}

eq keyward ¢ quole quote ) )
letrec
( secure texil )
( secure
lambda
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keywora ( quote letrec ! }

lelrec

{
(
(

eq
[\

€q
it
¢
¢
¢

eval 1extl pawn newv )

newn cons ( variables definltions ) n }
newy

cons

{ listeval ( values definitions ) newn newv )

v 1)

keyword ( Quolte chr } )
( numper argumentl } ¢ chr argumentl

keyward ( quote exec ) !
atgrm arqumantl )

quote Error )
makecode argumenil ) )

letrec

{

if
[ isfunction applicand )

LS50

)

( guote Error )

)

29



( eval body newn newv ?
[
( iscode applicand
{ appily funclion argumenis )
( quolg Error 7 } )
body tail ( head function ) }
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function tail applicand 2
applicand eval ( head @ ) n v 1)) 1Y) 13 0w §
keyword head e )
arguments Nsteval texis n v )
argument! head’ arguments 3}
argument2 head’ ( tail’ arguments ) )
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¢ define
lambda
C arity )
( lambda
( name )
( let
( list
name
( quote lambda )
arguments

( cons name arguments ) }
( arguments
first

LIBERN

Iy

LSO



LIBMAN

arity
( quote ( argl arg2 argd ) ) ) Y ) 1))

LS50

35



36

(

LIBRARIAN LSO
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( list
( cons
name
( cons ( quote = ) { gequence definilicn ¢ quoie NiL ) ) )}
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{ interacl
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( eq keyword ( quole sava )
( save ( tail commandg ) globaln globalv dalabase )

( eq keyword ( quote restorg ) )
¢ restore ( tail command ) }

it
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( defiist
|
{ 1ail n)
{lail v )
€l

IR

)

{ member ( head N J | )

{ cans
[ cons
( quote del
( cons
{ head n )
( cans ( head
[{]
diyyyyd
a (¥t «

{ restare lambd cons (

)

v ) (quote NIL } ) ) )
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solve

text)

{ tall” texts >
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o
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it
( atom n ?}
( quote NIL )
( cons
( head n )
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( isfunction apphcand )
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( argumenis listeva! texts n v )
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Caf
{ member a ( head n ) )
( locate a ( head n ) ( head v ) }
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lambda
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Cif
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il
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i
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( cons
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( setvars
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( markvars vartables constraints )
{ quote NIL ) 1}
( quole NIL )
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(
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lambda
(ie}
it
¢ isvaritable e )
¢ subscript | & 2
o
( atom e )
e
¢ cons
( setvars i { head e } )

Csetvars 0 ( lait @ 2 ) ) 1 )}
( subscript

lambda
Ct v
{ makevanable ( cons i { 1@if v ) ) ) ) )
( assemble
lambda
cd)
( letrec
Cif
( atom d )
{ quate NIL )
af
( atom cilause )
rest
it
{ 8q keyword { quote fact 3 )
{ cons ( tait clause } rest )
i
( eq keyword ( quote forall ) )
( caons

52 LOGIC



( appe

{ markvars

( head

( tai
rest )
rest ) )}

I ¢ tail

)

( clause head d )
( keyword head clause ?
rest assemble (
{ markvars
lambda
{vel}

t

Cit
4
(
(

nd

lambda

(a
Cif

b))

atam & »

( tail clause J )

clause ) Y )

@i od ) )}

# ¢ member & v ) ( makevariable e ) € )

cons

{ markvars v ( head e ) )
 markvars v ( tait & ) ¥ ¥ ) ) )}

( atom a )

b

( cons ( head a )

¢ member
lambaa

(a
¢if
(
{
L))
(
(
{

13

atom

[’

quote F )

eq a ( head | )
quole T 3
member a ( tail

i

( append ( tail a ) b)) )}

Y}

[ quote T ) ( atom b )

( head a ) ( head b ) )

( equal
lamboa
{ab)
Cif
(eqa b))
( quote T )
it
CIf ¢ atom a )
{ quole F )
i
( equal
{ equal ( tail a »
( gquote F ) )
( map
tambda
Ct 1
{if
¢ atom 1)
t
{ cons ([ ( head
( head'
LOGIC LSO

(
)

1))

tail b ) )

{'map f Cqain 1))y )
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ambda
L C)
(1t C atom ¢ > ( quote Error ) ¢« head ¢ } 1 !}
1al’
lambda
t e
tf C atom ¢ ) ( quale Erraor ) ( tad ¢ ) Y )
assoclist’
lambda
(]
it
( atom 1)
( quote NIL )

( atam ( head | ) )

¢ assoclist” ¢ tail | } )
[}
{ atom ( head ( head | )} )
C cons ( nead 1) ¢ assochst” ( tall 1) )
( assochst’ Wwil )y
svariable
lambda
v )

af

( atom v )

{ quote F )

{ eq ¢ head v ) ( quote VariabieTag > ) ) }
makevariable lambda ( v ) ( cons ( quole VariableTag > v ) )
stunction
lambda
(1)
tif

( atom 1)

( quote F

¢ aq ¢ head 1} ( quote FunctionTag } > ) )
makefunction
lambda
I formals body n v )

[ cons

{ quote FunctionTag )

t cons ( cons formals body ) ( cons n v )} } )}
reserved

lambda

{a)

O

( eq a { quote FunctionTag ) )

( quote T}

( eq a ( quote variableTag ) ¥ ) ) 3
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( restore
{ def
tist
( lambda
1)

LOGIC_LIB

{ quote MIL ) )

quote NIL )

(
( eq
¢
(

con

S

newline
( cons ( head ( head | ) )

( def newline
¢ def

(

paltndromes

( logic
¢ list (
( dorall
( torall
( a
[Q+
(x
( fact (
( forall
(a

[~

[

oo

4
(x ©
Cy

LOGIC_LIB

all

chr  quote 13 ) ) )

{Cx ) (x 0 x)))

Cx 3} (Cx = NL + x 1))

Yy
Yy
N

Y

z)

x)y=(a y) + 2
+z2))

I o NIL ) )

z)
Xy 0 y)

z )

z

+{atltl))))yy

C list € tail

¥

1Y yxyyryyn
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MUFP LSO

{ lewec
( lptrac
U interpreter ( guole muFP ) eval mufp_lib )
{ interpreter
lambda
( name evai predelfined )
( letrec
( lambda
{ kb }
{ append
¢ list name ( quote Interpreier )} }
{ interpret Kb ( gquote NIL ) ) ) )
C Interpret
fambda
( kb envy )
( letrec
[ append
C list newline ( quote » ) )
¢ if

-

eq first ( quote end ) ?

{ list ( quote Exit } name ( quoie interpreler ) )
it

eq first ( quole vars ) 3
( append { map head env )} irest )

(i
{ eq first ( quote gump } )
{ append
( reduce
append
{ cons
{ guote NIL )
( map
( lambda
{x
( st { showdel ( head x ) ) newline } )
env } )}
irest )
il
 atom Aflrst }
rast
(M

( eq ( head first ) { quote def ) )
( imerpret
¢ tall kb »
( update
env
¢ el ( quote 2 } first »
(el ( guote 3 > first ) ) 1}
Cir
( eq ( head flrst ) ( quole show } )
{ cons

{ pretty ( showdef ( el ( quote 2 ) first ) ) )
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MUFP

CH

(SN
¢ list

irast )

eq ( head first }
interpret

{ taill kb )

( unbind C el (

eq ( head first )
append
 run

( quote cancet ) )

quote 2 ) first ) env ) }

{ quoie run ) }

Cel ( quole 2 ) first )
( untilend ( tail kb ) ) ?

( interpret ( afte

eq ( head firsl )
let

( append

rend kb ) env ) )

( quote edit » )

( edit_ocutput e )

{ interpret

( afterend kb )

( vpdate
env

C el ( quole 2 first 2

{ soli_file
[ -]
edit

el

( associate ( el { quate 2 ) first ) anv }
{ untilend ( tail kb ) ) ) )
Irest 3 3 ) )y > )11 3
( showdel
lambda

( quote def ) n

(¢ irest interpret { tail kb
¢ tirst head kb )

¢ run

lambda

( exp

input ]

¢ letrec

¢ ¢ evat exp realenv ) input }
¢ redlenv

append

(

map

{ lambda
( x)
( cans

{ assaciate n env ) ) )
] env }

( haad x )
¢ aval ( tail x ¥ realenv ) } )

eny }

predetined 3 } } ) ) 1)

( eval
lambda
( exp env )
( tp_eval
( ( muip_eval

LSO

( Jambda ( a )

( defined a mulp_lib ) ¥ ) exp )}
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env ) )

{ muip_eval
lambda
¢ infp 3
{ letrec

{

(

muip_eval
t mulp_eval
tambda
f{e)
¢ let
[}
C atom e )
Cil (mfp e ) slateiess e )
it

{ eq ( head e ) ( quote select ) )
stateless
it

(8q ( head e } { gulte constant ) )
statpless
on
¢t eqg ( head e ) ( quote alpha ) )
( list

( quote compose
( quate zip )
C list

{ quote alpha )

( mufp_eval ¢ el ( quote 2 ) e ) ) )
( quole zip ) 2

of
( eq ( head e ) ( quote slash ) )
< list

( quote compose )
{ lisi

( gquote slash
¢ lisy
( quole compose )

{ mufp_eval (el { quoie 2 ) ¢ } )
¢ quote zip ) ) )

{ quote zip ) )

i

{ eq ( head e ) ( Quote construct ) )
{ list

{ quote compose
( quote zlp )
¢ cons
[ quote construct )
¢ map mufp_eval ( tail e 1 ) )}
it

( eq ( head e ) ( quote if ) )
( list

( Quote compose )
C quote
{ alpha
ot
{ select 1 )



HUFP

{ select 2 )
{ select 3 ) ) ) )
{ quote zip )
( cong
[ quote consiruct }
¢ map mufp_eval { tail @ ) ) ) )

Cif
{ eq ( hgead e ) ( quote mu ) )
( list
{ quote loop )
( fist
( quote compose )
¢ quote zlp }
( mufp_eval { el ( quole 2 ) e ) )
( guote zip ) )
(el (gquote 3) ¢e))
« it

( eq ( head & ) ( quote compose ) )
{ cons ( quole compose ) ( map mulp_eval { tail e} ) )
{ quate **synerr** ) ) ¥ ) 2y ) ) )

( staleless list ( quote alpha ) e ) 1 1))

t 1p_eval
lambga
( exp any )
( leirec
( fp_eval exp )
(¢ {p_eval
lambda
(G '
it
{ atom {1}
¢ if
{ deflned  env )
( associate 1 env )
( lambda ¢ y } ( quole *=liberr=* ) ) )
it
( eq { head ¢} ¢ quole select } }
{ tambda
Cx)
(el (el (quate 2 )13} x))
(O]}
( eq ( head 1 } ( quole compose ) )
¢ reduce
( fambda
Cxvy)
Clambda ¢z ) {(x {y z) ) ))
¢ map fp_eval ( tail 11 1)
Cif
Ceq ( head ') ( guote construct ) )
C construct ( map fp_eval (tall 1} } )
it
( eq ( head t ) ( quote alpha ¥ }
( et

Clambda ( x } { map g x } }
rt

{ g fp_eval ( & { guote 2 ) )



(Wl
( eq ( head f ) ¢ quole slash ) }
(et
( lambda
(x }
( reduce
C lambda
(x vy}
g (list x y ¥ )
X))
(g fp_eval ( el ( quate 2 ) 1) 3
[
( eq ( head t ) ( quote conslant ) }
( tambda ( x > ( @l ( quote 2 ) 1) }
Cf
( eq ( head ) { quote loop } )
( let
{ lambda
i)
( letrec
(el ( quote 1} p)
tp
g
¢ list
)
{ cons
(el (quote 3 ) ()
(el Cquate 20 p ) ) 2 )2
{ g fp_eval ( el ( quote 2 Y f } 3 )
ot
(eq ( head ) { quote il ) )
¢ let

eq y ( gquote 1 1)
b x )

eq ¥ ( quote 0 1))
c x}
quote *®iferr** ) )
tyax?>»?t
( a fp_eval ( el ¢ quote 2 ) 1}
(b fp_eval ( el ( quote 3 ) 1
{ ¢ fp_eval ¢ el { quale 4 ) [
( lambda
C x )
{ quole *Ssynerror** ) ) )} )23y )Yy o) )

—

¢ mufp_lib
hist
U cons
( qugue appendl )
( lambda
(x)
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( cons ¢ head x ) ( el
{ cons
( quote appendr )
( lambda
(x 3
{ append
( head x )
{ st (& (guote 2 ) x ) ) ) 3]
( cons ( quote hd ) head )
{ cons ( quote 1 } tail )
{ cons
( quote disll )
( lamboa
Cx )
( map

( tambda ( y ) (list ( head x } y ) )
(e (quote 2) x3) )]

(quote 2 ) x )} )

{ cons
( quole distr )
( lambda
(x )
{ map
( lambaa
Cy)
Clisty (el (quowle 2)x)))
{ head x J ) ) )

( cons ( quote id ) ( lambda ( x ) x ) )
( cons

{ quoile zip )
{ lelrec
zip
{ zip
tambda
(a}l
¢ if
{ atom a }
a
Cif
atom ( head a ) )
head a }
let
{ cons
( map head a’ )
( zip ( map tait &’ } ) )
{a
map
{ lambda
Cx 3
il
{ atom x )
( guote ( *=ziperr=*
x 1}
alr):ryrya

—~

xxziperr*® ) }

{ cons
( quote Bg )

61



62

( lambda
Cx )
¢ it
( eq
¢ el ( guote 1)
(el { guole 2 )
( quote 11}
( quote 0 ) ) )}

{ cons
[ quote null }
( lambda
(x 1}
(it
( eq x ( quofe NIL
( quote 1)
( gquote 0 > ) })
( cons
( quote add )
( lambda
Cx}
( add
( gl ( quote 1) x
( el { quote 2 ) x
{ cons
( quote sub )
( lambda
{x )
( sub
(el ( gquote 1) x
(el ( quote 2 } x
{ cons
( guote mul )
( tambda
(x?
¢ mul
( el { quote 1 ) x
C el { quote 2 ) x
( cons
{ quote div )
( lambda
€ x )
( div
(el { quate 1 ) x
( el ( quote 2 ) x
[ cons
{ quote rem )
( lambda
(x)
{ rem
Cel { quote 1) x
(el ( quote 2 ) x
( reduce
lambda

[ S B

CIf

® M
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( atom

¢ head

Cf ( he

(el

lambda

tn
it
(
(
i
(
(
(

1
o

)

1)

atom |
quole

( tail 1

i)

}

ad | ) C reduce 1 ( lail

)
=xglerrt

eg n { quole 1

head |

2

3

) )

el ( subb n ( Quote 1 3 ) ( rad
{ construgl
lambda

( atom |

[

lambda

( let
( lambda ( x )

Ct he

)
Cx )1

ad 1)

{ g construct (

LSO

( cons (1 x

!

Y )

I I

{g x)

tarl 13} ) Y )

)

)
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MUFP_L1B L3O

def ang ( if ( select 1 3 ( select 2 ) ( canstant 0 ) ) 3
defor ¢ it ( setect 1) ¢ constanmt T 3 ( select 2 ) ) )
def not ¢ it id ¢ constant O ) ( constant 1} ) )
def xor ( campose and ( construct ar { compose noi and
def hail-addaer { construgct xor and ) )
def
full-agder
{ compose
{ construct
[ compose ( select 1) ¢ select 1))
{ compose
ar
( construct
( compose ¢ select 2 3 ( select 1 ) )
{ select 2 ) 1))
{ construcl
{ compose
half-adder
¢ construct ( compose ( select 1 ) ( select 11 )
C compose ( select 2 ) { select 1) ) )
( construct half-adder ( select 3 ) ) ) 2
HUFF_LIB

) o))

( select

]
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NFIB

( letrec
nrFib
{ nFib
lambda
cn)
af
Cleq n ( quole 1 )}
 quota 1)
{ add
( add
( nfFib ¢ sub n ( guote 1)
( nFib ¢ sub n ¢ guote 2 }
( quote 1 3 3 ) 1)

L]
3 o))
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MAP_UNTIL._END LSO

{ leteg
(wambda ( kb ) ( map_umil (
C map_uniil
lambda
i1
i
( eq ( head | ) ( quowe end ) )
( quote NIL 3

load_code ¢ head kb ) 1}

{ cons
(1 ¢ head | 3 )
{ cons newline ( map_until £ C1ait 12113 1))

¢ watl

MAF_UNTIL_END

kb ) )

Lso



¢ letrec
Cp (n (quote
‘p
lambda
[GN ]
( cans
¢ head | 1}

PRIMES LSO

2111

(p (s ¢ head 1) ) Cratl i) )y d)

(s
lambda
{p)
{ letrec
sp
{ sp
larmbda
()
Cif
{eq ¢
{sp (
( cons
(n
lambda
(x)
Ccons x (n

PRIMES

rem { head | } p ) ( qQuote 0 ) )
tal {12

( head 1 ) { sp Ctail 13 )2}

( add x ¢ gquate 1 3 } ) ) 1)
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ROUND LSO

{ lerec
Cletrec
X
( X cons ( gquote 1 ) ( merge X2 ({ merge X3 X5 ) 3
( X2 umes ( quote 2 } X )
( X3 bmes ( quale 3 ) X))
{ X5 times ( quote 5 1 X }
{ merge
lambpda
tab?
i

3

eq ( head a ) ( head b ) )
merge a ( tail b )

leq ( head a ) ( head b } }

R N

cons { head a ) ( merge (tail @a ) b))
{ cons { head D ) ( merge a C lail b Y ) ) ) )
(1mes
lambda
(G 3 ]
(cons (. mul ¢ ¢ head | ) } ( times ¢ C taii | ) ) ) 2

ROUND



( latrec

 lambda ¢ kb >

SEMNET

( execute
lambda

L c
¢ it

dab )

{ execule ( untilend

( eq ¢ ¢ quote NIL } )

(
Cif
{
(

—~

( eval

quole NIL )

1sadd ¢
execule
( tail ¢ )
{ addser
db
( aval

head ¢

( eval

Isdb (
cons db
cans

{ eva

lambda

(e
(G
(
(

~ -

-

—_ -~

SEMNET

dn

1sunian g )

unlon

( eval ( argl e
( eval ( arg2 o
tsinler @ )
intersection
 eval ¢ argl e
C eval ( arg2 e
isditf @ }
difference

C eval C argl e
( eval ( arg2 e
isim & )
tmages et

( eval ( argl e » db

{ mkatom ( arg2 e )

db )

isinvim @ )
invimage
¢ eval

C argt

head ¢ 2 )
( execule

¢ head ¢
{ exacute ( 1al ¢

C arg2 e ) db

( head ¢ ¥ ) db )
¢ mkatlom ¢ arg2 ( head ¢ } 1)
( arg3 ( head ¢ > ) db ) )

{ tail ¢

) db )

Fdob )y ) )

db

ap ) )

db
db 2

db >
db ) 2

—

{ mkatom ¢ argl 8 } )

LSO

O iail

db )

kb )}

( head kb ) ) }
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ab )
Cif ¢ isatomlist & } e emptyset 1 ) ) ) ) } )
imageset
lambda
( nodesetl atir db )
{ reduce
unon
¢ map ¢ lambda ( n )} ( image n aur db ) ) nogeset )
emptyset )
mage
lambda
{ node atir db )
tif
t delined node db ?
C let
Cif { delined attr a ) ( associate atlr 4 ) emptyset )
( a associate node db ) )
emptyset ) )
invrmage
lambda
( nodeset atir db )
¢ filer
{ lambada
(n?
( not
( eq
C inersection ( wnage n anr db ) noadesel )
emptysel } ) )
{ domain db ) ) )
( addset
lambda
( db ns1 attr ns2 >
( reduce
( lambda ¢ n db } ( addel n aitr ns2 db )
nsl
db 1)
( addel
lambda
{ node atir nodeset db )
{ let
( let

( update db node ( updaie a atlr ( union nodeset s )} ) )
(s Il { delined atir a ) ( assoctate attr a } sempiyset ) )
{ a
if
( delined npde db )
( associate node db )
{ quote NiL 3 ) ) )
( isunion
lambda
{e)
( and
( not ( atom e ) )

Ceq ( head e } ( quote unlon > ) ) }
{ sinter

-~
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i

G

Ci

( isgb lambda

Ci

iambda
(e
( and

{ not ( atom € ) )
head e ) ( quote Inter ) } ) 1}

(eq ¢
sdiff
lambda
e
( and

{ not { atam ¢ ) )
{ eq ( head e ) ( quote dift ¥ 1 1)

sim
lambda
t e
( and

( not ( alom @ ) )

(eq I
sinvim
lambda
(e
( and

head e ) { quols

( not ( atom e ) )
(eq ( head e ) ( gquote iny } )} ) 2

sadd
lambda
(a2
¢ and

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

satomlist
larnbda
(e)
( or

(eq € ( quate NIL )

( and

{ not ( atom e )}

( and ( atom

( argt

SEMNET

lambda
(e
CIr
( leq (
( head

( head e ) )

m )

(e) (eqe ( quate db ) ) )

{ isatamlist ¢ tait @ > ) )} ) )

quote 2 ) { langth & )

C tail

e )

€ quote NIL ) ) 3
( arg2

lambda
{e)
o
{ leq ¢
( head

quote 3 ) ¢ length & 3 )

€ tall

[ 1all @) } )

( gquote NIL ) } )
{ arg3

lambda
[ - )

]
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(

{ if
{ leq ( quote 4 )} { length e } )
( head ( tail ( tail {( taile ) ) } )
{ quote NIL ) ) )
mkatom lampda { x ) ( 1f ( atom X ) X ( quote NIL )

SEMNET

)

)



SEMNET_LIB LSO

{ ( John ( loves Mary Logic ? ( isa Male Programmer ) )
( Mary ( loves John Logic Whiskey ) ( 1sa Female Programmer ) )
( Givingl ¢ isa Giving ) ( giver John ) ( givee Mary ) ( given Book i )
¢ Giving2 { isa Giving ) ( giver John } ( givee Mary ) ( given Fiowers ) )
( Gwving3 ¢ isa Giving ) ( giver Mary )} ( givee John ) ( given Kiss ) ) )
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SHOW_LIB

( lambda
{ library )
{ cons ( quote letrec )

74

¢ cons ¢ quole

rxx )

library ) ) 2

SHOW_LIB



( tambda

SYNTAX

C kb )

SYNTAX L3S0

( printerrars ( syntax ( head kb ) )} }

LSO
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Sources of LispKit Lisp libraries

ASSOCIATION

( ( domain
lambda
€ a)
C it
( atom a
( quotie NIL }
(cons ( head ¢ head a ) )
( defined
lambda
(e a)d
( unlass
( atom a )
( or

( domain

(eq ( head ( head a ) } @ )

( defined ¢ (tadl a ) ) )}
( assoclate

lambda

(g a)

¢ if
(eq ( head ( head a ) » e )
( tail { head a ) }
( associate ¢ ( tall a ¥} ) ) )

)

LIB

Ctail 2 )Y 2>» 1))

( bind lambda (e d a ) (cons { cons e d ) a )}

( unbind
letrec
( lambda
(e a)
Cif (definegd ¢ a > (u e a)
Cu
lambda
(e ad
Cn
(eq ( head ( head a ) ) e
{ tall a
(cons (head a ) (u e (
{ vpdale
letrec
( tambgda
(aed)
il
( defined ¢ a
tue daj
{ bind edayl)))

Cu
tambda
(eda?
cn
(eq ( head ( head a ) ) e
( cons (cons ¢ d ) ( tail a
ASSOCTATION LIB

a)

)

1ail

)
) )

al)r)irao
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{ cons

{ head a2

(ved

Ctala?)»lriyydd

ASSCOCIATION

LI8



E_CONTROL LIB

(¢ edi
lambda
cf 1l
( ediioop 1« ( state f ( quote NIL ) ) ) )
{ editloop
tambda
(it
{ letrec
ot
( atorm i}
( return_filg ( head ( top 1t 5 d ) ) )
Cif
( eq key ( guole print ) )
( return_message ( list newline file } ( edilloop ( taul « ) U )}
¢ it

eq key ( gquote conirnue ) )

editloap  tail i) ")

return_message

{ list newline { quow Error ) )

( editloop ( tail v+ > v 3y > 2 1)

{ key it ( atom slep ) ( quoig €rror } ( head step ) )
¢ tile head ( tail step ) »

(' head ( tail ( tail step 1 } )

{ slep editstep ( head i ) 1)
(
(
(

1 head t )
5 head ( tail t ) )
d head { head ( tail t > ) 1 ) )
( editstep
lambda
et
[ et
it
( atom ¢ )
O if
(eq ¢ ( quote d ) )
{ ( strict step ) ( geletet 1 s d } )
tif
( eq c ( quote file ) )
Cprint 1 1)
d
{ eq c ( quote p )} }
print ( preity ( dump ( quote 3 } 13 ) 1)

(eq ¢ ( quote top ) )
step (top s d 1))

C it

(eq ¢ { quote v ) )

C { strict step ) Cup ¥ 5 @)}
[

{ &q c ( quole undeiete } )

{ step ( undelete 1 5 d )}
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( number ¢ )
¢ ¢ stnct step > (. move ¢ fs.d ) )
{ quote error 2} 3 ) > )} )

( and ( eq key ( gquoie a ) ! twoargs »
C ( sirict step ) ( after pattern lempiate f s d } 2

( and ¢ eq key ( quote b ) ) Iwoargs )
( ( strict step ) ( before paltern template { s d ) )

{ and ( eq key { guote ¢ ] ) twoargs )
( ( strict step } ( change pattern lemplate f s d ) 2}

( and ( eq key { quote d } ) onearg }
 ( strict step ) ( delete pattern [ s d ) )

( and ( eq key ( quole e ) ) iwoargs }
{ ( sinet slep » ( exchange pattern lemplate £ 5 d ) 1}

( and ¢ eq key ( quote I ) ) onearg )
( ¢ strict step ) ( find pattern f s d ) )

( and

( eq key ( quoe g ) }
( and twoargs ¢ not ( pumper ( head ( tail ¢ 3 > ) ) )}
( step ( global patlern template f s d } )

( and ¢ eq key ( quole p ) ) cnearg ?
Caf
( number argument )
( print { prefty ( dump argument ) ) t )

{ eq argument ( quote all » )
(¢ print ( pretty { } 1)

( eq argumeni ( guote flle ) 3
¢ print f 1)
( quote error » ) )}
If
(and ( eq key ( quole r ) ) onearg )
 step { replace argument f s d ) )
{ gquote errar 2 ) ) ) Yy 3 ) ) )
key head ¢ )
anearg
unless
{ atom ( tail ¢ ) )
(eq Ctat Ctall ¢ 3 ) € guote NIL 3 )}
lwoargs
unless
( atom ( 1aii c ) )}
{ unless
¢ atom ¢ tail ¢ tail ¢ ) )
Ceqg ( tall ¢ tail ¢ tail ¢ ) )} ¢ quate NIL D 3 ) )
argument head ( tail ¢ } )
pattern compllep ( head ( tail ¢ ) » )

E_CONTROL

LIB



E_CONTROL

ternmplate compilel
f heag 1 )

( headg

s heao ( tail | ) 3

d heag ( tail  lail

LIB

 1ail

LYYy

{

)

tail

c)

)

3

)
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4

Lp
lambda
(1sd:
tt
{(eqs

E_FUNCTION LIB

( quote NIL 3

( quole errar 2

( siate
lop
lambda
(s d)
Cit

( ¢ head s )

b

Yy Ctal s ) ) ) 3

( eq s { quote NIL } 3}

( slate

fsd)

Ctop ¢ { head s} f} {tail s ) g1y
( undelete lambda (! s d ) ( s1ale d s f ) }
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( tails map tall m ) » > ) 1)

—_ o~

-~

¢ filter
lambda
cp 1
Cif
t atom | >
( quole NIL )
Cif
(p({head{})
Ccons ( nead |1} ( Niter p ( tait 1) ¥ 1}
C fiiter p C tail 1) ¥ ) ))
( close
lambda
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tr 1
v let
Cif ( equal I I3 ) C clgse r ") )
Cror by
number fambda ( x > ( eq x { add x ( quote 0 ) } ) )
load_code lambda (¢ 2 (¢ } )
apply
lambda
(11
( apply_code ( make_closure f ) ( make_argtist |} } )
newline chr { quote 13 ) }
space chr ( quote 32 ) ) )

—_ e~

-
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SYNTAX_ERROR LIB

C ¢ err_undef quote 1 2
err_lewargs Qquote 2 )
err_manyargs quote 2 )
err_arglist quote 4 )
err_invtorm Quote 5 )
err_invdel quote 6 )
err_deftwice Qquote 7 )
err_tormlist gquote 8 )
err_formarg Quote 9 )
err_actlltst quote 10 ) )

P =
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SYNTAX_FUNCTION LIB

{ [ syntax
letret
t lamboa ¢ e ) ( check @ ( quote NIL )} ( quowe NIL » )
t check
tambda
(enp?
{ {etrec
¢ tet
¢ if
{ atom e }
( delined e n p )
Cif
( eq keyward ( quote quale ) )
( list ( quote 2 } keyward e p )
(9]
{ member keyword manadic_ops }
{ operation ( quote 2 ) xeyword e n p )
Cif
{ member keyword dladic_ops }
{ operation ( quote 3 ) keyword e n p )
¢ if
( member keyword triadic_ops )
( operation ( quote 4 ) keyword ¢ n p )
¢ if
( 8q keyword ( quote lambda ) )
( checkfun keyword € n p )
cn
{ member keyword ( quote ( let letrec » » 1}
( checkdel keyword e n p )
( checklist e e n pJ)Y}Y)))y)dy)
( keyword head e } }
( defined
lambda
tenp)
(9]
( aq n ( quote NIL ) )
( error err_undef e e p )
Cof
member ¢ ( head n ) }
quote NIL )
definea e ( tail n > p ) ) )

—~ o~

( list
lambda
( length keyword € p )
( letrec
¢ count length e )
( count
lambda
tn i)
cif
¢ atom 1)
Cif

log SYNTAX_FUNCTION
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Ceq | ( quote NIL )
[G)
¢(eq n ( quote 0 )
( quote NIL )
( has err_lewargs ) )
( has err_arglist } }
¢ if
t eq n { quota 0 ) )
( has err_manyargs )
Cecount ( subn (quote 1 3 ) ttall 1 }) ) »)

( has lambda (n ) { error n keyward @ o } 1 ) )
( operation

lambda
( length keyword e n p ?
{ provided
¢ list length keyword e p )
¢ checklist ( tait @ ) e n p ) ))
( checkaefl
lambada
( keyword e n p )
( letrac
€ it
( alom { 1ail e )2
tnvalid
( both
( check baody n” p )
( checkdefs
definitions
( quote NiIL )
e
Cif { eq keyword { quote leirac Y } n' n )
pl))
invalid error err_inviorm keyword e p )
body head ( lait e ) )
dellnitions tad ( 1ail e ) )
n'
letrec
( cons ( definiends definitions ) n )
{ definiends
tambda
{d)
if
{ atom d )
¢ quota NIL )
il
{ unless
( alom ( head d } )
 atom { head ¢ head d ) ) ) ?
{ cons
( head { head d ) )
¢ deflniends ¢ 1ail g ) » )

{ definiends (tall d » » ) ) )
( checkdels

lambda
(dlenp)

—_ o~
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¢ atom d )

[T
(eq d ( quate NIL ) )
( guote NIL 2
tnvalid )

( unless
( atom ( head d ) )
( atom ( head ¢ head d ) ) } )
{ both
( both
(o
( member ( head ( head d ) )
C arrar
err_deftwice
{ head ( head @ ) )
-]
p
( quote NIL ) )
[ check
Ctaiy ( head d )
n
(cons ( head ( head d ) ) p ) ) )
{ checkdets
{ tail d )
( cons ( head ( head a ) } | }
e
n
p i)
{ bath
( error err_invdef ( head d } € p )
{ checkdefs (tak d > 1l enp 113 1))
( checkfun
jambda
( keyword e n p )
{ letrec
( provided
{ list ( quate 3 ) keyword e p }
{ both
{ formallist formals ( quoie NIL ) )
( check body ( cons ( clean fgrmals ) n ) p ) } )
( body head ¢ tail (12l e ) ) )
( tormais head ( tail e 1 )
(¢ formalhisi
lambda
SN
{1
¢ agm f )
caf
(eq 1 ( gquote NIL ) )
{ quote NIL )
( error err_formlist e e p ) )
o
( atom ¢ head t ) 3
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oot
¢ memper ¢ head f ) |}
C poth
( error err_deftwice ( head 1) e p
¢ formallist C 1all £ 1))

{ lormalihst
Ctaill F
C cons ¢ head ) 131}
( both

C error err_formarg ( head 1) e p )
C formaiist ¢ tad f 3y 13y ) ) i)
{ clean
lambda
)
(
atom 1}
quote NIL

1
(
(

Cf
( atom ¢ head | ) )
{ cons ( head | ) ( clean { tal 1) ) )
Cciean Ctail 1) 3 )y 2 1)

{ checklis|
lambda
Ll enp?
Cif
¢ awm )
O of
Ceq | { quote NIL )
( quote NiL )
¢ error err_actliist 1 e p ) 2
( both
Ccheck ( head | ) n p }
( checkiist CHail 1Yy e npX)yyi i
t error
lambga
{naep)
( cons
( cons
n
tcons a (cons 8 (cons p ¢ quote NIL jJ 1) 1)
( gqubte NIL ) ) )
{ provided
lambda
(ab)
it { eq a ( quote NIL ) ) b a )
{ both append ) )

( primerrors
letrec
( lambda

(e
( append
{ guole ( Syntax check ) )
f
( eq e ( quote NIL ) )
( quole ( revealed no errors ) )
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¢ priptlist & } )y ) )
< printlisl
tambda
tt
[}
( eq | ( quate NIL ) )
¢ guore NIL )
( gppend ( prim1 ( head | ) ) ¢ pnntlist ( 1ad 13 ¥ ) 3 )
¢ print
fambda
Cx )
C fet
t
( eq n err_undel )
¢ send
¢ cons a ( guote ( used bul nol deflined ) ) )
p )

( eq n err_fewargs }

¢ send
{ cons a ( quote ( has 1oo few arguments ) ) )
{ cons € p) 1}

( eq n err_manyargs }

send

( cons a ( guote { has 9o many arguments } ) )
(cons e p )

-~

eq n err_arglist }

send

( cons a { quote ( has an ncerrect argument list ) ) )
C cons € p 1))

-~

eq n err_inyform )

send

 gons ( quole incorrect ) ( cons & ( quote ¢ lorm 1 ) ) )
(cons e p )

~

~

eq n err_invdel 2

send

( quote ( incorrect form qf definitions ) )
( cons ¢ dump ( guote 2 » a } p) 3}

eq n err_deltwice )

send

( cons a ( quote ( defined more than once > } )
( cons & p ) )

-

eq n err_lormlist )

send

{ quote ( incorrect formal argument list ) )
( gons & p 3

~

eq n err_formarg )
send ( quote ( incorrect formal argument } > ( cons e p ) J

—~
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eqQ n err_actlist }
send
¢ quote ( incorrect actual argument hst ) )
¢ cons e p )
send
{ append
( quole ( unexpected error number ) )
( cons n ( quote NIL 3 ) )
p oYy}

-~

(n head x )
( @ head ( tail x ) }
( @ dump ( quote 2 3 ( head ( tal ( tal x ) 1 ) )
(p head (tall (&l (@l x )2yl
{ send
lambda
(mp)
{ cons
newine
( append
m
{ append
( list newline space space space space )
¢ if
( &g p ¢ quote NIL ) )
( quote ( in the body of the program } )
¢ posilion p > ) ) ) )
( position
lambda
{ p
(G}

{eq p ( guote NIL ) )
( quote NIL )
( cons
( quoale in )
( cons ( head p )} ¢ position Ctall p » ) ) ) Y )
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¢

¢

1 lambda t 1}

2 lambda
3 1amboa
4 |armbda

E

iampga

(S
( head

é

lambda
it

{ heag ( tai

el

lzmbda

tn
caf

t)

Ct
1)
1)

C tail

TUPLE

( head 1t

{
(
(

€ tadl

¢ tall

head ¢
head
head

O lail

( tatl

{egn ( gquote 7))
heao 1 )

<
!

el

( sub n

(

guote

1

)

tail
{ tail
Cdail «

4

(

}

tail

ta)

) o

ty )
Crail t ) )
¢ tail

lail

t)

¢ tainl

tail

1

)

t

)

)

}

)

}
1

)

)

)
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Pascal sources for the virtual machine

The reference virtual machine

program LispKit(Input, Output, InFile, OutFile);

( i e e T R — i)
(* "}
(* Reference model lazy interactive SECD machine, 3 *})
(= -- version 3a April 83 *)
(* -- IMPLODE and EXFLODE 1nstructions, version 3b May 83 *)
(G ")
(~ Machine spercific code has been ocmitted from this text *)
[ *)
(> *)
(" *)
{~ (c) Copyright P Henderson, G A Jonesa, 5 B Jones *)
{* oxford University Computing Laboratory *)
[ Programming Research Group *)
(" 8-11 Keble Road *)
{~ OXFORD QX1 30D *)
[ *}
[ *)
(* *)
{* Documentation: *)
(" *}
(* P Henderson, G A Jones, S B Jones *)
(> The LispKit Manual *)
(* Oxford University Computing Laboratery *)
(* Programming Research Group technical monograph PRG-32 *)
(* oxferd, Rugust 1983 *)
(= )
(* P Henderscn )
( Functional Programming: Application apd Implementation. *}
(* Prentice-Hall International, Londen, 1980 *)
¢ *)
( *)
(*————— Machine dependent constants *)
label 99;

conat TopCell = [ omitted } : [ size of heap storage *}
(*——r—————————— Machine dependent file management —-—-———--———— *}
[ omitted )

(e Character input and output )

procedure GetChar({var ch : char); { omitted }

procedure PutChar{ch : char); { omtted }
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{*-—-——-- Machine dependent initaialisaticn and finalisation ————— *)
procedure Initialise{Version, SubVersicn : char); { omitted }

procedure Terminate; { omitted ]}

{* o — The code which fecllows is in Standard pPascal —-——————— )
(* As far as is possible, 1t is also machine independent. The *)
(* nmost obvicus machine dependency is that the character ccde of )
(* the host machine has been assumed to be IS0-7 or similar. =)
r - -- ")

procedure Machine;

const Vergion = '3';
SubVersion = 'b*;
type TokenType = (Humeric, Alpha, Delimiter):

var Mirked, IsAtom, IsNumb : packed array [1l..TopCell) of 0..1;
{ }

{ cell type coding: IsAtom IsNumb }
[ Cons o] o] )
{ Recipe o] 1 }
{ Humber 1 1 }
{ Symbol 1 Q )]

}

Head, Tail : array [l..TopCell] of integer;
!
{ Read is also uaed for wvalue of integer, IVAL
{ peinter to symbol, SVAL
BODY of recipe
Tail is alao used for ENViromment of recipe

e e ot e

5, E, C, D, W, SymbolTable : integer;

NILL, T, F, OpenParen, Point, CloseParen : integer;
FreeCell : inteqger;

Halted : beolean;

InCh : char;
IntckType : TokenType;

(" Garbage coltection routines ————————————————— *)
procedure CollectGarbage;

procedure Mark{n : integer});
begin if Marked[n] = 0D
then begin Marked[n] := 1;
if {(IsAtom{n] = 0) or (IsNumb[n} = O) then
begin Mark{Head[n]); Mark{Tail[n]} end
end
end [Mark});
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procedure MarkAccessibleStore;
begin Mark(NILL); Mark(T}; Mark(F);
Mark(OpenFaren}; Mark{Point}; Mark(CloseParen}:
Mark(S); Mark(E); Mark(C): Mark(D); Mark(Ww)
end;

procedure ScanSymbols(wvar i : integer);
begin if 1 <> NILL then
1f Marked[Head[Head[i]]] = 1 then
begin Marked[i] := 1;
Marked[Head[i]] := 1;
ScanSymbels{Tail(i])}
end
else begin 1 ;= Tailli); ScanSymbels(i) end
&nd;

procedure ConstructFreeList:
var 1 : integer;

begin for i := 1 to TopCell do
if Marked[i] = 0 then
begin Tail[i] := FreeCell; FreeCell := i end

elge Marked[i] := ©
end;

begin MarkfccessibleStore;
ScanSymbols({ SymbolTable);
FreeCell := O;
ConstructFreelList;
if FreecCell = Q then

begin writeln(OQutput, 'Cell store overflow'); Terminate end

end {CollectGarbage]};

({*—-—-————————-———— Storage allocation routines ———————————

function Cell : integer;

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

end {Cell};

function Cons : integer;

var i : integer;

begin 1 := Cell;
Ishtom[i] := 0; IsMumb[i] := 0; Headf1] := NILL; Tail[i]
cong := i

emd {Cons}:

function Recipe : integer;

var 1 : integer;

begin 1 := Cell;
Ishtom(i] := 0; ISNumb(1] := 1; Head[1] := NILL; Tail[i]
Recipe := 1

end {Recipe}:

Function Symb : integer;
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117



var 1 :

integer;

begin 1 := Ccell;

H

end (symb}:

function Numb : ainteger;

var i :

beqgin

integer;
1 := Cell;
Ishtom[1] := 1; IsNumb[1]

]
-

Numb := 1

end (Yumb}:

function IsCons(i : integer) : boolean:;
begin IsCons := (IsAteom[1] = 0} and (IsNumb([1] = 0) end;

function IsRecipe(1l : 1nteger) : boolean;
begin IaRecipe := (IsAtom[1] = 0) and (IsNumb[1] = 1) end:;

function IsNumber{i : integer) : boolean;
begin IsNumber := (IsAtom[1] = 1) and (IsNumb[1] = 1) end;

function IsSymbol(i : integer) : hoolean:
begin IsSymbol := (IsAtom([i] = 1) and (IsNumb[i] = 0) end;

function IsNill{(i : ainteger) : boolean:
begin IsNill := IsSymbol(i)} and {Head[i] = Head{NILL]) end;

Procedure Store(var T : integery};
var Si, Sij., Tj : 1integer;

found : boclean;
beginTj = T;

118

if Isatom[Tj] = 1 then Tj := NILL

elae
begin while IsRtom(Tail[Tj}] = © do Tj := Tail[T3H];
Tai1l[Tj] := NILL
end;

51 := SymbolTable; found := false;
while (not found) and (Si <> NILL) do
begin S5ij := Head[Head[Si])}; Tj := T; found := true;
while found and (T3 <> NILL) and (5ij <> NILL) do
begin if Head[Tj] <» Head[Sij] then
if Head[Head(Tj]] = Head[Head[Sij]]
then Head[Tj) := Head[S5ij]
elee found := false;
T3 := Tail[Tj]: 5ij == Tail[5ij]

end;
if found then found ;= T3 = S13;
if found then T := Head[S51] else Si := Tail[5i)
end;
1f not found then
begin T} := T; (* NB: T may he an alias for w x)
W := Cons;

Tail[W] := Tj;
Head[W] := Symb;

The reference virtual

IsAtom[1] := 1; IsNumb[1] := 0; Head[1] := N1LL; Tail[1] := NILL;
Symb := i
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Head[Head[wW]] := Tail[W]:;
Tail[W] := SymbolTable:;
SymbelTable := W;
T := Head[W]
end
end {Store)};
procedure InitListsStorage;
var i integer;
function Last{ch : char) integer;
begin W := Cons;
Head[W] := Numb; Head[Head[w]] := ord(ch};
List ;= W
end (List):
procedure CnecChar{var reg integer; ch char};

begin reg List(ch);

begin FreeCell
for i

1= 1y

1l to TopCell - 1 do

Store(req) end {OneChar};

begin Marked{i] := ¢; Tail{1] := i + 1 end;
Marked[TopCell} := ©;
Tai1l[TopCell] := D:
NILL ;= Symb; Head[NILL] := NILL; Tail[NILL] := NILL;
5 1= NILL; E := NILL; C ;= NILL; D := NILL; W := NILL;
T := NILL; F := NILL;
OopenParen := NILL; Point := NILL; CloseParen := NILL;
Head[NILL] := Last('N');
TailfHead[ NILL])} := Last('I');

TailfTaill Head[NILL])]
SymbolTable := Cons;
Headf SymbolTable] := WILL; the symbol
Tailf[SymbolTable] := NILL; the empty list
ConeChar(T, 'T');

oneChar{F, 'F'});

OoneChar{ OpenParen, "(');

cneChar({Point, '.');
OneChar( CloseParen,
end {InitListStorage};

List('L'};

)

procedure Update{x, y : integer};

begin IsAtom[x] := Isatom[y];
IsNumb[x] := IsNumb[Y]:
Head[x)] Head[y];
Tail[x] Tail{y]

end {Update};

(* Token input and output

procedure GetToken(var Token : integer);
war x : char;
P integer;

begin while InCh do GetChar(InCh);
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x := InCh;
GetChar( InCh};
if (('0* <= x) and (x <= '9')}
or { {({x="=")or (x="+"})
and ('0' <= InCh) and (InCh ¢= ‘9')}} then
begin InTokType := Numeric;
Token := Numb;
if(x ="'"+'yor (x="'"-"9
then Head[Token] := 0
else Head[Token] := ord(x) - ord{ '0');
while ('0' <= InCh) and (InTh <= '9') do
begin Head[Token] := (10 * Head[Tocken])
+ ({ord(InCh) - ard('0'});
GetChar{InCh)

end;
if x = '-' then Head[Token] := - Head[Token]
end
else
if{x="("Yor{x=")")Yeor (x = "',"} then
begin InTokType := Delimiter;
if x = '(' then Token := OpenParen
else if x = ', then Token := Boant
else Token := CloseParen
end
else
begin InTokType := Alpha;
Token := Cons; p := Token;
Head[p} ;= Numb; Head[Head[p]] := ord(x);
while not ( (INCh = '('} or {(INCh = *)*)
or (IrCh = ".') or (InCh = ' '} ) do
begin Tail[p] := Cons; p := Tail(pi;
Head{p] := Numb; Head[Head(p]] := ord(IncCh);

GetChar{ InCh)
and;
Store{Token}
end
end [GetToken};

procedure PutSymbol(Symbol : integer);
var p : integer:
begin p := Head[Symbol];
vhile p «> NILL do
begin PutChar{chr{Head[Bead[pl])); P := Tail([p] end;
putChar¢' ')
end {PutSymbol]);

procedure PutNumber{Number : integer);
procedure PutN(n : integer):
begin if n > 9 then PutN{n div 10);
PutChar{chr{ord('0') + (n mod 10)))
end;
begin if Head[Number] ¢ O then
begin PutChar( '--); PutN(-Head[Number}) end
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elge PutN{Head[Numbez]);
PutChar( " ')
end {PutNumber};

procedure PutRecipe(E : integer);

begin PutChax({'*');
PutChar( ‘*'});
PutChar('R');
PutChar({ "E' )z
PutChar('C');
PutChar{ 'I"'};
PutChar('P');
PutChar('E" )
PutChar('*");:
PutCharx('#'};
Putchar({' '}

end {PutRecipe]):

{*+-————————-—————— S-expression input and output ----—————-—————— *)
procedure GetExp{var E : integer):

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(Tail[E]};
if Tail[E} = Point then
begin GetExp(Tail{E]); GetToken(W) end
elpe GetList(Tail[E]}
end
end (GetList}:

begin GetToken(E);
if E = OpenParen then begin GetToxen{E): GetList(E) end
end {GetExp}:

procedure PutExp(E : integer);

var p : integer;

begin if IsRecipe{E) then PutRecipe(E)

elpe if IsSymbol({E ) then PutSymbol(E)

elge if IsNumber(E )} then PutNumber{E)

else begin PutSymbel{OpenParen):
p = E;
while IsCons(p) do begin PutExp{Head[p]): p := Tail(p] emd;
if not IsN1ill(p) then beqin PutSymbol({Point); PutExp(p) end;
PutSymbol{CloseParen )

end
end {PutExp};

procedure LoadBootstrapProgram;

begin InCh := * *;
GetExp( S); (* NB GetExp corrupts W *}
E := Tail[S]; ¢ := Head(S]:
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5 ;= NILL; D := NILL; W 1= NITL
em {LoadBootstrapProgram};

(¥ Microcode for SECD machine operations —————————————x}
procedure ILDX;

var Wwx, i : i1nteger;
begin Wx := E;

for i := 1 to Head[Head[Head[Tail(C]]]] do Wx := Tail[Wx];
Wx := Head[Wxj:
for 1 := 1 to Head[Tail[Head([Tail{C]])]] do Wx := Tail[Wx];
Wx = Head[Wx];
W := Cons; Head[W] := wx; Tail[{W] := 5; 5 := W;
¢ i= Tail[Tail[c¢]]

end {LDX};

procedure LDCX;

beqgin W := Cons; Head[W] := Head[Tail[cC]]; Tail(W] := S; S := W;
C := Tail{Tail[C}]]

end (LDCX};

procedure LDFX:

begin W 1= Cons; Head[wW] := Cons;
Head[Head{W]] := Eead[Tail[C]]; Tail[Head[W)] := E;
Tail[wW] := 5; 5 := W;
C := Tail{Tail[c]]

end (LDFX};

procedure APX:

begin W := Cons; Head[W] := Tail[Tail[S5]]:
Tail[W] := Cons; Head[Tail[W]] := E;
Ta1l[Tail[W]) := Cons; Head{Tail[Tail[w]}] := Tail[cC];
Tall[Tail[Tail[W]]] := D; D := W;
W := Cons; Head[W] := Head[Tai1l[S]]; Tail[W] := Tail(Head[S]}:
E = W;
C := Head[HeadfS]]:
5 := NILL

end [APX):

procedure RTNX;

begin W := Cons; Head(W] := Head[S?!; Tail[W] := Head[D]; S := W;
E Head[Tail[D]];
C := Head[Tail[Ta1l(D]]]:
D := Tail[Tail[Pail[D}]]

end [RTNX};

procedure DUMX;
begin W := Cons; Head[W] := NILL; Tail[W] :=E; E := W; € := Tail[C]
end {DUMX};

procedure RAFX;

begin ¥ := Cons; Head[W] ;= Tail/[Tail[5])]:
Tail[W) := Cons; Head[Tail[w]] := Tail[E);
Tail(Tail[(W]] := Cons; Head(Tail[Tail[W]]} := Tai1lfcC]:
Tail(Tail(Tail{W]]] := D; D := W;
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E ;= Tail[Head[S)]; Head[E] := Head{Tail[S]];

C := Read[Head[5]];
5 1= NILL
end {RAPX};

procedure SFELX;

begin W := Cons; Head[W] := Tail[Tail[Tail{cC]]]:; Tail[w] :=D; D :
if Head{Head[S]] = Eead[T] then C := Head[Tail[c]]
else C := Head[Tail[Ta1l(c]]]:
5 := Tail[s]
end {SELX};

13

procedure JOINX; begin C Head[D]: D := Tail[D) end (JOINX};

procedure CARX;

begin W := Cons; Head(W] := Head(Head[5])], Tail{wW] := Tail[S]; S
C := Tail{C]

end [CARX]};

procedure CDRX;

begin W := Cons; Head[W] := Tail[Head[S]]:; Tail[W] := Tail[5]; 5§ :
C := Tail[C]
end {CDRX};

procedure ATOMX;

begin W := Cons;
if IshAtom(Head{S]] = 1 then Head(W] := T else Head[W] := F;
Tail[W] := Tail[s]; S := W;
C := Tail[C]

end (ATOMX};:

procedure CONSX;

begin W := Cons; Head[W] := Cons;
Head[Head[W]] := Head[sS]: Tail(Head[W]] := Head[Tail[s]1]:
Tairl{W] := Tail[Tail[5]); S5 := W;

€ := Tail{C}
end {CONSX);

procedure EQX;
begin W := Cons;
if ( ( IaSymbol(Head[S]) and IsSymbel{Head[Tail{S]]) )
or ( IsNumber(Head[S5S]) and IsNumber{Head{Tai1l{sS]]} ) )
and (Head{ Head(S5]] = Head[Head[Tail[S]]]))
then Head(W] := T
else Head[(W] := F;
Tail[W] := Tal1l[Tail{s]]: s := W;
C 1= Tai1l(<]
end (EQX};

precedure ADDX;
begin W := Cons;
Head[W]} := Numb;
Head[Head[W]] := Head[BHead[Tai1l[S])} + Head[Head[S5]];
Tail[W] := Tail[Tail[S]); 5 := W;
C := Tail[C]
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end (ADDX}:

procedure SUBX;
begin W := Cons;
Head[W] := Numb:

Head[Head[W]] := Head[Head([Ta1l({S]]] - Head{Head[S]];
Tai1l[W] := Tail[Tai1l[S5]]; 5 := W;
C := Tail{C]

end (SUBX};

procedure MULYX;
begin W := Cons;
Head[wW] := Numb;

Head[Head[W]] := Head[Head[Ta1l[S]]] * Head[Bead{S5]];
Tail[W] := Tail[Tail{5]]; 5 := W;
C := Tail[cC]

end {MULX};

procedure DIVX;
begin W := Cons;
Head[W] := Numb;

Head[Head[W]] := Head[Head({Tail([S])] div Head[Head[5]]:
Tail[W] := Tail[Tail[8])]: S := W;
C := Tail[C?

end {DIVX];

procedure REMX;
begin W := Cons;
Head (W] := Numb;
Head{#ead{W)] := Head[Head[Tail[S5]]] m»d Head{Head[s5]]:

Tail[W] := Tail[Tail[S]]; 5 := W;
C := Tail[c)
end {KEMX}:

procedure LFQX;
begin W := Cons;

if Head[Read[Tail[5]]] <= Head[Head[S]] then Head[W} := T
elae Head(W] := F;
Tail[W] := Tail[Tail[S1); 5 := W;
C := Tailfc]
end (IEQX}:

pProcedure STOPX;
begin 1f IsAtom{Head[S]] = 1 then Halted := true

elge begin W := Cons; Head[W] := Tail[5]:
Tail[{W] := Cons; Head(Tail[W]] := E;
Tail(Tail(W]] := Cons; Head(Tail[TaiifW]]] := C:

Tail{Tail[Tail[W]]] :=D; D := W;
C := Head[Head[Head[S]]];
W := Cons:
Head[W] := Tail[Head[S]];
Tail[W] := Tail[Head[BHead[5]]]:
E = W;
S := NILL

end
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end (STOPX};

pProcedure LDEX;

begin W := Cons; Tail(W] := 5; 5 := W;
Head([W] := Recipe;
Head[Head[W] ] := Head[TaillC]]; Tail[Bead[Wl] := E;
C := Tai1l[Tail[C]]

end {LDEX);

procedure UPDX;
begin Update(Head[Head(D]],Head[5]);
5 := Head[D];
= Head(Tail[D]]:
:= Head[Tail[Tail(D]1];:
D := Tail{Tail[Tail[D])]]
end {UPDX);

procedure APOX;
begin if IsRecipe{ Head{S]) then
begin W := Cons; Head[W] := §;
Tail[W] := Cons; Head[Tail[W]] := E;:

Tail[Tairl[W]] := Cons; Head({Tairl[Tail[w]]] := Tail(cC);

Tail[Tail[Tail[W]]] := D:; D := W;
€ := Head(Head[5]];
E := Tail[Head{S]]:
5 := NILL
end
else € := Tail[C)
end {APOX};

Precedure READX;

begin W := Cong; Tail[W] := 5; S := W; GetExp(Head[5]): € := Tail[C]

end (READX):

procedure PRINTX;
begin PutExp(Head[s]); S := Tai1ll5]; C := Tail[C] end {PRINTX);

procedure IMPLODEX ;

begin W := Cons; Head[W)] := Head[5]; Tail[W] := Tail[S]; S := W;
if TaNumber{ Head(5]) then
if Head[Head{S]] = ord(' ') then Head[5] := NILL
else begin W := Cons;
Head[W] := Head(S):
Head[S5] 1= W
end;

Store{Head[S] };
¢ := Tail[C]
end (IMPLODEX]);

procedure EXPLODEX ;

begin W := Cons; Head(W] := Head[Head[S]); Tail[wW] := Tail[8]; 5
< := Tail[C])

end [EXPLODEX};

(> Instruction decode loop -
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procedure FetchExecuteloop;

label 1;
beqgin Halted := false;
1: case Head[Head[cC]) of
1: LDX; 11: CDRX;
2: LDCX; 12: ATOMX;
3: LDFX; 13; CONSX;
4; APX; 14: EQX;
5: RTNX; 15: ADDX;
6: DUMY; l6: SUBX;
7: RAPX; 17: MULX;
8: SELX; 18: DIVX;
9: JOINX: 19: REMX;
10: CARX; 20: LEQX;
21: begin STOPX; if Halted then Terminate end;
22: LDEX: 25: READX;
23: UPDX; 26: PRINTX;
24: APJX; 27: IMPLODEX;
28; EXPLODEX
end;
goto 1

end [FetchExecuteLoop}):

(™ body of procedure Machine -*)

beqgin Initialise(Version, SubVersion};
InitListStorage;
LoadBootstrapProgram;
FetchExecutelLoop

end (Machine};

[ body of program LispKit - *)

beqin Machine; 99: end {LispXit}.
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The Sage UCSD Pascal virtual machine

program LispKit({Input, Cutput, lnFlle, OQutFile);

( * —

( *

(” Reference model lazy
* -- version 3a

interactive SECD machine, 3

(* -- IMPLODE and EXPLODE instructions, version 3b

(*

(* Modifications specific to UCSD pascal gaj

(r

(> —_—

-

April 83 =)
May 93 *}

April 83 *}

(*

(> (c) Copyright P Henderson, G A JoneS, 5 B Jones )
(* oxford University Computing Laboratory =]
(= Programming Research Group *)
[0 B-11 Keble Road 3]
(# OXFORD ©OX1 3QD *}

("

(= _—

( k4
(™ Documentation:
( Ll

(> P Henderson, G A Jones, 5 B Jones L]
(* The LigpKit Manual L3
[ oxford University Computing Laboratory *
(* Programming Research Group technical meoneograph PRG-32 *)
{* Oxford, August 1941 LB
{* ™)
{* F Henderson *)
(* Punctional Programming: Application and Implementation. *)
(* Prentice-Hall International, London, 1980 *)
(r .
(- -—= =)
(*—— Machine dependent constants —————-—--—--———— =)
label 99;

congt TopCell = BOQO;
(F—=————— HMachine

var InOpen : boolean;
InFila : interactive;
QutPile : text;

procedure CpenlnFile;

var s : string;

begin writeln{Qutput);
write{output, 'Take
readln{ Input, 39);
if 8 = '* then s :=

(* gize of heap

dependent file management

input from where? -};

"CONSOLE:";
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{$I-} reset{InFile, s§) {3IT};

InOpen := IOResult = 0;

if not InCpen then write{OQutput, ‘Cannot find *, s}
end (OpenlnFile);

procedure CloselnFile; begin close{InPile, NORMAL); InOpen := false end;

procedure ChangeQutPile:
var s : strang;
ok : boolean;
beqgin close(QutFile, LOCX);
repeat writeln{Output}:
write(Cutput, '5end cutput to where? '};
readln(Input, 5);
if s = - then 8 := *CONSOLE:’;
{5I-} rewrite(CutFile, 8) {SIt};
ok := ICResult = 0;
if not ok then write{Output, 'Cannot write to ', s)
until ok
end {ChangeQutFile);

[ Character input and output *)

procedure GetChar{var ch : char);
const EM = 25;
begin while not InOpen Go OpenInFile;

if eof{InFile) then begin CloseInPile; ch := ' ' end
else

if eoln{InFile) then begin readln(InFile); ch := ' * end
else

begin read{InFile, ch};
if c¢ch = chr(EM) then
begin readln(InFile); ChangeOutPile; ch := ' * end
end
emnd (GetChar);

procedure PutChar(ch : char);

const CR = 13;

begin if ch = ¢hr(CR) then writeln(OutPile) else write{OutFile, ch)
end [PutChar):

precedure Initialise(Version, SubYersion : char};

beqgin writeln({oOutput, 'Sage Pascal SECD machine ', version, Subversion);
{$I-} reset(InFile, '=*SECD.BOOT'} ($I*};:
InOpen := IOResult = 0;
if not InOpen then writeln{OQutput, *No file *SECD.BOQT');
rewrite{outFile, 'CONSOLE: ")

end {Initialise};

procedure Terminate; begin close(OutPile); exit(PRCGRAM) end (Terminate};

( Machine i1ndependent code )
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procedure Machine; { omitted }

begin Machine; 99: end {LispKit}.
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The VAX VMS Pascal virtual machine

[ INHERIT| * SYSSLIBRARY : STARLET' )] { FAB-related definitions |

program LispKit{Input, Output, InPile, OutFile);

( " —— o et e e e e o e e e e e e e e e o e e : ] )
( L] L 3 )
(= Reference model lazy interactive SECD machine, 3 *)
[ -- wersion 3a April B3 *}
[ -- IMPLODE and EXPLCDE ingtructiong, version 3b May B3 *}
(= =3
(* Modifications specific to VAX VMS Pascal gaj Rpril 83 *}
(™ Break long lines in file output gaj August 83 *)
( * * )
(Fmmmmm e - - *)
(* £
(* (¢} Copyright P Henderson, G & Jones, S B Jones *3
(* Oxford University Computing Laboratory *)
(* Programming Regearch Group >3
(* 8-11 Xeble Road *)
{= OXFORD OX1 3QD *)
(* *)
( -- — *)
(* *)
[l Documentation: *)
(* *)
(* P Henderson, G A Jones, 5 B Jones *)
(~ The LispKit Manual *)
(™ Oxford Universaty Computing Laboratory *)
(* Programming Research Group technical monograph PRG-32 =)
(> Oxford, August 1983 *)
(* *)
(* P Henderson *
(~ Functional Programming: Application and Implementation. =)
[ Prentice-Hall International, London, 1980 *)
(* *)
( | e L 1 )
(F———————— Machine dependent constants *)
label 99;
const TopCell = 400Q00; (= sirze of heap storage =)
FileRkecordLimit = 255;
outFileWidth = 200;
OutTermwWidth = 80;
(*——mm e Machine dependent file management ————r———————— *)
var InOpen : boolean;
InFile : text;
¥ewInput, InFromTerminal, OutToTerminal : boolean;
outPile : text:
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QutFilelclumn : 1nteger;
QutTermCelumn : integer;
NullName : packed array[l..255) <f char;

function IsTerminal(VAR f : text) : becolean;
type phyle = [UNSAFE] text;
pointer = TFABSTYPE;
var p : peinter;
function PASSFAB(VAR f : phyle} : pocinter; EXTERN;
begin p := PASSPAB(f):
IsTerminal := p1,FABSL_DEV = 201588743
end (IsTerminal};

procedure OpenInFile;
var 3 : packed array[l..255] of char;
begin writeln{Qutput);
write{Qutput, 'Take input from where? ");
readln{Input, s);
writeln(Qutput);
if 3 = NullName then

cpen(File_Vvariable := InFile,
File_Name := ‘SYSSINPUT,
History := 01d)}
eloe
copen(File_Variable := InFile,
File_ Name := s,
History := Cl4,
Erroer := CONTINUE);
InOpen := Statua(inFile} <= 0}
if InOpen then
begin reset(InFile); InPromTerminal := IsTerminal{InFile) end

elpge write( Output, 'Cannct read from that Eile')
end [OpenInPile);

procedure CloseInFile; begin close(InFile); InOpen := false end;

procedure ChangeDutFile;
var 8 : packed array[l..255] of char;
<ok : boolean;
begin close(OutFile);
repeat writeln{oOutput);
write(output, ‘Send output to where? ');
readln(Input, s5);
if 8 = NullName then
copen{File_Variable := QutFile,
File_Name := "SYS30UTPUT',
History := New,
Record_length := FileRecordLimit)

else
open{File_Variable := QutFile,
File Name := 8,
History := New,
Record_Length := FileRecordLamit,
Error := CONTIRUE};
ok := Status(OutFile) <= 0;
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if ok then rewrite({QutFile}
elpe write(Qutput, 'Cannot write to that file')

until ok;

DutToTerminal := IsTerminal(OutPile):
butTermColumn := O;

putFileColumn := O

end [thangeOutFile};

(e Character input and output *)

procedure GetChar(VAR ch : char});
congt TN = 8;

begin vhile not InOpen do begin OpenInFile; MNewInput := true end;
if eof(InFile) than begin CloseInFile; ch := ' ' end
else
if eoln{InFile) then
begin readln(InFile); NewInput := true; ch := * * end
2lee
begin if NewInput then
begin if InPromTerm:nal then OutTermCcelumn := Q;
NewInput := falee
erd;

read{InFile, ch);
if ch = chr(EM) then
begin readln{InFile); ChangeOutFile; ch := ' ' end
end;
end {GetChar});

procedire PutChar(ch : char);
congt (R = 13;
begin 1f ch = * ' then
if CutToTerminal then
begin if QutTermColumn »= QutTermwidth then ch := chr(Cr) end
aelse
begin if OQutFileColumn »= OutFPileWidth then ch := chr(¢R) end;
:f ch = chr({CR) then
begin writeln(OutPile);
if outToTerminal then
QutTermColumn ;= Q
alse OutFileColumn := O
end
tlse
begin write(QutFile, ch});
if outToTerminal then
QutTermCelumn := QutTermColumn + 1
@lse DutPilleColumn := QutPileColumn + 1
end
end {PitChar};

( *———— Machipe dependent initialisation and fipalisation ——--%)

procedure Initialige(Version, SubVersion : char);

var i : 1,.255;

begin vriteln(Output, 'VAX Pascal SECD machine ’, Veraion, SubVersion);
for 1 = 1 to 255 do NullName{i] := * ';



open(File_ Variable := InFile,

File_ Name := 'LISPKITSSECDBOOT',

History := 014,

Error := CONTINUE};:
InOpen ;= status(InFile) = 0;
if InCpen then

begin reset(InFile): InFromTerminal := IsTerminal(InFile} end

else writeln{Qutput, 'No file L1spKitSSECDboot');
NewInput := true;
open(File_Variable := OutFile,

Pile Name ;= 'SYSSOUTPUT',

History := New,

Record_Length := FileRecordLimit);
rewrite{OutFile);
CutToTerminal := ISTerminal{OutFile});
OutTexrmColumn := O;
CutFileColumn := 0

end {Initialise}:

procedure Terminate;
begin writeln{OutPile); close(OutFile); goto 99 end {Terminate};

{*—— = Machine independent code LD
procedure Hachine; { omitted )

begin Machine; 99: end {LaspKit}.
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The Pergq POS Pascal virtual machine

Program LispKit(Input, Output, InFile, OutFile);

(*—=—= i )
( Ll '}
(* Reference model lazy interactive SECD machine, 3 )
[ -- version 3a April B3 %)
[ —— IMPLODE and EXPLODE instructions, version 3b HMay 83 =)
(= *)
(= Mdifications specific to ICL Perqg POS Pascal gaj April 83 x)
( L t)
(* - )
{ *3
(= {e) Copyright P Henderscn, G A Jones, 5 B Jones LB
(* Oxford University Computing Laboratory =)
(* Programming Research Group )
(= B8-11 Keble Road =)
(* OXTORD ©0X1 3QD =)
( *)
( *)
[ *}
(= Decumentation: *)
(* *)
(= P Henderson, G A Jonea, 5 B Jones *)
(* The LispKit Manual *)
(~ Oxford University Computing Laboratory L]
(= Programming Research Group technical monograph PRG-32 *)
(* oxford, August 1983 *)
(* *)
[* P Henderson L]
(~ Functional Programming: Application and Implementation. *)
[ Prentice-Hall International, London, 198BC Yy
[t *)
(" - *)
(* Machine dependent congtants *)

imports Perqg _string from PERQ_STRING; (* for the type string *)

imports stream from STREAM; (* for I/0 error trapping *)
label 9%;

const TgpCell = 10000; (* size of heap storage )
(*—-———————-- Machine dependent file management -——————-——--—- )

var InOpen : boolean;
InFile : text;
CutFile : text;
Procedure TryReset(s : string};

handler ResetError(f : pathname);
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begin Incpen := false; exit(TryReset) end {ResetError};

beqgin reset(InFile, s5);
InGpen := true
end {TryReset];

function TryRewrite(a : string} : boolean;

handler RewriteError(f : pathname};
begin TryRewrite := falae; exit({TryRewrite) end [RewriteErior};

begin rewrite(OutFile, 5);
TryRewrite := true
end {TryRewrite} ;

procedure OpenInPile;

var 3 : atring;

begin writeln(Output);
write{OQutput, 'Take input from wherez ');
readln{Inpuat, 3);

if s = "' then 8 := 'CONSOLE:';
TryReset(s };
if not InOpen then write(Output, 'Cannot fand ', 8}

end [(OpenInFile} ;
procedure CloseInFPile: begin cleose(InFile); Inopen := false end;

procedure ChangeOQutFile;
var 8 : string;
ok : boolean;
begin close{QutFile);
repeat writeln{Output);
write(Output, 'Send cutput to where? '};
readln{Input, 8);

if a = *' then s := 'CONSQOLE:’;

ok := TryRewrite(sa);

if not ok then write{Output, 'Cannct write to ', 8]}
until ok

end {ChangeOQutFile);

(*— Character input and output —————-————————%)

procedure GetChar(var <h : char);
conat EM = 25,
begin while not Inopen do OpenInFile;

if ecf{InFile)} then begin CloseInFile; ch := * * end
else

if eoln(InFile) then begin readln(InFile); c¢h := ' " end
else

begin read(inFile, ch);
if ch = ¢chr(EM) then
begin readln{InFile); ChangeOutFile; c¢h := ' ' end
end
end {GetcChar};
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procedure PutChar{ch : char):

conat Ck = 13;

begin if ch = chr{CR) then writeln(QutFile} else write(OutFile, ch)
ermd {FutChar):

{*-———— Machine dependent initialisatien and finalisation ————-*}

procedure Initialise(Versicn, SubVergion : char);
begin vriteln({Qutput, 'Perq Pascal SECD machine ', Version, SubVersion);
TryReset( 'SECD.BOOT' );

if not InOpen then writeln{Qutput, 'No file SECD.BOOT');
rewrite{QutFile, ‘'CONSQLE:"’}
end {Initaalise};

procedure Terminate; begin close(OutFile); exit(LispKit) end {Terminate);

[ Machine independent code L
procedure Machine; { omitted }

begin Hachine; 99: end (LispKit},
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