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1 .  E in l e i t unq

1J1 .  Das_ in te rak t i ve  P roo rammen tw i ck l ungs -  und  Ve r i f i kg t i onssx -
s tem

SPESY i s t  e i n  En tw i ck l ungssys tem fü r  a l geb ra i sche  Spez i f i ka t i o -
nen [BV 81 /84 ] .  Es wurde aus e i ne r  Vo rgänge rve rs i on  ([KRST 83 ] ,
[Som 84] )  en tw i cke l t :  i s t  i n  INTERLISP imp lemen t i e r t  und  i s t
au f  e i ne r  S iemens -Rechenan lage  i ns ta l l i e r t  [Sch  85 ] .  SPESY i s t
d i e  zen t ra l e  Komponente  e i nes  i n teg r i e r t en  P rog rammen tw i ck -
l ungs -  und  P rog rammver i f i ka t i onssys tems  EBGGORV 83 ] .  D iese  P ro -
g rammen tw i ck l ungsumgebung  un te r s tü t z t  es ,  P rog ramme h ie ra r—
ch i sch  zu  s t r uk tu r i e ren ,  i n  k l e i nen  Sch r i t t en  zu  en tw i cke ln  und
zu  ve r i f i z i e ren  ( ve r i f y -wh i l e -deve lop )  , und  s i e  s te l l t  i n  a l -
l en  Phasen  des  So f twa reen tw i ck l ungszyk lus  , von  de r  f o rma len
An fo rde rungsspez i f i ka t i on  b i s  zum Pasca lp rog ramm:  gee igne te
Werkzeuge be re i t .  D iese r  En tw i ck l ungsp rozeß  l äß t  s i ch  i n  e i ne
Fo lge  abs t rak te r  und  konk re te r  Sch r i t t e  ze r l egen  (Abb .1 ) .

D ie  abs t rak ten  Sch r i t t e  gehen  von  e i ne r  f o rma len  An fo rde rungs -
Spez i f i ka t i on  (ax i oma t i sch )  aus  und  enden  i n  kons t ruk t i v  de f i -
n ie r t en  Mode l l en  (a l go r i t hm isch )  . Dabe i  kann  man  nochma ls  i n
Ver fe i ne rungssch r i t t e  und  Imp lemen t i e rungssch r i t t e  k l ass i f i z i e -
ren .  E rs te re  e r se t zen  Te i l e  von  Spez i f i ka t i onen  du rch  p räz i se re
An fo rde rungen  und  ve rk l e i ne rn  som i t  d i e  Menge de r  Mode l l e .  So
wäre  d i e  E rse t zung  ax ioma t i sch  spez i f i Z i e r t e r  Ope ra t i onen  du rch
kons t ruk t i v  de f i n i e r t e  Ope ra t i onen  e in  Ve r fe i ne rungssch r i t t .
Mi t  Imp lemen t i e rungssch r i t t en  we rden  abs t rak te  Spez i f i ka t i onen
du rch  konk re te re  e r se t z t .  Dabe i  w i rd  d i e  Menge de r  Mode l l e  so
gewechse l t ,  daß  a l l e  Rechnungen  i n  de r  a l t en  Mode l lmenge  du rch
Rechnungen i n  de r  neuen  Mode l lmenge  s imu l i e r t  we rden  können .

Die  konk re ten  Sch r i t t e  se t zen  be i  kons t ruk t i v  de f i n i e r t en
Mode l l en  an  und  re i chen  b i s  zum aus füh rba ren  PASCAL—Prog ramm.
Auch h ie r  kann  man nochma ls  i n  Rea l i s i e rungssch r i t t e  und  Vo r -
Uberse t zungssch r i t t e  au f t e i l en .  Rea l i s i e rungssch r i t t e  e r se t zen
konk re te  Spez i f i ka t i onen  du rch  Modu le  aus  MODPASCAL:  e i ne  um
das Modulkonzept  e rwe i t e r t e  PASCAL-Version, sodaß s i ch  d i e
Spez i f i ka t i onsh ie ra r ch ie  i n  de r  Modu lh i e ra r ch ie  ‚w ide rsp iege l t .
Vorübe rse t zungssch r i t t e  e r zeugen  aus  e i nem MODPASCAL—Modul e i n
PASCAL-P rog ramm.

A l l e  abs t rak ten  Sch r i t t e  l assen  s i ch  i n  de r  Spez i f i ka t i onssp ra -
che  ASPIK (EBV 83a ] :  [BV  85 ] )  ausd rücken .  E ine  ASPIK -
Spez i f i ka t i on  de f i n i e r t  du rch  i h re  S igna tu r  (So r ten -  und  Ope ra -
t i onssymbo le ) :  i h re  Fo rme ln  (P räd i ka ten log i k  1 .S tu fe )  und  i h re
a lgo r i t hm ischen  De f i n i t i onen  e i ne  K lasse  von  A lgeb ren .  D ie
Spez i f i ka t i on  kann  h ie ra r ch i sch  s t r uk tu r i e r t  se i n  und  kann
i n s tanz i i e r t  we rden  du rch  E rse t zung  be l i eb ige r ,  benu tz te r
Spez i f i ka t i onen  [BGV 83 ] .  Da rübe r  h i naus  e rmög l i ch t  ASPIK n i ch t
nu r  d i e  De f i n i t i on  von  Spez i f i ka t i onen  sonde rn  auch  von  soge -
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nann ten  Maps zu r  Besch re ibung  von  Ve r fe i ne rungs -  und  Implemen—
t ie rungsbez iehungen .  Aus d i esem Grund  i s t  ASPIK sogar  a l s
Spez i f i ka t i onsen tw i ck l ungssp rache  anzusehen .
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D ie  be iden  S t ruk tu r i e rungsmechan i smen  von  ASPIK wurden  be re i t s
angedeu te t :
D ie  Use -Bez iehung  f ü r  Spez i f i ka t i onen  und  Maps e rmög l i ch t  den
h ie ra r ch i schen  Au fbau  d i ese r  Ob jek te .  Das  bedeu te t  i nsbesonde re
f ü r  Spez i f i ka t i onen :  daß  s i e  ande re  Spez i f i ka t i onen  und  som i t
de ren  Sor ten— und  Ope ra t i onssymbo le  benu tzen  können .  Das Pa ra -
mete r i s i e rungskonzep t  " pa rame te r i za t i on -bY 'use "  (EBV  83a ] ‚ [BV
83bJ )  kenn t  ke ine  exp l i z i t e  Pa rame te rde f i n i t i on  sonde rn  l äß t
a l l e  benu tz ten  Spez i f i ka t i onen  a l s  Pa rame te r  zu .  D ie  Pa rame te r—
spez i f i ka t i on  w i rd  e r s t  zum Ze i t punk t  de r  I ns tanz i i e rung  f es t -
ge leg t .

Zur  Spe i che rung  d iese r  ASP IK -Ob jek te  b i e te t  SPESY e in  Da te i kon -
zep t  an ,  das  zw i schen  P r i va tda te i en ‚  d i e  de r  Benu tze r  an leg t :
und  Sys temda te ien ‚  d i e  e i ne  f ü r  j eden  Benu tze r  zugäng l i che
B ib l i o t hek  da rs te l l en ,  un te r sche ide t .  Fü r  j ede  Da te i  w i r d  e i ne
Umgebung,  bes tehend  aus  P r i va t -  und  Sys temda te ien ;  de f i n i e r t .
Die  Vo rgänge rve rs i on  e r l aub te  nu r  Sys temda te ien  i n  de r  Umgebung
e ine r  Da te i ,  um d ie  Übe rp rü fung  au f  Namenskon f l i k t e  zw i schen
Date ien  zu  ve re in fachen .  I nne rha lb  e i ne r  Da te i  s i nd  a l l e  da r i n
de f i n i e r t en  Ob jek te  (Spez i f i ka t i onen ,  Maps ,  Imp lemen t i e rungen )
s i ch tba r  und  zusä t z l i ch  a l l e  s i ch tba ren  Ob jek te  aus  de r  Umge-
bung .
SPESY i s t  e i n  Meh rbenu tze rsys temp  wobe i  j edem Benu tze r  neben
se inen  P r i va tda te i en  auch  d i e  Sys temda te ien  zu r  Ve r fügung  s te -
hen .

Neben i n te rak t i ven  Sys temen zum E ingeben  und  Ed i t i e ren  von
ASPIK -Ob jek ten  s te l l t  SPESY fo l gende  we rkzeuge  zu r  Ve r fügung :

- e inen  symbo l i s chen  I n te rp re t i e re r  zum Tes ten  von  kons t ruk -
t i ven  Spez i f i ka t i onen  ( zu r  Ze i t  noch  n i ch t  au f  d i e  neue
Sprachve rs i on  umges te l l t )  [KRST 83 ] .

- e i ne  a l l geme ine  Bewe ise rschn i t t s t e l l e ‚  übe r  d i e  Bewe i sau f -
gaben  ges te l l t ,  i h re  Lösung  en tgegengenommen  und  i n  SPESY
ve ra rbe i t e t  we rden  können .  Zu r  Ze i t  s i nd  zwe i  Bewe i ssys te -
me übe r  d i ese  Schn i t t s t e l l e  ansp rechba r  :
Der  Ka r l s ruhe r  Reso lu t i onsbewe i se r  “Ma rkg ra f  Ka r l  Re fu ta -
t i on  P rocedu re “  [BES  81 ]  und  e i n  i n  Bonn  en tw i cke l t es
Te rmerse t zungssys tem [Tho  84 ] ,  um Kons i s tenzübe rp rü fungen
du rchzu füh ren .

- e i n  Subsys tem zu r  Rea l i s i e rung  von  kons t ruk t i ven  ASPIK -
Spez i f i ka t i onen  du rch  MODPASCAL bzw .  PASCAL-Programme [OLT
85 ] .

A l l  d i ese  Werkzeuge we rden  i n  SPESY au f  ve rsch iedenen  Kommando-
ebenen ( l eve l s )  angebo ten ,  i n  Abhäng igke i t  von  den  man ipu l i e r—
t en  Ob jek ten .
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1 .2 .  Die i ngde r  a rbe i t  E l i  as: i ng l gmen t i g r t e  Kogponente

Das  E ingabesys tem fü r  Spez i f i ka t i anen  — das  Thema  de r  A rbe i t
[ L i  85 ]  * e rmög l i ch t  d i e  i n t e rak t i ve  und syn taxo r i en t i e r t e
De f i n i t i on  e i ne r  neuen  ASPIK—Spez i f i ka t i on  ode r  d i e  E rwe i t e rung
e ine r  schon  bes tehenden ;  so lange  s i e  s i ch  au f  e i ne r  P r i va tda te i
be f i nde t .  Wäh rend  de r  E ingabe  w i rd  d i e  i n t e rne  Da rs te l l ung  de r
Spez i f i ka t i on  i n  Form e ines  Syn taxbaumes  ( s i ehe  Abb .3  $ .34 )
au fgebau t .  Der  An fangszus tand  be i  de r  E ingabe  e ine r  neuen
Spez i f i ka t i on  i s t  du rch  den  l ee ren  Syn taxbaum gekennze i chne t .
Be i  de r  E ingabe  e ine r  a l t en  Spez i f i ka t i on  l äß t  s i ch  de r  Syn tax -
baum i n  zwe i  Te i l e  ze r l egen ,  i n  e i nen  vo l l s t änd ig  ge fü l l t en ,
kon tex t f r e i  und  kon tex t sens i t i v  ko r rek ten  l i nken  Te i l  sow ie  i n
e inen  l ee ren  rech ten  Te i l .  D iese  Vo rbed ingung  muß  am An fang ,
während  und  am Ende de r  E ingabe  e r f ü l l t  se i n ;  um kon tex t sens i -
t i ve  Ko r rek the i t se igenSeha f t en  ga ran t i e ren  zu  ' können .  In de r
Vorgänge rve rs i on  von  SPESY wurden  so l che  Vo rbed ingungen  n i ch t
ge fo rde r t ;  um e ine  TopeDown—Entw i ck l ung  von  Spez i f i ka t i onen  zu
e rmög l i chen .  A l s  Konsequenz  d i ese r  En twu r f sme thod i k  du r f t e  man
Kno ten  im  Syn taxbaum lee r  l assen  und  unde f i n i e r t e  So r ten ;
Ope ra t i onen  und  Spez i f i ka t i onen  re fe r i e ren :  wodu rch  kon tex t—
sens i t i ve  Tes t s  uns inn ig  wu rden .  In de r  neuen  Ve rs i on  wu rde
d ieses  P r i nz i p  gegen  f o l gendes  ausge tausch t :

Fa l l s  man be i  de r  De f i n i t i on  e i ne r  Spez i f i ka t i on  Sys tem-
un te r s tü t zung  w i l l ,  muß man d ie  vom Sys tem e rkann ten  Feh le r
ko r r i g i e ren :  bevo r  man  d ie  E ingabe  f o r t se t zen  kann .

Seman t i sche  E igenscha f t en  w ie  Kons i s tenz  ode r  Te rm in ie rung  von
A lgo r i t hmen  übe rp rü f t  das  E ingabesys tem n i ch t .  Das i s t  Au fgabe
de r  Bewe i se r .

Zusä tz l i ch  zu  den  vo rgenann ten  An fo rde rungen  an  das  E ingabesy -
s tem ( syn taxo r i en t i e r t e r  D ia l og :  Feh le r t es t s )  be inha l t e t  d i ese
Arbe i t  noch  zwe i  spez ie l l e  P rob lems te l l ungenp  de ren  Bedeu tung
Ube r  das  E ingabesys tem h inaus re i ch t  :

1 .  d i e  No rma l i s i e rung  e i nes  Spec te rms  spec t  bes t immt  den
e indeu t i gen  Rep räsen tan ten  aus  de r  Menge äqu i va len te r
Spec te rme

2 .  das  Expor ted  In te r face  e ines  Spec te rms  spec t  l eg t  d i e  i n
spec t  ve rwendba ren  So r ten -  und  Ope ra t i onssymbo le  f es t
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Die  Arbe i t  [ L i  85 ]  f üh r t  d i e  D ip l omarbe i t  von  Hans  Ha the i s  [Ma t
85a ]  f o r t .  S i e  g l i ede r t  s i ch  i n  d re i  Te i l e .  Der  Band I i s t  a l s
Benu tze r -E in füh rung  zu  ve rs tehen  und umfaßt d i e  Kap i t e l  1 b i s
5 .  Band  I I  bes teh t  aus  den  Kap i t e l n  6 b i s  8 .  In i hm  s i nd  das
Modu l konzep tx  d i e  Da tens t ruk tu ren ,  d i e  Dokumen ta t i on  a l l e r
imp lemen t i e r t en  L ISP-Funk t i onen :  sow ie  d i e  Schn i t t s t e l l en  zu
ande ren  Komponen ten  i n  SPESY zu  f i nden .  Band  I I I  be inha l t e t  d i e
e rs te l l t en  P rog ramml i s t i ngs .

In Kap i t e l  2 s i nd  A lgo r i t hmen  fü r  d i e  No rma l i s i e rung  und  d i e
i n te r f ace—Bes t immung  i n  abs t rak te r  Form angegeben .

I n  Kap i t e l  3 be f i nde t  s i ch  das  Benu tze rmanua l  m i t  de r 'D ia l ogbe—
sch re ibung  des  E ingabesys tems :  de r  konk re ten  ASPIK -Syn tax  und
den  kon tex t sens i t i ven  Tes t s .

D ie  benu tz te  L i t e ra tu r  i s t  i n  Kap i t e l  4 zusammenges te l l t .

Um e inen  E inb l i c k  i n  das  D ia l ogve rha l t en  zu  ve rm i t t e l n ;  s i nd  i n
Kap i t e l  5 SPESY—Si t zungsp ro toko l l e  w iede rgegeben .

I n  Kap i t e l  6 w i rd  das  Modu l konzep t  sow ie  d i e  Modu l s t r uk tu r  von
SPESY da rges te l l t .  We i t e rh i n  s i nd  h i e r  d i e  benu tz ten  Daten—
s t ruk tu ren  und  d i e  P rog ramms t ruk tu r  e r k l ä r t .

D ie  Dokumen ta t i on  a l l e r  imp lemen t i e ren  L ISP-Funk t i onen  i s t  i n
Kap i t e l  7 en tha l t en .

Kap i t e l  8 en thä l t  d i e  Schn i t t s t e l l enbesch re ibung  zu  ande ren
Komponen ten  i n  SPESY.

In Kap i t e l  9 s i nd  d i e  P rog ramml i s t i ngs  au fge füh r t .



Kap i t e l  2 Norma l f o rm  und  I n te r face
e ines  Spec te rms

2 .  No rma l f o rm  und  I n te r f ace  e i nes  Sggc tggms

2 .1 .  D ie  Normalfonm e ines  Snec te rgg

Das  Pa rame te r i s i e rungskonzep t  “ pa rame te r i za t i on -by—use '  (EBV
83o ] ‚ [BV  83bJ )  de f i n i e r t  Spec te rme  (3 .2 .1 . )  zu r  Besch re ibung
von  (ev t l .  zusammengese tz ten )  I ns tanz i i e rungen .  Ve rsch iedene
Spec te rme  können  d ie  g l e i che  Seman t i k  haben  und  we rden  dann  a l s
Equ i va len t  beze i chne t .  Fe rne r  w i rd  e i ne  No rma l f o rm  fü r  Spec te r—
me de f i n i e r t ;  sodaß  j ede  Kqu i va lenzk lasse  genau  e inen  Rep rä -
sen tan ten  i n  No rma l f o rm  bes i t z t .  E i n  No rma l i s i e rungsa lgo r i t hmus
ges ta t t e t  es ,  j eden  Spec te rm  i n  se ine  No rma l f o rm  zu  übe r füh ren .
Durch  No rma l i s i e ren  l äß t  s i ch  d i e  Äqu i va lenz  - zwe ie r  Spec te rme
en tsche iden :  was sowoh l  von  de r  Syn taxana l yse  (3 .3 . )  a l s  auch
vom A lgo r i t hmus  IFACE ( 2 .2 . )  benö t i g t  w i r d .

E in  Spec te rm  spec t  i s t  i n  No rma l f o rm :  wenn a l l e  benu tz ten
Spec te rme ,  d i e  "übe r “  e i nem fo rma len  Pa rame te r  l i egen :  eben -
f a l l s  f o rma le  Pa rame te r  s i nd ‚  wenn  ke ine  i den t i s chen  E rse t zun -
gen  e ines  f o rma len  Parameters  du rch  s i ch  se lbs t  vo rkommen  und
wenn de r  Spec te rm‚  de r  i ns tanz i i e r t  werden so l l :  e i n  e i n fache r
Spez i f i ka t i onsname  i s t .  Un te r  f o rma len  Pa rame te rn  e i nes
Spec te rms  spec t  ve rs teh t  man d ie  Que l l en  de r  Abb i l dungen  i n
spec t .  Da de r  A lgo r i t hmus  au f  L i s t en  s ta t t  au f  Mengen a rbe i t e t :
müssen  auße rdem d ie  E rse t zungen  i n  e i nem Spec te rm  i n  No rma l f o rm
lex i kog raph i sch  angeo rdne t  se in .



Kap i t e l  2 Norma l f o rm  und  I n te r face
e ines  Spec te rms

; dee  des  No rma l i s i e rungsa lgo r i t hmus '

De r  No rma l i s i e rungsa lgo r i t hmus  NORM bes t immt  d i e  No rma l f o rm  e i -
nes  Spec te rms  i n  v i e r  Haup tsch r i t t en :

1 .  E in fügen  von  benu tz ten  Abb i l dungen
(Funk t i on  INSERT-USED-MAPS)

2 .  Gene r i e ren  von  App l i ka t i onsabb i l dungen
(Funk t i on  DIRECT)

3 .  Kompon ie ren  von  Abb i l dungen
(Funk t i on  COMPOSE)

4 .  E l im in i e ren  von  i den t i s chen  Abb i l dungen
(Funk t i on  REDUCE)

I n  den  nach fo l genden  Be i sp ie l en  we rden  d iese  Sch r i t t e  we i t e r
e r l äu te r t .

1 .  Be i sp ie l  :

Gegeben se i  d i e  f o l gende  H ie ra r ch ie  von  Spez i f i ka t i onen  :

se t

o rde lem o rdna t

e l em na t

b o o l

E r l äu te rung  : d ie  Use -Bez iehung  i s t  von  oben  nach  un ten  zu  l e -
sen ;  d .h .  se t  benu tz t  o rde lem,  o rde lem benu tz t
e LE ! ! ! )  USN.

Zusä tz l i ch  se i  d i e  Abb i l dung  o rde lem - ->  o rdna t  de f i n i e r t  und
benu tze  d i e  Abb i l dung  e lem -—> na t .  Som i t  i s t  d i e  I ns tanz
se t€o rde lem ——> o rdna t }  e i n  gü l t i ge r  Spec te rm .
E ine  e r s te  Au fgabe  des  A lgo r i t hmus '  bes teh t  im  E in fügen  de r
benu tz ten  Abb i l dungen .

Ergebn i s  von  Sch r i t t 1  im  Be i sp ie l :
se t {e l em - ->  ne t ,  o rde lem ——> o rdne t }
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. e i  ' e  '

Gegeben se i  d i e  f o l gende  H ie ra r ch ie

se t

o rde lem

e lem na t

b o 0 L

Norma l f o rm  und  I n te r f ace
e ines  Spec te rms

Zusä tz l i ch  se i  d i e  Abb i l dung  e lem - ->  na t  de f i n i e r t .
Dann i s t  d i e  I ns tanz  se tCe lem -—> na t }  zu läss ig ,  obwoh l  das  so—
genann te  Be tween -E lemen t  o rde lem n i ch t  exp l i z i t  ak tua l i s i e r t
wo rden  i s t .  Au fgabe  des  No rma l i s i e rungsa lgo r i t hmus  i s t  es :  f ü r
so l che  Be tween -E lemen te  sogenann te  App l i ka t i ons—Abb i l dungen 2U
gene r i e ren  und  i n  d i e  I ns tanz  m i t  au f zunehmen ;

E rgebn i s  von  Sch r i t t 2  im  Be i sp ie l :
se tCe lem ——> ha t ,  o rde lem -—> o rde lemCe lem - ->  ha t ) }

3 .  Be i sp ie l  :

Gegeben se i  d i e  f o l gende  H ie ra r ch ie :

Zusä tz l i ch  se ien  d i e  Abb i l dungen
e lem —->  ne t  und
ne t  -—>  cha r  de f i n i e r t .

16



Kap i t e l  2 Norma l f o rm  und  I n te r face
e ines  Spec te rms

In den  b i she r i gen  'Be i sp ie l en  wu rden  nu r  e i n fache  Spec te rme
be t rach te t ,  d i e  dadurch gekennze ichne t  s i nd ,  daß d ie  Abb i l dun -
gen  pa ra l l e l  ausge füh r t  we rden .  Fü r  e i nen  zusammengese tz ten
Spec te rm :  w ie  z .B .  se t {e l em -—> na t } { na t  - ->  cha r } :  s i nd  d i e
Abb i l dungen  e lem —->  na t  und  na t  - ->  e l em sequen t i e l l  auszu füh -
r en .  Der  A lgo r i t hmus  t r ans fo rm ie r t  im  d r i t t en  Sch r i t t  d i e  zu -
sammengese tz ten  Spec te rme  du rch  Kompos i t i on  von  Abb i l dungen  i n
e in fache  Spec te rme .

E rgebn i s  von  Sch r i t t 3  im  Be i sp ie l :
se t€e lem ——> na t  ——> cha r }

4 .  Be igp ie l  :

Gegeben se i  d i e  f o l gende  H ie ra r ch ie :

se t

e lem

boo l

Zusä tz l i ch  se i  d i e  i den t i s che  Abb i l dung  e lem - ->  e l em de f i—
n ie r t .
Dann i s t  de r  Spec te rm  se t {e l em - ->  e l em}  zu läss ig .  Im  l e t z ten
Sch r i t t  e l im in i e r t  de r  A lgo r i t hmus  d ie  i den t i s chen  Abb i l dungen .

E rgebn i s  von  Sch r i t t a  im  Be i sp ie l :
se t

11



Kap i t e l  2 Norma l f o rm  und  I n te r face
e ines  Spec te rms

spec t

spec t -n f

spec id

map

a r row

p t r

GET-MAP—PTREmaD]

GET-USED-MAPSEptr]

GET-MAP-SOURCEEptrJ

GET-MAP-NAMEEptr]

GETfMAP-TARGETEOtr]

Speß te rm  (3 .2 .1 . )

Spee te rm  i n  No rma l f o rm

Spez i f i ka t i onsneme

Map te rm  (3 .2 .1 . )

beze ichne t  den  P fe i l  zw i schen  de r
Que l l e  und  dem Z ie l  e i ne r  Hap

j edem Map te rm  i s t  e i ndeu t i g  e i n
Po in te r  zugeo rdne t ,  da  zwe i  syn tak -
t i s ch  ve rsch iedene  Hap te rme  seman-
t i s ch  äqu i va len t  se in  können

l i e f e r t  den  e i ndeu t i gen  Po in te r

l i e f e r t  d i e  L i s t e  de r  benu tz ten  Maps
i n  Fo rm  i h re r  Po in te r

L ie fe r t  d i e  Que l l e

l i e f e r t  den  Namen

l i e f e r t  das  Z ie l

12
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GENERATE-MAPEsource:
t a rge t ‚ used -maps ‚
base—of - sou rce ]

COMPOSE-MAPEp t r ; ‚ p t r 3J

IS - IDENTITY-MAPEp t r ]

map- l s t

pa ram-se t

BASEEspec t J

BETUEENEspec t ‚ pa ram-se t ]

Uh iOhE lS t l l  . . .  ‚ l s t n j

i n t e r sec t i on l l s t ; ‚  l s t j l

no tmember l e l em:  l s t ]

d i f f l l s t ; ‚  [ ge , ]

Norma l f o rm  und  I n te r face
e ines  Spec te rms

gene r i e r t  e i ne  App l i ka t i ons -
Abb i l dung  und  l i e f e r t
e inen  Po in te r  zu rück

kompon ie r t  zwe i  Map te rme  und  l i e f e r t
e i nen  Po in te r  zu rück

p rü f t  den  m i t  p t r  assoz i i e r t en
Map te rm  au f  d i e  i den t i s che  Abb i l dung

L i s te  von  Map te rmen

L i s te  de r  f o rma len  Pa rame te r  e i nes
Spec te rms

L i s te  de r  benu tz ten  Spec te rme '  i n
Norma l f o rm  (ohne  spec t  se lbs t )

L i s te  von  Spec te rmen  i n  No rma l f a rm :
d ie  von  spec t  benu tz t  we rden  und
i h re r se i t s  e i nen  e i nen  Spec te rm  aus
pa ram-se t  benu tzen

Vere in i gung  de r  L i s t en  l s t 1  b i s  l s t n

Du rchschn i t t  de r  L i s t en  l s t ;  und
[S t ]

l i e f e r t  NIL ,  f a l l s  e l em e l s t
TRUE sons t

bes t immt  d i e  E lemen te  de r  L i s t e
l s t ; ‚  d i e  n i ch t  i n  l s t ;  en tha l t en
s ind

13



Kap i t e l  2 Normalform und In te r face
e ines  Spec te rms

Algorithmus N05" :

NORM über führ t  e inen  Spec te rm spec t  in  se ine  in te rne  Norma l fo rm
spec t—nf .  indem er  fü r  a l l e  in  spec t  au f t re tenden  L is ten  von
Maptermen d ie  Funk t ion  NORM1 sukzess ive  mi t  fo lgenden  Parame-
t e rn  au f ru f t  :

1 .  norma l is ie r tes  AnfangsstUck von spect
2 .  L is te  von Abb i ldungen;  d ie  au f  das  norma l is ie r te  Anfangs -

s tück  von spec t  anzuwenden s ind

Bemerkung: D ie  in te rne  Dars te l lung  der  Norma l fo rm e ines
Specterm is t  e ine  e in fache  L is te .  E rs tes  Element
der  L is te  i s t  de r  Spez i f i ka t ionename:  a l l e  we i te ren
Elemente s te l l en  Po in ter  fü r  Ersetzungen dar und '
s ind  l ex ikograph isch  geordne t .

NORMEspecidJ = spec id

NORME(specid map-lst; . . .  mapnlst„)] =

NORME<NORM1E€specid map- ls t1 ) ]  map-lst2 . . .  map—lst„)]

NORMEspect-nf] = spect -n f

NORME(spect-nf map—lst; . . .  map- ls t „ ) ]  =

NORME<NORM1E(spect—nf map—Lst1 ) ]  map—ls t ‚  . . .  map- ls t „ ) ]

NORM-MAP erse tz t  a l l e  Specterme in  dem Mapterm (spec t .  a r row.
spec t l  . . .  arrown spec tn )  durch  ih re  Norma l fo rm.

NORM-MAP[(spect° a r row;  spec t1  . . .  a r rown spec t„ ) ]  =

l e t  f 0 ! "  'i = 0 ’  I I I  I n :

spec t -n f .  = NORMEspect.J in

(spect—nfo a r row;  spect—nf1 . . .  a r rown spec t -n fn )

16



Kap i t e l  2 Norma l fo rm und In te r face
e ines  Specterms

NORM1 e rwar te t  e inen  Specterm (spec t -n f  map, . . .  map" ) ,  wobei
spec t -n f  e in  Spec te rm in  Norma l fo rm is t  und  map;  . . .  mapn Ab-
b i ldungen  s ind ,  d ie  au f  spec t—nf  angewendet  werden  so l l en .
NORMi norma l is ie r t  m i t  den  oben angegebenen Schr i t t en  1 - 4 .

NORM1[ (spec t -n f  map; . . .  map„ ) ]  =

_ l_ .____ j_q_r_ i=1 ‚ . . . pn :

pt r ;  : GET-MAP-PTRENORM-MAPEmap;]] in

REDUCE L'COMPOSE [D IRECT E INSERT-USED-MAPS

[ ( spec t -n f  p t r1  . . .  p t r „ ] ] ] ]

INSERT-USED-MAPS e rwar te t  e inen  Specterm (spec t -n f  p t r1  . . .
p t r „ ) ‚  wobei d ie  Erse tzungen  durch  ih re  e indeut igen  Po in te r
darges te l l t  s ind .  INSERT-USED-MAPS füg t  fü r  a l l e  Po in te r  d ie
benutz ten  Abb i ldungen  in  Form ih re r  Po in te r  h inzu .

INSERT-USED-MAPSE(spect-nf p t r1  . . .  p t r „ ) ]  =

e t  (p t r *1  . . .  p t r * „ )

= un ion  [GET—USED-MAPSEptr1]‚  . . .

‚GET-USED-MAPS[ptr„]:
(p t r1  . . .  p t r „ ) ]

in
( spec t -n f  p t r i r1  . . .  ptr irK )

15



Kap i t e l  2 No rma l f o rm  und  I n te r face
e ines  Spec te rms

DIRECT e rwa r te t  e i nen  Spec te rm  ( spec t -n f  p t r ,  . . .  pt r„ ) .  DIRECT
gene r i e r t  f ü r  j edes  Be tween -E lemen t  - e i ne  sogenann te
App l i ka t i ons -Abb i l dung  und  füg t  de ren  Po in te r  h i nzu .
H inwe i s :  de r  Ausd ruck  j L ‚ 5  w i rd  a l s  I ndex  du rch  ; .L ‚m  da rge -
s te l l t .

D IRECT[ ( spec t—n f  p t r ;  . . .  pt r„ ) ]  = ,

q.l e t  O I ”  " =1 I  I n .  I nI

sou rce ;  = GET-MAP—SOURCEEptr;]

"name;  GET—MAP—NAME[ptr;]

t a rge t ;  = GET—MAP—TARGETEptr;] in

Lg; map ;  = sou rce ;  name ;  t a rge t ;  in

l e t  param—set  = ( sou rce1  . . .  source" )  in

l e t  between-se t  = BETHEENEspec t -n f ‚ pa ram-se t ]  in

Le t  be tween -se t -m in

(be t -spec t  ] bet -spec t  i s t  minimal i nH

be tween -se t )

( be tw1  . . .  be t )  in

.11 between-se t -min  = ( )

t hgn  ( spec t -n f  p t r l  . . .  pt r„ )

815g  [ g t  f 9 ! "  L = 1 ’  . . .  I k :

param—setL

i n t e rgec t i on  Epa ram-se t :  BASEEbetwLJ ]

( sou r - cap “1  . . .  sou rce ; . L ‚ „ L )  in

Le t  p t r - be twL

= GENERATE-MAPEbetwL: N0RH1E(betwL map ; . L ‚ 1  . . .  map ; . L ‚ „ L ) ] ‚

“S t rg -1 ,1 :  | . . .  19111"; - L ‚ „ | _ ) I  BASE[be tNLJJ  m

DIRECTE(Spec t -n f  p t r1  . . .  p t r n  p t r—be tw1  . . .  p t r - be twK) ]

16



Kap i t e l  2 Norma l f o rm  und  I n te r face
e ines  Spec te rms

COMPOSE e rwa r te t  a l s  A rgumen t  e i nen  Spec te rm  (Spec t—nf  p t r „ 1
. . .  p t r „m) ‚  wobe i  spec t -n f  e i n  Spec te rm  i n  No rmaL fo rm  i s t .
COMPOSE kompon ie r t  d i e  E rse t zungen  i n  spec t -n f  m i t  den  E rse t -
zungen  p t r2 ‚ 1 ‚  . . .  : p t r „m  und  l i e f e r t  den  Spez i f i ka t i onsnamen
aus  spec t -n f  zusammen  m i t  den  kompon ie r t en  E rse t zungen  a l s
Spec te rm  zu rück .

COMPOSE[(spec id  p t r z ‚ 1  . . .  p t r „m) ]  =

( spec id  p t r 2 ‚ 1  . . .  p t r „m)

COMPOSEEtCspecid p t r 1 ‚ 1  . . .  p t r 1 ‚ „ )  p t r „ 1  . . .  p t r „m) ]  =

-h i = 1 f  I I I  I n :Le t . ,O

U
h

0 j =1 '  uns  I m :. 1

GET-MAP-SOURCEEptr1,;]source1 , ;

name1 ‚ ;  GET—HAP-NAHEEpt r1 ‚ ; ]

GET-MAP-NAMEEptr1‚.Jt a rge t1 ‚ ;

sou rce2 ‚ ;  = GET—MAP-SOURCEEptr „ ;J

name2‚ ;  GET-MAP-NAMEEptr „ ; ]

t a rge t „ ;  = GET-MAP-TARGETEp t r2 ‚ ; ]  in

( sou rce1 ‚1  . - .  sou rce1 ‚ „ )l e t  pa ram-se t l

( sou rce „1  . . .  sou rce „m)  i nparam-set2

Le t_pa ramfse t ' ‚  =

1 ‘ .' i n t e r säc t i on “Epa ramrSe t ; iBÄSEfsbec id ] ] " _n

Le t  pa ram-se t  _ un ion  [ pa ram—se t1 ‚pa ram-se t ' ‚ ]

( sou rce ;  . . .  sou rceL )  in

17



Kap i t e l  2 Norma l fo rm und  In te r face
e ines  Specte rms

Et  !0 ! ‘  k : 1 ,  I I I  I l :

pt r1 , ;  ii [ source l ‚ ;  = source“!  and ngtmember

[ ta rge t1 ‚5 ‚  param—setgj

p t r 'K  = pt r„ ;  .ii Esou rce „ ;  = source! ] nnd ngtmgmbec

[ source„ ; ‚pa ram-se t1 ]

COHPOSE-MAPEptr1‚ ; ‚  p t r „ ; 3

j j _ [source„  = sou rce1 ‚ ; ]  gn_

[ t a rge t1 ‚ ;  = sourcez ‚ ; ]

in

( spec id  pt r ' 1  . . .  p t r 'L )

18



Kap i t e l  2 No rma l f o rm  und  I n te r face
e ines  Spec te rms

REDUCE e rwa r te t  e i nen  Spez i f i ka t i onsnamen  ode r  e i nen  Spec te rm
(spec id  p t r 1  . . .  p t r „ ) ‚  wobe i  spec id  e i n  Spez i f i ka t i onsname
i s t .  REDUCE e l im in i e r t  d i e  i den t i s chen  E rse tZungen .

REDUCEEspecid]  = spec id

REDUCE[ (spec id  p t r l  . . .  p t r „ ) ]  =

-h[ 9 t  O I "  Ii = 1 ’  I I I  I n :

sou rce ;  GET-MAP-SOURCEEptrql

name;  GET-MAP—NAMEEptri ]

t a rge t ;  = GET-MAP-TARGETEpt r ; ]  in

pa ram—se t  = ( sou rce1  . . .  source" )  inl e t

l e t  pa ram-se t - f o r - i den t i t y -maps  =

(sourceK | sourceK i s t  minimal i n  param-set und

IS - IDENTITY-MAPEpt rKJ )  in

l e t  sou rces -o f -no t - i d -maps
“

g i l l , [pa ram-se t ,param-se t - fo r - iden t i t y -maps]

( sou rce ;1  . . .  sourceqs )  in

Mi t  H i l f e  de r  Normal fo rm l äß t  s i ch  d i e  f o l gende  Re la t i on  de f i -
n ie ren  :

spec t ;  i s t  seman t i sch  Equ i va len t  zu  spec t j ,  f a l l s
NORMEspect;J = NORMEspectJJ

19



Kap i t e l  2 Norma l f o rm  und  I n te r face
e ines  Spec te rms

2 ,2 .  Das  Exgo r tgd  I ngg r fage  e i ggs  ; pgc te rms

Das  Expor ted  In te r face  ode r  e i n fach  “ I n te r f ace “  e i nes  Spec te rms
spec t  Leg t  d i e  i n  spec t  ve ruendba ren  So r ten -  und  Ope ra -
t i onssymbo le  f es t .  Es bes t immt  s i ch  aus  de r  S igna tu r  und  dem
Impo r ted  I n te r face  von  spec t .

Die  S igna tu r  e i nes  Spec te rms  spec t  i s t  bes t immt  du rch  d i e  von
spec t  e i nge füh r t en  So r ten -  und  Ope ra t i onssymbo le .

Das  Impo r ted  I n te r face  von  spec t  i s t  d i e  Ve re in i gung  des  Ex -
po r ted  I n te r f aces  a l l e r  von  Spec t  benu tz ten  Spec te rme  spec t1
. . .  spec tn  m i t  f o l gende r  Mod i f i ka t i on  :

Füh ren  zwe i  ve rsch iedene  Spec te rme  dasse lbe  So r ten -  ode r  Ope ra -
t i onssymbo l  e i n ,  so  muß d ieses  Symbo l  m i t  dem en t sp rechenden
Spec te rm  gep rä f i x t  we rden .  '

Das Expo r ted  I n te r face  von  spec t  e rg ib t  s i ch  aus  dem Impor ted
I n te r face  von  spec t  du rch  H inzu fügen  de r  S igna tu r  von  spec t .
Nun  müssen  abe r  auch  a l l e  d i e  von  e i nem benu tz ten  Spec te rm
spec t ;  e i nge füh r t en  Symbole  gep rä f i x t  we rden ,  d i e  meh rdeu t i g  i n
Bezug au f  d i e  neu  e i nge füh r t e  S igna tu r  s i nd .

EB
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Der  Algor i thmus  IFACE bes t immt

Norma l f o rm  und  I n te r face
e ines  Spec te rms

Expor ted  In te r face  e ines
Spec te rms  spec t  du rch  Bes t immung  von  Rep räsen tan ten  spec t1 ‚  . . .
‚ spec tn  f ü r  a l t e  benu tz ten  Spec te rme  und  L i s t e t  de ren  zugehö r i—
gen  So r ten  und  Ope ra t i onen  i n  de r  f o l genden  Form :

* *  THE EXPORTED INTERFACE OF spec t

SORTS FROM

OPERATIONS

SORTS FROM

OPERATIONS

SORTS FROM

OPERATIONS

SpECt l

FROM spec:1

spec t ,

FROM spect2

spec t „

FROM spectn
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Pr inz ip ie l l  kann  man das  Expor ted  In te r face  en tweder  aus  e inem
g loba len  oder  aus e inem loka len  B l i ckwinke l  be t rach ten .  In  be i -
den  Fä l l en  werden  d ie  Repräsentan ten  fü r  d ie  benutz ten  Spec te r -
me aus der  S ich t  von spec t  bes t immt .  Aus der  g loba len  S ich t
b i lden  d iese  Repräsentan ten  auch  d ie  Prä f i xe  fü r  a l l e  Sor ten -
und  Opera t ionsnamen .  Aus der  loka len  S ich t  werden  d ie  Prä f i xe
fü r  d ie  S igna tur  e ines  benutz ten  Specterms spec t ;  durch  d ie  Re -
präsentan ten  aus der  S ich t  von spec t ;  geb i lde t .
D ie  be iden  S ich twe isen  un te rsche iden  s ich  a lso  l ed ig l i ch  durch
d ie  Wah l  der  P rä f i xe  fü r  d ie  Sor ten -  und  Opera t ionsnamenp  d ie
j edoch Equ i va len t  s ind .  Der A lgor i thmus  IFACE a rbe i te t  m i t  de r
g loba len  S ich twe ise .

Ein e rs tes  Problem resu l t i e r t  aus der  Tatsache,  daß in  der
Hiera rch ie  von  spec t  semant isch  äqu iva len te  Spec te rme  au f t re ten
können .  Im  In te r face  so l l  j edoch  nur  e in  Repräsentan t  e iner '
Äquivalenzklasse aufgeführ t  se in .  Der Algorithmus IFACE lös t
d ieses  Prob lem,  indem er  nach  der  "dep th—f i rs t -  Me thode“  d ie
H ie ra rch ie  von  spec t  durch läu f t  und  den  e rs ten ,  in  d ieser
Re ihen fo lge  au f t re tenden  Repräsentan ten  e iner  Kqu iva lenzk lasse
in  das  In te r face  au fn immt .

Ein  we i te res  Problem en ts teh t  durch  d ie  g loba le  S ich twe ise :  d ie
d ie  L is te  der  gü l t igen  Prä f i xe  fü r  Sor ten  e iner  Opera t ion
g loba l  de f in ie r t .  Das hat  zur  Fo lge ,  daß d ie  von einem Specterm
spec;  loka l  f es tge leg ten  Prä f i xe  n ich t  m i t  den  von spec t  g loba l
fes tge leg ten  Prä f i xe  übere ins t immen müssen.  Das nachfo lgende
Be isp ie l  ve ranschau l ich t  d iese  Prob lemat ik  :

Beisp ie l  :

Es ge l te  :

* USED-SPECTSEspec tJ  l i e fe r t  a l l e  Spec te rme  im  In te r face
von  spec t  nach  der  Methode  dep th - f i rs t

* spec t ; ‚ spec t ;  € USED-SPECTSEspect]

* spec t ; ‚K  € USED-SPECTSEspect i l  und führ t  d ie  Sor te  s neu
e in

* spec t ; ‚K  € USED-SPECTSEspect33 und führ t  d ie  Sor te  s neu
e in

* spect; ‚K i s t  semantisch Equ i va len t  zu spec t ; ‚ „
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* spec t ;  de f in ie r t  e ine  neue Opera t ion  op ;  : —-> spec t i ‚ „ . s

* spec t ;  de f in ie r t  e ine  neue  Opera t ion  op ;  : - - >  spec t„„ .s

Aus der  S ich t  von  spec t  L ieg t  en tweder  spec t ; ‚ „  oder  spec t ; ‚ „
im  In te r face .  Se i  e twa  spect ‚ - ‚K  e USED-SPECTSEspect] .  Dann
fo lg t ,  daß  spec t ] ,K  ke in  gü l t ige r  P rä f i x  i s t  im In te r face  von
spec t :  sodaß d ie  Operat ion op ; ‚  d ie  d ie  Sorte spec t ; ‚ „ . s  re fe -
r i e r t :  e rs t  ins  In te r face  au fgenommen werden  kann;  nachdem der
Prä f ix  spec t ; ‚K  durch  spec t ; ‚K  e rse tz t  worden is t .  Desha lb  muß
der  A lgor i thmus  IFACE be i  de r  Bestimmung der  Opera t ionen  e ine
Umrechnung  der  loka l  gü l t igen  Prä f i xe  in  d ie  g loaba l  gü l t igen
Prä f ixe  durch führen .

Eine we i te re  Anforderung bes teht  dar in ,  daß nur “benutzer -
def in ie r te  Spec te rme“  in  das  In te r face  au fgenommen werden  so l -
l en .  Auf so lche  Specterme dür fen  vom System ke ine
Äquiva lenzumformungen angewendet worden se in ,  w ie  e twa  Komposi-
t ion  von  Abb i ldungen  oder  E in fügen  von  App l ika t ions -
Abbi ldungen .  D ie  Funk t ion  BASE ( 2 .1 . )  zur  Bestimmung der  durch
spec t  _benutz ten  Spec te rme  is t  in  d iesem A lgor i thmus  aus  zwe i
Gründen n ich t  gee igne t  und w i rd  durch  d ie  Funk t ion  USED-SPECTS
erse tz t  :

1 .  BASEEspect]  l i e fe r t  d ie  von spec t  benutz ten  Specterme außer
spec t  se lbs t :  während  USED-SPECTSEspec t ]  a l l e  benutz ten
Specterme l i e fe r t  e insch l ieß l i ch  spec t .

2 .  BASEEspec t ]  l i e fe r t  Spec te rme  in  Norma l fo rm:  während
USED-SPECTSEspectJ Repräsentan ten  aus der  g loba len  S ich t  von
spec t  bes t immt .
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I dee  des  A lgo r i t hmus  ;FACE

Der  A lgo r i t hmus  IFACE bes t immt  das  Expor ted  In te r face  e ines
Spec te rms  spec t  i n  v i e r  Haup tsch r i t t en :

1 .  bes t imme  d ie  Rep räsen tan ten  de r  von  spec t  benu tz ten
spec te rme
(Funk t i on  USED—SPECTS)

2 .  bes t imme  d ie  So r ten  und Ope ra t i onen  d iese r  Rep räsen tan ten
(Funk t i onen  SORTS-OF und  opus -o r )

3 .  bes t imme  d ie  So r tenabb i l dung  de r  Rep räsen tan ten .
D ie  So r tenabb i l dung  w i rd  benö t i g t :  um d ie  Ope ra t i onen  j e -
des  Rep räsen tan ten  anpassen  zu  können .  Aus  de r  So r tenab -
b i l dung  e rg i b t  s i ch  d i e  Umrechnung  de r  l oka l  gü l t i gen '
Prä f i xe  i n  d i e  g l oba l  gü l t i gen  P rä f i xe .  Außerdem be inha l -
t e t  d i e  So r tenabb i l dung  d ie  Abb i l dung  de r  impo r t i e r t en
So r ten  gemäß den  E rse t zungen  i n  dem en t sp rechenden  Rep rä -
sen tan ten  und  d i e  i den t i s che  Abb i l dung  de r  i n  d i esem Re-
p räsen tan ten  neu  e i nge füh r t en  So r ten .  Absch l i eßend  we rden
d ie  P rä f i xe  vo r  e i ndeu t i gen  Z ie l so r t en  i n  de r  Sor tenab—
b i l dung  en t f e rn t .
(Funk t i on  GET-SORTMAP—OF)

4 .  passe d ie  So r ten  de r  Ope ra t i onen  gemäß d iese r  Sortenab—
b i l dung  an  -
(Funk t i on  GET-UPDATE-OPH)

Die Sch r i t t e  3 und 4 s ind  no twend ig ,  da  i n  e i ne r  Ope ra t i on  e i -
nes  benu tz ten  Spec te rms  spec t ;  z .B .  So r ten  re fe r i e r t  we rden
können ,  d i e  du rch  e i ne  E rse t zung  i n  spec t ;  abgeb i l de t  we rden .
D ies  w i rd  i n  e i nem e in fachen  Be i sp ie l  ve rdeu t l i ch t  :
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Be '  i :

Se i  se t {e lem - ->  na t }  e in  Repräsentan t  aus  dem zu  bes t immenden
In te r face .  Se ien  d ie  Spez i f i ka t ionen  se t :  e lem und  na t  de f i -
n ie r t :

SPEC se t
USE e lem
SORTS se t
OPS gense t :  e l em - ->  se t

SPEC e lem
USE boo l
SORTS e lem

SPEC na t
USE boo l
SORTS na t

Außerdem se i  boo l  w ie  üb l i ch  de f in ie r t .
D ie  Abb i ldung  e lem - ->  na t  se i  durch  fo lgende  Sor tenabb i ldung
def in ie r t  : e l em ->  na t

Schr i t t 2  bes t immt  fo lgende  Sor ten  und  Opera t ionen  fü r
set{e lem -—> ha t }  : ‘

Sor ten  : se t
Opera t ionen  : gense t :  e lem -—> se t

Schr i t t 3  bes t immt  fo lgende  Sor tenabb i ldung  fü r
se tCe lcm ——> ha t }  :

Sor tenabb i ldung  : e lem ->  na t

Schr i t t é  mod i f i z i e r t  d ie  S te l l igke i t  de r  Opera t ion  gense t  w ie
fo lg t  :

genset :  na t  - ->  set
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Beze iohne r  und  de ren  Bedeu tung  i a  A lqo r i t ggus  :

spec t

spec id

map

i f ace -spec t s ;

i f ace -spec t s

USE-CLAUSE—OFEspec id ]

SORTS-CLAUSE-OFEspecid]

OPS-CLAUSE—OFEspecid]

S INGLEs -OFEso r t s—l i s t l y  . . .
' so r t s—ls t „3

TARGET-OFEmap]

SOURCE-OFEmap]

es

Spec te rm  ( 3 .2 .1 . )

Spez i f i ka t i onsname

Map te rm  ( 3 .2 .1 . )

L i s te  de r  Loka l  zu  spec t ;  gü l -
t i gen  P rä f i xe

L i s te  de r  g l oba l  gü l t i gen  e ra - ‘
f i xe :  a l so  aus  de r  S i ch t  von
spec t

USE-K lause l  von  spec id  (Abb .4 )

SORTS-K lause l  von  spec id
(Abb .4 )

OPs—Klause l  von  spec id  (Abb .4 )

bes t immt  d i e  L i s t e  de r  So r ten :
d i e  i n  genau  e ine r  de r  L i s t en
so r t s - l s t 1  . . .  so r t s - l s t n  au f -
t r e ten

bes t immt  das  Z ie l  von  map

bes t immt  d i e  Que l l e  von  map
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GET-SORTMAP-OFEspect4 ‚
i f ace -so r t s ; ‚  i f üCE“SpeCts i '
i f a ce -spec t s ‚  s i ng le—sor t s ]

UPDATE-OPHEopheade r ‚ so r tmap l

I FACE-UNIONEspec t—ls t1 ‚
spec t - l s t „ ]
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bes t immt  d i e  vo l l s t änd ige
So r tenabb i l dung  f ü r  den
Repräsen tan ten  spec t ; ‚  um d ie
Opheader  OPHS-OF lspec tq l  an -
passen  zu  können .  D ie
Sor tenabb i l dung  f ü r  den  Rep rä -
sen tan ten  spec t ;  be inha l t e t
neben  de r  Umrechnung de r  l oka l
gü l t i gen  P rä f i xe  ( i f ace—
spec t s ; )  i n  d i e  g l oba l  gü l t i -
gen  P rä f i xe  ( i f ace -spec t s )
auch  d ie  Abb i l dung  de r  impo r -
t i e r t en  So r ten  gemäß den
Erse t zungen  i n  spec t ;  und  d i e
i den t i s che  Abb i l dung  de r  von
spec t ;  neu  e i nge füh r t en  So r ten
i f a ce—sor t s i .  Ansch l i eßend
wi rd  f ü r  j edes  Paa r  ( o l d—
sor t i d  . new-so r t i d )  de r
Sor tenabb i l dung  gep rü f t ,  ob
new—sor t i d  gep rä f i x t  i s t  und
e indeu t i g  ( s i ng le - so r t s )  i s t
im  I n te r f ace  von  spec t .  wenn
das  de r  Fa l l  i s t ,  w i r d  d i eses
Paa r  du rch  (o l d - so r t i d  . new-
so r t i d -unp re f i xed )  e r se t z t ,
wobe i  new-so r t i d -unp re f i xed
aus  new-so r t i d  du rch  En t f e rnen
des  P rä f i xes  i n  new-so r t i d
en ts teh t .

bes t immt  aus  —der Ope ra -
t i onsdek la ra t i on  opheade r  e i ne
neue  Ope ra t i onsdek la ra t i on
du rch  Anwenden  de r  So r tenab -
b i l dung  au f  a l l e  So r ten  von
opheade r

bes t immt  d i e  Ve re in i gungs l i s t e
de r  Spec te rm-L i s ten  spec t—ls t1
b i s  spec t - l s t n  w ie  f o l g t :
spec t - l s t 1  i s t  i n  de r  E rgeb -
n i s l i s t e .  Fü r  j ede  Spec te rm-
L i s te  Spec t - l s t ; ‚  i = 2 ;  . . .  I
n w i rd  sukzess i ve  f ü r  j eden
Spec te rm  spec t ; ‚ ; 1  übe rp rü f t ,
ob  spec t ; ‚ ; 1  äqu i va len t  i s t  zu
e inem Spec te rm  spec t  aus  de r
Ergebn i s l i s t e .  T r i f f t  d i es
n i ch t  zu :  dann  w i rd  spec t ; ‚ ; 1
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in  d i e  E rgebn i s l i s t e  au fgenom-
men ,  ande rn fa l l s  n i ch t .

l i s t [ ( spec t1  so r t s1  ophs1 ) ‚  l i s t e t  d i e  Spec te rme  spec t ;
. . . und  de ren  So r ten  so r t s ;

( spec tn  so r t sn  ophs „ ) ]  und  Ope ra t i onen  ophs ;  gemäß
dem oben  angegebenen  Schema .

i s ' i “C lUS i °nE lS ta r  l s t 3 ]  l i e f e r t  TRUE, f a l l s  j edes  Ele—
ment  de r  L i s t e  l s t ;  i n  de r  L i -
s te  l s t ;  en tha l t en  i s t ;
NIL  sons t
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A lgo r i t hmus  IFACE :

IFACE e rwa r te t  e i nen  Spec te rm  spec t  und  l i s t e t  das  Expor ted  I n -
t e r f ace  von  spec t  gemäß  den  Sch r i t t en  1 b i s  4 .

IFACEtspec t ]  =

l e t  i f ace -spec t s  USED-SPECTSEspect ]

( spec t l  . . .  spec t „ )  in

Lg; ig; i = 1 :  . . .  , n

i f ace -so r t s ;  = SORTS-OFEspec t ;J

ophs ;  = OPHS-OFtspect i l

i f a ce—spec t s ;  = USED-SPECTSEspec t i l  in

S INGLES-OFE i face—sor t51 ‚  . . .lll e t  s i ng le - so r t s

‚ i f a ce -so r t s „ ]

( s i ng le ;  . . .  s i ng le “ )  in

Lg; so r tmap ;

= GET-SORTMAP—OFEspec t ; ‚  i f ace—sor t s ; ‚

i f a ce -spec t s ; ‚  i f ace -spec t s ‚  s i ng le - so r t s ]  in

Lg; i f ace—ophs ;  = UPDATE-OPHEophs; ‚  so r tmapq l  in

L i s t  [ ( spec t1  i f ace -so r t s1  i f ace -ophs l )

( spec t  i f ace -so r t sn  i f ace -ophs „ ) ]
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USED—SPECTS bes t immt  f ü r  e i nen  Spec te rm  spec t  d i e  L i s t e  ( spec t l
. . .  spec t „ )  der Repräsentanten der benutzten Specterme e in -
sch l i eß l i ch  spec t  se lbs t .

USED-SPECTSEspecid]  =

lll e t  use—c lause  USE-CLAUSE-OF lspec id ]

( spec t1  . . .  spec tL )  in

IFACE-UNIONE(spec id ) ‚  USED-SPECTSEspec t1 ] ‚  . . .

USED—SPECTSEspectLJJ

USED—SPECTSEspect map;  . . .  map„3 =

[E t  f o r  i = 1 ’  I I I  I n :

t a rge t ;  = TARGET—OFEmap;J

sou rce ;  = SOURCE-OFEmap;]

e t  be tween -se t

= d i f f  [USED-SPECTS [ spec t ] :

un ion  EUSED-SPECTSEsource1]: . . .

' USED-SPECTSEsource„ ]3

(be tw1  . . .  be t )  in

. ! - _§ .E . . f _ °_ ' : . j =1 r . . . r k :

used -maps -spec t ;  =

(mapm I USINGEbetwi, sourceml) in

I FACE-UNION [USED-SPECTS [ t a rge t l l ’  . . .  ,

USED-SPECTSEtargetn]:

( (  spec t1  used—maps -spec t l )  . . .

( spec tK  used -maps -spec tK  ) )

30



Kap i t e l  2 ' Normal fo rm und  I n te r face
e ines  Spec te rms

USING e rwa r te t  zwe i  Spec te rme  spec t ;  und  spec t ;  und  übe rp rü f t ,
ob  spec t ;  spec t ;  benu tz t .

USINGEspec t4 ‚  spec t51

= i g y i nc l us i on  [ un ion  [NORMESpect ; ] ‚  BASEEspec t ; ] ] ‚

un ion  [ (NORMEspec t ; ] ) ‚  BASEEspec t i l l l

SORTS-OFEspec id ]  = SORTS-CLAUSE—OFEspecid]

SORTS-OFEspect map; . . .  map") = SORTS-OFEspect]

OPHS-OFEspec idJ  % OPS-CLAUSE-OFEspec id ]

OPHs-OFEspect map1 . . .  mapn ]  = OPHS-OFEspec t ]
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3 .  Benu tze ran le i t unq

3 .1 .  A l l geme ine  Besch re ibung  des  E ingabed ia l ogs

Der  Au f ru f  des  E ingabesys tems  e r f o l g t  m i t  e i nem de r  f o l genden
Kommandos :

Auf dezm F i l e l eve l  :

INPUT SPEC spec id :  f a l l s  d i e  Spez i f i ka t i on  spec id  neu  i s t .
INPUT SPECFROM f i l ename :  f a l l s  d i e  Spez i f i ka t i on  au f  de r
Da te i  f i l ename  s teh t .

Im  Ed i t o r

INPUT,  f a l l s  d i e  ed i t i e r t e  Spez i f i ka t i on  e rwe i t e r t  we rden
so l l .

Nach dem S ta r t  des  E ingabesys tems  w i rd  zue rs t  f o l gende  Vo r -
bed ingung  übe rp rü f t  :
Der Syn taxbaum e ine r  a l t en  Spez i f i ka t i on  l äß t  s i ch  i n  zwe i  Te i -
l e  ze r l egen ;  i n  e i nen  vo l l s t änd ig  ge fü l l t en :  kon tex t f r e i  und
kon tex t sens i t i v  ko r rek ten  l i nken  Te i l  sow ie  i n  e i nen  l ee ren
rech ten  Te i l .  De r  Syn taxbaum e ine r  neuen  Spez i f i ka t i on  i s t
l ee r .  Außer  d i ese r  Vo rbed ingung  g ib t  es  noch  e i ne  mehr  t echn i -
sche  Bed ingung .  De r  nächs te  l ee re  Kno ten ,  au f  den  be i  de r  E in -
gabe  e ine r  a l t en  Spez i f i ka t i on  pos i t i on ie r t  we rden  so l l ,  muß
e in  Haup tkno ten  se in  (Abb .3 ) .  Dam i t  de f i n i e r t  man  e indeu t i ge
"Au f se t zpunk te "  f ü r  e i ne  a l t e  Spez i f i ka t i on .  Das von  d i esen
Au fse tunk ten  geb i l de te  Ras te r  i s t  a l s  Kompromiß  zw i schen
Benu tze r f r eund l i chke i t  und  P rog rammie rau fwand  en t s tanden .

Wenn das  E ingabesys tem ak t i v i e r t  w i r d  und  a l l e  Vo rbed ingungen
e r fü l l t  s i nd ,  w i rd  au f  den  nächs ten  Haup tkno ten  im  Syn taxbaum
pos i t i on ie r t .  Fa l l s  d i e  E ingabe  au toma t i sch  gene r i e r t  we rden
kann ,  e r zeug t  SPESY d iese  E ingabe  und  f o rde r t  we i t e re  E ingabe
an .  D iese  sys temgene r i e r t en  Te i l e  e i ne r  Spez i f i ka t i on  s i nd  i n
Abb .4  spez ie l l  gekennze i chne t .  80  kann  e ine  ganze  K lause l  gene -
r i e r t  we rden  (2 .8 .  de f i ne -ca r r i e r s - c l ause ) ‚  e i n  K lause le l emen t
ode r  auch  nu r  e i n  K lause l sch lüsse lwo r t  ( s i ehe  5 .2 .  3 .109 :  ops -
cLause ,  8 .115 :  de f i ne -ops -c l ause ) .  De r  Benu tze r  kann  se ine  E in -
gabe  b i s  zu  e i ne r  be l i eb igen  sogenann ten  P romp tpos i t i on  f o r t -
se t zen ;  d .h .  b i s  zu r  nächs ten ,  im  Ex t remfa l l  b i s  zu r  l e t z t en
Promp tpos i t i on  im  Syn taxbaum (Abb .4 ) .  D ieses  Konzep t  e r l aub t  es
dem m i t  ASP IK  ve r t r au ten  Benu tze r ,  se i ne  Spez i f i ka t i on  an  e i nem
Stück  e i nzugehen ,  wäh rend  de r  une r fah rene  Benu tze r  du rch  d i e
Syn tax  “ge lo t s t ”  w i r d .  Zusä t z l i ch  i s t  es  mög l i ch .  e i ne  Spez i f i—
ka t i on  von  e i ne r  Da te i  zu  l esen .  T r i t t  h i e rbe i  e i n  Feh le r  au f
ode r  w i rd  das  Ende  de r  Spez i f i ka t i on  e r kann t :  so  scha l t e t  SPESY
au f  E ingabe  vom B i l dsch i rm  um und  beende t  das  E in l esen  von  de r
Date i .
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Fa l l s  das  System i n  de r  Benu tze re ingabe  ke inen  Feh le r  en tdeck t :
kann  de r  D ia l og  w ie  vo rhe r  besch r i eben  f o r t gese t z t  we rden .  An -
sons ten  w i rd  e i ne  Feh le rme ldung  ausgegeben :  aus  de r  d i e  Feh le r -
u r sache  und  d i e  Pos i t i on :  ab  de r  d i e  E ingabe  even tue l l  igno—
r ie r t  wu rde :  he rvo rgeh t .  G le i chze i t i g  w i rd  de r  D ia l og  an  d i e
l e t z te  P romp tpos i t i on  de r  Haup tkno ten  zu rückgese tz t :  sodaß  de r
Benu tze r  den  Feh le r  ko r r i g i e ren  kann .  D iese  P romp tpos i t i onen
s ind  i n  Abb i l dung  4 du rch  PP da rges te l l t .

D ie  a l t e  SPESY-Ve rs i on  l i s t e te  eben fa l l s  d i e  Feh le rme ldung :
abe r  es  gab  ke ine  Mög l i chke i t :  den  Feh le r  noch  wäh rend  de r  E in -
gabe  zu  ko r r i g i e ren .  D ieses  Ve rha l t en  resu l t i e r t e  eben fa l l s  aus
de r  zug runde  ge leg ten  En twu r f sph i l osoph ie  f ü r  Spez i f i ka t i onen :
d ie  es  ges ta t t e te :  unde f i n i e r t e  Beze i chne r  zu  ve rwenden :  d i e
e rs t  spä te r  de f i n i e r t  we rden  b rauch ten .  So muß te  man  be i  e i nem
Feh le r  zue rs t  du rch  den  ganzen  D ia l og  b i s  zum Ende  de r  Spez i f i -
ka t i on  gehen  : um dann  d ie  Spez i f i ka t i on  m i t  dem Ed i t o r  ( a l l e r -
d ings  Ohne Un te rs tü t zung )  ko r r i g i e ren  zu können .
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s
p
e ——- USE
c

——— SORTS

heade r  ‚__

——— OPS

_—— PROPS

Abh.3

r—— CONSTRUCTORS

AUXILIARIES

——— DEFINE
AUXILIARIES

DEFINE
CARRIERS

body

DEFINE
CONSTRUCTOR
OPS

-—- PRIVATE
OPS

___ DEFINE
OPS

Benu tze ran le i t ung

use -e lemen t  . . .

so r t s -e l emen t  . . - .

ons—e lemen t  . . .

p rops -e lemen t  . . .

cons t ruc to r s -
e l emen t  . . .

aux i l i a r i es -
e lemen t  . . .

de f i ne—
aux i l i a r i es -
e lemen t  . . .

de f i ne -
ca r r i e r s -  . . .
e lemen t

de f i ne -
cons t ruc to r -  . . .
ons -e lemen t

p r i va te -
ops -e lemen t  . . .

de f i ne -
ops—e lemen t  . . .

St ruk tu r  des  Syn taxbaumes  e ine r  Spez i f i ka t i on .
Haup tkno ten
n i ch t  umrahmten  Kno ten .
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Kap i t e l

Spec i f i ca t ion  : .

3 Benutzeran le i tung

PP SPEC PP spec id  [ ; ]

[ PP comment  [ ; ] ]

PP

E PP

[ PP

USE

SORTS

OPS

SPEC-

[ PP

E pp

PP

E PP

[ PP

[ PP

PP ENDSPEC-

Abb.fi  :

( PP use -e lemen t  E comment ] )  . . .  ;

[ PP sor ts -e lement  [ coment ] ]  . . .  ; ]

[ PP ops -e lemen t  [ comment] ]  . . .  ; ]

BODY

PP cons t ruc tors -e lement
comment  ] ]  . . .  [ ; 3 ]

CONSTRUCTORS

I‘l
l-1

AUXIL IAR IES  [ PP aux i l i a r i es -e l emen t
E commen t  ] ]  . . .  ;

DEF INE-AUXIL IARIES  [ PP de f ine—aux-e lement
[ comment ] ]  . . .  [ ; ] J

DEFINE—CARRIERS [ PP de f ine -car r i e rs—element
[ comment] ]  . . .  [ ; ]

DEFINE—CONSTRUCTORS E PP de f -cons -e lement
[ comment ] ]  . . . [ ; ] ] ]

PRIVATE-OPS [ PP pr iva te -ops -e lement
[ comment ] ]  . . .  [ ; ]

DEFINE-OPS E PP de f ine -ops -e lement
[ comment  ] ]  . . .  [ ; ] J ]

Syntax  e iner  Spez i f i ka t ion  b is  zu  den  K lause le lementen
ohne Berücks ich t igung  der  Leerze ichen  und Kommata.
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No ta t i on  :

kennze i chne t  d i e  au toma t i sch  gene r i e rba ren
Te i l e  e i ne r  Spez i f i ka t i on .

GROSSCHREIBUNG kennze i chne t  d i e  Te rm inaLSymbo le .

: :  t r enn t  l i n ke  und  rech te  Se i t e  e i ne r  Rege l .

( )  s i nd  Me ta -K lammern .

[ ]  unsch l i eßen  op t i one le  Te i l e .

PP kennzeichnet d i e  Promptposit ionen an den Hauptknoten.
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In de r  neuen  Vers ion  s tehen  dem Benu tze r  an  jeder  Promptpos i -
t ion  außer an den Promptpositionen in  den Operationsschemata
der  de f ine—aux i l i a r i es—clause  und  der  de f ine—ops-c lause  d re i
versch iedene  A l te rna t iven  zur  Ver fügung  (s iehe  5 .2 .  8 .107z f )  :

1 .  den D ia log  we i te r  fo r tse tzen

2 .  das  System nach He lp - In fo rmat ionen  f ragen
(Kommando HELP oder  H oder  ? )

3 .  den  D ia log  beenden  mi t  Abspe ichern  der  Spez i f i ka t ion
(Kommando END)

D ie  zu le t z t  genannte  Mög l ichke i t  beende t  den  E ingabed ia log :
wonach  s ich  der  Benutze r  im  Ed i to r  be f inde t  bzw.  au f  dem
FILELEVEL:  fa l l s  d ie  Spez i f i ka t ion  vo l l s tänd ig  i s t .
An den Promptpos i t ionen  der  de f ine -car r i e rs -c lause  und der
def ine—const ruc tor -ops—clause  bes tehen  d iese '  Mög l ichke i ten
n ich t ,  um den  Programmierau fwand  fü r  d iese  K lause ln  in  e inem
ver t re tbaren  Rahmen zu  ha l ten ,  da  in  der  Rege l  g rößere  Te i l e
d ieser  K lause ln  oder  sogar  d ie  gesamten  K lause ln  au tomat isch
gener ie r t  werden  können .

Zusammenfassend g ib t  es  in  der  neuen  SPESY-Vers ion d re i  wesent—
l iche  Änderungen :

1 .  Kontex tsens i t i ve  Feh le rprü fungen  f inden  schr i t tha l tend
mi t  de r  E ingabe  s ta t t  und e r lauben  e ine  f rühes tmög l iche
Feh le re rkennung .  Der  D ia log  w i rd  zurückgese tz t  und  e ine
Korrek tur  e rmög l ich t .

2 .  D ie  E ingabe  e iner  Spez i f i ka t ion  kann  an  bes t immten:  durch
d ie  ASPIK—Syntax  vorgegebenen  Promptpos i t ionen  beendet
und  zu  e inem spä te ren  Ze i tpunk t  fo r tgese tz t  werden .  Das
E ingabesys tem se tz t  dann  be i  de r  P romptpos i t ion  au f :  d ie
au f  das  l e t z te  kor rek t  e ingegebene  K lause le lement  fo lg t ,
a lso  w ieder  an e inem Hauptknoten .

3 .  Das  E ingabesys tem vera rbe i te t  Spez i f i ka t ionen:  d ie  aus
e iner  Da te i  e inge lesen  werden .

Außer d iesen  konzept ione l l en  Änderungen e rgaben  s ich  noch Er -
gänzungen:  d ie  au f  mehr E ingabekomfor t  abz ie l ten :

- Nach  jedem K lause le lement  kann  der  Benutze r  Kommentare
e ingeben ,  d ie  mi t  IN beg innen  und mi t  */ enden (s iehe  5 .2 .
8 .111 ) .

- Die  He lp - In fo rmat ionen  an j eder  Promptpos i t ion  s ind  mehr -
s tu f ig  und  somi t  au f  d ie  ve rsch iedenen  Vorkenntn isse  und
Erfahrungen anpaßbar. I s t  d ie  angeforderte Help—
I n fo rmat ion  zu  a l lgeme in  geha l ten ,  so l i e fe r t  e in  e rneu tes
Help -Kommando  de ta i l l i e r te re  Auskünf te  zur  ak tue l l en  Pro—
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mptpos i t i on  ( s i ehe  5 .2 .  S.122 : f ) .
- Die  res t r i k t i ven  Beze i chne rkonven t i onen  de r  a l t en  Ve rs i on

wurden  we i t gehend  au fgehoben :  sodaß  de r  Benu tze r  mög l i chs t
f r e i  se i ne  Beze i chne r  wäh len  kann .
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3 .2 .  De r  E ingabed ig l og  amZB i l dsch i rm

Nachdem das  E ingabesys tem m i t  den  dazugehö renden  Modu ln  ge laden
i s t :  me lde t  es  s i ch  be im  Benu tze r  m i t :

********  I N P u T‘L E v E L F o R s P E c s **** t***
Hat  de r  Benu tze r  be im  INPUT-Kommando  au f  dem F ILELEVEL  e inem
neuen  Spez i f i ka t i onsnamen  angegeben :  so  pos i t i on ie r t  das  Sys tem
au f  d i e  commen t - c l ause  und  p romp te t :

ENTER COMMENT OR ;

So l l  dagegen  e ine  be re i t s  bes tehende  Spez i f i ka t i on  e rwe i t e r t
we rden :  so  i s t  das  Sys tem:  f a l l s  a l l e  no twend igen  Vo rbed ingun -
gen  e r f ü l l t  s i nd :  au f  d i e  l e t z t e  K lause l  des  ge fü l l t en  Te i l -
baumes  de r  Spez i f i ka t i on  pos i t i on ie r t .  I s t  d i ese  K lause l
be re i t s  vo l l s t änd ig  ge fü l l t :  so  w i rd  au f  d i e  nächs t f o l gende
K lause l  ( s i ehe  Abb .5 )  pos i t i on ie r t .  Das  Sys tem p romp te t  an -
sch l i eßend  ( s i ehe  5 .2 .  8 .109 :  ops -c l ause  :S .115 :  de f i ne -ops -
c l ause )  :

ENTER <c lause -e lemen t>  COMMENT OR ;

Der  Zusa t z  " OR ; “ en t f ä l l t  be i  a l l en  K lause l  i n  de r  e r s ten
Promp tme ldung :  d i e  m indes tens  e i n  K lause le l emen t  en tha l t en  müs -
sen :  so  z .  B .  be i  de r  use -c l ause .

I s t  e i ne  Spez i f i ka t i on  be re i t s  vo l l s t änd ig  und  ko r rek t :  w i r d
d ies  dem Benu tze r  m i t ge te i l t  und  zum FILELEVEL zu rückgesp rungen
(s i ehe  5 .2 .  8 .119  un ten ) .  Kann das  E ingabesys tem ke inen  ko r rek -
t en  “Au f se t zpunk t ”  i n  e i ne r  bes tehenden  Spez i f i ka t i on  f i nden :
we i l  d i ese  2 B .  n i ch t  ko r rek te  K lause ln  en thä l t :  w i r d  e i ne  en t -
sp rechende  Feh le rme ldung  ausgegeben  und  zum Ed i t o r  f ü r  Spez i f i -
ka tonen  zu rückgesp rungen .

wurde e i ne  ko r rek te  S ta r t k l ause l  vom E ingabesys tem ge funden :  so
können  so lange  K lause le l emen te  f ü r  d i e  noch  auss tehenden  K lau -
se ln  e i ngegeben  we rden :  b i s  en twede r  e i n  END-Kommando  e ingege -
ben  wu rde  ode r  das  Ende de r  Spez i f i ka t i on  e r re i ch t  w i rd .  E ine
K lause l  kann  exp l i z i t  du rch  d i e  E ingabe  e ines  Semiko lons :  e i nes
END-Kommandos  ode r  du rch  e i n  K lause l sch lüsse lwo r t  abgesch lossen
werden .  D ie  K lause ln :  d i e  e i ne  f es te  Menge von  E lemen ten  en t -
ha l t en  müssen :  we rden  nach  E ingabe  des  l e t z ten  K lause le l emen tes
vom Sys tem beende t  ( s i ehe  5 .2 .  3 .123 :  de f i ne -aux i l i a r i es -
c l ause ) .  D ie  K lause le l emen te  s i nd  be i  de r  de f i ne -aux i l i a r i es -
c lause  du rch  d i e  Menge de r  aux i l i a r i es :  be i  de r  de f i ne—
ca r r i e r s - c l ause  du rch  d i e  Menge  de r  neuen  So r ten :  be i  de r
de f i ne -cons t ruc to r -ops -c l ause  du rch  d i e  Menge  de r  Kons t ruk to ren
und  be i  de r  de f i ne -ops -c l ause  du rch  d i e  Menge  de r  noch  n i ch t
a l s  aux i l i a r y  ode r  Kons t ruk to r  de f i n i e r t en  Ope ra t i onen  vo rgege -
ben .  D ie  Re ihen io l ge :  i n  de r  d i e  K lause ln  e i ne r  Spez i f i ka t i on
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du rch  das  E ingabesys tem gep romp te t  we rden  und  we l che  K lause ln
wann  übe rsp rungen  we rden ,  we i l  s i e  l ee r  se in  müssen ;  i s t  i n  Ab -
b i l dung  5 da rges te l l t .

Be i  de r  E ingabe  e ine r  Spez i f i ka t i on  muß  da rau f  geach te t  we rden ,
daß d ie  Ze i l en  m i t  B lanks  au fge fü l l t  s i nd  Und ke in  end -o f—l i ne
Ze i chen  bzw .  ke in  end -o f - t ex t  Ze i chen  da r i n  en tha l t en  i s t ,  wenn
d ie  Länge  e ines  K lause le l emen tes  e i ne  ode r  meh re re  Ze i l en  übe r—
sch re i t e t  ode r  e i n  K lause le l emen t  s t r uk tu r i e r t  e i ngegeben  wer—
den so l l .  Außerdem muß am Anfang j ede r  Fo lgeze i l e  de r  Eingabe
mindes tens  e i n  Lee rze i chen  s tehen .

An a l l en  P romp tpos i t i onen  auße r  an  de r  P romp tpos i t i onen  i n  den
Opera t i onsschema ta  de r  de f i ne—car r i e r s - c l ause  und  de r  de f i ne -
cons t ruc to r -ops -c l ause  ha t  de r  Benu tze r  d i e  Mög l i chke i t ,  den
Dia lög  m i t  dem END—Kommando zu  beenden  ode r  He lp—In fo rma t i on
mi t  dem Help-Kommando abzu f ragen .  Deshalb muß an d i esen  Pos i -
t i onen  da rau f  geach te t  we rden ,  daß :  f a l l s  ke ines  d i ese r  Kom-
mandos  e i ngegeben  we rden  so l l ,  das  e r s te  Te i l s t ück  de r  f o l gen -
den  E ingabe  n i ch t  m i t  e i nem de r  wö r te r  “HELP" ,  "H " ,  " ? "  ode r
"END" übe re ins t immt .  Um d iesen  Kon f l i k t  zu  ve rme iden ,  emf i e l t
es  s i ch ,  ke ine  Va r i ab len  ode r  Ope ra t i onsnamen  zu  b i l den ,  d i e
a l s  Ganzes  ode r  a l s  Te i l s t ück  e i nes  d i ese r  Wör te r  en tha l t en .
So l l t e  es  abe r  t r o t zdem e r f o rde r l i ch  se in ;  daß  nach  e i ne r
Promp tpos i t i on  i n  e i nem Ope ra t i onsschema  e ines  d i ese r  Wör te r
s tehen  muß ,  so  kann  man  d iesen  Kon f l i k t  umgehen ;  i ndem man übe r
d iese  P romp tpos i t i on  h i naus  E ingabe  zu  Ve r fügung  s te l l t .  D ie
Mög l i chke i t ,  den  D ia l og  zu  beenden  ode r  He lp—In fo rma t i on  anzu -
f o rde rn ,  bes teh t  n i ch t  be i  den  P romp tpos i t i onen  de r  Ope ra t i ons -
schema ta  i n  de r  de f i ne -ca r r i e r s - c l ause  und  i n  de r  de f i ne -
cons t ruc to r—ops -c l ause .  D iese  E insch ränkung  wa r  no twend ig ,  um
den  P rog rammie rau fwand  und  den  dam i t  ve rbundenen  Ze i t au fwand
f ü r  d i ese  K lause ln  i n  e i nem ve r t r e tba ren  Rahmen  zu  ha l t en .

Die  i n  de r  de f i ne—car r i e r s—c lause  e i nzugebenden  cha rak te r i s t i -
schen  P räd i ka te  können ,  wenn  de r  Benu tze r  d i es  w i l l ,  ex l i z i t
e i ngegeben  we rden .  S ie  müssen  dann  de r  i n  3 .3 .4 .  besch r i ebenen
Fo rm en t sp rechen  ( s i ehe  5 .2 .  S .124 : f :  i s—s tack ) .  Sch l i eß t  de r
Benu tze r  d i e  de f i ne -ca r r i e r s - c l ause  m i t  e i nem Semiko lon  ab ,  ge -
ne r i e r t  das  Sys tem d ie  noch  auss tehenden  P räd i ka te ‚  w ie  i n
3 .3 .4 .  besch r i eben .  Ha t  de r  Benu tze r  i r gende in  P räd i ka t  se lbs t
de f i n i e r t  und  s t immt  d i ese  De f i n i t i on  n i ch t  m i t  e i ne r  sys tem-
gene r i e r t en  Fo rm übe re in ,  so  g i l t  d i e  de f i ne -ca r r i e r s - c l ause
a l s  vom Benutzer  e i ngeben .  D ies  ha t  zu r  Fo lge ;  daß e r  i n  de r
de f i ne—cons t ruc to r -ops -c l ause  auch  d i e j en igen  Kons t ruk to ren
se lbs t  de f i n i e ren  muß, d i e  zu  den So r ten  de r  von ihm e ingegebe -
nen  P räd i ka te  gehö ren  ( s i ehe  3 .3 .5 .  und  5 .2 .  8 .125 :
emp ty ‚ push ) .  Ande rn fa l l s  we rden ,  wenn  a l l e  P räd i ka te  vom Sys tem
gene r i e r t  wu rden  ode r  i h re  De f i n i t i on  m i t  e i ne r  sys temgene r i e r -
t en  Fo rm übe re ins t immt ‚  auch  a l l e  Kons t ruk to ren  au toma t i sch
de f i n i e r t .  Das  E ingabesys tem te i l t  dem Benu tze r  sowoh l  i n  de r
de l i ne -ca r r i e r s - c l ause  a l s  auch  i n  de r  de f i ne -cons t ruc to r—ops—
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cLause  m i t ,  we l che  P räd i ka te  bzw.  Kons t ruk to rde f i n i t i onen  gene -
r i e r t  wu rden  ( s i ehe  5 .2 .  8 .113 :  ha t ’ suc ‚ ze ro ) .
W i rd  das  Ende e ine r  Spez i f i ka t i on  e r re i ch t  ode r  de r  D ia l og  m i t
dem END-Kommando abgeb rochen ,  so  ve rabsch iede t  s i ch  das  E in -
gabesys tem m i t :

* * * * * * * *  E N D I N p U T L E V E L * * * t * * * *
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SPEC

i
COMMENT

USE
SORTS

OPS
PROPS

A J,

CONSTRUCTORS
AUXIL IAR IES

l .,
PRIVATE-OPS

< - -  N DEF INE-AUXIL IARIES

V

DEFINE-OPS

DEFINE-CARRIER
DEFINE—CONSTR—OPS

PRIVATE-OPS

„- > <

V N
ENDSPEC . .

At  : Re ihen fo lge ,  i n  de r  d i e  K lause ln  e i ne r  Spez i f i ka t i on
gep romp te t  we rden .
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Bedeu tung  de r  Ab f ragen  :

A :

B :

C :

D :

Ex i s t i e ren  Ope ra t i onen  i n  de r  ops -c l ause :  d i e
e ine  neue  So r te  aLs  E rgebn i sso r t e  haben?

Ex i s t i e ren  aux i l i a r i es?

Ex i s t i e ren  Ope ra t i onen  aus  de r  ops -c l ause  und  aus
de r  p r i va te -ops—c lause :  d i e  noch  n i ch t  a l s  Kons t ruk to r
ode r  aux i l i a r y  de f i n i e r t  s i nd?

Ex i s t i e ren  Ope ra t i onen  i n  de r  ops -c l ause?
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3 .3 .  Vo rde f i n i e r t e  Te i l e  e i ne r  Spez i f i ka t i on

E in i ge  de r  im  f o l genden  besch r i ebenen  vo rde f i n i e r t en  Te i l e  e i -
ne r  Spez i f i ka t i on  können  vom Benu tze r  exp l i z i t  e i ngegeben  we r -
den .  S ie  müssen  dann  de r  h i e r  besch r i ebenen  Fo rm en t sp rechen .
Werden s i e  n i ch t  exp l i z i t  e i ngegeben :  so  gene r i e r t  das  Eingabe—
sys tem d iese  Te i l e  und  me lde t  d i es  dem Benu tze r .  Zue rs t  f o l g t
d ie  Besch re ibung  de r  Spez i f i ka t i on  BOOL und  ansch l i eßend  d ie
Besch re ibung  de r  e i nze lnen  vo rde f i n i e r t en  Te i l e  e i ne r  Spez i f i -
ka t i on  (EBV 81 /84 ] :  [BV  85 ] ) .
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3 .3 .1 .  D ie  Spez i f i ka t i on  BOOL

Diese  Spez i f i ka t i on  i s t  vo rde f i n i e r t .  S i e  i s t  d i e  G rundspez i f i -
Ra t i on  j ede r  H ie rach ie  von  Spez i f i ka t i onen  und  i s t  f o l gende rma-
ßen  de f i n i e r t :  '

gpec  boo t ;

sor t ;  boo t ;

ops  t r ue ‚ f a l se  : - ->  boo t ,
no t  : boo t  -—>  boo t .
_and_ ‚_o r_ ‚eq—boo t  : boo t  boo t  - ->  boo t ;

spec -bodx

const ruc tors  t r ue ‚ f a t se ;

aux i l i g r i es  eq -boo l  : boo t  boo t  —-> boo t ;

de f i ne -aux i t i a r i es
eq—boo l t b1 ‚b2 )  = gag; b1  ig

* t r ue  : case  b2  is
* t r ue  : t r ue
o the rw i se  : f a l se

* false : t r ue
o the rw i se  : f a l se

de f i ne -og r r i e r s  i s -boo l (b )  = t r ue ;

de f i ne -consg ruc to r -opg  t r ue  = * t r ue
f a l se  = * f a l se ;

de f i ne—ons  n0 t ( y )  = gas“ y i s
* t r ue  : f a l se
* f a l se  : t r ue

fléflg
a and  b = sage a i”

* t r ue  : b
* f a l se  : f a l se

esac
a o r  b = gag_ a l_

* t r ue  : t r ue
* f a l se  : b

esac

endspec
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3 .3 .2 .  D ie  EQ-Opera t ion

A)  In  e iner  losen  Spez i f i ka t ion :  d .h .  e iner  Spez i f i ka t ion  d ie

B)

ke inen  Spez i f i ka t ionskörper  ha t ,  da r f  fü r  j ede  neu  e inge -
führ te  Sor te  s der  sor ts -c lause  d ie  Opera t ion

eq-s  : s s - ->  boo l

i n  der  ops -c lause  dek la r ie r t  werden .  D ie  Opera t ion  i s t  dann
fo lgendermaßen vorde f in ie r t :

a l l  x ‚y  : s eq -s (x ‚y )  <==> x :=  y

I n  e iner  f es ten  Spez i f i ka t ion ;  d .h .  e iner  Spez i f i ka t ion  mi t
e inem Spez i f i ka t ionskörper ‚  i s t  d ie  Opera t ion  eq—s fü r  j ede
neue  Sor te  s e r l aub t :  d ie  fo lgende  Bed ingung  e r fü l l t :
— fü r  a l l e  Argumentsor ten  s ;  de r  Kons t ruk toren  von  s i s t

ebenfa l l s  e ine  Opera t ion  eq -s ;  dek la r ie r t .
Er laubte  EQ-Opera t ionen  dür fen  in  der  ops -  und  in  der
aux i l i a r i es - c l ause  exp l i z i t  dek la r ie r t  werden .  A l l e  e r l aub -
ten ,  n ich t  exp l i z i t  i n  der  aux i l i a r i es - c l ause  dek la r ie r ten
EQ-Opera t ionen  werden  in  der  aux i l i a r i es -c lause  imp l i z i t
dek la r ie r t .  A l l e  e r l aub ten  EQ—Opera t ionen  werden  in  der
def ine—aux i l i a r i es -c lause  au tomat isch  gener ie r t  ( s iehe  5 .2 .
3 .1131131 :  eq -na t ) .

Die  De f in i t ion  e iner  Opera t ion  eq—s is t  nun  kons t ruk t iv  w ie
fo lg t  vorgegeben:

eq-s (x ‚y )  = case  x ig
* Ctr l  “ (1 .1  - - -  Xlnu . )

case  y i;
* Ctr :  ( 71 .1  - - -  Y1 ‚n1 )  :

t rue  i f  n1=0
( . . . (EQ 'SJ_ ,1 (X1 ,1 IY1 ,1 )and  u . -

eq-s l zn1 (x l rn1 ’Y I :n1 )  "" )  e l se
o the rw i se  : f a lse

* c t rK  (x . “1  . . .  xK ‚ „ „ )  :
case  y 15

* Ctr ‘k  (YK ‚1  - - -  Yihnlc)  '-'
t rue  i f  nu=0
( . . . ( eq -SK‚1 (XK‚1 :Y ‚ ( ‚ 1 )  and  . . .

eq-3K1nK(xK;nK’YK:nK)  "" )  e l se
othe ty ise  : f a l se
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Dabe i  s ind  d ie  c t r1  : 51 ,1  . . .  31 , "  - ->  s , . . .  , ct rK  :
sK ‚1  . . .  s„ ‚ „K  - ->  s d ie  Konst ruk toren  von s .  D iese  De f in i -
t ion  -w i rd  i n  der  de f ine -aux i l a r i es -c lause  fü r  a l l e  in  der
ops -c l ause  und  in  der  aux i l i a r i es - c l ause  imp l i z i t  oder  ex -
p l i z i t  entha l tenen  EQ—Opera t ionen  e rzeugt .  S ie  kann  n ich t
vom Benutzer  exp l i x i t  e ingegeben  werden .
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3 .3 .3 .  D ie  Er ro r -Konstan te

Für j ede  neu  e inge führ te  Sor te  s e iner  Spez i f i ka t ion  g ib t  es
d ie  Konstan te

EPI ‘OP ‘S

a ls  expor t i e r te  Opera t ion .  S ie  i s t  e ine  imp l i z i t  dek la r ie r te
und  de f in ie r te  Opera t ion  und  s te l l t  das  e r ro r -E lement  se iner
Sor te  dar .  S ie  kann  n ich t  exp l i z i t  vom Benutzer  dek la r ie r t  oder
de f in ie r t  werden .

3 .3 .4 .  Dgg_chgrak te r is t i sche  Präd ika t

A) Das charak te r is t i sche  Präd ika t  e iner  Sor te  s :  i s—s(x ) ‚  i s t
t e i lwe ise  vorde f in ie r t :  wenn  es  vom Benutzer  e ingegeben  w i rd
( s iehe  5 .2 .  8 .123p f f :  i s—stack )  :

i s -s (x )  = PP case  x ig
"" CUE.  (X : . ‚ l  - - -  x1 .n1 )  =

E ii ( . . . (no t ( i s—sl ‚L1 (x1 ‚L1 ) )  o r  . . .
n0t ( ' iS"81„_m1(x1 ‚Lm1) )  . . . )

hen  fa lse
l se  ] OPSCHEME1

H'
I'D

£-
 I

c t rK  (x„ ‚1  . . .  x„ ‚ „K)  : .
[ ii ( . . . (no t ( i s -s„ ‚L1 (x„ ‚L1 ) )  o r  . . .

no t ( i s -s„ ‚LmK(x„ ‚Lm„) )  . . .  )
then  fa lse
e lse  ] OPSCHEMEK

E otherwise : OPSCHEMEK . 1 ]
esac

Dabei  s ind  d ie  c t r ;  : s ; ‚ 1  . . .  s ; ‚ „ ;  - ->  s ‚ i =1 . . . j ‚  a l l e
Konst ruk toren  von s und d ie  Sor ten  s ; ‚L1  . . .  s ; ‚L„ ;  :
i =1 . . . j ‚  s ind  d ie  neuen  Argumentsor ten  d ieser  Konst ruk toren .
Der " i f - then -e lse—Zweig“  en t fä l l t  be i  a l l en  Konst ruk toren ,
d ie  ke ine  neuen Argumentsor ten  bes i t zen .  Der Benutze r  dar f
den  "o therw ise -Zwe ig"  dann  e ingeben ,  wenn  j < k iS t  und  a l l e
f eh lenden  Konst ruk toren  c t r ;  . 1 . . .  c t rK  des  case-schemes
ke ine  neuen Argumentsor ten  mehr bes i t zen .
Der Benutzer  b raucht  nur  d ie  OPSCHEME; ‚ i =1 . . . k ‚  und ge -
gebenenfa l l s  das  OPSCHEME|< . 1 e inzugeben .  D iese  Opera t ions—
schemata müssen woh lde f in ie r t  se in  bzg l .  de r  impor t i e r ten
Opera t ionen  und  der  aux i l i a r i es  (s iehe  3 .4 .1 . ) .  I nsbesondere
dür fen  d iese  ke ine  charak te r is t i schen  Präd ika te ‚  Kons t ruk to -
ren  und  *—Terme en tha l ten .  Der  Res t  des  Präd ika tes  w i rd  vom
Eingabesys tem gener ie r t  und  geprompte t .
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B) Wird das charakteristische Prädikat i s -s (x )  ' de r  Sorte s
n ich t  exp l i z i t  e ingegeben ,  i s t  es  w ie  fo lg t  de f in ie r t :

1 .  Wenn es  i rgende inen  Konst ruk tor  c t r  : $1  . . .  sn - ->  s der
Sor te  3 g ib t ,  fü r  dessen  neue  Argumentsor ten  e in  charak -
t e r i s t i sches  Präd ika t  dek la r ie r t  wurde ,  das  exp l i z i t  oder
imp l i z i t  de f in ie r t  i s t  und n ich t  iden t isch  ' t rue '  i s t
(d .h .  es  g i l t  n ich t  i s -s ; (x )  = t rue ) ,  dann is t  i s -s (x )
fo lgendermasen  de f in ie r t :

i s -s (x )  = _<_:__a_§___ )( j__s_
'* C t r ;  (X1 ,1  . . .  x1 ‚ „1 )  :

( " - ( i 5 ' 51 ‚L1 (x1 ‚L1 )  and  un -
i 5 ' 51 ,Lm1(X1 ,Lm1)  - - -  )

* c t r“  ( x „ ‚ 1  . . .  x„ ‚ „„ )  :
( . . . ( i s -SK ‚L1 (XK‚L1 )  and  . . -

iS 'Sx ‚Lmk(xk ‚Lmk)  - - -  )
[ otherw ise  : t rue  ]

esac

Dabe i  s ind  d ie  c t r ;  : 34 ,1  . . .  $4 , " ;  - ->  s ‚ i =1 . . . j :  a l l e
Konst ruk toren  von s und d ie  Sor ten  s ; ‚L ;  . . .  s ; ‚L„ ;
‚ i =1 . . . j ‚  s ind  d ie  neuen Argumentsor ten  d ieser  Konst ruk -
to ren .  Der  "o therw ise -Zwe ig"  en t fä l l t ,  wenn  a l l e  Kon-
s t ruk toren  von  5 neue  Argumentsor ten  bes i t zen .

2 .  Wenn d ie  Bedingungen fü r  1 .  n ich t  zu t re f fen ‚  l au te t  d ie
Def in i t ion  des  charak te r is t i schen  Präd ika ts :

i s -s (x )  = t rue

Diese  De f in i t ionen  werden:  f a l l s  der  Benütze r  d ie  Präd ika te
n ich t  exp l i z i t  e ing ib t ‚  vom E ingabesystem in  in te rner  Dars te l -
lung  in  der  de f ine—car r ie rs -c lause  e rzeugt .  Dem Benutzer  w i rd
mi tge te i l t ,  we lche  Präd ika te  das  System erzeugt  ha t  ( s iehe  5 .2 .
8 .113 :  i s -na t ) .
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3 .3 .5 ,  Die  Kons t ruk to rde f i n i t i on

A )

B)

Fa l l s  d i e  De f i n i t i on  des  cha rak te r i s t i s chen  P räd i ka t s  de r
Sor te  5 e ine r  sys temgene r i e r t en  Form en t sp r i ch t ,  s i nd  de ren
Kons t ruk to ren  c t r ;  : 31  . . .  an  -—> 5 w ie  f o l g t  de f i n i e r t :

Ct r ;  (X1  . . .  X " )  = * Ctr , -  (X1  | . . .  X “ )

Henn  a l l e  cha rak te r i s t i s chen  P räd i ka te  e i ne r  Spez i f i ka t i on
vom E ingabesys tem gene r i e r t  wu rden  ode r  d i e  vom Benu tze r
e ingegeben  P räd i ka te  d i ese r  Fo rm  en t sp rechen ,  we rden  a l l e
Kons t ruk to rde f i n i t i onen  vom Sys tem e rzeug t  ( s i ehe  5 .2 .
3 .113 :  na t ‚ ze ro ‚ suc ) .  Ande rn fa l l s  muß de r  Benu tze r  d i e  Kon -
s t ruk to ren  de r  So r ten ;  f ü r  d i e  e r  das  P räd i ka t  se lbs t  e i nge -
geben  ha t ,  auch se lbs t  de f i n i e ren .  A l l e  Kons t ruk to rde f i n i -
t i onen ,  d i e  das  Sys tem se lbs t  gene r i e ren  kann ,  können  n i ch t
vom Benu tze r  exp l i z i t  e i ngegeben  we rden .

En tsp r i ch t  das  cha rak te r i s t i s che  P räd i ka t  e i ne r  So r te  s
n i ch t  e i ne r  sys temgene r i e r t en  Fo rm,  so  s i nd  d i e  Kons t ruk to—
r en  von s ,  c t r ;  : 81 . . .  sn -—> s ,  fo lgendermaßen vo rde f i -
n ie r t  ( s i ehe  5 .2 .  8 .1251 f :  i s - s tack )  :

Dabe i  i s t  OPSCHEME41 d ie  E ingabe  des  A lgo r i t hmus  TRANS: das
Opera t ionsschema:  das  de r  Benu tze r  be i  de r  De f i n i t i on  des
cha rak te r i s t i s chen  P räd i ka tes  i s—s(x )  im  case -scheme  fü r  den
Kons t ruk to r  c t r ;  angegeben  ha t .

Der  A lgo r i t hmus  TRANS

Der  A lgo r i t hmus  bes teh t  aus  6 Te i l en .  Jede r  besch re ib t  d i e
Behand lung  e i ne r  de r  6 Mög l i chke i t en ;  d i e  OPSCHEME; annehmen
kann .

1 .  TRANS ( t r ue  ) = * c t r ;  ( x1  . . .  x „ )

2 .  TRANS ( f a l se  ) = op-scheme

3 .  TRANS ( t e rm  ) = i1 t e rm
gngg * c t r ;  ( x1  . . .  x " )

3L3; Op -scheme

f ü r  a l l e  Terme “ t e rm“  auße r  ' t r ue '  und  ' f a l se ' .

Die  vom Benu tze r .  e i nzugebenden  Ope ra t i onsschema ta  ”op—
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scheme" müssen woh lde f i n i e r t  se i n  bzg l .  de r  impor t i e r ten
Opera t i onen ,  de r  aux i l i a r i es  und  de r  Kons t ruk to ren  ( s i ehe
3 .3 .1 ) .  I nsbesonde re  dü r f en  s i e  ke ine  * -Te rme  en tha l t en .

4 .  TRANS ( t then  op1  e l se  opz  ) =ii

ii t
hen  TRANS ( op1  )H'

PP e l se  TRANS ( opz  )

5 .  TRANS ( l e t  a l= t1  [ : aa= t ‚ ]  . . .  in op ) =

6 .  TRANS ( case  y i s  l e f t pa r t l  : Op;

Le f t pa r tm  : opm
[ o the rw i se  : opm . 1 ]

fb U
" m 0 v ll

n m m @ % l e f t pa r t l  . TRANS ( op ;  )

‚ .
. .

! .

Le f t pa r tm  : TRANS ( opm )

E o the rw i se  : '  TRANS ( opm . 1 ) ]

l'b m m O

Be i  de r  exp l i z i t en  E ingabe  des  case -schemes  i s t  darau f  zu
ach ten ,  daß d ie  Re ihen fo l ge  de r  case-Zweige d i eses
Schemas de r  Re ihen fo l ge  im  Argumentschema en t sp r i ch t .
Wei te rh i n  müssen  d ie  i n  de r  l i n ken  Se i t e  e i nes  case -
Zwe iges  benu tz ten  Va r i ab len  m i t  den  en t sp rechenden
Var i ab len  des  A rgumen tschemas  übe re ins t immen .  D iese
Res t r i k t i onen  s i nd  no twend ig ,  um den  P rog rammie rau fwand
und  den  dam i t  ve rbundenen  Ze i t beda r f  f ü r  d i ese  K lause l  i n
e inem ve r t r e tba ren  Rahmen zu  ha l t en .

Die  umrahmten  Te i l e  we rden  vom E ingabesys tem be im  P romp ten  ge—
ne r i e r t .
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‚ 3 . 5 .  OK—Bedingungen

Sch r i t t ha l t end  m i t  de r  Eingabe  werden  l ex i ka l i s che  und  kon tex t -
sens i t i ve  Ko r rek the i t sUbe rp rU fungen  du rchge füh r t .  Soba ld  e i n
Feh le r  e r kann t  i s t :  w i r d  d i e  noch  n i ch t  ge lesene  E ingabe  igno—
r ie r t  und  e i ne  Feh le rme ldung  zusammen m i t  e i nem An fangs te i l  de r
i gno r i e r t en  E ingabe  au f  dem B i l dsch i rm  angeze ig t .

Dadu rch  w i rd  e r re i ch t ,  daß  e in  mög l i che rwe i se  i n  de r  E ingabe
en tha l t ene r  Feh le r  f r ühes tmög l i ch  e r kann t  w i rd .  D ie  l ex i ka l i -
schen  Konven t i onen  und  d i e  konk re te  ASPIK -Syn tax  s i nd  im  Abe
schn i t t  3 . 5 .  au fge füh r t .  D ie  kon tex t sens i t i ven  Bed ingungen :
ku rz  OK-Bed ingungen ‚  we rden  nach fo l gend  au fge füh r t  [BV  81 /84 ] .
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3 .5 .1 .  Begr i f f l i che  Grund lagen

Umgebung  e iner  Date i  d :

a l l e  Da te ien ,  d i e  be im ö f f nen  de r  Da te i  d ge laden  werden

Umgebung e ine r  Spez i f i ka t i on  :

a l l e  Ob jek te  (Spez i f i ka t i onen ,  Maps )  de r  geö f f ne ten  Da te i  und
a l l e  Ob jek te  i n  de r  Umgebung d iese r  Da te i

Neue  So r ten  e i ne r  Spez i f i ka t i on  spec  :

Menge de r  i n  de r  so r t s—c lause  e i nge füh r t en  So r ten .

Neue  Ope ra t i onen  e ine r  Spez i f i ka t i on  spec  :

Menge de r  i n  de r  ops -c l ause  dek la r i e r t en  Ope ra t i onen .

S igna tu r  e i ne r  Spez i f i ka t i on  spec  :

Menge de r  neuen  So r ten  und  de r  neuen  Ope ra t i onen .

Exp l i z i t e  aux i l i a r i es  e ine r  Spez i f i ka t i on  spec  :

A l l e  vom Benu tze r  i n  de r  aux i l i a r i es - c l ause  exp l i z i t  e i ngegebe -
nen  Ope ra t i onen .

Imp l i z i t e  aux i l i a r i es  e ine r  Spez i f i ka t i on  spec  :

Vere in i gung  de r  Menge de r  i n  de r  ops—c lause  dek la r i e r t en  EO-
Opera t i onen  m i t  de r  Menge de r  EO-Opera t i onen  de r  aux i l i a r i es -
c l ause ,  d i e  n i ch t  exp l i z i t  e i ngegeben  wu rden .

S ich tba re  Oppo r t s  e i ne r  Spez i f i ka t i on  spec  :

Vere in i gung  de r  Mengen  von  Oppa r t s  de r  Ope ra t i onen  des  Impor ted
I n t e r f ace ;  de r  ops -c l ause ,  de r  aux i l i a r i es—c lause  und  de r
p r i va te—ops -c l ause ;  sowe i t  vo rhanden .
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Impor ted  In te r face  e iner  Spez i f i ka t ion  :

Vere in igung  der  S igna turen  a l l e r  benutz ten  Spez i f i ka t ionen  ge -
mäß 2 .2 .

Expor ted  In te r face  e iner  Spez i f i ka t ion  spec :

Vere in igung  der  S igna tur  von  spec  mi t  dem Impor ted  In te r face
von spec gemäß 2 .2 .

Ein  Hap id  :

i s t  e in  T r ipe l  ( source  a r row ta rge t ) *  und bedeute t  e inen
Signa turmorph ismus  (Ver fe inerung)  zw ischen  den  Spez i f i ka t ionen
source  und ta rge t ,  de r  we i te re  Mapterme benutzen  kann .

Eine  Hapsequenz  :

i s t  e ine  Fo lge  (source  a r rowo  spec t ,  . . .  a r row„_ lspec tn  a r rown
ta rge t )  und  beze ichne t  d ie  Kompos i t ion  fo lgender  Map ids  :
( source  a r row°  spec t l )  , ( spec t l  a r row1  spec tz )  , . . .  ( spec tn
arrown ta rge t ) .

Ein  Hapte rm :

i s t  e in  Map id  oder  e ine  Mapsequenz .

E in  Spec id  :

i s t  e in  Spez i f i ka t ionsneme 'spec id .

Ein  Specterm :

i s t  e in  Spec id  oder
e ine  Ins tanz i i e rung  (spec te rm mapterml  . . .  maptermn) von
spec te rm gemäß den Maptermen mapterm1 b is  mapte rm„ .  Insbesonde-
re  kann  spec te rm e in  Spec id  se in .

Bas is  e ines  Mapte rns  :

Menge a l l e r  Spez i f i ka t ionen ,  d ie  sowohl  von source  a ls  auch von
ta rge t  benutz t  und iden t isch  au fe inander  abgeb i lde t  werden
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Bas i s  e i nes  Spec te rms  spec t  :

Menge de r  benu tz ten  Spec te rme  i n  No rma l f o rm  (2 .1 .  BASEEspec tJ )

Die  du rch  spec t  1 . . .  spec t  „ f es tge leg ten  Rep räsen tan ten  :

Se i  spec e ine  Spez i f i ka t i on  m i t  de r  f o l genden  USE—Klausel  :
USE spec t1  . . .  spec tn  ;
Dann  l i e f e r t  d i e  Funk t i on  USED-SPECTSEspec ]  d i e  du rch  spec t1
. . .  spec tn  f es tge leg ten  Rep räsen tan ten  (2 .2 . ) .

E in  Op id  op id  :

beze i chne t  e i n  Ope ra t i onssymbo l  i n  P rä f i x -  ode r  M i x f i x -
Sch re ibwe i se  (Ve ra l l geme ine rung  de r  I n f i x -Sch re ibue i se )

D ie  appa r t s  von  e i ne r  Ope ra t i on  op id  :

I s t  op id  e i ne  P rä f i x—Opera t i 0n ‚  so bes teh t  op id  aus einem e in -
z igen  oppa r t .
I s t  cp i d  e i ne  M ix f i x -Ope ra t i on :  so  bes teh t  op id  aus  e i ne r  Fo lge
von  Un te rs t r i ch  "_ "  und  appa r t .

E in  Dpheade r  : &

( ( op id1  . . .  op id „ )  so r t i d1  . . .  so r t i dw1  so r t i dm  )

Dek la ra t i on  de r  Op ids  op id1  b i s  op idn  m i t  S te l l i g ke i t  so r t i d1  x
. . .  x so r t i dm_1  —-> so r t i dm  .
Die  So r ten  s1  . . .  sm .1  s i nd  d i e  A rgumen tso r t en  und  s i e  So r te  sm
i s t  d i e  E rgebn i sso r t e  von  op id ;  ‚ i=1 ‚ . . . ‚ n .
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3 .4 .3 .  D ie  OK—Bed ingungen

3 .4 .2 .1 .  Spec te rme  und  Man te rme

E in  Spec te rm  ( spec t  map t l  . . .  map tn )  i s t  i n t e r f ace -ok  , f a l l s

a )  de r  Spec te rm  spec t  i n t e r f ace -ok  i s t

b )  d i e  Map te rme  map t ;  i n t e r f ace -ok  s i nd  j =1 ‚ . . . ‚ n

c )  d i e  Mapte rme map t ;  d i e  H ie ra r ch ie fo rde rung  e r f ü l l en
j =1 l nuu ln

d )  d i e  Que l l e  von  map t ;  e i ne  von  spec t
benu tz te  Spez i f i ka t ion  i s t  j =1 : . . . ‚ n

e )  d i e  Que l l e  von  map t ;  n i ch t  äqu i va len t  i s t  j =1 ‚ . . . ‚ n
zu r  Que l l e  von  map t ;  i < j

f )  d i e  Que l l e  von  map t ;  n i ch t  äqu i va len t  i s t  j =1 : . . . ‚ n
zu  e i nem Spec te rm  aus  de r  Bas is  von  map t ;  i < j

g )  d i e  Que l l e  von  map t ;  n i ch t  du rch  e i nen  j =1 ‚ . . . ‚ n
vo rhe r i gen  Map te rm  map t ;  ande rs  abgeb i l de t  w i rd

i< j
!

E ine  Spez i f i ka t i on  spec id  i s t  i n t e r f ace -ok  I f a l l s

a )  spec id  e i ne  neue  Spez i f i ka t i on  i s t  ode r  i n  de r  Umge-
bung  de f i n i e r t  i s t

b )  use -c lause ;  so r t s - c l ause  und  ops -c l ause  von  spec id  OK
s ind .

E ine  Spez i f i ka t i on  spec id  i s t  OK , f a l l s

3 )  spec id  i n t e r f ace -ok  i s t

b )  a l l e  r e fe r i e r t en  Spec ids  und  Map ids  OK s i nd

c )  de r  Res t  de r  Spez i f i ka t i on  spec id  OK i s t

E in  Hap te rm  map t  i s t  i n t e r f ace -ok  , f a l l s

d i e  Komponen ten  von  map t  i n t e r f ace -ok  s i nd
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E in  Map id  ( sou rce  name t a rge t )  i s t  in te r face -0k  I f a l l s

anschau l i ch  :
source  und ta rge t  s ind  in te r face -ok :  d ie  Sor ten -  und
Opera t ionsabb i ldung  is t  e in  S igna turmorph ismus  (Ver -
fe inerung)  und  jede  re fe r ie r te  Map id  und  Spec id  i s t
in te r face—ok .

E in  Hap id  map id  i s t  OK : f a l l s

mapid in te r face—ok  is t  und a l l e  re fe r ie r ten  Spec ids  und
Mapids  OK s ind

Hapte rme  mapt1  . . .  maptn  e r fü l l en  d ie  H ie ra rch ie fo rderung  ,
f a l l s

fü r  j e  zwe i  ve rsch iedene  Mapterme map t ;  und map t ;  g i l t :

f a l l s  d ie  Que l le  von map t ;  i n  der  Bas is  der  Que l l e  von
map t ;  l i eg t ,  dann l i eg t  das  Z ie l  von map t ;  i n  der  Bas is
des  Z ie ls  von  map t ;  oder  das  Z ie l  von  map ;  i s t  g le ich
dem Z ie l  von  map ;
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3 .5 .2 .3 .  Opheade r  und  Ope ra t i onsde f i n i t i ongn

E in  Opheader  L op id l  . . .  op idn  : so r t i d1  . . .  so r t i dw1  - ->
so r t i dm  i s t  OK . f a l l s

1 ’  I I .  ' n und

1 ’  : | . -  I m g i l t  :

f ü r  a l l e  i
k

a )  d i e  So r ten  so r t i dK  s i nd  aus  dem Expor ted  In te r face
de r  ak tue l l en  Spez i f i ka t i on  ( s i ehe  5 .2 .  8 .106 :  i n t o .
8 .122 :  emp ty? .push ) .  D.h .  d ie  So r ten  s i nd  gep rä f i x t .
f a l l s  s i e  meh rdeu t i g  s i nd .  Der  P rä f i x  i s t  aus  de r
Menge  de r  gü l t i gen  Rep räsen tan ten .  d i e  du rch  d i e
Spec te rme  de r  Use -c l ause  f es tge leg t  we rden .

b )  d i e  Oppa r t s  von  op id .  t r e ten  genau  e inma l  au f  und
s ind  ve rsch ieden  von  den  Oppa r t s  de r  be re i t s  e i nge—
gebenen  opheade r ;  . j < l

c )  Op id ;  i s t  n i ch t  r ese rv i e r t

d )  i s t  op id ;  e i ne  M ix f i x -Ope ra t i on .  so  en thä l t  Op id ;  ge -
nau  (m-1 )  Un te rs t r i che  f ü r  (m-1 )  A rgumen tpos i t i onen

e )  beg inn t  e i n  Oppa r t  oppa r t ; ‚ ;  von  op id ;  m i t  “EQ-“  . so
i s t  oppa r t ; ‚ 5  von  de r  f o l genden  Form :
EQ—sor t i d  . wobe i  so r t i d  e i ne  So r te  aus  de r  So r t s -
c l ause  de r  ak tue l l en  Spez i f i ka t i on  i s t  ( s i ehe  5 .2 .
8 .111 :  eq -na t ) .
Außerdem g i l t :

m=3
so r t i d1  = so r t i d
so r t - i d2  = so r t i d
so r t i dm  = BOOL

E in  Op ld  op id  i s t  n i ch t  r ese rv i e r t  . f a l l s

a )  d i e  oppa r t s  von  op id  n i ch t  m i t  “ERROR-'  beg innen

b )  d i e  oppa r t s  von  op id  ung le i ch  IS -so r t i d  s i nd .  wobe i
so r t i d  e i ne  So r te  aus  de r  So r t s - c l ause  de r “  ak tue l l en
Spez i f i ka t i on  i s t

c )  ke in  oppa r t  von  op id  i n  f o l gende r  Menge en tha l t en
i s t :
{ I F .  THEN; ELSE; LET. CASE. ESAc. IN .  & . | .  _ .  ==>.
<==>. = l= .  ==.  ALL. ex .  OTHERHISE: ELSIF }
Hinwe i s :  de r  Un te rs t r i ch  i s t  das  E rsa t zsymbo l  f ü r

NOT au f  den  ve rwende ten  Te rm ina l s .
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E ine  Opera t ionsde f in i t ion  op (v1  . . .  v " )  = opscheme is t  woh l -
def in ie r t  bzg l .  de r  Menge  der  Opera t ionen  0 : f a l l s

a )  d ie  zu  de f in ie rende  Opera t i on  op n Argumentsor ten  ha t

b )  d ie  Var iab len  V1 . . .  vn ve rsch ieden  und n ich t  iden -
t i sch  mi t  s ich tbaren  Oppar ts  oder  reserv ie r ten  Op ids
s ind

c )  das  Opera t ionschema opscheme woh lde f in ie r t  i s t  bzg l .
0 : den  Var iab lenmengen  u und u L und der  Ergeb—
n issor te  S .  u en thä l t  d ie  Var iab len  v1  . . .  v " :  u L
i s t  l ee r  und S i s t  d ie  Ergebn issor te  der  Opera t ion
op .  u L i s t  e ine  Te i lmenge  von n ; i n  der  a l l e  l e t -
Var iab len  e iner  Opera t ionsde f in i t ion  abge leg t  werden .

Ein  Opera t ionssche la  i s t  en tweder  e in

Term oder
e in  l e t -Schema oder
e in  i f—Schema oder
e in  case -Schema

Ein  Term t i s t  uoh lde f in ie r t  bzg l .  de r  Menge der  Opera t ionen  0
I der  Var iab lenmenge  u und der  E rgebn issor te  3 :  f a l l s

a )  t nur  aus E lementen  von 0 I u und aus ERROR—
Konstan ten  au fgebaut  i s t

b)  fü r  j ede  Opera t ion  in  t sov ie le  Argumente ex is t i e ren ,
w ie  durch  se ine  S te l l igke i t  ge fo rder t  i s t

c )  fü r  j ede  Opera t ion  in  t d ie  Sor ten  der  Argumente mi t
den dek la r ie r ten  Argumentsor ten  Ubere ins t immen

d)  d ie  Ergebn issor te  der  äußers ten  Opera t ion  mi t  S iden -
t i sch  i s t

Ein  l e t -Schema LET v1= t1  . . .  v„= tn  IN  opscheme is t  woh lde f i -
n ie r t  bzg l .  de r  Menge der  Opera t ionen  O , den Var iab lenmengen u
und  u L:  und  der  Ergebn issor te  8 :  f a l l s

a )  d ie  Var iab len  v l  . . .  vn ve rsch ieden  s ind  und n ich t
mit  Var iab len  aus  u sowie  mi t  s ich tbaren  Oppar ts  oder
reserv ie r ten  Opids  Ubere ins t immen

b)  d ie  Terme t1  . . .  tn  woh lde f in ie r t  bzg l .  0 und u s ind

c )  das  Opera t ionsschema opscheme woh lde f in ie r t  i s t  bzg l .

59



Kap i t e l  3 Benu tze ran le i t ung

0 , de r  Menge u e rwe i t e r t  um d ie  Va r i ab len  V1 . . .  vn
: de r  Menge u L ,  eben fa l l s  e rwe i t e r t  um d ie  Va r i ab len
v1  . . .  v “  und  de r  E rgebn i sso r t e  S

E in  i f -Scheme  IF  t THEN opscheme  E ELSEIF  t THEN opscheme  ] . . .
ELSE  opscheme

i s t  woh lde f i n i e r t  bzg l .  de r  Menge de r  Ope ra t i onen  0 , den
Var i ab lenmengen  u und  u L sow ie  de r  E rgebn i sso r t e  8 ,  f a l l s

a )  d i e  Terme t nach  IF  ode r  ELSEIF woh lde f i n i e r t  s i nd
bzg l .  de r  Mengen  0 und  u sow ie  de r  E rgebn i sso r t e  BOOL

b)  d i e  Ope ra t i onsschema ta  opscheme  woh lde f i n i e r t  s i nd
bzg l .  de r  Mengen 0 I u und  u L sow ie  de r  E rgebn i sso r -
t e  3

E in  case -Schema  CASE v IS  * c t r 1 ( v1  . . .  v „ ‚ 1 )  : opscheme l
E * c t r „ ( v1  . . .  v „ ‚K )  : opschemeK ]
E OTHERWISE : opschemeK . 1 ]

ESAC

is t  woh lds f i n i e r t  , f a l l s

a )  d i e  case -Va r i ab le  v E lemen t  von  n i s t

b) die Sorte von v eine neue Sorte i s t

c )  d i e  case -Va r i ab le  n i ch t  i n  u L i s t

d )  d i e  Ope ra t i onen  c t r 1  . . . c t rK  Kons t ruk to ren  de r  So r te
von  V s i nd

e )  d i e  Va r i ab len  V1 . . .  v „ ‚ .  de r  Ope ra t i on  c t r ; ‚
i =1 ‚ . . ‚ k ‚  ve r sch ieden  s i nd  und  n i ch t  m i t  Va r i ab len
aus  u sow ie  m i t  s i ch tba ren  Oppa r t s  ode r  r ese rv i e r t en
Op ids  übe re ins t immen .

f )  f ü r  a l l e  Kons t ruk to ren  de r  So r te  von  v e in  case -Zwe ig
ex i s t i e r t :  ode r  de r  OTHERHISE-Zwe ig  en tha l t en  i s t

g )  f ü r  a l l e  Ope ra t i onsschema ta  opscheme ; ‚  i =1 : . . . ‚ k ‚
g i l t :
opscheme ;  i s t  woh lde f i n i e r t  bzg l .  de r  Mengen  0 : u '
und  u L :  sow ie  de r  E rgebn i sso r t e  S . Dabe i  i s t  u '
d ie  um d ie  Va r i ab len  V1 . . .  v " :  d i e  zu r  Ope ra t i on
c t r ;  gehö ren ,  e rwe i t e r t e  Menge u . '

h )  das Operat ionsschema opschemeK . ; }  f a l l s  vo rhanden ,
woh lde f i n i e r t  i s t  bzg l .  den  Mengen 0 ; u und  u „ :  so -
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wie  der  Ergebn i sso r t e  S
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3 .4 .2 .3 .  D ie  K lause ln  des  spec -hegderg

Eine  Spec id -c lause  SPEC spec id  i s t  OK I f a l l s  :

1 .Fa l l :  spec id  i s t  in  der  Umgebung der  geö f fne ten  Da te i
schon  de f in ie r t

a )  spec id  i s t  au f  der  geö f fne ten  Da te i  abgespe icher t
b )  de r  Syntaxbaum fü r  spec id  l äß t  s ich  in  zwe i  Te i l e

aufspa l ten  - e inen  vo l l s tänd ig  ge fü l l t en :  kon -
tex t f re i  und  kontex tsens i t i v  kor rek ten  Te i l  und
e inen  l ee ren  Te i l

c )  der  nächs te  Leere  Knoten ,  au f  den  pos i t ion ie r t
werden  so l l ,  i s t  e in  Hauptknoten  des  Syntaxbaumes

2 .Fa l l :  spec id  i s t  e ine  neue  Spez i f i ka t ion

ke ine  OK-Bedingung

Eine  Comment -c lause  [ *  Das  i s t  e in  Kommentar  * l  i s t  immer  0K

E ine  Use -c lause  USE spec te rml  I . . .  , spec te rmn is t  OK : f a l l s

fu r  a l l - e  j =1 I  I . -  ' n g i  l t  :

a )  spec te rm;  i s t  in te r face -ok

b )  spec te rm;  i s t  n ich t  semant isch  Equ i va len t  zu
spec te rm;  I i < j .

c )  i s t  spec te rm;  semant isch  Equ i va len t  zu  e inem durch
spec te rml  . . .  spec te rm; -1  fes tge leg ten  Repräsentan ten
spec t ' :  so  i s t  spec te rm;  g le ich  spec t '

Eine  Sor ts -c lause  SORTS sor t id l  . . .  so r t idn  i s t  OK :
f a l l s

sor t id ;  genau  e inma l  de f in ie r t  i s t  j =1 ‚ . . . ‚ n

Eine  Dps -c lause  OPS Opheader1 . . .  opheadern i s t  OK I f a l l s

opheader ;  OK is t  i =1 ‚ . . . ‚ n
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E ine  Props -c lause  PROPS prop;  . . .  p repn  i s t  0K : f a l l s

Drop;  OK ' iS t  i =1 ’ l - I ’ n

E ine  P rope r t y  prop  ; , d ie  aus  e i ne r  Fo rme l  de r  P räd i ka ten log i k
1 .  S tu fe  bes teh t  i s t  OK : f a l l s

a )  a l l e  quan t i f i z i e r t en  Va r i ab len  -e i ndeu t i g  s i nd  und
n i ch t  m i t  den  s i ch tba ren  Oppa r t s  ode r  den  rese rv i e r -
t en  Op ids  übe re ins t immen .

b )  a l l e  au f t r e tenden  So r ten  aus  dem expor ted  in te r face
s ind  ( s i ehe  5 .2 .  3 .112 :  nu t ) .  -

c )  d i e  en tha l t enen  Te rme ,  d i e  n i ch t  au f  de r  l i n ken  ode r
rech ten  Se i t e  e i ne r  G le i chung  bzw .  Ung le i chung  s te -
hen :  woh lde f i n i e r t  s i nd  bzg l .  de r  Ope ra t i onenmenge  O
, de r  Va r i ab lenmenge  u und  de r  E rgebn iSSor te  BOOL
( s i ehe  5 .2 .  8 .112  m i t t e ) .  D ie  Menge 0 i s t  d i e  Ve re i -
n igung  de r  neuen  Ope ra t i onen  m i t  den  Ope ra t i onen  des
impo r ted  i n te r f ace .  u en thä l t  a l l e  i n  de r  Umgebung
des  Terms du rch  Quan to ren  dek la r i e r t e  Va r i ab len .

d )  d i e  be iden  Te rme  e ine r  G le i chung  bzw .  Ung le i chung
woh lde f i n i e r t  bzg l .  0 und  u s i nd  und  d i e  se lbe  E rgeb -
n i sso r t e  haben  ( s i ehe  5 .2 .  8 .107  un ten ,  8 .108  oben ) .

e )  das  e i ngegebene  l abe l  de r  P rope r t y  n i ch t  be re i t s  a l s
Prope r t ymarke  i n  de r  p rops -c l ause  au f t r i t t .

E ine  P rope r t y  prop  ; de r  Fo rm  a t t r i bu te  : op id  i s t  OK :
f a l l s

a )  das  e i ngegebene  l abe l  de r  P rope r t y  n i ch t  be re i t s  a l s
P rope r t ymarke  i n  de r  p rops -c l ause  vo rkommt  und  en t -
weder

b1 )  d i e  A t t r i bu t sbeze i chnung  a t t r i bu te  ASSOCIATIVE ode r
COMMUTATIVE i s t ,  d i e  Ope ra t i on  op id  zwe i s te l l i g  i s t
und  d i e  E rgebn i sso r t e  von  op id  m i t  den  be iden  Argu—
men tso r t en  übe re ins t immt ‚

ode r

b2 )  d i e  A t t r i bu t sbeze i chnung  a t t r i bu te  REFLEXIVE:
IRREFLEXIVE ‚  SYMMETRIC‚ TRANSIT IVE:  ANTITRANSITVE:
EQUIVALENCE ode r  LINEAR-ORDERING i s t :  d i e  Ope ra t i on
op id  zwe i s te l l i g  i s t ;  d i e  E rgebn i sso r t e  BOOL bes i t z t
und  i h re  be iden  A rgumen tso r t en  i den t i s ch  s i nd .
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3 .5 .2 .5 .  Die Klauseln des spec-bodies

E ine  Cons-c lause  CONSTRUCTORS c t r ,  . . .  c t r n  i s t  OK : f a l l s

a )  f ü r  j ede  neue  So r te  mindes tens  e in  Kons t ruk to r  en t -
ha l t en  i s t

b )  f ü r  a l l e  c t r ;  g i l t :  i =1 : . . . ‚ n
c t r ;  i s t  e i n  Ope ra to r  de r  ops -c l ause  und  d i e  E rgeb -
n i sso r t e  von  c t r ;  i s t  e i ne  neue  So r te

c )  f ü r  a l l e  neuen  So r ten  s :  f ü r  d i e  e i ne  Ope ra t i on  eq -s
exp l i z i t  dek la r i e r t  wu rde ;  nu r  Kons t ruk to ren  angege -
ben  wu rden ‚  f ü r  de ren  sämt l i che  A rgumen tso r t en  s "d i e
Opera t i on  eq—s '  dek la r i e r t  ode r  impo r t i e r t  wu rden .

Daraus  f o l g t ,  daß  e ine  cons -c l ause  l ee r  und  som i t  OK i s t ,  wenn
d ie  so r t s - c l ause  eben fa l l s  l ee r  i s t .  '

E ine  Aux-c lause  i S t  l ee r  und  OK , f a l l s  d i e  cons -c l ause  eben -
fa l l s  l ee r  i s t .  .

E ine  Aux—c lause  AUXILIARIES aux1  . . .  auxn i s t  OK , f a l l s

f ü r  a l l e  aux ;  g i l t  i =1 ‚ . . . ‚ n

a )  aux ;  i s t  e i n  gü l t i ge r  opheade r ‚  wobei aber  f ü r  a l l e
op id ;  von  aux ;  g i l t : .

a1 )  s t immt  e i n  oppa r t ;  von  op id ;  m i t  e i nem oppa r t  aus
de r  ops -c l ause  übe re in ,  so  s i nd  es  i den t i s che  Ope ra -
t i onen

a2)  i s t  op id ;  d i e  EQ-Opera t ion  eq -s :  so  muß fü r  a l l e
Argumen tso r t en  sK de r  Kons t ruk to ren  von  s eben fa l l s
d ie  Ope ra t i on  eq—sx dek la r i e r t  bzw .  impo r t i e r t  se i n .

D ie  EO-Opera t i onen  de r  neuen  So r ten :  d i e  n i ch t  i n  de r  ops -
c l ause  ode r  i n  de r  aux i l i a r i es - c l ause  exp l i z i t  dek la r i e r t  s i nd
und  de r  ob igen  Bed ingung  genügen ,  we rden  vom E ingabesys tem ge -
ne r i e r t  ( s i ehe  5 .2 .  8 .113 :  eq -na t :  8 .122 :  eq -s tack ) .

Eine Def-aux-c lause DEFINE_AUXILIARIES de f -aux1  . .  de f -auxa  i s t
DKI  I f a l l s

f ü r  j ede  i n  de r  aux -c l ause  exp l i z i t  e i nge füh r t e
aux i l i a r y ,  d i e  ke ine  EQ-Opera t i on  i s t :  e i ne  en t sp rechen—
de— Opera t i onsde f i n i t i on  exp l i z i t  e ingegeben worden i s t .
Diese  Ope ra t i onsde f i n i t i onen  müssen  woh lde f i n i e r t  se i n
bzg l .  de r  Ope ra t i onen  des  impo r ted  i n te r f ace  und  de r  ex—

64



Kap i t e l  3 Benu tze ran le i t ung

p l i z i t en  und  imp l i z i t en  aux i l i a r i es .

Die  De f i n i t i onen  de r  imp l i z i t en  aux i l i a r i es :  näm l i ch  de r  EG-
Opera t i onen :  we rden  vom E ingabesys tem w ie  i n  3 .3 .2 .  besch r i eben
e rzeug t .  ‘
Daraus  f o l g t :  daß  e ine  de f -aux -c l ause . l ee r  und  som i t  OK i s t :
wenn d ie  aux i l i a r i esnc lause  ode r  soga r  d i e  cons -c l ause  Lee r
i s t .

E ine  De f i ne -ca r r i e r s - c l ause  DEFINE-CARRIER de f -ca r ;  . . .  def—
carn  i s t  OK :  f a l l s

f ü r  j ede  So r te  de r  so r t s - c l ause  d i e  De f i n i t i on  des  j e -
we i l i gen  cha rak te r i s t i s chen  P räd i ka t s  en tha l t en  i s t .
Diese  müssen de r  i n  3 .3 .4 .  besch r i ebenen  De f i n i t i on  e i -
nes  cha rak te r i s t i s chen  P räd i ka tes  en t sp rechen  ( s i ehe
5 .2 .  8 .123 :  i s—s tack ) .  D ie  vom Benu tze r  e i nzugebenden
Subschemata  müssen woh lde f i n i e r t  se i n  bzg l .  de r  Ope ra -
t i onen  des  impo r ted  i n te r f ace  und  de r  aux i l i a r i es .

Die  De f i n i t i onen  de r  cha rak te r i s t i s chen  P räd i ka te :  d i e  n i ch t
vom Benu tze r  exp l i z i t  e i ngegeben  we rden :  we rden  vom E ingabesy -
s tem gene r i e r t  ( s i ehe  5 .2 .  8 .113 :  i s -na t ) .
Da raus  f o l g t :  daß  e ine  de f—car - c l ause  l ee r  und  som i t  OK i s t :
f a l l s  d i e  so r t - c l ause  eben fa l l s  l ee r  i s t .

E ine  De f - cons -c l ause  DEFINE—CONSTRUCTOR-OPS de f - c t r 1  . . .  def—
c t rn  i s t  OK : f a l l s

f ü r  j eden  Kons t ruk to r  de r  cons -c l ause  e i ne  Ope ra -
t i onsde f i n i t i on  en tha l t en  i s t .  D iese  müssen  de r  i n
3 .3 .5 .  besch r i ebenen  Kons t ruk to r -De f i n i t i on  en t sp rechen
( s i ehe  5 .2 .  8 .125 :  push :  emp ty ) .  D ie  da r i n  au f t r e tenden :
vom Benu tze r  e i nzugebenden  Subschemata  müssen woh lde f i -
n i e r t  se i n  bzg l .  de r  Ope ra t i onen  des  impo r ted  i n te r f ace :
de r  Kons t ruk to ren  und  de r  aux i l i a r i es .

Das E ingabesys tem gene r i e r t  d i e  Kons t ruk to rde f i n i t i onen  w ie  i n
3 .3 .5 .  besch r i eben  f ü r  a l l e  Kons t ruk to ren  de r j en igen  So r ten :
f ü r  d i e  es  auch  das  cha rak te r i s t i s che  P räd i ka t  e r zeug t  ha t
( s i ehe  5 .2 .  8 .113 :  suc : ze ro ) .
Daraus  f o l g t :  daß  e ine  de f—cons -c l ause  l ee r  und  som i t  OK i s t :
wenn d ie  cons -c l ause  eben fa l l s  l ee r  i s t .  „

E ine  P r i va te -ops -c l ause  i s t  l ee r  und  DK :  f a l l s  sowoh l  d i e
so r t s - c l ause  a l s  auch  d ie  ops -c l ause  l ee r  s i nd

E ine  P r i va te -ops -c l ause  PRIVATE-GPS oph l  . . .  ophn i s t  OK :  f a l l s
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a )  oph;  i s t  e in  gü l t ige r  Opheader .

b )  a l l e  oppar ts  von oph;  s ind  n ich t  iden t isch  mi t
oppar ts  der  ops— und  der  aux i l i a r i es—c lause .

c )  a l l e  op ids  von  oph;  dek la r ie ren  ke ine  EQ-Opera t ionen .

Eine  De f -ops -c lause  DEFINE-OPS de f -op51  . . ;  de f -opsn  is t  OK ,
f a l l s

fü r  j ede  exp l i z i t e  neue  Opera t ion ,  d ie  n ich t  bere i ts  in
der  de f—aux-c lause  oder  in  der  de f -cons -c lause  de f in ie r t
wurde ,  e ine  Opera t ionsde f in i t ion  vorhanden  is t .  D iese
müssen woh lde f in ie r t  se in  bzg l .  de r  Opera t ionen  des
impor ted  in te r face ,  de r  ops -c l ause ,  der  aux i l i a r i es -
c lause  und  der  p r iva te -ops -c lause  (s iehe  5 .2 .  8 .114 :
one:  8 .115 :  p red ‚+ ‚  8 .116 :  - ‚ / ‚  8 .118 :  exp :  8 .126 :
fu l l zempty? :  8 .127 :  pop) .

Daraus  fo lg t ;  daß  e ine  de f—ops-c lause  l ee r  und  somi t  OK is t ,
wenn d ie  p r iva te -ops—clause  l ee r  i s t  und  en tweder  a l l e  Opera -
t ionen  der  ops—clause bere i ts  a ls  Konst ruk toren  oder
aux i l i a r i es  def in ie r t  s ind ;  oder  d ie  ops -c l ause  ebenfa l l s  l ee r
i s t .
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3 .5 .  ASPIK-a tax

3 .5 .1 .  Nota t ion

unte rs t r i chene  Te i l e  können au tomat isch  gene -
r i e r t  werden

t renn t  l inke  und r ech te  Se i te  e iner  Rege l

I ] umschließen op t iona le  Te i l e

H t renn t  zwei A l te rna t iven  fü r  d ie  rech te  Se i te
e ine r  Rege l

E I sind Metaklammern

PP kennze ichne t  d ie  Promptpos i t ionen

. . .  kennze ichnen  d ie  U iederho lung  des  vorangehen-
den  Te i l s

b kennze ichne t  das  Leerze ichen

Nich t te rmina le  der  Grammatik :

a )  d ie  k le ingeschr iebenen  Nor te

b) die Symbole { ) ; , : = - -> 1* * ;  b ( ) « == = l=  & | <==>
: = [ ] — - — > *

Termina le  der  Grammatik  :

a )  d ie  g roßgeschr iebenen  Uor te

b)  d ie  Symbole { } ; , t I - - )  [* *! . b x ( ) == I l -  & |
(== )  ==.)  [ ] III " )  *
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3.5.2.  Die ASPIK-Svntgä

spec i f i ca t ion  : :  spec id - c l ause

comment -c lause

use -c l ause

E so r t s - c l ause  ]

E ops -c l ause  I

E p rops -c l ause  ]

E body  ]

PP endseec

3 .5 .2 .1 .  Die  K lagge ln  des  avec—headerg

Spec id -cLaUSe  : :  PP spec  PP spec id  E ; H b j

spec id  : :  s imp le - so r t i d  : :  i d  ( s i ehe  3 .5 .3 . )

comment-clause : :  PP I comment I E ; H b 3

comment - : :  comment -par t  I b comment—par t  ] . . .

[ *  non -b lank—ch  . . .commen t -pa r t

E b non-"b lank -Ch  I I I  ] un .  * ,

use—c lause  : :  PP use  use -e lem I nex tuse

nextuse : :  PP E ; fl E use-elem I nextuse j j

use—e lem : :  spec te rm  E b comment  ]

PP sor ts  nex t—sor tso r t s - c l ause
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next-sort : :  PP E ; l] E sorts-elem : next-sort  I j]

so r t s -e l em : :  s imp le - so r t i d  [ b comment  ]

ops -c l ause  PP 025  nex t -op

next-op PP I: ; u If, ops-elem I next-op Z] Z]

ops -e lem : :  opheade r -E  b comment  ]

p rops -c l ause  : :  PP  g rogs  nex t -p rop

next-prop : :  PP [C ‚- 0 LE, props-elem , next-prop j] j]

p rops -e lem : :  l abe l  proper ty  I b comment  ]

label  : :  [E  Letter [! d ig i t  3] J b
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3 .5 .2 .3 ‚  D ie  K lause ln  des  sage -bod ies

body PP gpec—bodx

E car r ie r -par t  ]

[ op-par t  ]

car r ie r -par t  : :  cons -c l ause

E aux -c l ause

E de f -aux -c l ause  m ]

E ca r r i e r -c lause  ]

cons -c l ause  : :  PP  const ruc tors  nex t -cons

PP E ‚- [l b l] [E cons-elem i next-cons 33 ]"EXt -COHS

cons -e lem s imp le -op id  E b comment  ] ‚ \

aux -c l ause  : :  PP gux i l i g r i eg  nex t -aux

next-aux : :  PP E ; l] E aux-e lem I next-aux j] j]

aux -e lem : :  opheader  E b comment ]

de f -aux -c l ause  : :  PP  de f i ne -aux i l i a r i es  nex t -de f -aux

PP E ; n b n @ de f -aux—e lem I nex t—def -aux

32T
nex t—de f—aux
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def—aux-e lem : :  op—body I b comment  l

ca r r i gg j c lgggg  : :  PP def ine -car r i e rs  nex t -ca r r i e r

nex t -ca r r i e r  : :  PP E ; H b H E ca r r i e r -e l em , nex t -ca r r i e r

31:1]
ca r r i e r -e l em : :  char—pred ica te  [ b comment ]

char—pred ica te  : :  IS  - s imp le - ss r t i d  ( va r i d  ) = char—case

cha r - case  : :  PP case  [ g r i d  ig

* Le f t—par t  : op -scheme

E , PP * l e f t - pa r t  : op -scheme  ] . . .

E , o the rw i se  : opscheme  ]

( s i ehe  Abschn i t t  3 .3 .4 )

va r i d  : :  i d  ( s i ehe  3 .5 .3 . )

cp -pa r t  : :  E de f - cons -c l ause  ]

E p r i v -ops -c l ause  ]

de f -ops -c l ause

de f -gons -c l ause  : :  PP def ine -cons t ruc tor -ops  nex t -de f—cons

nex t -de f - cons  : :  PP  E ; H b n @ de i - cons -e lem ) nex t -de f—cons

312!
gg f - cons -e lem : :  cons -body  I b comment l
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cons -body  : :  op -body

( s i ehe  Abschnitt  3 .3 .5 )

p r i v -ops -c l ause  : :  PP p r iva te -093  nex t—pr iv -op

next-priv-op : :  PP E ; H E p r i v -ops -e lem I next-priv-op

213
p r i v -ops -e lem : :  opheader  E b comment  ]

de f—ops -c l ause  : :  PP  de f ine -ops  nex t -de f -ops

next-def—ops : :  PP E ; H b H E def-ops—elem , next-defrops

ES!
de f -ops -e lem : :  op -body  E b comment 1
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3 .5 .2 .3 .  Spec te rme  und  Map te rme

spec te rm : spec id  fl

spec te rm  E { s imp le - t r i pe l  E I s imp le - t r i p l e

] . . .  } ] . . .

s imp le—t r i pe l  : :  PP spec te rm  s imp le -a r row te rm  spec te rm

s imp le -a r row te rm  : :  a r row  fl s imp le -a r row-compos i t i on

a r row  : :  - E a r row id  ] ->

a r row id  : :  i d  ( s i ehe  3 .5 .3 . )

s imp le -a r row—combos i t i on  : :  s imp le -a r row te rm

E specterm simple-arrowterm j . . .

map te rm  : :  s imp le - t r i p l e
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3 .5 .2 .4 .  Obheader  und  Opera t i onsde f i n i t i ongn

opheader  : :  s imp le -op id  E : s imp le -op id  I . . .  :

[ sor t id  E : sor t id  ] . . .  I - ->  sor t id

s imp le -op id  : :  E ] . . .  s imp le -op id -pa r t

E _ . . .  s imp le -op id -pa r t  ] . . .  E _ ] . . .

s imp le -op id -pa r t  : :  i d  ( s i ehe  3 .5 .3 . )

sor t id  : :  E pre f ix  . ] s imp le - so r t i d

pre f ix  : :  specid fl

pre f ix  E { p re f i x - t r i pe l  E ‚ p re f i x - t r i pe l  ]

. . .  } ] . . .

p re f i x - t r i pe l  : :  p re f i x  p re f i x -a r rowterm p re f i x

pre f ix -a r rowterm : :  a r row fl pre f ix -a r row-compos i t ion

pre f ix -a r row-compos i t ion  : :  p re f i x -a r rowterm

E p re f i x  pre f ix -a r rowterm E . . .

op-body : :  Le f t -par t  = op-scheme

Left-part  : :  p re f i x - l e f t - pa r t  I m i x f i x - l e f t - pa r t

pre f ix—Lef t—par t  : :  s imp le -op id  E ( va r i d  E : va r i d  ] . . .  ) ]

mix f i x—Le f t - pa r t  : :  E E var id  [ ' va r i d  ] . . .  b ]

s imp le -op id -pa r t  b ] . . .

E var id  E : va r i d  I . . .  b I s imp le -ep id -

par t  -

E b va r id  E : va r id  I . . .  I
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op-scheme

le t -scheme

i f -scheme

case—scheme

Benutzeran le i tung

term fl let-scheme fl if—scheme fl case—scheme

l e t  va r id  = t e rm E : var id  = t e rm ] . . .

PP in op-scheme

i f  t e rm

PP then op-scheme

[ eLse i f  t e rm

PP gngg op-scheme n . . .

PP e l se  op-scheme

case  var id  i s

PP * Lef t—Qgrt  : op-scheme

E , PP * l e f t -pgr t  : op—scheme ] . . .

I , o therw ise  : op-scheme ]

PP esac
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3 .5 .2 -5 .  Tehmg

t e rm : :

pre f ix - te rm : :

m ix f i x - te rm

op id -pa r t  : :

s imp le -op id—par t  :

p re f i x

Benutzeran le i tung

( term ) B var id  fl prefix—term fl mixfix-term
op id—par t  E ( t e rm E I t e rm ] . . .  ) ]

E E term E z term I . . .  b ] op id -par t  b ] . . .

E term E . term ] . . .  b I opid-part
E b t e rm  E . t é rm I . . .  n

I pre f ix  . B s imp le—op id -pa r t

: i d  ( s i ehe  3 .5 .3 )

( s i ehe  3 .5 .2 .4 . )
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3 .5 .2 .6 .  P roge r t i es

proper ty

a t t r ibu te

a t t r ibu te -name

op id

quant i f i ca t ion

quant i f i e r

co imp l i ca t i on

imp l i ca t i on

d i s j unc t i on

con junc t ion

nega t ion

a tom ic - f o rmu la

a tom

equat ion

a t t r ibu te  fl quant i f i ca t ion

a t t r ibu te -name : op id

assoc ia t i ve  U re f l ex i ve  fl i r r e f l ex i ve  fl

t r ans i t i ve  fl equivalence fl l i nea r -o rde r i ng  fl

commutative fl symmetric fl antisymmetric

E ] . . .  op id -par t  E _ . . .  op id -par t  ]

. . .  E ] . . .

co imp l i ca t i on  n

quan t i f i e r  va r i d  E ‚va r id  ] . . .  : so r t id  b

quan t i f i ca t i on

a l l  H ex

imp l i ca t i on  fl

imp l i ca t i on  <==> imp l i ca t i on

d i s j unc t i on  fl

d i s j unc t i on  ==>  d i s j unc t i on

con junc t i on  fl

con junc t ion  I conjunction

nega t i on  fl

nega t i on  & nega t i on

a tom ic - f o rmu la  fl w atomic-formula

( quant i f icat ion ) H atom

term fl equat ion fl inequat ion

t e rm  ==  t e rm

??
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„rm = |=  term
..

l? oi nequa t i on  :
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3 .5 .2 .2 .  Termina l -Rege ln

b : :  b . . .

(das  Re turn -Ze ichen  w i rd  a ls  b in te rpre t i e r t )

. : :mbm,mb1flb

; : :  E b ] ; E b ]

: : :  I b ] : E b I

= : '  E b ] = E b ]

{ : :  E b ] { I b ]

} : :  m b 3 ‘ )  m b :
- . .  b -

->  : :  - )  b

[ *  : :  E b ] l! b

* l  : :  b *! [ b ]

* : :  E b ] * b

- ->  : :  I b ] - ->  E b ]

( : :  E b ] ( E b l

b ] ) E b ]V

I I

II H

== b

=|= b
a b

l b

(==> b

zu )  b

00

O
'

O
“

O
'

O
'

D
'

D
'

l [ b ]J |=
| O

“
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[ : :mb l t tbm
] : :  E b ] ] E b ]

spec : :  E b I SPEC b

use : :  E b ] USE b

sor ts  : :  I b ] SORTS b

ops : :  E b I OPS b

p rops  : :  E b ] PROPS b

const ruc tors  : :  E b ] CONSTRUCTORS b

aux i l i a r i es  : :  [ b ’ ]  AUXILIARIES b

de f i ne -aux i l i a r i es  : :  E b I DEFINE-AUXIL IARIES b

de f ine -car r i e rs  : :  E b ] DEFINE-CARRIERS b

def ine -const ruc tor -ops  : :  E b ] DEFINE-CONSTRUCTOR-OPS b

pr iva te -obs  : :  E b ] PRIVATE-OPS b

de f i ne -ops  : :  I b ] DEFINE-OPS b

endspec : :  I b ] ENDSPEC b

spec-body : :  [ b ] SPEC-BODY b

i f  : :  E b I I F  b

t hen  : :  b THEN b

e l se i f  : :  b ELSEIF b

e l se  : :  b ELSE b

case  : :  E b ] CASE b

i s  : :  b IS  b '

otherw ise  : :  b OTHERUISE E b ]

esac  : :  b ESAC I b }

Let  : :  [ b ] LET  b

in  : :  b IN  b
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a l l  : :  [ b ] ALL b

ex  . : :  I b ] EX b

assoc ia t i ve  : :  E b ] ASSOCIATIVE b

r e f l ex i ve  : :  [ b ] REFLEXIVE b

i r re f l ex ive  : :  I b ] IRREFLEXIVE b

symmetr ic  : :  I b ] SYMMETRIC b

ant isymmet r ic  : :  E b ] ANTISYMMETRIC b

t rans i t i ve  : :  E b ] TRANSITIVE b

equ i va lence  : :  E b I EQUIVALENCE b

l ine ra r -o rder ing  : :  I b ] LINIEAR-ORDERING b

commuta t ive  : :  E b ] COMMUTATIVE b

non—blank-ch beze ichne t  j edes  Ze ichen:  m i t  Ausnahme des

Leerze ichens
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Die  f o l genden  Sonde rze i chen  bes i t zen  e i ne  besonde re  syn tak t i -
sche  Funk t i on  :

Sonder— Be i sp ie l  f ü r  syn tak t i s che  Funk t i on  des
ze i chen  Sonde rze i chens

> Sp i t ze  des  P fe i l s  zw i schen  den  Que l l so r t en  und  de r
Z ie l so r t e  e i nes  Opheade rs

= t r enn t  r ech te  und  l i nke  Se i t e  e i ne r  G le i chung

: t r enn t  Ope ra t i onsbeze i chne r  von  i h re r  S te l l i g—
ke i t sde f i n i t i on  im  Opheader

, t r enn t  zwe i  K lause le l ememte

. t r enn t  den  P rä f i x  vom Beze i chne r

t r enn t  zwe i  K lause ln

{ } umsch l ießen e inen  App l i ka t i ons te rm  e ines  Specterms

kennze i chne t  d i e  A rgumen tpos i t i onen  i n  e i ne r
M ix f i x -Ope ra t i on

( )  umsch l i eßen  e inen  Term

* kennze i chne t  e i nen  syn tak t i s chen  Kons t ruk to r

H i l l  man d iese  Sonde rze i chen  i nne rha lb  e i nes  Beze i cne rs  benu t -
zen :  so  muB j edem d iese r  Sonde rze i chen  das  x -Ze i chen  vo range -
s te l l t  we rden ,  um d ie  syn tak t i s che  Bedeu tung  au f zuheben .

Fo lgende  Rege ln  f ü r  das  N i ch te rm ina l  i d  kOmmen zu r  G rammat i k
h inzu  :

simple—char E id ]  |i d  : :

unspec ia l i zed—char  [ i d ]

unspec ia l i zed -cha r  : :  % spec ia l - cha r

spec ia l - cha r  : : > |= l . l . l : l < l> l_ l ( l > |
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s imple -cher  beze ichne t  a l l e  Ze ichen:  m i t  Ausnahme von

b (Leerze ichen)
%
spec ia l -char  (Sonderze ichen)

Die  fo lgenden  Konvent ionen  vervo l l s tänd igen  d ie  Syntax  fü r  e i -
nen  Beze ichner  :

a )  de r  Beze ichners  i s t  n ich t  l änger  a ls  30  Ze ichen
b)  der  Beze ichner  i s t  ung le ich  N IL
c )  der  Beze ichner  i s t  ke ine  Zah l
d )  i s t  de r  Beze ichner  geprä f i x t ‚  so i s t  d ie  Gesamtlänge k le iner

a ls  254  Ze ichen

Zusgmmenfassung:

An e inen  gü l t igen  Beze ichner  id  werden fo lgende  Anforderungen
ges te l l t

3 )  j edem Sonderze ichen  (spec ia l—char )  innerha lb  von  id  i s t
das  x -Ze ichen  voranges te l l t

b)  das  x -Ze ichen  s teh t  nur  vor  d iesen  Sonderze ichen
c )  id  beze ichne t  ke ine  Zah l  im  S inne  von  INTERLISP
d)  id  beze ichne t  n ich t  das  INTERLISP-Atom N IL
e )  id  i s t  n ich t  l änger  a ls  30  Ze ichen
f )  i s t  id  geprä f i x t ‚  so überschre i te t  d ie  Gesamtlänge 254

Ze ichen  n ich t
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&.  L igeca turverzg ighn is

[ BES 81  J Bläs ius :  K . :  E is inger :  N . :  S iekmann:  J . :  Smolka :
G . :  Hero ld :  A . :  Wa l ther :  c .  : The Markgra f  Car l  Re fu ta t ion
Procedure :  P roc . :  7 th  I JCAI :  1981

BGGORV 83 ] Beie r le :c . :  Ger lach :  M . :  Göbe l :  R . :  O l tho f f :
V. :  Rau le fs :  P . :  Voß: A.  : I n tegrea ted  Program Development
and Ver i f i ka t ion :  IN :  H .  L .  Hausen  ( ed . ) :  Symposium on
Sof tware  Va l ida t ion :  Nor th -Ho l land  Pub l .  Co. :  Amsterdam
1983

BGV 83  J Beie r le :  Ch . :  Ger lach :  M . :  Voß:  A .  : Pa ramete r i za -
t ion  w i thout  Parameters—in  : The H is to ry  o f  a H ie ra rchy  o f
Spec i f i ca t i ons .  SEKI—Pro jek t :  Memo SEKI -83 -O9:  Un ivers i tä t
Ka isers lau te rn :  Fachbere ich  In fo rmat ik :  September 1983

BV 81 /84  ] Beie r le :  C . :  Voß:  A .  : En twur fsbeschre ibung  und
Arbe i tsun te r lagen  zum Spez i f i ka t ionsentw ick lungssys tem
SPESY: SEKI -Pro jek t :  Un ivera t i ä t  Ka isers lau te rn :  Fachbe -
re ich  In fo rmat ik :  1981 -1984

BV 83a ] Beie r le :  Ch . :  Voß: A.  : Canon i ca l  Term Functors
and  Paramete r i za t ion -by -use  fo r  the  Spec i f i ca t ion  o f  Ab -
s t rac t  Da ta  Types .  SEKI -Pro jek t :  Memo SEKI -83 -O7:  Un iver -
s i tä t  Ka isers lau te rn :  Fachbere ich  In fo rmat ik :  May 1983

BV 83b ] Be ie r le :Ch . :  Voß:  A . :  : Pa ramete r i za t ion -by -use
for  h ie ra rch ica l l y  s t ruc tured  ob jec ts .  SEKI—Pro jek t :  Memo
SEKI -83 -08 :  Un ivers i tä t  Ka isers lau te rn :  Fachbere ich  In fo r -
mat ik :  May 1983

BV 85 ] Beie r le :  C . :  Voß: A. : Spec i f i ca t ion  and implemen-
t a t ion  o f  abs t rac t  da ta  types  in  a suppor t  env i ronment  fo r
the  deve lopment  o f  ve r i f i ed  so f tware :  SEKI -Pro jek t :  Un i -
ve rs i tä t  Ka isers lau te rn :  Fachbere ich  In fo rmat ik :
(e rsche in t  1985 )

Eis  82 ] EiS inger :  N .  : A p racmat ic  module concept  fo r  IN -
TERLISP:  In te rner  Ber ich t  Nr .23 /82 :  Un ivers i tä t  Kar ls ruhe :
Ins t i tu t  fü r  In fo rmat ik  1 :  1982

Epp ] Epp:  B .  : I n te r l i sp -Programmierhandbuch:  Ins t i tu t  fü r
deutsche  Sprache

Ge 83 ] Ger lach :  M .  : A Second-Order  Match ing  Procedure  fo r
the  Prac t ica l  Use in  a Program Trans format ion  Sys tem.
SEKI -Pro jek t :  Memo SEKI -83 -13 :  Un ivers i tä t  Ka isers lau te rn :
Fachbere ich  In fo rmat ik :  Sep tember  1983

I n t  ] SIEMENS- INTERLISP:  Benutze rhandbuch  Vers ion  4 .0 :
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Augus t  1980

- E K r  79  ] Kreowsk i :  H. -J .  : A lgebra  f ü r  I n fo rmat ike r :  Skr i p t
zu r  g l e i chnam igen  Vo r l esung  im  HS 78 /79 :  TU Be r l i n :

- [ KRST 83  J Kücke :  R . :  Rome :  E . :  Sommer :  H . :  Thomas :  Ch .
Das  SPEC-Sys tem ( SPESY ) : Benu tze rhandbuch :  SEK I -
P ro jek t : '  Un i ve rs i t ä t  Ka i se rs l au te rn :  Fachbe re i ch  I n fo rma-
t i k :  1983

- E L i  85 J L i ch te r :H .  : E in  i n te rak t i ves  und  syn taxo r i en t i e r—
tes  E ingabesys tem fü r  a l geb ra i sche  und  a l go r i t hm ische
Spez i f i ka t i onen  i n  de r  Spez i f i ka t i onsen tw i ckLungsumgebung
SPESY:  Un i ve rs i t ä t  Ka i se rs l au te rn ,  Fachbe re i ch  I n fo rma t i k :
Janua r  1985

- C Mat 84a ] Ma the i s :  H .  : E in  i n te rak t i ves  und  syn taxo r i en—
t ie r t es  E ingabesys tem fü r  a l geb ra i sche  Spez i f i ka t i onen :
Un i ve rs i t ä t  Ka i se rs l au te rn ;  Fachbe re i ch  I n fo rma t i k :  Ap r i l
1984

— [ Mat 84b ] Mathe i s :  H .  : E in  i n te rak t i ves  und  syn taxo r i en -
t i e r t es  E ingabesys tem fü r  a l geb ra i sche  Spez i f i ka t i onen :
Memo SEKIH84 -D3 - I :  Un i ve rs i t ä t  Ka i se rs l au te rn :  Fachbe re i ch
In fo rma t i k :  Ap r i l  1984

— [ O l t  85  ] O l t ho f f :  H .  : The  Rea l i za t i on  Leve l :  Un i ve rs i t ä t
Ka i se rs l au te rn :  Fachbe re i ch  I n fo rma t i k  ( e r sche in t  1985 )

- [ Ra 79 ] Rau le fs :  P .  : Einführung i n  d i e  Theorie der Daten—
s t ruk tu ren :  Vo r l esungsno t i zen  zu r  g l e i chnam igen  Vo r l esung
im  SS 1979 :  Un i ve rs i t ä t  Bonn :  Fachbe re i ch  I n fo rma t i k :  1979

- [ Sch 85 ] Schö l l es :  V .  : Das Spez i f i ka t i onssy tem SPESY: Un i -
ve rs i t ä t  Ka i se rs l au te rn :  Fachbe re i ch  I n fo rma t i k  ( e r sche in t
1985 )

- E Sam 84  ] Sommer:  u .  : Komponen ten  des  I n te rak t i ven  Sys tems
SPESY zu r  Un te rs tü t zung  I n teg r i e r t e r  P rog ramm-
Spez i f i ka t i on  und  —Ver i f i ka t i on :  SEK I -P ro jek t :  Memo
SEKI -84—02 :  Un i ve rs i t ä t  Ka i se rs l au te rn :  Fachbe re i ch  I n fo r -
mat i k :  1984

- [ Tho 84  J Thomas :  Ch .  : RRLab-  Rewr i te  Ru le  Labo r .  En twu r f :
Spez i f i ka t i on  und  Imp lemen t i e rung  e i nes  So f twa reve rkzeuges
zu r  E rzeugung  und  Ve rvo l l s t änd igung  von  Rewr i t e -Ru le  Sy -
s temen .  SEK I -P ro jek t :  Memo SEKI -84 -U1 :  Un i ve rs i t ä t
Ka i se rs l au te rn :  Fachbe re i ch  I n fo rma t i k :  1984
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Kap i t e l  5 SPESY-S i t zungsp ro toko l l e

; .  SPESY-S i t zungsg ro toko l l e

Der  ers te  Te i l  de r  f o l genden  S i t zungsp ro toko l l e  wu rde  be re i t s
von  Hans Ma the i s  m i t  e i nem Rumpfsys tem von.SPESY e rs te l l t  [Ha t
84 ] .  S ie  dokumen t i e ren  besonde rs  anschau l i ch  das  D ia l ogve rha l -
t en  des  E ingabesys tems  bzg l .  de r  use -c l ause  und  de r  use—
Bez iehung  von  Spez i f i ka t i onen .  D ie  i n  d i esen  P ro toko l l en  au f -
t r e tenden  Sys tem-  und  F i l e l eve l kommandos  s i nd  zum Te i l  nu r  noch
ve rände r t ,  ode r  übe rhaup t  n i ch t  meh r  i n  de r  zu r  Ze i t  imp lemen-
t i e r t en  SPESY—Vers ion  ve r f ügba r .

Der zwe i t e  Te i l  wu rde  m i t  e i ne r  vo l l s t änd igen  SPESY-Ve rs i on  e r -
s te l l t .  Be i  d i esen  P ro toko l l en  wu rde  besonde rs  au f  das  D ia l og—
ve rha l t en  des  Sys tems  be i  vo rde f i n i e r t en  Te i l en  e i ne r  Spez i f i -
ka t i on  und  au f  das  Zusammensp ie l  zw i schen  Spec -Ed i t o r -  und
Spec—Inpu t l eve l  geach te t .
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Kapitel 5 SPESY-Sitzungsprotokolle

5.1. Sitzungsprotokolle des Teil-Einqabesysteggwyon Hans Hatheis

(OUT) PROTOCOL STARTED.
' (OUT) ENTER COD:

(OUT)
(IN) List bool
(OUT) spec BOOL;
(OUT) use
(OUT) sorts BOOL;
(OUT) ops TRUE,FALSE: --> BOOL
(OUT) NOT: BOOL ——) BOOL
(OUT) _ANO_‚_OR_: BOOL BOOL -—> BOOL;
(OUT) ENTER CMD:
(OUT)
(IN) input spec ordelen
(OUT)
(OUT) ****** I N P U T L E V E L FOR SPECS ******
(OUT) ENTER COHHENT OR ;
(OUT)
(IN) /* a reflexive, linear ordering on eLen */
(OUT) use
(OUT) ENTER SPECTERH COMMENT
(OUT) -
(IN) boot;
(OUT) sorts
(OUT) ENTER SORTID COMMENT OR ;
.(OUT)
(IN) elem;
(OUT) ops
(OUT) ENTER DP-HEADER COHHENT OR ;
(OUT)
(IN) _z<=_:elem eLem--)booL
(OUT) *** THE FOLLOUING NIXFIX-OPIOS ARE INVALID IN THE OPS-CLAUSE ***
(OUT) _x<=_
(OUT) ENTER OP-HEADER CONHENT OR ;
(OUT)
(IN) ?
(OUT) OP—HEAOER::= OPIDS : [ DOMAINS ] -—> COOOHAINS
(OUT)
(IN) ?
(OUT) OPIOS::= IO [ ‚ ID ,  . . .  ‚ ID  ]
(OUT)
(IN) '
(OUT) OOHAINS::= PREF_SORTIO . . .  PREF_SORTIO
(OUT) CODOHAIN::= PREF_SORTID
(OUT) -
(IN) ? ,
(nur) '.PREF_SORTID::= E SPECTERH .]SORTIO
(our)
(IN) 9
(OUT) *** ENTER END OR ABORT ***
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(OUT)
(IN) end
(OUT) ****** E N O I N P U T ******
(OUT) CPU TIHE USED : 3991 ns.
(OUT)
(OUT) ****** E D I T O R L E U E L FOR SPECS ******
(OUT) ENTER EDITOR-CHO:
(OUT)
(IN) input
(OUT) —
(OUT) ****** I N P U T L E U E L FOR SPECS tttttt
(OUT) ****** START HITH INPUT AT THE FOLLOUING CLAUSE ****I*
(OUT) SORTS-CLAUSE
(OUT) ENTER SORTID connENT OR ;
(OUT)
(IN) ;
(OUT) ops
(OUT) ENTER OP-HEADER COHHENT OR ;
(OUT)
(IN) _<=_:eten elem-->bool
(OUT) *** THE FOLLOUING NIXFIx-OPIDS ARE INVALID IN THE OPS-CLAUSE ***
(OUT) (=
(OUT) ENTER OP-HEADER COMMENT OR ;
(OUT)
(IN) _<x=_:etem etem-->boot /* = is a speciaL_phar *!
(OUT) ENTER OP-HEADER CONHENT OR ;
(OUT)
(IN) eq-elen :eten elem --> boot;
(OUT) ****** E N D I N P U T ******
(OUT) CPU TIHE USED : 2249 ms.
(OUT) ****** E D I T O R L E v E L FOR SPECS ******
(OUT) ENTER EDITOR-CHO:
(OUT)
(IN) end
(OUT) ENTER CHD:
(OUT)
(IN) List ordeten '
(OUT) spec ORDELEH /t A SET UITH A REFLEXIVE, LINEAR ORDERING *I;
(OUT) use BOOL;
(OUT) sorts ELEM;
(OUT) ops _<z=_: ELEH ELEN --> BOOL It = IS  A SPECIAL_CHAR *!
(OUT) EO-ELEN: ELEH ELEM —-> BOOL;
(OUT) ENTER CMD:
(OUT)
(IN) input spec natord
(OUT)
(OUT) ****** I N P U T L E U E L FOR SPECS ******
(OUT) ENTER COMMENT OR ;
(OUT)
(IN) /* the natural numbers with the standard ordering */
(OUT) use
(OUT) ENTER SPECTERH CONHENT

SPESY—Stungsprotokotle
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(OUT)
(IN) boot;
(OUT) sorts
(OUT) ENTER SOITID COHHENT OR ;
(OUT)
(IN) nat;

-(OUT) ops
'(OUT) ENTER OP-HEADER COMMENT OR ;
(our) '
(IN) _(x=_:nat nat-—>bool
(OUT) ENTER OP-HEADER CONHENT OR ;
(OUT)
(IN) eq-nat:nat nat-->bool
(OUT) ENTER OP—HEADER COMMENT OR ;
(OUT)
(IN) O:-->nat
(OUT) *** THE FOLLOHING OPIDS ARE INVALID IN THE OPS—CLAUSE ***
(OUT) 6
(OUT) ENTER OP-HEADER COHHENT OR ;
(OUT)
( IN) nulI:——>nat
(OUT) ENTER OP—HEADER CONNENT OR ;
(OUT)
(IN) succ‚pred:nat-—> nat
(OUT) ENTER OP—HEADER COHHENT OR ;
(OUT)
(IN) _+_‚_-_:nat nat—-> nat
(OUT) ENTER OP-HEAOER COMMENT OR ;
(OUT)
(IN) ;
(OUT) ****** E N D I N P U T ******
(OUT) CPU TIHE USED : 3632 ms.
(OUT)
(OUT) ****** E D I T O R L E V E L FOR SPECS A******

(OUT) ENTER EDITOR-CND:
(OUT)
(IN) end
(OUT) ENTER CMD:
(OUT)
(IN) List ordnat
(OUT) ILLEGAL SPECIFICATION NANE. COMMAND BROKEN.
(OUT) ENTER CMD:
(OUT)
(IN) List ornat
(OUT) ILLEGAL SPECIFICATION NAME. CONHANO BROKEN.
(OUT) ENTER CMD:
(OUT)
(IN) List natord
(OUT) spec NATORD /* THE STANDARD ORDERING OF THE NATURAL NUNBERS *l;
(OUT) use BOOL;
(OUT) sorts NAT;
(OUT) ops _<z=_= NAT NAT --) BOOL
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(OUT) EO—NAT: NAT NAT --> BOOL
(OUT) NULL: --> NAT
(OUT) SUCC‚PRED: NAT --) NAT
(our) _+_,_—_: NAT NAT --> NAT;
(OUT) ENTER CMD:
(OUT)
(IN) input Spec l i s t
(OUT) '
(OUT) ****** l N P U T L E V E L FOR SPECS ******
(OUT) ENTER COHHENT OR ;
(OUT)
(IN) /* l i s t  of anything */
(OUT) use
(OUT) ENTER SPECTERH CONNENT
(OUT) '
(IN) ordelen;
(OUT) sorts
(OUT) ENTER SORTID CONHENT OR ;
(OUT)
(IN) ( i s t ;
(OUT) ops
(OUT) ENTER OP-HEADER COHHENT OR ;
(OUT)
(IN) enpty:-->list
(OUT) ENTER OP-HEAOER COHHENT OR ;
'(OUT)
(IN) put:elem List--)Liist , f i rst : l ist ->elel  „
(our) *** INPUT NAS IGNOREO BEGINNING AT : ‚FIRST:LIST- > ELEn _
(OUT) *** THE FOLLONING SORTIOS ARE NEITHER IN THE INTERFACE NOR IN SORTS-CLAUSE ***
(OUT) LIIST
(OUT) ENTER OP—HEADER CONNENT OR ;
(OUT)
(IN) put:elen List-—)Iist , f i rs t : l is t - ->e le l
(OUT) ENTER OP-HEADER CONNENT OR ;
(OUT)
(IN) res t : l i s t -—>l is t
(OUT) ENTER OP-HEAOER COMMENT OR
(OUT)
(IN) append:List l i s t  -—> l i s t
(OUT) ENTER OP-HEAOER CONHENT OR
(OUT)
(IN) empty?‚simple?:List—->booL
(OUT) ENTER OP-HEADER COMMENT OR

\ -
\.

\ .

(OUT)
(IN) in?:eLem list-—>bool;
(OUT) ****** E N O I N P U T ***i**
(OUT) CPU TIME USED : 4899 as.
(OUT)
(wn nun EOITORLEVEL wnwas  an“

(nur) ENTER EDITOR—CND:
(OUT)
(IN) end
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(OUT) ENTER cno:
(OUT)
(IN) l i s t  l i s t
(OUT) spec LIST /t LIST OF ANYTHING */;
(OUT) use OROELEH;
(OUT) sorts LIST;
(OUT) ops EMPTY: --> LIST
(OUT) PUT: ELEM LIST --) LIST
(OUT) FIRST: LIST --> ELEn
(OUT) REST: LIST -—> LIST
(OUT) APPEND: LIST LIST --> LIST
(OUT) EUPTY?‚SINPLE?: LIST --> BOOL
(OUT) IN?: ELEM LIST _“ )  BOOL;
(OUT) ENTER CUD:
(OUT)
(IN) input Spec s lo ts
(OUT)
(OUT) ****** I N P U T L E V E L FOR SPECS ******
(OUT) ENTER COMMENT OR ;
(OUT)
(IN)
(OUT) use
(OUT) ENTER SPECTERH COHHENT
(OUT) .
(IN l i s t ;
(OUT) sorts
(OUT) ENTER SORTIO COHHENT OR ;
(OUT)
(IN) part1 ‚par t2: l is t—->l is t
(OUT) BCST !!!!!!ACHTUNG LASERPRINTER OEFEKT**BITTE KEINE L P R ' s :188657 :84—93—26886
(OUT) *** THE FOLLOWING SORTID I s  INVALID IN THE SORTS—CLAUSE ***
(OUT) :LIST-—>LIST
(OUT) ENTER SORTIO COUUENT OR ;
(OUT)
(IN) ;
(OUT) ops
(OUT) ENTER OP-HEADER CONHENT OR ;
(OUT)
(IN) part1‚partz:List->I ist
(OUT) ENTER OP-HEADER COMMENT OR ;
(OUT)
(IN) conbine: l ist  Iist——>List
(OUT) ENTER OP-HEADER CONUENT OR
(OUT)
(IN) siae_sort: List-->List
(OUT) ENTER OP-HEADER CONNENT OR ;
(OUT)
(IN) part1zl istf->I ist
(OUT) *** THE FOLLOWING OPIDS OCCUR TNO OR "ORE TIHES IN THE OPS-CLAUSE, ACCEPTED ONLY ONCE ***
(OUT) PART1
(OUT) ENTER OP-HEADER COHHENT OR ;
(OUT)

\.
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(IN) ;
(wn “na END INPUT an“
(our) cpu TIHE USED : 3174 as.
(OUT)
(OUT) ****** E D I T O R L E v E L FOR sPEcs *ittit
(OUT) ENTER EDITOR-CHO:
(OUT)
(IN) end
(OUT) ENTER CHO:
(OUT)
(IN) List sLots
(OUT) spec SLOTS;
(OUT) use LIST;
(our) sorts PART1‚PART2;
(OUT) ops PART1‚PART2: LIST --> LIST
(OUT) CONBINE: LIST LIST --) LIST
(OUT) SINPLE_SORT: LIST —-> L IST;
(OUT) ENTER CMD:
(OUT)
(IN) edit sLots
(OUT)
(OUT) ****** E D I T 0 R L E V E L FOR SPECS ******
(OUT) ENTER EDITOR—CHD:
(OUT)
(IN) deLp sopu
(OUT)
(OUT) ENTER EDITOR-CHO:
(OUT)
(IN) List sLots
(OUT) *** ILLEGAL COMMAND ***
(OUT)
(OUT) ENTER EDITOR-END:
(OUT)
(IN) end
(OUT) EDITOR ENDED.
(OUT) ENTER CMD:
(OUT)
(IN) List sLots
(OUT) spec SLOTS;
(OUT) use LIST;
(OUT) sorts
(our) ops PART1,PART2: LIST -> LIST
(OUT) COHBINE: LIST LIST -) LIST
(OUT) SINPLE_SORT: LIST --) LIST;
(OUT) ENTER CHD: '
(OUT)
(IN) input spec aLg
(OUT)
(wn una INPUTLEVEL rm Süß an“
(OUT) ENTER COHHENT OR ;
(OUT)
(IN) /* sorts l i s t s  of anything algorihüicaLLy *!
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(OUT) use
(OUT) ENTER SPECTERH COHHENT
(OUT)
(IN) use s lo ts
(OUT) *** INPUT HAS IGNOREO BEGINNING AT : SLOTS
(OUT) *** THE FOLLOWING SPECTERH DOESN'T EXIST IN THE EHVIRONHENT ***
(OUT) USE
(OUT) ENTER SPECTERH COMMENT
(OUT)
( IN) sLots
(OUT) ENTER SPECTERH COflHENT OR ;
(OUT)
(IN) ;
(OUT) sorts
(OUT) ENTER SORTID COHHENT OR ;
(OUT)
(IN) ;
(OUT) ops
(OUT) ENTER OP-HEADER COHHENT OR ;
(OUT)
(IH) sort_l ist_:List-->l ist
(OUT) *** THE FOLLOWING NIXFIX-OPIDS HAVE NO CORRECT ARITY ***
(OUT) SORT_LIST_
(OUT) ENTER OP-HEADER COMMENT OR ;
(OUT)
( IN) sort:List--)List
(OUT) ENTER OP-HEADER COUHENT OR ;
(OUT)
(IN) ;
(OUT) ****** E N D I N P U T ******
(OUT) CPU TIME USED : 1592 as.
(OUT)
(OUT) ****** E D I T O R L E V E L FOR SPECS ******‚
(OUT) ENTER EDITOR-CHO:
(OUT)
(IN) end
(OUT) ENTER CHD:
(OUT)
(IN) List aLg
(OUT) spec ALG /* SORTS LISTS OF ANYTHING ALGORIHHICALLY *7;
(OUT) use SLOTS;
(OUT) sorts
(OUT) ops SORT: LIST --> L IST;
(OUT) ENTER CMD:
(OUT)
(IH) input spec insertion
(OUT)
(OUT) ******' I N P O T L E v E L FOR SPECS ******
(OUT) ENTER COHHEHT OR ;
(OUT)
(IN) /*  primitive operations for the insertion-sort algorithl */
(OUT) use
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(OUT) ENTER SPECTERN CONNENT
(OUT)
(IN) List,ordelem;
_(OUT) sorts
(OUT) ENTER SORTIO COMMENT OR ;
(OUT)
(IN) ;
(OUT) ops
(OUT) ENTER OP-HEADER COHHENT OR ;
(OUT)
(IN) List-of-first:List-->List
(OUT) ENTER OP-HEADER COMMENT OR
(OUT)
(IN) insertzlist List—-) l is t
(OUT) ENTER OP-HEADER COMMENT OR

\.
\.

(OUT)
(IN) s imple- inser t : l is t -—>l is t ;
(OUT) ****** E N D I N P U T ******
(OUT) CPU TIME USEO : 2425 ms.
(OUT)
(OUT) ****** E D I T O R L E V E L FOR SPECS ******
(OUT) ENTER EDITOR-CHO:
(OUT)
(IN) l i s t  insertion
(OUT) *** ILLEGAL COMMAND ***
(OUT)
(OUT) ENTER EDITOR-CHO:
(OUT)
(IN) end
(OUT) ENTER (NO:
(OUT)
(IN) List insertion
(OUT) spec INSERTION It PRIHITIVE OPERATIONS FOR THE INSERTION-SORT ALGORITHN *7:
(OUT) use LIST‚ORDELEU;
(OUT) sorts
(OUT) ops LIST—OF-FIRST: LIST --) LIST
(OUT) INSERT: LIST LIST -> LIST
(OUT) SIMPLE-INSERT: LIST --)  L IST;
(OUT) ENTER CMD:
(OUT)
(IN) emap
(OUT) ENTER SOURCE OF HAP :
(OUT)
(IN) s lo ts
(OUT) ENTER NAME or HAP :
(OUT)
(IN) (—stots—z>)
(OUT) ENTER TARGET OF HAP :
(OUT)
(IN) insertion
(OUT) ENTER USE OF HAP :
(OUT)
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(m) nil.
(our) ENTER SORTHAP OF HAP :
(our)
(IN) nu
(our) ENTER amp or m :
(nun
(IN) ((sinplevsort . sinple—insert)(conbine . insert)(part1 . list-of-first)(part2 . l ist-of-first))
(OUT) ' THE FOLLOUING POINTER HAS GENERATED : E1
(OUT) DO YOU "ANT TO ENTER MAPS AGAIN ? REPLY (YIN)
'(OUT)
(IN) 9
(OUT) ENTER SOURCE OF MAP :
(OUT) ~
(IN) ordelen
(OUT) EHTER NAME OF MAP :
(OUT)
(IN) (—ordelm+z>)
(OUT) ENTER TARGET OF MAP :
(OUT)
(IN) natord
(OUT) ENTER USE OF MAP :
(OUT)
‘(IN) n i l
(OUT) ENTER SORTHAP OF HAP :
(OUT)
( IN) ((eLen . hat))
(OUT) ENTER OPMAP OF MAP :
(OUT)
( IN) ((eq-elen . eq-nat)(_x<xxe_ . _x<zx-_))
(OUT) THE FOLLOUING POINTER HAS GENERATED : E2
(OUT) OO YOU WANT TO ENTER MAPS AGAIN ? REPLY (Y/N)
(OUT)
(IN) n
(OUT) ENTER CMD:
(OUT)
(IN) Lnaptab
(OUT) THE HAPTABLE CONTAINS THE FOLLOWING NAPS
(OUT) POINTER HAP
(OUT) E1 SLOTS -SLOTs-> INSERTION
(OUT) E2 OROELEH —OROELM—> NATORD
(OUT) ENTER CMD:
(OUT)
(IN) input spec insertion-sort
(OUT)
(OUT) ****** I N P U T L E V E L FOR SPECS ******
(OUT) ENTER COMMENT OR ;
(OUT)
(IN) /* the insertion-sort—atgorithm */
(OUT) use
(OUT) ENTER SPECTERM COMMENT
(OUT)
(IN) a(g{slots -sLots-> insertion}
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(OUT) ENTER SPECTERH COUHEHT OR ;
(OUT)
(IN) alg{slots -sLots-> insertion, slots -slots-> insertion}
(OUT) *** IHPUT HAs IGNORED BEGINNING AT : }
(OUT) *** IN THE SPECTERH BEGINNING uITH ALO THE snakes OF THE FOLLOHIHO HA? Is ACTUALIZED'THICE .*.
(OUT) SLOTS -SLOTS-> INSERTION
(OUT) ENTER HAP OR }
(OUT)
(IN) alg{sLots -stots-) insertion}
(OUT) *** THE EOLLOUIHO HAP TH THE USE-CLAUSE Is InconPLETE ***
(OUT) ALO{SLOTs -SLOTS-) INSERTION}
(OUT) ENTER HAP OR }
(OUT)
(IN) }
(OUT) *** THE FOLLOHTHG SPEOTEHO OCCURS ALREADY IN THE USE-CLAUSE ***
(OUT) ALG{$LOTS -3LOTs—> INSERTION}
(OUT) ENTER SPECTERH connEHT OR ;
(OUT)
(IN) ;
(OUT) sorts
(OUT) ENTER SORTID COflflENT OR ;
(OUT)
(IN) ;
(OUT) ops
(OUT) ENTER OP-HEADER COHHEHT 0R ;
(OUT)
(IN) ;
(OUT) ****** E N D I N P U T ******
(OUT) CPU TIME USED : 5674 ls .
(OUT)
(OUT) ****** E D I T O R L E V E L FOR SPECS tiiitw
(OUT) ENTER EDITOR-CHO:
(OUT)
(IN) end
(OUT) ENTER CMD:
(OUT)
(IN) List insertion-sort
(OUT) spec INSERTION-SORT It THE INSERTION-SORT—ALGORITHH *7;
(OUT) use ALG{SLOTS -SLOTS-> INSERTION};
(OUT) sorts
(OUT) ops
(OUT) ENTER CMD:
(OUT)
(IN) input spec insertion—sort-nat;
(OUT)
(OUT) ****** I N P U T L E V E L FOR SPECS ******
(OUT) ENTER COMMENT OR ;
(OUT)
(IN)
(OUT) use
(OUT) ENTER SPECTERH COHUENT
(OUT)
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( IN) List{ordlen —ordelem-> natord}
mu mmMMMMMEmt}

(OUT) *** IN  THE SPECTERfl BEGINNING WITH LIST THE SOURCE OF THE FOLLOHIHO HAP IS  HOT ALLOUED AS
(OUT) FORHAL PARAHETER ***
(OUT) ORDLEH -ORDELEH—) HATORD
(OUT) ENTER HAP OR }
(OUT)
( IN) List{ordelem -ordeLen—> natord}
(OUT) *** INPUT NAS IGNORED BEGINNING AT : }
(OUT) *** THE FOLLOUING MAP IN THE SPECTERH BEGINNING NITH LIST ISN'T DEFINED ***
(OUT) ORDELEN *OROELEH-) NATORD )
(OUT) ENTER HAP OR }
(OUT)
(IN) ordelem —ordeLem-> natord} -
(OUT) *** INPUT UAs IGNOREO BEGINNING AT : }
(OUT) *** THE FOLLOWING MAP IN THE SPECTEPM BEGINNING UITH LIST ISN'T DEFINED ***
(OUT) ORDELEH -ORDELEH—) MATORO'
(OUT) ENTER MAP on }
(OUT)
(IN abort
(OUT) ****** E N D I N P U T ******
(OUT) CPU TIHE USED : 2784 ns.
(OUT)
(OUT) ****** E D I T O R L E V E L FOR SPECS ******
(OUT) ENTER EOITOR-CHD:
(OUT)
(IN) end
(OUT) ENTER CMD:
(OUT)
( IN) lnaptab
(OUT) THE HAPTABLE CONTAINS THE FOLLOUING MAPS
(OUT) POINTER HAP
(OUTJ' E1 SLOTS -SLOTs-) INSERTION
(OUT) EZ ORDELEH -0RDELH—> HATORD
(OUT) ENTER (HD:
(OUT) .
( IN) input spec insertion-sort-nat
(OUT)
_(OUT) ****** I N P U T L E U E L FOR SPECS ******
(OUT) ****** START HITH INPUT AT THE FOLLOHIHG CLAUSE ******
(OUT) USE-CLAUSE
(OUT) use
(OUT) ENTER SPECTERH CONHENT
(OUT) '
(IN) list{ordelen —ordelm-> natord}
(OUT) ENTER SPECTERH COHHEHT OR ;
(OUT)
(IN) insertion{ordelem -ordeln-) natord}
(OUT) ENTER SPECTERN COHNEHT OR ;
(OUT)
(IN) atg<slots -sLots-> insertion}{ordelen -ordeln-z_natord}
(OUT) *** INPUT NAS IGHORED BEGINNING AT : -SLOTS- ) INSERTIOH}{0RDELEH "ORDEL . . .
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(OUT) *** THE FOLLONING SPECTERH DOESN’T EXIST IN THE ENUIRONHENT ***
(OUT) ALG(SLOTS
(OUT) ENTER SPECTERH COHHENT OR ;
(OUT)
(IN) alg{slots -sLots—> insertion}{ordelen -ordeln-> natord}
(OUT) ENTER SPECTERH CONHENT OR ;
(OUT)
(IN) ;
(OUT) sorts
(OUT) ENTER SORTID COHHENT OR ;
(OUT)
(IN) end
(OUT) ****** E N D I N P U T ******
(OUT) CPU TINE USED : 1306? as.
(OUT)
(OUT) ****** E D I T O R L E V E L FOR SPECS ******
(OUT) ENTER EDITOR-CND:
(OUT)
(IN) end
(OUT) ENTER CMD:
(OUT)
(IN) List insertion—sort—nat
(OUT) spec INSERTION—SORT-NAT;
(OUT) use LIST{ORDELEfl -ORDELH—> NATORD},INSERTION{ORDELEH -ORDELH-) NATORD},
(OUT) ALG{SLOTS -SLOTS-> INSERTION}{ORDELEN —ORDELH-> NATORD};
(OUT) sorts '
(OUT) ops
(OUT) ENTER CNO:
(OUT)
(IN) Li insertion—sort-nat
(OUT)
(OUT) ** THE EXPORTED INTERFACE OF INSERTION-SORT—NAT **
(OUT)
(OUT) sorts from BOOL :
(OUT) BOOL
(OUT) operations from BOOL :
(OUT) TRUE: --)  BOOL
(OUT) FALSE: -—> BOOL
(OUT) NOT: BOOL ——> BOOL
(OUT) _ANO_: BOOL BOOL -—) BOOL
(OUT) _OR_: BOOL BOOL --> BOOL
(OUT)
(OUT) sorts from NATORD :
(OUT) NAT
(OUT) operations from NATORD :
(OUT) _<z=_: NAT NAT ——> BOOL
(OUT) EO—NAT: NAT NAT --) BOOL
(OUT) NULL: -—) NAT
(OUT) SUCC: NAT —-> NAT
(OUT) FRED: NAT --) NAT
(OUT) _+_: NAT NAT —-> NAT
(OUT) _-_: NAT NAT ——> NAT
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(OUT) 000023 RECORDS PRINTED. CONTINUE?
(OUT)
(OUT) sorts from LIST{ORDELEH —ORDELH-> NATORD} :
(OUT) LIST
(OUT) operations from LIST{0RDELEH —ORDELn-) NATORO} :
(OUT) EMPTY: --) LIST
(OUT) PUT: NAT LIST - ->  LIST
(OUT) FIRST: LIST --) NAT
(OUT) REST: LIST --> LIST
(OUT) APPEND: LIST LIST --> LIST
(OUT) EMPTY?: LIST --> BOOL
(OUT) SIHPLE?: LIST --) BOOL
(OUT) IN?: NAT LIST - - )  BOOL
(OUT) ‘

(OUT) no sorts from INSERTION{ORDELEN —ORDELH—) NATORD}
(OUT) operations from INSERTION{ORDELEH —ORDELfl-> NATORD} :
(OUT) LIST-OF-FIRST: LIST -—> LIST
(OUT) INSERT: LIST LIST --> LIST.
(OUT) SIMPLE-INSERT: LIST --)  LIST
(OUT)
(OUT) no sorts from ALG{SLOTS -$LOTS-) INSERTION}{ORDELEH -ORDELH—) NATORD}
(OUT) operations from ALG{SLOTS -SLOTS-> INSERTION}{0RDELEH -OROELH—> NATORD} :
(OUT) SORT: LIST -> LIST-
(OUT) 000045 RECORDS PRINTED. CONTINUE?
(OUT)
(OUT) no sorts from INSERTION—SORT—NAT
(OUT) no operations from INSERTION-SORT-NAT
(OUT)
(OUT) ENTER CMD:
(OUT)
(IN) - Li insertion-sort
(OUT)
(OUT) ** THE EXPORTED INTERFACE OF INSERTION—SORT **
(OUT)
(OUT) sorts from BOOL :
(OUT) BOOL
(OUT) operations from BOOL :
(OUT) TRUE: --)  BOOL
(OUT) FALSE: - ->  BODL
(OUT) NOT: BOOL --> BOOL
(OUT) _AND_: BOOL BOOL —-> BOOL
(our) _OR__: BOOL BOOL --> BOOL
(OUT)
(OUT) sorts from ORDELEH :
(OUT) ELEH
(OUT) operations from ORDELEH :
(OUT) _<z=_: ELEM ELEn --> BOOL
(OUT) EO-ELEn: ELEM ELEM --> BOOL
(OUT)
(OUT) sorts from LIST :
(OUT) LIST
(OUT) operations from LIST :
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(OUT) EHPTY: --) LIST
(OUT) 000023 RECORDS PRINTED. CONTINUE?
(OUT) PUT: ELEH LIST **) LIST
(OUT) FIRST: LIST ——)'ELEH
(OUT) REST: LIST --) LIST
(OUT) APPEND: LIST LIST -)  LIST
(OUT) EHPTY?: LIST "*) BOOL
(OUT) SIHPLE?: LIST --> BOOL
(OUT) . IN?: ELEH LIST --) BOOL
(OUT)
(OUT) no sorts from INSERTION
(OUT) operations from INSERTION :
(OUT) LIST-OF-FIRST: LIST --> LIST
(OUT) INSERT: LIST LIST --) LIST
(OUT) SIMPLE-INSERT: LIST --> LIST
(OUT)
(nur) no sorts from ALG{SLOTS —SLOTS—> INSERTION}
(nur) operations from ALG{SLOTS -SLOTS-> INSERTION} z
(OUT) SORT: LIST ——> LIST
(our)
(OUT) no sorts from INSERTION—SORT
(OUT) no operations from INSERTION-SORT

.(OUT)
(OUT) ENTER CMD:
(OUT)
(IN) List insertion—sort(natord)
(OUT) COHHAND NIL NOT FOUND. TRY AGAIN OR ENTER HELP.
(OUT) READY:
(OUT)
(IN) open test
(OUT) FILE OPENED !
(OUT) HESSAGE(S) FOR US.TEST :
(OUT)
(OUT) ENTER CMD:
(OUT)
(IN) List insertion-sort(natord)
(our) spec INSERTION-SORT(NATORD) /* APPLICATION or INSERTION-SORT ro NATORO .);
(OUT) use INSERTION-SORT{ORDELEH -ORDELH-> NATORD};
(OUT) sorts
(OUT) ops
(OUT) ENTER CMD:
(OUT)
(IN) Li insertion—sort(natord)
(OUT)
(OUT) ** THE EXPORTEO INTERFACE OF INSERTION-SORT(NATORO) **
(OUT)
(OUT) sorts from BOOL :
(OUT) BOOL
(OUT) Operations from BOOL :
(OUT) TRUE: -—) BOOL
(OUT) FALSE: -—> BOOL
(OUT) NOT: BOOL - ->  BOOL
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(OUT) _ANO_: BOOL BOOL ——> BOOL
(OUT) _OR_: BOOL BOOL --) BOOL
(OUT)
(OUT) sorts from NATORD :
(OUT) NAT
(OUT) operations from HATORD :
(OUT) _<x=_: NAT NAT ——> BOOL
(OUT) EO—NAT: NAT NAT —-> BOOL
(OUT) NULL: - - )  NAT
(OUT) SUCC: NAT - - )  NAT
(OUT) PRED: NAT -—> NAT
(OUT) _+_: NAT NAT -—> NAT
'(OUT) _-_: NAT NAT --> NAT
(OUT) 000023 RECORDS PRINTED. CONTINUE?
(IN)
(OUT) -
(OUT) sorts from LIST{ORDELEH —ORDELH-> NATORD} :
(OUT) LIST
(OUT) operations from LIST{ORDELEN —ORDELN—> NATORO} :
(OUT) EMPTY: ——> LIST
(OUT) PUT: NAT LIST --)  LIST
(OUT) FIRST: LIST - -> NAT
(OUT) REST: LIST --> LIST
(OUT) APPEND: LIST LIST —-> LIST
(OUT) ENPTY?: LIST —-> BOOL
(OUT) SINPLE?: LIST —-> BOOL
(OUT) IN?: NAT LIST - - )  BOOL
(OUT)
(OUT) no sorts from INSERTION{ORDELEH -ORDELH—> NATORD}
(OUT) operations from INSERTION{OROELEN —ORDELN-> NATORD} :
(OUT) LIST-OF-FIRST: LIST --> LIST
(OUT) INSERT: LIST LIST --) LIST
(OUT) SIMPLE-INSERT: LIST --) LIST
(OUT)
(OUT) no sorts from ALG{SLOTS -SLOTS-) INSERTION}{0RDELEH -0RDELfl-) NATORD}
(OUT) Operations from ALG{SLOTS 'SLOTS‘) INSERTION}{OROELEH -ORDELN—) NATORD} :
(OUT) SORT: LIST --) LIST
(OUT) OOOO45 RECORDS PRINTED. CONTINUE?
(IN)
(OUT)
(OUT) no sorts from INSERTION-SDRT{ORDELEH -0RDELH-> NATORD}
(OUT) no operations from INSERTION—SCRT{OROELEN -OROELN-) NATORO}
(OUT)
(OUT) no sorts from INSERTION-SORT(NATORD)
(OUT) no operations from INSERTION-SORT(NATORD)
(OUT)
(OUT) ENTER (ND:
(OUT)
(IN) List alg(insertion(natord))
(OUT) spec ALG(INSERTION(NATORD)) /* APPLICATION OF ALG TO INSERTION OF NATORD *l;
(OUT) use ALG{SLOTS —SLOT$—> INSERTION -—> INSERTION{ORDELEN -ORDELN—> NATORD}};
(OUT) sorts
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(OUT) ops
(OUT) ENTER CND:
(OUT)
(IN) Li alg(insertion(natord))
(OUT)
(OUT) ** THE EXPORTED INTERFACE OF ALG(INSERTION(NATORD)) **
(OUT)
(OUT) sorts from BOOL :
(OUT) BOOL
(OUT) operations from BOOL :
(OUT) TRUE: - ->  BODL
(OUT) FALSE: --)  BOOL
(OUT) NOT: BOOL --> BOOL
(OUT) _AND_: BOOL BOOL --) BOOL
(OUT) _OR_: BOOL BOOL --> BOOL
(OUT)
(OUT) sorts from NATORD :
(OUT) NAT
(OUT) operations from NATORD :
(our) _<z=_: NAT NAT —-> BOOL
(OUT) EO—NAT: NAT NAT -~) BOOL
(OUT) NULL: -—> NAT
(OUT) SUCC: NAT - ->  NAT
(OUT) PRED: NAT - - )  NAT
(OUT) _+_: NAT NAT ——> NAT
(OUT) _—_: NAT NAT --> NAT
(OUT) OOOO23 RECORDS PRINTED. CONTINUE?
( IN )
(OUT)
(OUT) sorts from LIST{ORDELEH -ORDELN-> NATORD} :
(OUT) LIST
(OUT) operations from LIST{ORDELEH -ORDELH—) NATORD} :
(OUT) EHPTY: -—> LIST
(OUT) PUT: NAT LIST —-> LIST
(OUT) FIRST: LIST —-> NAT
(OUT) REST: LIST - ->  LIST
(OUT) APPEND: LIST LIST --) LIST
(OUT) ENPTY?: LIST -—> BOOL
(OUT) SIHPLE?: LIST - - )  BOOL
(OUT) IN?: NAT LIST - - )  BOOL
(OUT)
(OUT) no sorts from INSERTION{ORDELEN —ORDELN—> NATORD}
(OUT) . operations from INSERTION{0RDELEH 'ORDELH') NATORD} :

:(OUT) LIST-OF-FIRST: LIST --) LIST
4(0UT) INSERT: LIST LIST ")  LIST
(OUT) ‘ SIMPLE-INSERT: LIST --) LIST
(OUT)
(OUT) no sorts from ALG{SLOTS -SLOTS-> INSERTION -) INSERTION{ORDELEN -ORDELN—) NATORD}}
(OUT) OOOO43 RECORDS PRINTED. CONTINUE?
(IN)
(OUT) operations from ALG{SLOTS -SLOTS-> INSERTION --) INSERTION{ORDELEH -0RDELfl-) NATORD}} :
(OUT) SORT: LIST --) LIST
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(OUT)
(OUT) no sorts from ALG(INSERTION(NATORO))
(OUT) no operations from ALG(INSERTION(NATORD))
(OUT)
(OUT) ENTER CMO:
(OUT)
(IN) List alg(natord(insertion(natord)))
(OUT) ILLEGAL SPECIFICATION NAME. COMMAND BROKEN.
(OUT) ENTER CMD:
(OUT)
(IN) l i s t  aLg(natord)(insertion(natord)))
(OUT) ILLEGAL SPECIFICATION NAME. COMMAND BROKEN.
(OUT) ENTER CMD:
(OUT)
(IN) (ist alg(natord)(insertion(natord))
(OUT) spec ALG(NATORD)(INSERTION(NATORO))
(OUT) / *  APPLICATION OF ALG OF NATORD TO INSERTION OF-NATORD t/;
(OUT) use
(OUT) ALG{ORDELEM -ORDELM—> NATORD}
(OUT) {SLOTS{ORDELEM -ORDELH—> NATORD} -NATORDSLOTS-> INSERTION{ORDELEM
(OUT) -ORDELM-> NATORO}};
(OUT) sorts
(OUT) ops
(OUT) ENTER CMD:
(OUT)
(IN) Li alg(natord)(insertion(natord))
(OUT) -
(OUT) ** THE EXPORTED INTERFACE OF ALG(NATORD)(INSERTION(NATORD)) **
(OUT)
(OUT) sorts from BODL :
(OUT) BOOL
(OUT) operations from BOOL :
(OUT) TRUE: --) BOOL
(OUT) FALSE: - -> BOOL
(OUT) NOT: BOOL -—> BOOL
(OUT) _ANO_: BOOL BOOL —-> BOOL
(OUT) _OR_: BOOL BOOL -—> BOOL
(OUT)
(OUT) sorts from NATORD :
(OUT) NAT
(OUT) operations from NATORO :
(OUT) _<z=_: NAT NAT --> BOOL
(OUT) EO—NAT: NAT NAT --> BOOL
(OUT) NULL: —-> NAT
(OUT) SUCC: NAT -—> NAT
(OUT) PRED: NAT -—> NAT
(OUT) _f_: NAT NAT --> NAT
(OUT) _-_: NAT NAT ——> NAT
(OUT) 909023 RECORDS PRINTED. CONTINUE?
(IN)
(OUT)
(OUT) sorts from LIST{0RDELEH -0RDELH-) NATORD} :
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(OUT) LIST
(OUT) operations from LIST{OROELEN —ORDELn—> NATORD} :
(OUT) EMPTY: —-) LIST
(OUT) PUT: NAT LIST —-> LIST
(OUT) FIRST: LIST --> NAT
(OUT) REST: LIST -—) LIST
(OUT) APPENO: LIST LIST —-) LIST
(OUT) ENPTY?: LIST - ->  BOOL
(OUT) SIHPLE?: LIST - ->  BOOL
(OUT) IN?: NAT LIST --> BOOL
(OUT)
(OUT) no sorts from INSERTION{0RDELEH -0RDELfl-) NATORD}
(OUT) Operations from INSERTION{OROELEN -ORDELN—> NATORO} :
(OUT) LIST-OF-FIRST: LIST —-> LIST
(OUT) INSERT: LIST LIST --) LIST
(OUT) SIHPLE-INSERT: LIST **)  LIST
(OUT)
(OUT)
(OUT) no sorts from ALG{0RDELEH -0RDELfl-) NATORD}{SLOTS{0RDELEH -0RDELH-) NATORD} 'NATORDSLOT
(OUT) s-> INSERTION ORDELEEN —ORDELEH-> NA
(OUT) 999944 RECORDS PRINTED. CONTINUE?
(IN)
(OUT) TORD}}
(OUT)
(OUT) operations from ALG{ORDELEH -0RDELH-) NATORD}{8LOTS{0RDELEH -0RDELH-) NATORD} ~HATORDSL
(OUT) OTS-> INSERTION ORDELEH -OROELEH->
(OUT) NATORO}} :
(OUT) SORT: LIST - - )  LIST
(OUT)
(OUT) no sorts from ALG(NATORD)(INSERTION(NATORD))
(OUT) no operations from ALG(NATORO)(INSERTION(NATORO))
(OUT) ENTER CMD:
(OUT)
(IN) close
(OUT) z DOOO ERASE FILE LISP.DATA.HS.HAPTABLE.OO
(OUT) READY:
(OUT)
(IN) and
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5,2 ,  gigzungsnrotgkgLLe gg; gegagt-ijnggbgggstgns

(OUT) PROTOCOL STARTED.
(OUT) SYSTEHLEVEL:
(OUT)
(IN) open sbq-Ievel1 sys.boolfile ;

.(OUT) FILE SBQ-LEVEL1 GENERATED.
(OUT) FILELEUEL:
(OUT)
(IN) — input spec elen
( OUT ) nmmmmummmm

(OUT) *** ***
(OUT) *** S P E C - E D I T D R ***
(OUT) *** VERSION VON: 19. 12. 1984 ***
(OUT) *** ‘ ***

(OUT) *** BEI AUFTRETENDEN FEHLERN DES EDITORS ODER DES ***
(OUT) *** EINGABESYSTEMS BITTE EIN PROTOKOLL ERSTELLEN ***
(OUT) *** UND IN GEBAEUDE 14/410 VORBEIBRINGEN ! !  ***
(OUT) *** ***
(OUT) **********************************************************

(OUT) *************** I N P U T L E u E L FOR SPECS ***************
(OUT) *************** VERSION : 92.91.1985 ' ***************
(OUT) ENTER COMMENT OR ;
(OUT)
(IN) /* Loose specification of just a set *!
(OUT) use .
(OUT) ENTER SPECTERN CONNENT
(OUT)
(IN) bool ;
(OUT) sorts
(our) ENTER SORTID connEnr on ;
(OUT)
(IN) ?
(our) SORTID::= SIHPLE_CHAR |
(nur) UNSPECIALIZED_CHAR [ SIHPLE_£HAR | UNSPECIALIZED_CHAR ] . . .
(our)
(IN) 2
(OUT) SIHPLE_CHAR MAY BE ALL CHARACTERS DIFFERENT FROM BLANK PROZENT AND SPECIAL_CHAR
(our)
( IN) elem ;
(OUT) ops
(OUT) ENTER OP-HEADER COMMENT OR ;
(OUT)
(IN) end
(our) *************** E N D 1 H P U T ***************
(OUT) CPU TIME USED : 8520 ns.
(OUT)
(OUT) POSITION: TOP OF SPEC ELEfl LIST
(OUT) Spec ELEH
(OUT) /* LOOSE SPECIFICATION OF JUST A SET *!
(OUT) use BDOL ;
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(OUT) sorts ELEN;
(OUT) endspec
(OUT)
(OUT) SPEC-EDIT—LEUEL:
(OUT)
(IN) end
(OUT) EDITOR-LEVEL ENDED.
(OUT) FILELEUEL:
(OUT)
(IN) input spec l in i ted—l i fo
(OUT) ***************************t*********tttiflttttttttitttttt!

(OUT) *** ***
(OUT) *** S P E c - E D I T O R ***
(OUT) *** VERSION VON: 16 .  12 .  1984 ***
(OUT) *** ***

(OUT) *** BEI AUFTRETENDEN FEHLERN DES EDITORS ODER DES ***
(OUT) *** EINGABESYSTEHS BITTE EIN PROTOKOLL ERSTELLEN ***
(OUT) *** UND IN  GEBAEUDE 14/419 VORBEIBRINGEN ! !  ***
(OUT) *** ***
(OUT) *******************tt***t***********tttt*****t***t********

(OUT) *************** I N P U T L E U E L FOR SPECS ***************
(OUT) *************** VERSION : 92.91.1985 ***************
(OUT) ENTER CONNENT OR ;
(OUT)
(IN) /*  loose specification of a limited container behaving Life—like as long as i t  is not fu l l  */
(OUT) use
(OUT) ENTER SPECTERH COMMENT
(OUT)
(IN) eLen ; sorts
(OUT) ENTER SORTID COHHENT DR ;
(OUT)
(IN) container ; ops
(OUT) ENTER OP-HEADER CONHENT OR ;
(OUT)
(IN) Lt : container container --> bool
(OUT) ENTER OP-HEADER COMMENT OR ;
(OUT)
(IN) gt : container container --> booL /* Lover , greater *!
( IN )  ?
(OUT) OP—HEADER::= OPIDS : [ DOMAINS ] —-> CODONAIN
(OUT)
( IN )  ?
(OUT) OPIDS::= ID [ ‚ID, . . .  ‚ID ]
(OUT)
(IN) i n to  : container elem —) conteiner
(OUT) *** THE OPHEADER, BEGINNING WITH THE FOLLOWING DPIDS, HAS ND COMPLETE DDHAIN—LIST OR CODDNAIN ***
(OUT) INTO . '
(OUT) ENTER OP—HEADER CONNENT OR ;
(OUT)
(IN) into : container elem --> conteiner _ .9 _
(OUT) *** THE FOLLOUING SORTIDS ARE NEITHER IN THE INTERFACE NDR IN SORTS—CLAUSE ***
(OUT) CONTEIHER
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(OUT) ENTER OP-HEADER COMMENT OR ;
(OUT)
(IN) into : container elem -~> container
(OUT) ENTER OP-HEAOER CONNENT OR ;
(OUT)
(IN) l as t - in  : container ——> elem
(OUT) ENTER OP-HEaDER COHHENT OR ;
(OUT)
(IN) first—out : container ——> elem , f i l l ed?  : container -> bool
(OUT) ENTER OP-HEADER COHHENT OR“;
(OUT)
(IN) ;
(OUT) props
(OUT) ENTER PROPERTY CONHENT OR ;
(OUT)
(IN) 2
(OUT) PROPERTY === [LABEL] ATTRIBUTE I QUANTIFICATIOH
(OUT)
(IN) ?
.(OUT) ATTRIBUTE ::= ATRIBUTENAHE : OPIO
(OUT)
(IN) ?
(OUT) ATTRIBUTENAHE === ASSOCIATIUE I REFLEXIVE I IRREFLEXIVE I SYHHETRIC I
(OUT) TRANSITIVE | LINEAR-ORDERING I CONHUTATIVE l
(OUT) EOUIVALENCE ! ANTITRONSITIVE
(OUT)
(IN) 2
(OUT) OUANTIFICATION === COINPLICATION | OUAUTIFTER VARIOE, VARIO] : SORTIO OUANTIFICATION
(OUT)
(IN) o

IMPLICATION IHPLICATION (==) IHPLICATION
OISJUNCTION DISJUNCTION ==> DISJUNCTION
CONJUNCTION CONJUNCTION ' | ' CONJUNCTION
NEGATION ] NEGATION a NEGATION

(OUT) NEGATIOU ATOMIC-FORMULA I _ ATOMIC-FORMULA
(OUT) ATOMIC-FORMULA === (OUANTIFICATION) l ATOM
(OUT) ATOM === TERM | EQUATION l INEQUATION

(OUT) COIHPLICATION : :
(OUT) - IHLPICATION
(OUT) DISJUNCTION
(OUT) CONJUNCTION

(OUT) EQUATION : :=  TERn == TERM
(OUT) INEOUATION === TERM =|= TERM
(OUT)
(IN) a l l  c: container a l l  e elem _f i l led(c)  ==) ( last- in(into(c‚a))  == e a first-aut( into(c‚e) == c)
(OUT)
(OUT) *** HISSING COLON AFTER VARID-LIST ***
(OUT) E‚ELEH‚_FILLEO(C)‚==>‚(LAST—IN(INTO(C‚A))‚==‚E‚O‚FIRST—AUT(‚INTO(C‚E)‚==‚C)
(OUT) ENTER PROPERTY CONHENT OR ;
(OUT)
(IN) a l l  c: container a l l  ezelen _filled?(c) ==> (last—in(into(c‚a)) == e & first-nut (into(c‚e) ** c)
(OUT)
(OUT) *** INPUT IS IGNORED AT : ) ) == E 8 FIRST—AUT ( INTO ( (‚E ) . . .
(OUT) *** THE FOLLOWING SYMBOL IS  NEITHER A VALID VARIABLE OR CONSTANT , NOR OPID ***
(OUT) " A
(OUT) ENTER PROPERTY COMMENT OR ;

1B7



Kapitel 5 SPESY-Sitzungsprotokolle

(OUT)
(IN) a l l  c: container a l l  e:eLen _fiLLed?(c) ==> (last-in(into(c‚e)) == e & first-aut (into(c‚e) == c)
(OUT)
(OUT) *** INPUT IS  IGNORED AT : ( INTO ( C‚E ) == C )
(OUT) *** THE FOLLOWING SYMBOL IS NEITHER A VALID VARIABLE OR CONSTANT , NOR OPID ***
(OUT) FIRST—AUT
(OUT) ENTER PROPERTY COMMENT OR ;
(OUT)
(IN) aLL c: container alt e:elen _filLed?(c) ==> (Last-in(into(c‚e)) == e a first-out (into(c‚e) == c)
(OUT)
(OUT) *** INPUT IS IGNORED AT : == c )
(OUT) *** NISSSING CLOSING-PARENTHESIS BEHIND THE FOLLOHING PREFIX-OPID ***
(our) FIRST-OUT
(OUT) ENTER PROPERTY COHUENT 0R ;
(OUT)
(IN) a l l  c: container a l l  e:elen _filled?(c) ==> (Last-in(into(c‚e)) == e 8 first-out (into(c‚e)) == c)
(OUT)
(OUT) *** THE FOLLOWING TERMS ARE OF DIFFERENT DOMAIN ***
(OUT) (FIRST-OUT (INTO (C)
(OUT) (E)) )
(OUT) (C)
(OUT)
(OUT) ENTER PROPERTY COMMENT OR ;
(OUT)
(IN) end _
(OUT) ttttttttttttttt E N D 1 N P U T . ***ttttttttttti

(OUT) CPU TIME USED : 47860 IS .
(OUT)
(OUT) POSITION: TOP OF SPEC LIMITED-LIFO LIST
(OUT) spec LIUITED—LIFO -
(OUT) / *  LOOSE SPECIFICATION OF A LIHITEO CONTAINER BEHAVING LIFO-LIKE as */
(OUT) /*  LONG AS IT IS  NOT FULL *7
(OUT) use ELEU ;
(OUT) sorts CONTAINER;
(OUT) ops LE: CONTAINER CONTAINER --)  BOOL
(OUT) GE: CONTAINER CONTAINER —-> BOOL
(OUT) INTO: CONTAINER ELEU ——> CONTAINER
(OUT) LAST-IN: CONTAINER --) ELEM
(OUT) FIRST-OUT: CONTAINER - ->  ELEU
(OUT) FILLED?: CONTAINER --> BOOL;
(OUT) endspec
(OUT) '
(OUT) SPEc-EOIT-LEVEL:
(OUT)
(IN) ops
(OUT)
(OUT) POSITION: TOP OF OPS-CLAUSE OF SPEC LIMITED-LIFO LIST
(OUT) ops LE: CONTAINER CONTAINER --) BOOL
(OUT) GE: CONTAINER CONTAINER --> BOOL
(OUT) INTO: CONTAINER ELEU --> CONTAINER
(OUT) LAST—IN: CONTAINER ——> ELEM
(OUT) FIRST-OUT: CONTAINER ~-> ELEM
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(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
'(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN

FILLED?: CONTAINER -> BOOL;

SPEC-EDIT-LEVEL:

ch 5 first-out : container -> container
OPS
CH

POSITION: TOP OF OPS-CLAUSE OF SPEC LIHITED-LIFO LIST
ops LE: CONTAINER CONTAINER --) BOOL

GE: CONTAINER CONTAINER --> BOOL
INTO: CONTAINER ELEN --) CONTAINER
LAST-IN: CONTAINER '“) ELEM
FIRST-OUT: CONTAINER ==> CONTAINER
FILLED?: CONTAINER " )  BOOL;

SPEC-EDIT-LEUEL:

input
=============== I N P O T L E v E L FOR SPECS *=*=**==******=
*************** VERSION : 82.01.1985 " "““===ä=ä=
*************** START WITH THE FOLLOWING CLAUSE ***************
OPS-CLAUSE
ops '
ENTER OP-HEADER COHHENT OR ;

3
props
ENTER PROPERTY COHHENT OR ;

a l l  c:container al t  e:elen _filled?(c) ==> (Last-in(into(c‚e)) == e & first—out (into(c‚e)) == c)
ENTER PROPERTY CONNENT OR ;

end
*************** E N D 1 N P U T ***************

CPU TIME USED : 9659 ns.

POSITION: TOP OF OPS-CLAUSE OF SPEC LIHITED—LIFO LIST

SPEC-EDIT-LEVEL:

props

POSITION: TOP OF PROPS-CLAUSE OF SPEC LIMITED-LIFO LIST
props [PROP1] ALL C:CONTAINER ALL E:ELEH

_ FILLED?(C)
==> LAST—IN(INTO(C‚E)) == E & FIRST-OUT(INTO(C‚E)) == c ;

SPEC-EDIT-LEVEL:

end
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(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)

‘ (OUT)
(OUT)
-(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)

EOITOR—LEVEL ENDED.
FILELEVEL:

help
commands of f i l e leve l :

ABORT
CONTROL
CONTROL?
DELETE
DELETEHESSAGE
DIRECTORY
EDIT
END
ENVIRDNHENT
ENVIRONMENT?
FIND a l ias
HELP a l ias
LIST
LISTFILES
MESSAGE
MESSAGE?
PRINT
PROVE
RL

a l ias  C
a l i as  C?

a l ias DEL
a l i as  DELH

a l ias  DIR

a l ias  ENV
a l i as  ENV?

':

H a l ias  ?
a l i as  L

a l i as  LISIF a l i as  LF
a l ias  N

a l ias  fl?
a l ias  P

008823 RECORDS PRINTED. CONTINUE?
FILELEVEL:

end
SYSTEHLEVEL:

open sbq-levelz
ENTER FILES OF ENVIRONMENT:

sbq-level1 ;
FILE SBO—LEVELZ GENERATED.
FILELEVEL:

input spec nat

SPESY-Sitzungsprotokolle

***mmmflmmnwmfimm
*** ***
m SPEC—EDITOR m
m VERSION van: 1e. 12. 1934 m
***  ***
*** BEI AUFTRETENDEN FEHLERN DES EDITORS ODER DES ***
*** EINGABESYSTEHS BITTE EIN PRDTDKDLL ERSTELLEN ***
*** UND IN GEBAEUDE 14/410 VORBEIBRINGEN ! ! .  ***
*** ***
**********************************************************

*************** I N P U T L E V E L FOR SPECS ***************
*************** VERSION ; 92 .91 .1985  ***************

ENTER COMMENT OR ;
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(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(IN
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)

/* standard algorithmic definition of the natural numbers */
use .
ENTER SPECTERH CONHENT

nat
*** THE FOLLOWING SPECTERH DOESN'T EXIST IN THE EHVIROHHENT ***
HAT
ENTER SPECTERH connEHT

boot ;
sorts
ENTER SORTID COMMENT OR ;

nat ; ops zero : - -> nat
ENTER OP-HEADER COMMENT OR ;

suc‚pred : nat --> nat
ENTER OP-HEADER COHHEHT OR ;

_t_‚_*_‚lult‚_/_,exp‚eq-nat : nat nat -> nat
*** THE FOLLOWING OPIDS DECLARE AN INVALID OPERATION EO ***
EO-NAT

ENTER OP-HEADER COMHENT OR ;

zero? : nat -—> boot
ENTER OP-HEADER COHHEHT OR ;

_tt_‚_te_‚_gt_‚_ge_‚eq—not : nat nat : boot
*** THE OPHEADER, BEGINNING HITH THE FOLLOWING OPIOS, HAS NO COHPLETE OOHAIH-LIST OR COOOHAIH ***

LT LE GT GE EO—NOT
ENTER OP-HEADER COMMENT OR ;

_tt_‚_te_‚_gt_‚_ge_‚eq—not : nat nat --) boot
*** THE FOLLOHING OPIDS DECLARE AH INVALID OPERATION EO ***
EO—NOT

ENTER OP—HEADER COHHENT OR ;

eq-nat : nat nat ——> boot
ENTER OP-HEADER COHHEHT OR ;

[__] : nat nat -——> nat /* binary natural numbers */
ENTER OP-HEADER COHHENT OR ;

end
** * E N D I N P U ! ***!ttttttttttt

CPU TIHE USED : 7818 as.

POSITION: TOP OF SPEC HAT LIST
spec NAT

/* STANDARD ALOORITHNIC DEFINITION OF THE NATURAL NUHBERS */
use BOOL ;
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(OUT) sorts NAT;
(OUT) ops ZERO: --> NAT
(OUT) SUC‚PREO: NAT -—> NAT
(OUT) _+_‚_-_‚NULT‚_/_‚EXP: NAT NAT —-> NAT
(OUT) ZERO?: NAT ——> BOOL
(OUT) _LT_‚_LE_‚_OT_‚_GE_: NAT NAT -—> BOOL
(OUT) EO—NAT: NAT NAT --> BOOL
(OUT) [__]: NAT NAT -—> NAT;
(OUT) endspec
(OUT)
(OUT) SPEC-EDIT-LEVEL:
(OUT)
(IN) input
(OUT) **************t I N P U T L E v E L FOR SPECS= ***************
(OUT) *************** VERSION : 92.91.1985 ***************
(OUT) *************** START NITH THE FOLLOHING CLAUSE ***************
(OUT) OPS-CLAUSE
(OUT) ops
(OUT) ENTER OP—HEADER COMMENT OR ;
(OUT)
(IN) one‚tuo‚three‚four‚five‚six‚seveh‚eigth‚nine‚ten : -> nat ;
(OUT) props
(OUT) ENTER PROPERTY COHHENT OR ;
(OUT)
(IN) [nat1] a l l  x,y:nut E x,y J = (mutt x‚ten) + 9)
(OUT)
(OUT) *** INPUT IS IGNORED AT : [ X‚Y ] = ( HULT X‚TEN ) + Y )
(OUT) *** THE FOLLOWING SORTID IS  INVALID IN PROPS-CLAUSE ***
(OUT) NUT
(OUT) ENTER PROPERTY COMMENT OR ;
(OUT)
(IN) [nat1] a l l  x,y:nat [ x‚y ] = (mutt x,ten) + y) ;
(OUT)
(OUT) *** INPUT IS  IGNORED AT : = ( HULT X‚TEN ) + Y ) ;
(OUT) *** THE FOLLOWING TERH NUST BE BOOLEAN ***
(OUT) ([__J (x)
(OUT) (V))
(OUT)
(OUT) ENTER PROPERTY COHHENT OR ;
(OUT) ' '
(IN) [nat1] a l l  x,y:nat [ x‚y ] == (lult x‚ten) + y) ;
(OUT)
(OUT) *** INPUT IS IGNORED AT : X‚TEN ) + V ) ;
(OUT). *** HISSING OPENING—PARENTHESIS BEHIND THE FOLLOUING PREl—OP ***
(OUT) HULT
(OUT) ENTER.PROPERTY COHMENT OR ;
(OUT) '
(IN) [nat1] a l l  x,9:nat [ x,y ] == (nult(x‚ten) * 9) ;
(OUT) spec-body
(OUT) constructors
(OUT) ENTER CONSTRUCTOR COMMENT
(OUT)
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(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IH)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(IN)

SPESY-Sitzungsprotokolle

o
I

*** FIRST YOU MUST ENTER CONSTRUCTORS FOR THE FOLLOWING NEU SORTS ***
NAT .

ENTER CONSTRUCTOR COMMENT

zero, suc
ENTER CONSTRUCTOR COMMENT OR ;

zero

*** THE FOLLOWING CONSTRUCTOR OCCURS THO OR MORE TIMES, ACCEPTED ONLY ONCE ***
ZERO

ENTER COHSTRUCTOR COMMENT OR ;

l

auxiliaries
ENTER AUXILIARY COMMENT OR ;

;
! ! !  SPESY DECLARES THE EQ-OPERATIOH FOR THE FOLLOHING SORT: ! ! !
NAT
! ! !  SPESY GENERATES THE FOLLOUING EO—DEFINITIONS ! ! !
EO—NAT

define-carriers
ENTER CARRIER-DEFINITION COMMENT OR ;

?
CHARACTERISTIC-PREDICATE === IS- SIHPLE-SORTIO (VARIO) = CASESCHEHE

9

CASESCHEHE : :  = CASE VARIO IS
PP * LEFTPART : OPSCHEHE
[, PP * LEFTPART : OPSCHEHE] . . .
[ ,  OTHERWISE : OPSCHEHE]

PP ESAC
THIS CASESCHEHE IS PREDEFINED, SEE USERHANUAL

! ! !  SPESY GENERATES CHARACTERISTIC PREOICATES FOR THE FOLLOWING SORTS ! ! !
NAT

define-constructor—ops
! ! !  SPESY GENERATES THE DEFINITION FOR THE FOLLOUING CONSTRUCTORS ! ! !
ZERO SUC

private-ops
ENTER PRIVATE-OPERATION COMMENT OR ;

; define-ops
ENTER OP-DEFINITION COHHENT

help
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(our) opaoov === LEFTPART = opscusne
(OUT)
(IN) h
(our) LEFTPART === PREFIX—LEFTPART | HIXFIX—LEFTPART
(our) OPSCHEHE ::: LETSCHEUE | cnsescnsne | IFSCHEHE I wenn
(OUT)
(IN) one= suc(O)
(OUT)
(OUT) *** INPUT IS  IGNORED AT : )
(OUT) *** THE FOLLOWING OPID-PARTS ARE INvALID IN TERn ***
(OUT) O
(OUT) ENTER OP-DEFINITION COHNENT
(OUT)
(IN) one = suc(zero) , two = suc(one)
(OUT) ENTER OP-DEFINITION COMMENT OR ;
(OUT)
(IN) thre= suc(tuo) , four = suc(three)
(OUT)

‚(OUT) *** INPUT IS  IGNORED AT : SUC ( THO ) , FOUR = SUC ( THREE )
(OUT) *** THE FOLLOWING SYHBOL Is  NOT A VALID OPID OR OPID-PART ***
(OUT) =
(OUT) ENTER OP—DEFINITION COHHENT OR ;
(OUT)
(IN) three= suc(tuo) , four = suc(three)
(OUT) ENTER OP—DEFINITION COHHENT OR ;
(OUT)
(IN) f ive = suc(four)
(OUT) ENTER OP-OEFINITION COMMENT OR ;
(OUT)
(IN) six= suc(suc(suc(suc(suc(suc(zero)))))
(OUT) .
(OUT) *** HISSSING CLOSING-PARENTHESIS BEHIND THE FOLLOUTNG PREFIX-OPID ***
(OUT) SUC
(OUT) ENTER OP-DEFINITION COMMENT OR ;
(OUT)
(IN) six= suc(suc(suc(suc(suc(suc(zero))))))
(OUT) ENTER OP-DEFINITION COMMENT OR ;
(OUT)
(IN) seven = suc(six) , eigth = suc(seven) , nine = suc(eigth)
(OUT) ENTER OP-OEFINITION COMMENT OR ;
(OUT)
(IN) ten = suc(nine)
(OUT) ENTER OP-OEFINITION COHHENT OR ;
(OUT)
(IN) end
(OUT) *************** E N D 1 N P u T **********t****

(OUT) CPU TIME USED : 32261 ns.
(OUT)
(OUT) POSITION: TOP OF SPEC NAT LIST
(OUT)
(OUT) SPEC-EDIT-LEVEL:
(OUT)
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(IN) input
(OUT) *************** I N„P U T L E v E L FOR SPECS
(OUT) *************** VERSION : 92.01.1985
(OUT) *************** START HITH THE FOLLOWING CLAUSE ***************
(OUT) DEFINE-OPS-CLAUSE
(OUT) define-ops
(OUT) ENTER OP-DEFINITION CONNENT OR ;
(OUT)
(IN) pred(n) = case n i s
(OUT) * ZERO :
(OUT)
(IN) error-nst
(OUT) _ _
(OUT) *** THE FOLLOHING SYNBOL IS  NEITHER A VALID VARIABLE OR CONSTANT
(OUT) ERROR-HST
(OUT) ENTER OP-DEFINITION CONHENT OR ;
(OUT) -
(IN) pred(n) = case n i s
(OUT) * ZERO :
(OUT)
(IN) error-nat
(OUT) * SUC ( NAO ) :
(OUT)
(IN) nan
(OUT) ESAC
(OUT) ENTER OP—DEFINITION CONHENT OR ;
(OUT)
(IN) n.1 + n.2 = case n3 i s
(OUT)
(OUT) *** INPUT IS  IGNOREO AT : + N.2 = CASE N3 IS
(OUT) *** THE FOLLOWING UARIDS ARE INVALID IN OPERATION DEFINITION ***
(OUT) N.1
(OUT) ENTER OP-DEFINITION COMMENT OR ;
(OUT)
(IN) n1 + n2 = case n3 i s
(OUT)
(OUT) *** INPUT IS  IGNOREO AT : IS
(OUT) *** THE FOLLOWING CASE-VARIABLE IS  NOT DECLARED ***
(OUT) N3
(OUT) ENTER OP—DEFINITION COHHENT OR ;
(OUT)
(IN) n1 + n2 = case n1 i s
(OUT) * ZERO :
(OUT)
(IN) n2
(OUT) * SUC ( NAO ) :
(OUT)
(IN) (naO + suc(n2))
(OUT) ESAC
(OUT) ENTER OP-DEFINITION CONHENT OR ;
(OUT)
(IN) n1 — n2 = case n2 i s  zero : zero
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(OUT)
(OUT) *** INPUT IS IGNOREO AT : : ZERO
(OUT) *** NISSING ' * ' IN LEFTSIOE OF CASE-SCHENE ***
(OUT) ENTER OP-DEFINITION COMMENT OR—;
(OUT)
(IN) n1 - n2 = case n2 i s  * zero : zero
(OUT) * SUC ( NAO ) :
(OUT)
(IN) (pred(n1) * naO)
(OUT)
(OUT) *** INPUT IS IGNORED AT : NAO )
(OUT) *** THE FOLLOUING OPIO—PARTS ARE INVALID IN TERH ***
(OUT) *
(OUT) ENTER OP-DEFIHITION CONNENT OR ;
(OUT)
(IN) n1 + n2 = case n1 is
(OUT)
(OUT) *** INPUT I s  IGNOREO AT : NZ = CASE N1 18
(OUT) *** THE FOLLOUING SYNBOL IS  NOT A VALID OPID OR OPIO-PART ***
(OUT) +
(OUT) ENTER OP-OEFINITION COMMENT OR :
(OUT)
(IN) n1 — n2 = case n2 is  * zero : zero
(OUT) * SUC ( NAO ) :
(OUT)
(IN) (pred(n1) - naO)
(OUT) ESAC .
(OUT) ENTER OP—OEFINITION CONNENT OR ;
(OUT)
(IN) muLt(n1‚n2) =case n1 is
(OUT) * ZERO :
(OUT)
(IN) ?
(OUT) OPSCHENE : :=  LETSCHENE | CASESCHENE | IFSCNEHE I TERfl
(OUT) * ZERO :
(OUT)
(IN) zero
(OUT) * SUC ( NAO ) :
(OUT)
(IN) case n2 i s  * zero : zero
(OUT) * SUC ( NA1 ) :
(OUT)
(IN) (n1 + nult(n1‚na1))
(OUT) ESAC
(OUT) ESAC
(OUT) ENTER OP-OEFINITION CONNENT OR ;
(OUT)
(IN) n1 / n2 = case n1 is
(OUT) * ZERO :
(OUT)
(IN) error-net
(OUT) * SUC ( NAO ) :
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(OUT)
(IN) case n2 i s  * zero : zero
(OUT) * SUC ( NA1 ) :
(OUT)
(IN) i f  ((n1 -n2) bool.Lt zero)
(OUT)
(OUT) *** INPUT I s  IGNORED AT : ) BOOL.LT ZERO )
(OUT) *** THE FOLLOUING SYMBOL IS  NEITHER A VALID VARIABLE OR CONSTANT , NOR OPID ***
(OUT) -N2
(OUT) ENTER OP-DEFINITION COHUENT OR ;
(OUT)
(IN) n1 / n2 = case n1 i s
(OUT) * ZERO :
(OUT)
(IN) error—nat
(our) * suc ( NAG ) :
(OUT)
(IN) case n2 i s  * zero : zero
(OUT) * SUC ( NA1 ) :
(OUT)
( IN) i f  ((n1 — n2) boo l . l t  zero)
(OUT)
(OUT) *** INPUT IS IGNORED AT : ZERO )
(OUT) *** THE FOLLOWING SYMBOL IS NEITHER A VALID VARIABLE OR CONSTANT , NOR OPID ***
(OUT) BOOL.LT
(OUT) ENTER OP—DEFINITION COHHENT OR ;
(OUT)
( IN) n1 / n2 = case n1 i s
(OUT) * ZERO :
(OUT)
(IN) zero
(OUT) * SUC ( NAO ) :
(OUT)
(IN) case n3 i s
(OUT)
(OUT) *** INPUT IS IGNOREO AT : (  IS
(OUT) *** THE FOLLOWING CASE-VARIABLE I s  NOT DECLARED ***
(OUT) N3
(OUT) ENTER OP-DEFINITION COMMENT OR ;
(OUT)
(IN) n1 / n2 = case n1 i s
(OUT) * ZERO :
(OUT)
(IN) zero
(OUT) * SUC ( NAB ) :
(OUT)
(IN) case n2 i s  * zero : zero
(OUT) — * SUC ( NAT ) :
(OUT)
(IN) i f  ((n1 - n2) Lt zero)
(OUT) THEN
(OUT)
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(IN) 2
(OUT) opscnene === LETSCHEHE ! CASESCHEHE l Irscnsns l TERM
(our) THEN
(OUT )
( IH )  ?
(OUT) LETSCHEHE === LET VARIO = TERH [ ,  VARIO = TERN] . . .  IN PP OPSCHEHE
(OUT) THEN
(OUT)
( IN )  zero
(OUT) ELSE
(OUT)
(IH) (one + ( (n1 — n2) / n2))
(OUT) ESAC
(OUT) ESAC
(OUT) ENTER OP-OEFINITION CONHENT OR ;
(OUT)
(IN) exp(n1,n2) = case n2 as *zero true, * suc(n1) : false
(OUT)
(OUT) *** INPUT IS IGHOREO AT : *ZERO TRUE, * SUC ( N1 ) : FALSE
(OUT) *** HISSING ' IS  ' IN CASE—SCHENE ***
(OUT) ENTER OP-DEFINITION COHHENT OR ;
(OUT)
(IN) exp(n1‚n2) = case n2 i s  *zero : true , * suc(n1) : false
(OUT)
(OUT) *** INPUT IS  IGNOREO AT : : TRUE , * SUC ( N1 ) : FALSE
(OUT) *** MISSING ' * ' IN LEFTSIDE OF CASE-SCHEME ***
(OUT) ENTER OP-DEFINITION COHHEHT OR ;
(OUT)
(IN) exp(n1,n2) = case n2 i s  * zero : true , * suc(n1) : false
(OUT)
(OUT) *** INPUT IS IGNOREO AT : , * SUC ( N1 ) : FALSE
(OUT) *** URONG TARGETSORT OF TERM IN OPERATION-SCHEME ***
(OUT) ENTER OP-DEFINITION COMMENT OR ;

_ (OUT)
(IN) exp(n1‚n2) = case n2 i s  * zero : one
(OUT) * SUC ( "AO ) :
(OUT)
(IN) oult(n1,exp(n1,n2))
(OUT) ESAC
(OUT) ENTER OP-OEFINITION COHHENT 0R ;
(OUT)
(IN) zerO?(n) = case n i s  * zero : true , * suc(n1) : false
(OUT)
(OUT) *** INPUT IS IGNORED AT : N ) = CASE N IS * ZERO : TRUE , * S . . .
(OUT) *** THE FOLLOWING SYNBOL IS NOT A VALID OPID OR OPID—PART ***
(OUT) 2(
(OUT) ENTER OP-DEFINITIOH COMMENT OR ;
(OUT)
(IN) zero?(n) = case n i s  * zero : true , * suc(n1) : false
(OUT) ESAC '
(OUT) ENTER OP—DEFINITION COUHENT OR ;
(OUT)
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( IN) n1 na t . l t  n2 = case n2 i s
(OUT) '
(OUT) *** INPUT IS  IGNORED AT : NZ = CASE HZ 13
(OUT) *** THE FOLLOUING SYMBOL IS NOT A VALID OPID OR OPIO-PART ***
(OUT) NAT.LT '
(OUT) ENTER OP—OEFINITION COMMENT OR ;
_(OUT) -
( IN )  n1 Lt n2 = case n2 i s  * suc(n21) : case n1 i s
(OUT) * ZERO :
(OUT)
(IN) booL.true
(OUT) * SUC ( NAB ) :
(OUT)
(IN) (naO lt  n21)
(OUT) ESAC
(OUT) * ZERO :
(OUT)
(IN) false
(OUT) ESAC
(OUT) ENTER OP-DEFINITION COHHENT OR ;
(OUT)
(IN) n1 Le n2 = booL.not((n2 Lt n1))
(our) ENTER OP—OEFINITION connenv on ;
(OUT)
(IN) n1 gt n2 = (n22 l t  n1)
(OUT)
(OUT) *** INPUT IS IGNORED AT : LT N1 )
(OUT) *** THE FOLLOUING SYMBOL Is  NEITHER A VALID VARIABLE OR CONSTANT , NOR OPIO ***
(OUT) N22
(OUT) ENTER OP-DEFINITION COHHENT OR ;
(OUT)
(IN n1 gt n2 = (n2 Lt n1)
(OUT) ENTER OP-OEFINITION COHHENT OR ;
(OUT)
(IN) n1 ge n2 = (nZ Le n1) /* greater-equal */
(OUT) ENTER OP-DEFINITION COMMENT OR ;
(OUT)
(IN) [ n1,n2 ] = (muLt(n1‚n2) + n2) /* binary numbers */
(OUT) endspec
(OUT) *************** E N D 1 H P U T ***tttitttttttt
(OUT) CPU TIME USED : 193468 as .
(OUT)
(OUT) POSITION: TOP OF SPEC NAT LIST
(OUT)
(OUT) SPEC-EDIT—LEVEL:
(OUT)
( IN) input
(OUT) *************** I N P U T L E V E L FOR SPECS ***************
(OUT) **************t VERSION : 02_@1‚1985 **************t

(OUT) *** THE CURRENT SPECIFICATION IS  TET COMPLETE ***
(OUT)
(OUT) *************** E N D I N P U T ****t*****t***t
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(OUT) CPU TINE USED : 719 ns.
(OUT) EDITOR-LEVEL ENDED.
(OUT) FILELEVEL:
(OUT)
(IN) end
(OUT) z 0888 ERASE FILE LISP.OATA.NORST.SBO-LEUEL2.00
(OUT) SYSTEHLEVEL:
(OUT)
(IN) open sbq-levelz
(OUT) FILE OPENED !
(OUT) NESSAGEFILE EHPTY
(IN) FILELEUEL:
(OUT)
(IN) input spec [ in i t
(OUT) **********************************************************

(oUT) *** ***
(OUT) *** S P E C ' E D I T O R ***
(OUT) *** VERSION von: 10. 12. 1984 ***
(OUT) *** ***
(OUT) *** BEI AUFTRETENDEN FEHLERN DES EDITORS ODER DES ***
(OUT) *** EINGABESYSTENS BITTE EIN PROTOKOLL ERSTELLEN ***
(OUT) *** UND IN GEBAEUDE 14/410 VORBEIBRINGEN ! !  ***
(OUT) *** ***

(OUT) **********************************************************

(OUT) *************** I N P U T L E U E L FOR SPECS ***************
(OUT) *************** VERSION : 02.81.1985 ***************
(OUT) ENTER COHHENT OR ;
(OUT)
(IN) /* Loose specification of a non—error-natural number as ( in i t  *!
(OUT) use
(OUT) ENTER SPECTERN COMMENT
(OUT)
(IN) nat ;
(OUT) sorts
(OUT) ENTER SORTID COHUENT OR ;
(OUT)
(IN) ; ops
(OUT) ENTER OP-HEADER COHUENT OR ;
(OUT)
(IN) limit : ——> nat ;
(OUT) props
(OUT) ENTER PROPERTY COHflENT OR ;
(OUT)
(IN) [Label-1 Limit =l= error-net
(OUT)
(OUT) *** INPUT IS  IGNORED AT : LIHIT = |=  ERROR-NRT
(OUT) *** MISSING '3 '  AFTER LABEL IN PROPS-CLAUSE ***
(OUT)
(OUT) ENTER PROPERTY COHflENT OR ;
(OUT)
(IN) [Label—1] Limit =l= error-net
(OUT)
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(OUT) *** INPUT IS  IGNORED AT : LIHIT =|= ERROR-NAT
(OUT) *** THE FOLLOWING LABEL IS  INVALID IN PROPS-CLAUSE ***
(OUT) LABEL-1
(OUT) ENTER PROPERTY COMMENT OR ;
(OUT) '
(IN) [Label1] limit =I= error-hat ; endspec
(OUT) **************t E N D I N P U I t***********t**

(OUT) CPU TIME USED : 9868 ms.
(OUT)
(OUT) POSITION: TOP OF SPEC LIHIT LIST
(OUT) spec LIHIT
(OUT) /* LOOSE SPECIFICATION OF A NON—ERROR-NATURAL NUMBER AS LIHIT */
(OUT) use NAT ;
(OUT) ops LIMIT: --> NAT;
(our) props [LABEL1] LIMIT =|= ERROR-NAT;
(OUT) endspec
(OUT)
(OUT) SPEC-EOIT-LEVEL:
(OUT)
(IN) end
(OUT) EDITOR-LEVEL ENDED.
(OUT) FILELEVEL:
(OUT)
(IN) input spec limited-stack
(OUT) ***********tttttttttttittttttttt*****ttttttttttttitttttttt
(OUT) *** ***
(OUT) *** S P E C - E D I T O R ***
(OUT) *** VERSION VON: 10. 12. 1984 ***
(OUT) *** ***
(OUT) *** BEI AUFTRETENDEN FEHLERN DES EDITORS ODER DES ***
(OUT) *** EINGABESYSTENS BITTE EIN PROTOKOLL ERSTELLEN ***
(OUT) *** UND IN GEBAEUDE 14/419 UORBEIBRINGEN ! !  ***
(OUT) *** ***
(OUT) *****t***************ttttt***t*********************itttt*t

(OUT) *************** I N P O T L E V E L FOR SPECS ***************
(OUT) *************** VERSION : 02.91.1985 ***************
(OUT) ENTER COMMENT OR ;
(OUT)
(IN) /* Standard algorithmic definition of a linited-stack.Push on a fu l l  stack, pop ot top of an elpty
( ) stack resuLt in  errors */
(OUT) use
(OUT) ENTER SPECTERN CONNENT
(OUT)
(IN) elem, Limit ;
(OUT) sorts
(OUT) ENTER SORTID COHHENT OR ;
(OUT)
(IN) stack ;
(OUT) ops
(OUT) ENTER OP-HEADER CONHENT OR ;
(OUT)
(IN) empty : —-> stack
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(OUT) ENTER OP-HEADER COMMENT OR ;
(OUT)
(IN) empty?‚full : stack-— booL „
(OUT) *** THE OPHEAOER, BEGINNING WITH THE FOLLOWING OPIDS, HA8 HO COHPLETE OOHAIH-LIST OR CODONAIH ***
(OUT) EUPTY? FULL
(OUT) ENTER OP-HEADER COHUENT OR ;
(OUT)
(IH) empty?‚fuLl : stack ——> bool
(OUT) ENTER OP-HEADER COHHEHT OR ;
(OUT)
(IH) push : stack elem —-> stck, pop : stack -> stack
(OUT) *** INPUT HAS IGNORED BEGINNING AT : , POP : STACK -- > STACK
(OUT) *** THE FOLLOUING SORTIDS ARE NEITHER IN  THE INTERFACE NOR IN  SORTS-CLAUSE ***
(OUT) STCK
(OUT) ENTER OP-HEADER COHNENT OR ;
(OUT)
(IN) push : stack elem --) stack, pop : stack --> stack
(OUT) ENTER OP-HEADER COMMENT OR ;
(OUT)
(IN) top : stack -—) eLen
(OUT) ENTER OP—HEADER COHHENT OR ;
(OUT)
(IH) ! t ‚g t  : stack stack -—> booL ;
(OUT) props
(OUT) ENTER PROPERTY CONHENT OR ;
(OUT)
(IN) ;
(OUT) spec-body
(OUT) constructors
(OUT) ENTER COHSTRUCTOR COMMENT
(OUT)
(IN) empty; push ;
(OUT) auxi t iar ies
(OUT) ENTER AUXILIARY COHHENT OR ;
(OUT)
(IN) depth: stack —-) nat ;
(OUT) ! ! !  SPESY CAN'T DECLARE THE EO—OPERATION FOR THE FOLLOHING SORT: ! ! !
(nur) STACK
(OUT) def ine-auxi l iar ies
(OUT) ENTER AUXILIARY-DEFINITION connsnr
(our)
(IN). . depth(st) = case st is
(our) * EHPTY :
(our)
(1x) ?
(our) orscuene === LETSCHEHE | CASESCHEHE | IFSCHEHE | TERH
(OUT) * EHPTY :
(OUT)
(IH) 2
(our) LETSCHEHE ::: LET VARID = TERH [, VARIO = TERH] . . .  IN PP orscnsns
(nur) * EMPTY :
(nur)
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(IN) 2
(OUT) CASESCHEHE : :  = CASE VARIO IS
(OUT) PP * LEFTPART : OPSCHEHE
(OUT) [,  PP * LEFTPART : OPSCHEHE] . . .
(OUT) [,  OTHERWISE : OPSCHEHE]
(OUT) PP ESAC
(OUT) * EHPTY :
(OUT)
(IN) 2
(OUT) IFSCHENE === IF TERM
(OUT) PP THEN OPSCHEHE
(OUT) [ELSEIF TERH PP THEN OPSCHEHE] . . .
(OUT) PP ELSE OPSCHEUE
(OUT) * EMPTY :
(OUT)
(IN) ?
(OUT) TERM (TERH) I VARIO | PREFIx—TERN l HIXFIX—TERH
(OUT) PREFIX-TERH : :
(OUT) HIXFIX-TERH : :

l l"
l l

[ [  TERM [ ,  TER" ] . . .  B ] OPID'PART B ] . . .
(OUT) [ TERM [ ,  TERM ] . . .  B ] OPIO-PART
(OUT) [ B TERH [,  TERM ] . . .  ]
(OUT) * EMPTY :
(OUT)
( IN 9
(OUT) *** NO MORE DETAILED INFORMATION AVAILAIBLE ***
(OUT) * EHPTY :
(OUT)
(IN) nat .zero
(OUT) * PUSH ( STO , ELO ) :
(OUT)
(IN) suc(depth(stO))
(OUT) ESAC
(OUT) define-carriers
(OUT) ENTER CARRIER—DEFINITION COHHENT OR ;
(OUT)
(IN) is-stuck(st) =
(OUT)
(OUT) *** INPUT IS  IGNOREO AT : ( ST ) =
(OUT) *** INVALID CHARACTERISTIC PREDICATE IN  OEFINE—CARRIERS—CLAUSE ***
(OUT) IS-STUCK
(OUT) ENTER CARRIER-OEFINITION COMMENT OR ;
(OUT)
(IN) is-stack(st) = i f  st then
(OUT)
(OUT) *** INPUT IS  IGNORED AT : ST THEN
(OUT) *** MISSING CASE IN OEFINITION OF CHARACTERISTIC PREOICATE ***
(OUT)
(OUT) ENTER CARRIER-DEFINITION COUUENT OR ;
(OUT)
(IN) is-stack(st) = case st i s
(OUT) * PUSH ( STO , ELO ) :
(OUT) IF ( NOT (IS-STACK (STO)) )
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(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
.(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)

THEN FALSE
ELSE

(depht(ste) Lt Limit)

*** INPUT IS  IGNORED AT : ( STO ) LT LIHIT )
*** THE FOLLOUING SYMBOL IS  NEITHER A VALID VARIABLE OR CONSTANT , NOR OPID ***
OEPHT
ENTER CARRIER-DEFINITION COMMENT OR ;

is—stack(st) = case st i s  * push(st0,el0) : false

*** MISSING IF-SCHEHE IN DEFINITION OF CHARACTERISTIC PREDICATE AFTER THE FOLLOUING CONSTRUCTOR ***
PUSH

ENTER CARRIER-DEFINITION COHHENT OR ;

is-stack(st) = case st i s  * push(sta‚el9) : i f  ( st and ele ) then

*** INPUT IS IGNOREO AT : AND ELB ) THEN
*** MISSING ' NOT ' IN IF-SCHEfiE IN THE DEFINITION OF CHARACTERISTIC PREOICATE ***

ENTER CARRIER-DEFINITION COHNENT OR ;

is-stack(st) = case st i s  * push(st0‚el9) : i f  (not(is—nat(ele)) then

*** INPUT IS IGNOREO AT : ( ELO ) ) THEN
*** INVALID CHARACTERISTIC PREDICATE IN DEFINE-CARRIERS-CLAUSE ***
IS-NAT

ENTER CARRIER-DEFINITION CONNENT OR ;

is-stack(st) = case st i s  * push(ste‚ele) : i f  (not(is-stack(ele)) then

*** INPUT IS IGNORED AT : ) ) THEN
*** UNKNOWN VARIO AS ARGUHENT OF CHARACTERISTIC PREDICATE ***
ELO

ENTER CARRIER-DEFINITION COMMENT OR ;

is-stack(st) = case st i s  * push(ste‚ete) : i f  (not(is-stack(ste)) then true

*** INPUT IS IGNOREO AT : THEN TRUE
*** MISSING ' ) ' AFTER TERH IN IF-SCHEHE ***

ENTER CARRIER-DEFINITION COMMENT OR ;

is-stack(st) = case st i s  * push(st9‚ele) : i f  (not(is-stack(st9))) then true

*** HISSING ' FALSE ' IN IF-SCHEHE IN DEFINITION OF CHARACTERISTIC PREDICATE ***

ENTER CARRIER-DEFINITION COHHENT OR ; (

is—stacktst)-= case st i s  * pustte‚ele) : i f  (not(is—stack(ste))) then false
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(OUT) *** HISSING ' ELSE ' IN  IF-SCHEHE ***
(OUT) ENTER CARRIER—DEFINITION COMMENT OR ;
(OUT)
(IN) is-stack(st) = case st i s  * push(stO‚elO) : i f  (not(is-stack(stß))) then false
(IN) else (depth(stO) na t . l t  ( in i t )
(OUT) ENTER THE MISSING CASE-PARTS OR 'OTHERHISE'
(OUT)
(IN) otherwise : true
(OUT) ESAC
(OUT) define-constructor—ops
(OUT) ENTER CONSTRUCTOR-DEFINITION COHHENT
(OUT)
(IH) empty = empty
(OUT)
(OUT) *** MISSING ' * ' IN CONSTRUCTOR DEFINITION ***
(OUT)
(OUT) ENTER CONSTRUCTDR-DEFINITION COMMENT
(OUT)
(IN) empty = * empty
(OUT) ENTER CONSTRUCTOR-DEFINITION COMMENT OR ;
(OUT)
(IN) push(st‚e) =
(OUT)
(OUT) *** INPUT IS IGNORED AT : .=
(OUT) *** THE COHSTRUCTOR—VARIABLES "UST BE THE IDENTICAL TO THE VARIABLES ENTERED IN THE DEFINE-CARR
(OUT) IERS—CLAUSE ***
(OUT)
(OUT) ENTER CONSTRUCTOR-DEFINITION COHHENT OR ;
(OUT)
( IN) push(stO‚eLO) = case stO is
(OUT)
(OUT) *** INPUT IS  IGNORED AT : STO IS
(OUT) *** MISSING ' I F  ‘ IN  CONSTRUCTOR DEFINITION ***
(OUT)
(OUT) ENTER CONSTRUCTOR-DEFINITION COMMENT OR ;
(OUT)
( IN) push(stO‚eLO) = i f  stO then
(OUT)
(OUT) *** INPUT IS  IGNORED AT : THEN
(OUT) *** INVALID TERM IN  CONSTRUCTOR DEFINITION ***
(OUT)
(OUT) ENTER CONSTRUCTOR-DEFINITION COMMENT OR ;
(OUT)
(IH) push(stO‚elO) = i f  (depth(stO) na t . l t  Limit) then stO else
(OUT)
(OUT) *** INPUT IS  IGNORED AT : ELSE
(OUT) *** MISSING ' * ' IN CONSTRUCTOR DEFINITION ***

' (OUT)
(OUT) ENTER CONSTRUCTOR-DEFINITION COMMENT OR ;
(OUT) ‘
( IN) push(stO‚eLO) = i f  (depth(ste) nat.Lt Limit) then * push(stO‚elO) else error-stack
(OUT) private-ops
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(OUT) ENTER PRIVATE-OPERATION COHHEHT OR ;
(OUT)
(IN) ;
(OUT) define—ops
(OUT) ENTER OP—DEFINITION CONHENT
(OUT)
( IN )  ;
(OUT)
(OUT) *** FIRST YOU HUST DEFINE THE FOLLOUIHG OPERATIOHS ***
(OUT) EMPTY? FULL POP TOP LT GT
(OUT) ENTER OP-DEFINITIOH COHHEHT
(OUT)
(IH) ful l?(st)  = nat((depth(st) [ (  Limit)
(OUT) _ . ,  _ „
(OUT) *** INPUT IS IGNORED AT : ST ) = NAT ( ( OEPTH ( ST ) LT LIHIT )
(OUT) *** THE FOLLOUIHG SYMBOL IS  NOT A VALID OPID OR OPIO-PART ***
(OUT) Z(
(OUT) ENTER OP-OEFIHITIOH COUHEHT
(OUT) _
(IN) fuLL(st) = nat((depth(st) Lt Limit)
(OUT)
(OUT) *** INPUT IS IGNORED AT : ( ( DEPTH ( sT ) LT LIMIT )
(OUT) *** THE FOLLOUING SYHBOL IS  NEITHER A VALID VARIABLE OR CONSTANT , NOR OPID ***
(OUT) NAT _
(OUT) ENTER OP-DEFINITION COMMENT
(OUT)
(IN) f u lL (s t )  = bool.not((depth(3t) Lt Limit)
(OUT)
(OUT) *** INPUT IS  IGNORED AT : LIHIT ) 4 _
(OUT) *** WRONG QUANTITY OF ARGUHENTS OR INVALID SORT(S) OF THE ARGUHEHTS FOR THE FOLLOHING OPERATION ***
(OUT) LT
(OUT) EHTER OP-OEFINITIOH COHHEHT
(OUT) _
(IN) fuLL(st) = booL.not((depth(st) nat.Lt l im i t )
(OUT)
(OUT) *** HISSSING CLOSING-PARENTHESIS BEHIND THE FOLLOHING PREFIX—OPID ***
(OUT) BOOL.NOT
(OUT) ENTER OP-DEFINITION COHHENT
(OUT) _
(IN) fuLL(st) = bool.not((depth(st) nat . l t  l i h i t ) )
(OUT) ENTER OP-DEFINITION COMMENT OR ;
(OUT) _ }
(IH) enpty?(st) = case st is
(OUT) * EMPTY :
(OUT)
(IN) true otherwise : false
(OUT) ESAC
(OUT) ENTER OP-DEFINITION COMMENT OR ;
(OUT)
(IH) pop(Limit) = case Limit is
(OUT)
(OUT) *** INPUT IS  IGNORED AT : ) = CASE LIHIT IS
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(OUT)
(OUT) *** THE FOLLONINO VARIABLE IS IN CONFLICT HITH OPID-PARTS OF THE EXPORTEO INTERFACE , AUXILIARY-CLA
( ) USE OR PRIVATE-OPS—CLAUSE ***
(OUT) LIHIT
(OUT) ENTER OP-OEFINITION COMMENT OR ;
(OUT)
(IN) pop(st) = case st i s  * push(st1‚el1) : st1 otherwise : error-stack
(OUT) ESAC
(OUT) ENTER OP-OEFINITION CONNENT OR ;
(OUT)
(IN) top(st) = case st i s
(OUT) * EMPTY :
(OUT)
(IN) error-ele-
(OUT) * PUSH ( STO , ELO ) :
(OUT)
(IN) elO
(OUT) ESAC
(OUT) ENTER OP—DEFINITION CONHENT OR ;
(OUT)
(IN) end
(OUT) ****t********** E N D I N P U T ***************

(OUT) CPU TIME USED : 124218 ls .
(OUT)
(OUT) POSITION: TOP OF OPS-CLAUSE OF SPEC LIMITED-STACK LIST
(OUT)
(OUT) SPEC-EDIT-LEVEL:
(OUT)
( IN) + + A
(OUT) ops EHPTY: --) STACK
(OUT) ENPTY?‚FULL: STACK -—> BOOL
(OUT) PUSH: STACK ELEM --> STACK
(OUT) . POP: STACK —-> STACK
(OUT) TOP: STACK -—> ELEN
(OUT) LT‚GT: STACK STACK -—> BOOL;
(nur)"
(OUT) POSITION: TOP OF OPS-CLAUSE OF SPEC LINITED-STACK LIST
(OUT)
(OUT) _ SPEC—EDIT—LEUEL:
(OUT)
(IN) spec
(OUT)

'(OUT) POSITION: TOP OF SPEC LIMITED-STACK LIST
(OUT) spec LIMITED-STACK
(OUT) ' /* STANDARD ALGORITHNIC DEFINITION OF A LINITto—STACK.PUSN ON A FULL *!
(OUT) /* STACK, POP OR TOP OF AN EMPTY STACK RESULT IN ERRORS *!
(OUT) use ELEM
(OUT) LIMIT ;
(OUT) sorts STACK;
(OUT) ops EMPTY: --) STACK
(OUT) EHPTY?‚FULL: STACK ——> BOOL
(OUT) PUSH: STACK ELEM --> STACK
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(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
-(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IH)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)'
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(IN)
(OUT)
(OUT)
(OUT)
(IN)

POP: STACK -—> STACK
TOP: STACK ——> ELEM
LT‚GT: STACK STACK -—> BOOL;

spec-body
constructors EMPTY

PUSH;
aux i l ia r ies  DEPTH: STACK -> NAT,
define—auxiliaries

DEPTH(ST)= case ST is
* ENPTY : NAT.ZERO
* PUSH(STO‚ELO) : SUC(DEPTH(STB))

008023 RECORDS PRINTED. CONTINUE?
esac;

SPEC-EDIT-LEVEL:

++

define—constructor—ops
EMPTY = * EHPTY
PUSH<STG‚ELB) = i f  (DEPTH(STB) NAT.LT LIHIT)

then * PUSH(ST@,ELO)
else ERROR—STACK;

define-ops
FULL(ST) = BOOL.NOT((DEPTH(ST) NAT.LT LIHIT))
EHPTY?(ST) = case ST is

* ENPTY : TRUE
otherwise FALSE

esac
POP(ST) = case ST is

* PUSH(ST1‚EL1) : ST1
otherwise ERROR-STACK

esac
TOP(ST) = case ST is

* EMPTY : ERROR-ELEH
* PUSH(ST9‚ ELB):  ELO

esac;
endspec

POSITION: TOP OF SPEC LIHITED-STACK LIST
000923 RECORDS PRINTED. CONTINUE?

SPEC-EDIT—LEVEL:

end
EDITOR-LEVEL ENDED.
FILELEVEL:

end
z 0800 ERASE FILE LISP.  DATA. HORST.SBQ-LEVEL2. OO
SYSTEHLEVEL:

open sbq-levelz
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(OUT) FILE OPENEO ! _
(OUT) HESSAOEFILE EMPTY
(OUT) FILELEVEL:
(OUT)
(IN) l i s t  limited—stack
(OUT) ENTER INFORMATIONPARAHETER :
(OUT)
( IN) interface
(OUT)
(OUT) ** THE EXPORTEO INTERFACE OF LIHITEO-STACK **
(OUT)
(OUT) sorts from BOOL :
(OUT) BOOL
(OUT) operations from BOOL :
(OUT) TRUE: --> BOOL
(OUT) FALSE: -—) BOOL
(OUT) NOT: BOOL --> BOOL
(OUT) _ANU_: BOOL BOOL —-> BOOL
(OUT) _OR_: BOOL BOOL --> BOOL
(OUT)
(OUT) sorts from NAT :
(OUT) NAT
(OUT) operations from NAT :
(OUT) ZERO: - - )  NAT
(OUT) SUC: NAT ——) NAT
(OUT) PREO: NAT --> NAT
(OUT) MULT: NAT NAT ——) NAT
(OUT) EXP: NAT NAT -—> NAT
(OUT) _+_: NAT NAT --> NAT
(OUT) _-_: NAT NAT --> NAT
(OUT) OOOO23 RECORDS PRINTED. CONTINUE?
(OUT) _/_: NAT NAT --> NAT
(OUT) ZERO?: NAT --> BOOL
(OUT) _LT_: NAT NAT --> BOOL
(OUT) _LE_: NAT NAT -—> BOOL
(OUT) _GT_: NAT NAT —-) BOOL
(OUT) _GE_: NAT NAT --> BOOL
(OUT) EO-NAT: NAT NAT —-> BOOL
(OUT) [__]: NAT NAT -—> NAT
( UT) ONE: -—) NAT
(OUT) THO: -~) NAT
(OUT) THREE: --) NAT
(OUT) FOUR: --> NAT
(OUT) FIVE: --) NAT
(OUT) SIX: --> NAT
(OUT) SEVEN: -—> NAT
(OUT) EIGTH: -—) NAT
(OUT) NINE: -> NAT
(OUT) TEN: ->  NAT
(OUT)
(OUT) no sorts from LIHIT
(OUT) operations from LINIT :
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(OUT) LIHIT: —-> NAT
(OUT) OOOO45 RECORDS PRINTED. CONTINUE?
(OUT)
(OUT) sorts from ELEfl :
(OUT) ELEH
(OUT) no operations from ELEH
(OUT) '
(OUT) sorts from LIMITED-STACK :
(OUT) STACK
(OUT) Operations from LIMITED-STACK :
(OUT) EHPTY: --> STACK
(OUT) ENPTY?: STACK ——> BOOL
(OUT) FULL?: STACK --> BOOL
(OUT) PUSH: STACK ELEH - -> STACK
(OUT) POP: STACK --> STACK
(OUT) TOP: STACK --> ELEM
(OUT) LT‚GT: STOCK STACK --> BOOL
(OUT)
(OUT) FILELEUEL:
(OUT)
(IN) [ist Limited-stack ok
(OUT) status of specification: LIHITED—STACK
(OUT)
(OUT) syntax: + semantics
(OUT)
(OUT) -— terminating:
(OUT) . —- consistent :
(OUT) | | -— derivable :
(OUT) interface: + rest:  +
(OUT)
(OUT)
(OUT) .
(OUT) use: + | I
(OUT) sorts: + props: O+ constructors: def.constructors: +
(OUT) ops: + aux i l ia r ies  : private ops : O+
(OUT) def.-aux. define ops : +
(OUT) def.-carrier:
(OUT)
(OUT)
(OUT) = ok
(OUT) = not ok
(OUT) ? = unknown
(OUT) FILELEVEL:
(OUT)
(IN) end
(OUT) STSTEHLEVEL:
(OUT)
(IN) open sbq-LevetB
(OUT) FILE OPENED !
(OUT) MESSAGEFILE EHPTY
(OUT) FILELEUEL:
(OUT)

+
+

+
+

= empty

I '
I -

a
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(IN)
(OUT)
(OUT)
(nur)
(IN)
(nur)
(nur)
(our)
(nur)
(nur)
(our)
(our)
(OUT)
(our)
(our)
(our)
(our)
(our)
(our)
(our)
(our)
(our)
(our)
(our)
(IN)
(OUT)
(OUT)
(our)
(our)
(OUT)
(our)
(our)(our)
(OUT)
(our)
(our)
(our)
(OUT)
(our)
(our)
(our)
(our)
(our)
(OUT)
(our)
(nur)
(nur)
(OUT)
(our)
(OUT)
(OUT)
(OUT)

dir  sbq—level3 **
UNKNONN OBJECTTYPE. CONHAND BROKEN.
FILELEVEL:

d i r  * * .
SPECS ON SEQ-LEVEL4 : NAT101
NAPS ON SBO-LEVEL4 : ELEH.NAT_IS POINTED—ELEH.NAT_POINTO LINIT.NATTO1_LINIT1OO

LINIT+1.NAT101_LINITTOO

SPECS ON RLBASE : BOOLEAN INTEGER INT
"APS ON RLBASE :THERE ARE NO NAPS!

SPECS ON SBO-LEVEL3 : LIMITED-OUEUE LIHIT+1 POINTED-ELEH STACK-SIHULATION
NAPS ON SBO—LEVEL3 : ‚LINIT.LINIT+1_INCREASE ELEH.POINTED-ELEN_EXTEND

LINITED—STACK.STACK—SINULATION_SIHULATE

SPECS ON SBO—LEvELz : NAT LIHIT LINITED—STACK
NAPS ON SBO-LEVELZ : LIMITED-LIFO.LIHITED-STACK_FIX

SPECS ON SBO—LEVEL1 : ELEH LINITED-LIFO
"APS ON SBO—LEVEL1 :THERE ARE NO NAPS!

FILELEVEL:

l i s t  nat total
spec NAT

/* STANDARD ALGORITHHIC DEFINITION OF THE NATURAL NUHBERS */
use BODL ;
sorts NAT;
ops ZERO: --> NAT

SUC,PRED: NAT --) NAT ‘
_+_‚_-_‚NULT‚_/_‚EXP: NAT NAT -—> NAT
ZERO?: NAT —-> BOOL
__LT_‚_LE_‚_GT_‚__GE_: NAT NAT -—> BOOL
EO—NAT: NAT NAT —-> BOOL
[__]: NAT NAT --> NAT
ONE‚TNO‚THREE‚FOUR‚FIVE‚SIX‚SEVEN‚EIGTH‚NINE‚TEN: —-) NAT;

props [NAT1] ALL x‚Y:NAT ( [  X,? ] )  == (NULT(X‚TEN) + T) ;
spec-body

constructors ZERO
SUC;

aux i l ia r ies  EO—NAT: NAT NAT —-) BOOL;
define—auxiliaries

EO—NAT(N‚O) = case N is
* ZERO : case O is

* ZERO : TRUE
otherwise FALSE

600023 RECORDS PRINTED. CONTINUE?
esac

* SUC(NO) : case O is
* SUC(DO) : EO—NATtNO‚OO)
otherwise FALSE
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(OUT) esac
(OUT) esac;
(OUT) define-carriers
(OUT) IS-NAT(H) = TRUE;
(OUT) define-constructor-ops
(OUT) ZERO = * ZERO
(OUT) SUC(NAO) = * SUC(NAO);
(OUT) define-ops
(OUT) ONE = SUC(ZERO)
(OUT) THO = SUC(0HE)
(OUT) THREE = SUC(TUO)
(OUT) FOUR = SUC(THREE)
(OUT) FIVE = SUC(FOUR)
(OUT) SIX = SUC(SUC(SUC(SUC(SUC(SUC(ZERO))))))
(OUT) SEVEN = SUC(SIX)
(OUT) EIGTH = SUC(SEUEN)
(OUT) NINE = SUC(EIGTH)
(OUT) TEN = SUC(NINE)
(OUT) 000045 RECORDS PRINTED. CONTINUE?
(OUT) PRED(N) = case N is
(OUT) * ZERO : ERROR-NAT
(OUT) * SUC(NA9) : NAO
(OUT) esac
(OUT) "1 + NZ = case N1 is
(OUT) * ZERO : NZ
(OUT) * SUC(NAO) : (NAB + SUC(N2))
(OUT) esac
(OUT) N1 — N2 = case NZ is
(OUT) * ZERO : ZERO
(OUT) * SUC(NAO) : (PREO(N1) - NAB)
(OUT) esac
(OUT) HULT(N1,N2) = case N1 i s
(OUT) * ZERO : ZERO
(OUT) * SUC(NAO) : case "2 is
(OUT) * ZERO : ZERO
(OUT) * SUC(HA1) : (N1 + HULT(N1‚NA1))
(OUT) esac
(OUT) esac
(OUT) N1 / NZ = case N1 i s
(OUT) * ZERO : ZERO
(OUT) * SUC(NAO) : case NZ is
(OUT) 000067 RECORDS PRINTED. CONTINUE?
(nun ' * ZERO = 2m
(OUT) * SUC(NA1) : i f  (((N1 - O2)) LT ZERO)
(OUT) then ZERO
(OUT) else (ONE + ((((N1 - N2)) I N2)))
(OUT) esac
(OUT) esac
(OUT) . EXP(N1‚N2) = case uz i s
(OUT) * ZERO : ONE
(OUT) * SUC(NAO) : HULT(N1‚EXP(N1‚N2))
(OUT) esac '
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(OUT) ZERO?(N) = case N i s
(OUT) * ZERO : TRUE
(OUT) * SUC(N1) : FALSE
(OUT) esac
(OUT) NT LT NZ = case N2 is
(OUT) * SUC(N21) : case N1 i s
(OUT) * ZERO : BOOL.TRUE
(OUT) * SUC(NAO) : (NAG LT N21)
(OUT) esac
(OUT) * ZERO : FALSE
(OUT) esac
(OUT) OOOO88 RECORDS PRINTED. CONTINUE?
(OUT) N1 LE NZ = BOOL.NOT((N2 LT N1) )
(OUT) NT GT NZ = (NZ LT N1)
(OUT) [ N1‚N2 ] = (UULT(N1‚N2) + NZ);
(OUT) endspec
(OUT) FILELEVEL:
(OUT)
(IN) l i s t  Linited—queue total
(OUT) spec LlHITED-OUEUE
(OUT) /* ALGORITHHIC SPECIFICATION OF A LIHITED OUEUE. ENOUEUE IN A FULL */
(OUT) /* OUEUE‚DEOUEUE OR FRONT ON AN EHPTY OUEUE RESULT IN ERRORS */
(OUT) use ELEM
(OUT) LIMIT ;
(OUT) sorts OUEUE;
(OUT) ops NEUO: ——> OUEUE
(OUT) NEHO?‚FULLO?: OUEUE --> BOOL
(OUT) ENG: OUEUE ELEM —-> OUEUE
(OUT) DEO: OUEUE —-) OUEUE
(OUT) FRONT: OUEUE ->  ELEH;
(OUT) spec-body
(OUT) constructors ENO
(OUT) MEMO;
(OUT) aux i l ia r ies  LENGTH: OUEUE -—> NAT;
(OUT) define—auxitiaries
(OUT) LENGTH(O) = case O is  -
(OUT) * ENO(OUO‚ELO) : SUC(LENGTN(OUO))
(OUT) * NENO : ZERO
(OUT) esac;
(OUT) define-carriers
(OUT) IS—OUEUE(O) = case O is
(OUT) OOOOZS RECORDS PRINTED. CONTINUE?
(OUT) * ENO(OUO‚ELO) : i f  NOT(IS—OUEUE(ELO))
(OUT) then FALSE
(OUT) else (LENGTH(OUO) LT LINIT)
(OUT) otherwise TRUE
(OUT) esac;
(OUT) define—constructor-ops
(OUT) NEUO = * NEUO
(OUT) ENO(OUO‚ELO) = i f  (LENGTH(OUO) LT LIHIT)
(OUT) then * ENO(OUO‚ELO)
(OUT) else ERROR—OUEUE;
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(OUT) define—ops
(OUT) NEUO?(O) = case 0 i s
(OUT) * ENO(OU0‚ELO) : FALSE
(OUT) * NEUO : TRUE '
(OUT) esac
(OUT) FULLO?(O) = NOT((LENGTH(O) LT LINIT))
(OUT) DEO(O) = case Q is
(OUT) * ENO(OU0‚ELO) : case qua i s
(OUT) * ENO(OU1‚EL1) : ENO(OEQ(0U0)‚ELO)
(OUT) * NEUO : NEHO
(OUT) esac '
(OUT) * NERO : ERROR-OUEUE
(OUT) 000045 RECORDS PRINTED. CONTINUE?
(OUT) esac
(OUT) FRONT(O) = case 0 i s
(OUT) * NEHO : ERROR-ELEM
(OUT) * ENO(OU0‚ELO) : case OUO i s
(OUT) * NEUO : ELO
(OUT) * ENO(OU1‚EL1) : FRONT(OU0)
(OUT) esac
(OUT) esac;
(OUT) endspec
(OUT) FILELEVEL:
(OUT)
(IN) List Linit+1 total
(OUT) spec LINIT+1
(OUT) /*  ANIOHATIC DEFINITION OF LIHIT + 1 */
(OUT) use LIMIT ;
(OUT) ops SUC-OF-LIUIT: --> NAT;
(OUT) props [PROP1] SUC—OF—LIUIT == SUC(LIHIT);
(OUT) endspec
(OUT) FILELEVEL:
(OUT)
(IN) l i s t  pointed-elem to ta l
(OUT) spec POINTEO—ELEH ‘
(OUT) /* LOOSE SPECIFICATION OF A NON—ERROR CONSTANT OF SORT ELEH TOGETHER *?
(OUT) /* UITH AN IDENTIFICATION-TEST */ '
(OUT) use ELEM ;
(OUT) ops POINT: --> ELEH
(OUT) POINT?: ELEH —-> BOOL;

. (OUT)  props [PROP1] ALL E:ELEH POINT?(E) (==) E == POINT
(nur) [PROPZJ POINT =|= ERROR-ELEH;
(OUT) endspec
(OUT) FILELEUEL:
(OUT)
(IN) dir  sbq-Level3 nap
(OUT) OAPS ON SBO-LEUEL3 : LINIT.LIHIT+1_INCREASE ELEN.POINTEO-ELEU_EXTENO
(OUT) LIMITED-STACK.STACK-SIMULATION_SIHULATE
(OUT)
(OUT) FILELEVEL:
(OUT)
(IN) [ist linit.liait+1_increase total
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(OUT) lap (LIHIT -INCREASE—> LIHIT+1)
(OUT) /* REPLACE LIHIT BY LIHIT+1 *I
(OUT) i s  REFINEHENT;
(OUT) base
(OUT) NAT ;
(OUT) ops LIHIT = SUC-OF-LIHIT;
(OUT) endmap
(our) FILELEVEL:
(OUT)
(IN) l i s t  elen.pointed-elen_extend total
(OUT) nap (ELEM -EXTEND—) POINTEO-ELEN)
(OUT) / *  THE INCLUSION OF ELEH IN POINTEO-ELEN */
(OUT) i s  REFINEHENT;
(OUT) base
(OUT) BOOL ;
(OUT) sorts ELEM = ELEM;
(OUT) endmap
(OUT) FILELEVEL:
'(OUT)
(IN) List linited-stack.stack-sinulation_sinulate tota l
(OUT) nap (LIMITED-STACK -SINULATE—> STACK-SIMULATION)
(OUT) /* NAPS STACK TO OUEUE AND THE STACK-OPERATIONS TO THEIR SIHULATING *!
(OUT) /* OUEUE OPERATIONS. THIS HAP INCLUDES THE EXTENSION OF ELEN TO *7
(OUT) /* POINTED-ELEU; BUT IT NAPS LIHIT TO ITSELF - SINCE THE INCREHENT IS */
(OUT) /* NOT USEO ! */
(OUT) i s  IMPLEMENTATION;
(OUT) base
(OUT) LIHIT ;
(OUT) use (ELEN -EXTENO-> POINTED-ELEH);
(OUT) sorts STACK = QUEUE;
(OUT) ops EHPTY = S—EUPTY
(OUT) PUSH = ENQ
'(OUT) EHPTY? = S-EHPTY?
(OUT) FULL? = FULLO?
(OUT) POP = S—POP
(OUT) TOP = S—TOP;

-(0UT) endmap‚
(OUT) FILELEVEL:
(OUT)
(IN) d i r  sbq-level4 spec
(OUT) SPECS ON SBO—LEUEL4 : NAT101
(OUT)
(OUT) FILELEVEL:
(OUT)
(IN) l i s t  nat101 tota l
(OUT) OBJECT NOT FOUND. COMMAND BROKEN.
(OUT) FILELEVEL:
(OUT)
(IN) end
(OUT) SYSTEHLEVEL:
(OUT)
(IN) open sbq—Level4
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(OUT) FILE OPENED !
(OUT) NESSAGEFILE ENPIY
(OUT) FILELEUEL:
(OUT)
(IN) ( is t  nat191 to ta l
(OUT) spec NAT101
(OUT) /* ENRICHES NAT BY DERIVED CONSTANTS *!
(OUT) use NAT ;
(OUT) ops HUNDREO,HUNORED-ANO—ONE: -) NAT;
(OUT) spec-body
(OUT) define-ops
(OUT) HUNDRED = ( [  TEN,ZERO ] )
(OUT) HUNORED—ANO-ONE = ( [  TEN‚ONE ] ) ;
(OUT) endspec
(OUT) FILELEVEL:
(OUT)
(IN) d i r  sbq—Level‘ map
(OUT) HAPS ON SBO—LEVEL4 : ELEN.NAT_IS POINTEO-ELEH.NAT_POINTO LIHIT.NAT101_LINIT1OO
(OUT) LINIT+1.NAT1OT_LIHIT1OO
(OUT)
(OUT) FILELEUEL:
(OUT)
(IN) (ist eLem.nat_is total
(OUT) nap (ELEH—-IS-> NAT)
(OUT) /* CHOOSES NAT AS ELEH ##
(OUT) i s  REFINEUENT;
(OUT) base
(OUT) BOOL ;
(OUT) . sorts ELEM = NAT;
(OUT) endmap
(OUT) FILELEUEL:
(OUT)
(IN) List pointed-elen.nat_pointO total
(OUT) nap (POINTEO—ELEN -POINTO—) NAT)
(OUT) /* CHOOSES O AS POINT */
(OUT) i s  REFINENENT;
(OUT) use (ELEM —IS-> NAT);
(OUT) ops POINT = ZERO
(OUT) POINT? = ZERO?;
(OUT) endnap
(OUT) FILELEUEL:
(OUT)
(IN) l ist Linit.nat101__linit1OO total.
(OUT) lap (LIHIT -LIHIT100—> NAT101)
(OUT) lt CHOOSES 1OO AS LIHIT */
(OUT) i s  REFINENENT;
(OUT) base '
(OUT) NAT ;
(OUT) ops LIMIT = HUNDRED;
(OUT) endmap
(OUT) FILELEVEL:
(OUT)
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(IN) l i s t  (init+1.nat101_liuit1OO total
(OUT) nap (LIH1T+1 —LIHIT100—> NAT101)
(OUT) /* CONSEOUENTLY CHOOSES 101 FOR SUC-OF-LIHIT */
(OUT) is REFINEUENT;
(OUT) use (LIMIT —LIHIT1OB-) NAT101);
(OUT) ops SUC—OF—LIHIT = HUNDRED-AND-ONE;
(OUT) endnap
(OUT) FILELEVEL:
(OUT)
(IN) end
(OUT) SYSTEHLEVEL:
(OUT)
(IN) end
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