Un Ea\r"mj

/.ef L ‘c a con7[C/<7(" 70{'«:6 /4?7«&;7( amc{ /-)a quser 7Qr L'.
For any s{r;r:j a m L, PCr) /s ~ parse Free. An

unparser 7Qr L /s & map UP  foom parse Frees % ﬂ[r5r:js
%471 Sa?l;séj

(1) For any 57/r;:1j ain L, /9/0/7[/7(0‘))):' P[’j

(Z) The 57[f;f]5 frocéwtc/ﬁ UP are ﬁfCC§ #’MA{CJ
ahc/ eafj 74 re:aa/.

Unj’nr:ers are o#;r\ cq//cd/ /re Jfr;n/co’} 7Qrmq‘l</crs, anJ
(in Hhe MACLISP cam»mmré) grindecs.

The h,,/f»/eq.e,a{r o an “anparser (s 74’:..-.( with manyg didcalties.
There are Fit of all many prachenl dibcalbies Such as
}nffjm/r'r:] e wnparser witk He fek edifor: /um///nj
Cammehr/s, Ag/Jg%ég in Fhe aa%fm[ C{E’:.théa( Sabfrees
of he hee being wrparsed (hr xunple, A identily
#& location o[ﬂn e’mr)) and /45% buf ho/ /ea-f?/[ c/oaﬁioj
a precisc mc-m}v for (2) Gk il 547{/'35 more Hian
one.  Pleqremmer~, / will nof Aiscuss Hese Pfaﬂécq(

c/ﬁéc«//res n 7%}5 ns’é. Sufpo:c %cm Sd/rcc{: “/'Acr\
}w{.nl remains /s o 5/1'7@‘«/73 o'pd!nof‘hcr- Sort: n pare



CaNg -2

frojram;rj /orc)/@m . Some é/M/ 0[ /naé%’acér'nj scarcA
WI.// /C f‘¢7‘4ir¢¢[ 710 e‘oaﬂ— - "Eﬂc[G/é 74""“7[ ﬂq'/ ﬁ/s
w,'ﬂ}ﬁ 7«: ng;h. The e(c'?éu./s o/v‘f}; F{Uyamm;':j
/’Wbéém 4701:( on ﬂ: 7r::¢}se version o_'[‘ (?-5 'f“q‘té s
c‘oscn, ‘«HL 74" '/’{c rea.sa;m‘/c CAo;cCJ 749/ [ fenow 67{
7«4 /”ry rqmp}g f’rol/ep\ /s #r )czm 7{’:'0'/:‘/- 72; /«rfo,c
07[) #;S 047{: /% 74 recora[ one )o/u?é‘i\ 74 ﬂ,s /proé/em,
a/éiz( /7(:'\([ ‘h es?l::wj /f)cr'/to o)%r reason #«7/ /'/
(s )‘{c anﬁ /@»yrnu #47( / can Né\/{ ﬂfl.{(lj #47( nses

(’cxejpf/m-/”[/;,j " o nen-trrvial Nij'

We sappose Hat eu.:j node of Hhe parse hee can

be printed jn onc oF Ko hrmats, which we call He
onc-line. formaf ard He malli-lne ormat. The
one-line tormat is produced by recursively prining

e node in He obvims w:j, w:ﬁgu/ ém,k}:] He
ooﬂ[fﬁﬂf /m’é //‘ncs. We 74/‘: %4: Vrew ﬂa/ ﬂc oae—ﬁnc
7@"«47[ rs a/waljs f:oCr-J/c 74 He mq///‘-//'nc {:’mq{

bt hay be unteasidle since Rer nodes near He root
o?ﬁ He parse 74=e7 Yhe one-line 75}0.47( “'"/(j‘”"’"/_/j
pof £ betveen Fhe mag}hf. /A7C'mq/{j, a malti-line
Forma? is sj’c:‘ﬁ[:“cz fl? c/raw}u a /w‘ﬂérz. oL The ouéa?l,
using boxes % c(e.s:bfm?zc He un/?drsil:j, AL Hhe subpedes.
For Cxamf/c) here 7s one of several F/ﬂ”;;/c. multi~line
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ocﬂt]’u?‘ 7Qrma7l$ )Cr‘ }hﬂﬂﬁ d}’C@?Lf'S‘.

A
op B ('5)

quq fed,v/c chr 76 p/acc 74: a/penﬂér a7( /%e enc(
77 7 ’

o He Bost line ratler Hon He beyinning oF e
Sccon ) anc( Inav h/[o /9&17‘ %e ofcm)ér o ﬂe Stearc(
/ine f”m@" A indent £ B He r‘rjé% 07[’/4 rafher Han

7‘) e /c%o# /4 /'/owcver; 7@/»44 (.3) A«s some
mfoaméjcs, and £ is He one /Jcncrq{./j use.

/£ & node is as":'jhe/ one ~[inc JQ""Q_L[ Hen all /55
aé;:en[u?ls maﬂ( also be “”f]"“( ene-line 7£me47/)-
—/7/', s c‘q//n[ %c ({/’641 {Zm /{e l-vort m/e s 7(: /R'ﬂ»é a
fode means 74 qss‘;jh A HAe me/ieline iémm/. A(corJ;;j
% Fhis ka{z, i He whole Farse Fee 7677‘5 on one /r):c, we

ff;»ﬂ[ 17[ on one /;ne)' ;7[/‘-7{ ne érem( '74'4: kob7£ naJc dnt(
cm?‘ia«: r:eunim{j NI% 74! c‘[{.//rcr\ 0"[ %C f0¢7(.

/7Z /s 7m/'74r74n7[74 ‘ft.7> P m;ﬁc/ 7«47[ th 74)'»“-/ [3>} A
an/ 3 Mﬂj sfnh se(/cm[ /l.llcs. A/ch we Aow: ;\07{

jc?l made frec;sc how format (3) /s 7< 4 indo Ae
/4‘9047/ o7[) ﬂg fdf‘eﬂ7[ 67[)/'!46 /[) T e(c #(‘_s /wa'//



Ceng -4

7{2// ;164 an o 7;C7£FC. 771¢ uafarsa( 7é)(7( 0‘7[’0\ ém,éch

lloa(< wf‘// /c a seynencg on /;hcsl nof hmressaré/

Je ;m:}::j or enf/(‘hj with a newline c‘q;»aeér, The 7{;:'5/'
Céar«c/(r o’[\ #c 7[/‘07{ /l‘hc WI.// ‘¢ a/ﬁ&«'{ 74 %c. P’CVI'O

usS
aoﬂl/oné an NI.// mﬂ[Jenerq@ jd /074 7«8 y .
/cﬂf:moﬂ[ '—'d/mnt\. 72«5 ;1[ /5 eonwﬁicn%ﬁ C@qu /”/E;{«ms

[ de
]

74 J 1'6474 %c an/"-rrse/ 7éx7[ c‘[) a /fo‘cn nocfc. W;}A
ﬂ(} /;0747[:'0'}1/ ‘7€7f~M7( rale ZE (3> can be dvawn 7er'
é/olen Aoeés /4/ 5 AS f//dws:

OF @
L

7147( is, He 7[/23/ c‘arac')ér 07[ A /-‘5/"”/"1/[:[ /‘1174 Ae
on?lfwé lq)ger 3 its indentation 15 detrmined {7 Hhe
canfegf d"[‘ #c no.[q. ,»4:#,«- A s «nfarxf) a ncu.:///.(
Is fr}n‘(u() Q/&’wa{ jj eaoﬁz Uanks se Hhat P/’/‘h%f/:j
'f‘e th [i)x ¢7em74r p/fo»’cJ fy a ‘/-n/l N;({ rcsﬁre. ﬂc
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Mz{en?é#ou ﬂq?‘ Was Carrern[ u,(cn 74 Was ahfqrsea(.
ﬁl'lm/{j) g (s unf«rse‘f-

Fer eramf(c) Kere is Euclid ' d!jori#m exfress«(
as a jqqn[e/ command anc( om/?-vrs«[ o\«aranj
74 Yhe abore chm¢) List % a 44/1[7”0:7: mqyl'A)
Hen a 7nqr;ér-f)t7¢ magfn, HAan an e:‘yé:‘(-f?]c’

hqgfn:

g(_g N<M —> m:=m-n do hem C_(gn
0 men — N:=n-—pm —> Mm:=m-n L m
9_0_( ﬂ m«4<mn - m
— hizZhA-wm T M

od —

Q wm

(Assum‘uj FHhe malti-lne format < n
o do-od is - n
o = h
do A - .

od ) od
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ﬁ/e_ won ld Acrer nse o 74’(0\4‘/ /iéc

i/_on<m-->m
t= m - n
O macn —

n
A—-m

od

an—

éttat&x I./ I/‘oééb /{C »érlq‘- #;m ‘#c‘roo/ fu/C’. 'MC (lo.[cs

6'/.#( ){J,’m e ™, were f"l"né//‘n onc-//'nc 75/0!«7// N//'/c

%;/- Iﬂéhn/es 07[’ ﬂle 75';\ cee = .. Were 7;:/./4::( rn "m/7{/‘—~
/l.ng 74:’»047(,

/VON /C71/$ Co/c /‘7(, CAA"AC{C’G WI/[ éc 5::,7[ 74 #c 00'7%‘(7[
via #c frocw(urc h_/_,i‘l_[_c.) &7[0,\:{ Zj

Ov\“‘, cm‘llf : Weite CC)
=. 09\"‘ (Ou"F) = C

S 00\'\(? = oo\‘}f + )
s iF ¢ = newline = indenti= 0

0 c# reuline —» indent - = Indevf+ 1 -?_\_
; L{ ndent > marj'm — Aboct

I ]ht(cn'l' = mauj-w\ — Sk(/p -_gi



CoNE-3

77555 froccz{urc nq;m;/.ns #c ﬁ/éuﬁ:v] }Amriq»v[:

( 4‘) 7}!c. $¢7aem-¢ of c[amﬂcrs '/ﬁa?l A“M: éccr\
wriffen s ex«d‘ﬁ oat (<) for ¢ € [O, om‘lr>)
anc( I.[ ﬂis £e7uen(c wvere /"‘/107(:'{) tro /l.llC wou/{

<on74t;n more an mar :‘r\ CAGMC%C"S) anc( %c,

/(.57[ /;/lC wad/f Can‘;n /ﬂ_ié_l-ﬂ( c‘amcérs,v

[ will lef “Wrde ()" dencke o call A His procedure,
a/ﬂ“:]A somctimes [ Hink "aaﬂ om% indent: Wede ()"
wonld be befer style.  (H was an ernr fhat (
a»u.%«( ";Méﬂé“ Fram Hie Jist ot Vo 7aramc.7éc’5

on line =7 offa:]c 6.>

/Uo74 ﬂa/ th[e(C) 4lor7(s ;1[ ((4‘) C‘cmnzn[ /c Ina?n?‘c‘h‘ea(
;Crausc o[ mqr:j;h overf/ow. Since gf—ff_ aborts :'7[,
nene ofl./s juara[s‘ (s 74ueJ [ conle] have gmiHed He
Fierd gunreed commard  Cnot He secmd 1), bt { weote
1-)( éj atcf/cn?l and e/.'c/n'/ Nnn?lv‘: cross if ont /s onld
have gust writen  [F indent < margin ~ Ship £.

The 57«}75«»74« IQr fhe Unparser (s #q?z ” any
stitc in which (€) is ue, He call 0P(A),
w,‘:rz Ais a fquc 7<-ch will Mou‘n?‘dn (4’) qn/
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ex-én{ z/{e du‘/fvﬂz aﬂ.# 7«: an/aﬂe[ rersisn 01[’ A.
We can ;MAJ;he o )mf/chcrn(ec( (i ke F#his:

4G
= ‘l_{\ Oracé(AJ ;nlevnzg = ohe /;,.¢ —p UP/(A)
ﬂ Or'a.C/c (/4/ /.h(énf = h\n;:j/;nc, - UP2 (/43 'ﬁ’_

7%(47[ s we c/cc(‘/e. on which ‘)Crmq-f 74 ase éj
consq/‘)/l‘)j an  oracle. [ will frj A be f,gc‘,_se,
aA”‘.,l '#c Sf’cc(' w[;;q‘/;bhs oF UP/ ar\a[ UP2 . U/c

have.

RO
UPL(A)

{(4') A~ e sequence om‘f’[c‘) 'Qr ¢ € [O(K‘P,) our‘p}
's Hhe one-line 7Crmq1[ umparscaf rersion of A. UPI
lboré ané ,"1[‘/‘7[ is ;M;’OSSI'L/C 7(» mee‘)é s 5/"eC3 (e
;7( Hhe one-~line Krmqv[ would ove")c/aw #c m\:‘-jfaig

The Coc{i:-) A UP( will be very sﬁa‘bﬂ%ﬂam{)
Since i# can <all [1[5://‘ r‘ecurs;ue{t] 7[- w\?arsc 7‘/\:

S«Lnoc(rs o‘[ /74 agumenl.



—/—Len: are ho Suglrf(;sc.s s #c Slﬂccs 74:— 0F2:

S ()%

U P2 (A |

{ (‘l’) /\ '/’Ac 5c7«encc 0(47L(6‘> AY' 6‘ € [OW{‘,, OVAFB
;5 ‘)‘AC M«/?Z;—//.nc 7€qu7( Mn/Oarst rers;on o’[\ A
VP2 a‘aﬂé ij ;7[/.7/ /s /‘m/’v»’fé/c 74’ A!cc?t 'ﬂb VCC_%

The coc{b:j aﬂ[’ UP2 will reflect He malti-line 7Cﬂ~\7[
rales. Since Hhe Hormat of He chiblyer Ko brohen
necle Inay be eifher I-line or multi-[fine, the
recarsive calls that UP2 makes will he o UP,
net + UP(' or UP2. For cxam)aé) Suppose Hhat
(3) 1S 7%: grm-/ gr- l’ro,écn I\I\AK areraclor.s, an((
fhat Hhe node A is For Bop €, and (4 smplily
ﬂinj5> Hhat op 5 a ’;U{c character. Then ur2 [74)
/s efu}Va/cn‘/ S |
femp := inden?

; up(B)

5 Wride (ncw/ines

3 _‘E_y c:ce [s, femp -13 —> Write (4/40A> e_né

} Wrc#C(a;o)

S Weide (Hank)

s up(e)
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This code saves Hhe carrcnt ;rx[en7él74m " 74"’?3 Wnparse s
He [ aanenvf advances o a rewline, indents

Sn ic}eaf{’ Fhat atler /7r/'n7//:j op and o blank, The
Saved indentation will be h:?/oree() and 7[}««/9 Unparscs
Fhe r:'jﬂvl mjumen/.

[ remairs B code 0&[_‘:. for any ?[?\xCo( set o‘p
#rmq#ltj ru/zs, Heis will not be a[("@fcul‘/'j lm'/'
' does not o\/?/7eq/ fo me B have L c[mjg
%z eu(c )4’,-, 0*“(: cw':j 'll;mc ﬂe coc(c 7€r
UP( or UP2 s C/:ao:jec(. Fur#ermarz) Oracle.
’s Ajim/f; rcc&no(afné since it Ihuj-/;nc format
is called 765 we will Aiscover His when UPI(
aborts.  TThas instcad of coc/:}:j Orucle we nf[qcc_
fhe code for OP by

—upay

P
.3
Py

/

UP(A)
= A a,b: (outp, indent) = (a,b)
— upl(A)
erc T — om[}?, indent 3= a, b 3 U(71(A3 e__r_\_e_(
£,
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TAat is, UV saves He OM‘F?vﬂL ?o;mér and l‘rJCV\'ﬁq‘AOr\
I o and é, which are (ocal variedles 7Qr Hhe
current invecation of UP. Then UP calls 0P
/£ UP( rc?érnj l!brmq/{j’ Hats He enc(o-[ l.)L.
Bat if an error occars, (and we assume Hat

e onll errors are Yhe A‘ur—fs Inside o"[ Ae
;m«Jij Wr/?‘t)) UP reshres He aaiﬁm‘f/ A

qu')[ ('ll was Ac'grc e call 74 UP[) l-c;tén:s %c
inclentaFoom s well, and calls UP2.

That's all Hew ;s 7{ 74)5 lpro ram .

Nifice that eack Hme UP( 4500—7@1 a node is c‘anJca/
From siv/c ~line format fo malF-lire format Thus
‘Mc a‘i‘:/ Anin ber o[qécﬂé er Up/l is ‘mr\c(ra/ Aj
He Finnl number o[Mu//:‘—lhe 740\.14/ which can
gererally be burded by He frnal wumber of fies,
The corf ol an aberd bum OPCis He fine repuived
74’ Orzr-"[/'w f%c marJfAJ NLI‘GA l‘s Prajur'r(;mq{ v‘a
#he margin el Thus Hhe fome /e/«;he{A
“nparse - Fee s O(MAU/'A- 2 [rnes 7&»,4{)3
)Qr ]'qu?[;a\/ /mynajes #i’ will be o’[ Hhe Same
order o'[mvm'zécfc as HAe humber ofc4¢r¢c74r5
Pr}né(,
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1‘:0" man (an uaqrs, Sq‘}}sé\c 7ér URn PaeEsia c'a.mu'/ lt.
3 Y b R 9 o
6Lr(u'mea{ w i J'“},l Ao 7oss}é(¢ node #rgq-[.s For

examffc-) hcrc are %c %n:e /Qrmqv[s asw( éj '/%c
MAC LIsSP jl’;fu(cf' for o shert Conp:

(Cor\c( (P Q\ (Ci L)\B onc—{;s\g

CCorta( (F 0\3 S‘!N'*ZO\I’G»(
Cq h 3\ malfi-line

(p "‘\ miser-mode

M7>er—4no¢{¢: is So-calld hecause it IS A miser abo«nl
indentaFon s Fhe 574;\4&.«.( multe =line -l/;ma?[ 57mnfcr5
Foem l’j I\iJﬂﬂé/l 74: mu.c/\- /[wc usa[ aé ‘/‘c
one-line and .514'\/40':( malt;~ line ‘[)nmr/s, Joo man

f/OJrams wonld 4 ;m/’"”"dfc b £F 4:7{-&::\ Hoe mmj;as-
£ we wused anﬁ the one-line and miscr~me¢[¢ -é',m.{s,
frfjrammvtrs wonld comP/m‘o\ Hat HAe resalts were
(AJ6 JAe So/u7l;m s 74 7rncm/izc. Fhe mc%df
described above +o thice - formats Per naa(c; it s

eu53 Jo sce how Jo do his. /t/cJu.s/ Mz(:§ UP
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Vlb 7(':) #lcc Igmﬂé ;hbéw(a[ 2. The 7‘;"""5 anq/ sis
useJ 7Gr %c 2‘14;-”[ cAsSe I's ;/w./io/ 1cr- -/{g g“tCrmoﬂz

c‘qsc, sikCC 17{ Mtj 7Lq/le. /nucA O P #411 one /fne o‘l[

dtﬂﬂaoﬂl )‘A J;stdnr %e »ee-( 7£ ‘AC‘A u/? ﬁm 7«¢ QAé'
foroat K fe 322

| helicwe Hat f{c qéorqu [ hawe described is known

P MAnj fea»f:(c; at least 4 Glen Hollowa and
Bill Gosper. | have heard fom bk of fhem
About He wses of cm.-/m‘)m-éan///;j for fhis
/Omé/em , bt [ have newr scen fle meHod writlen

Jod’\) and a/:c/h’/ m\/ers-/.ma( /')Z C/rar{j amer /
7‘%..:]1:/ ahest 7 last n(‘jlﬁ.

The reason [ was #/‘pﬁ{'y about A last 1‘5}4/ /s
%ﬂz/ k/mﬂéJ 7‘0 e[ocameodz /{c C/u/.o un/’hsrscr)

u‘icé, fer‘af$ NJM#«‘@, :r/oe: ko7[ ase Yhe
method described [n Hhis nate, 'ﬂouJ( He

| methods bave mire in common Fhan [ used A
;A,,:,,/;ZC. / Jook care In a{csbn?hj Juno's SJ»'AK
Y avoid an co,\,o(mné Hat Com/o( rof 1:.
Accomeelated 6 S;Inf/c Ave - forma - mc%ocfs-£r

e&amflf, ne (F ~THEN- &LSE, which s /wrr;é/c 74
an?arsc-



CeNY-14

ﬂc Jumo un?ar.ser ‘/'ranrs:s 7%:. farsc. 74’cc Hoat

5 ;é agameml In s‘jmmcx'«'c orv[c.r) and sends

A sheam of ;Agm'(?ll‘dv\ F o ﬁrmq#?nj Program,
when PmJuces Fhe 1(:"»«( SJwem\ of on“"f«\‘}‘ charackrs,
The 574'=am #47[ HAe m‘}?qrser sends A HC '4"0\%'-‘
confmins c‘mrachs) "BCJ;'\ Gn«P“ coles) ((Eno(arov.?“
coo(es’ andk ”‘n.-q}a./%;n*" Céc.(cs. The 47;n/enc( Froar
codes shanld be 7*\7«5 nested 3 Hus #CJ Sf“?'[j

a kind ,[ Free SjlrucAr‘( over +he s/’m-m. The
éru,[.j’a;‘h% codes ;AJ:(qlc C(cs;n- ble jv(nccs e én:a/zs
e'@;crtove/j 'f‘ﬁcj determine. the malti-fine Foymats

74(‘ ﬂc JrouP )‘%47[' Cm/é;ks ‘/’{eh\. One /‘uf’/rneaz)éa\

cﬁ[' ‘/‘c #ﬂnn U\j Frvrah\ NénU ‘C 7‘ h:a:( q// 1'715

)hfm'/ /a?(re Sen ? ang amtfmé, bnild a 7"‘::_ o'[
hested 9 rewps, an 417/9 Fhe method described in
this nele . Byt His /‘mf/cm:al-{;m is not d“r}‘Aéé,
since we quﬂl ¢ Fransduce Steams Con'lz;lwwus(j
h#er Fhan in /ave chunks. Thus we lmxs?[ ﬂ?h
;Mflcbten/ ﬂc Me#«( a7£ #}s m#c &S oA coroml;nc)
g o inpud dne c‘ar«c?éra/« fme ard recordn
5’74;)5141[: f’f /s sAc/t ot (oca | Var’;qz/c: h an J
e;cf/}a‘?( clafa. .S7lma<¢rc. This scems less and

/css affcq(;l:j 74: h\r.) hﬂt %em are ¢)L /ch‘/ 7(90
hreasons 74: do ;1(. <o (Fis a/nq{j I‘h}?{chen)é'c(‘
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%q?‘ klaj' ;h‘th)[ /4/rw6 Ame a (/}cnfl /.h ‘/(e.

)

persen AL Mhe S}’rl.'f.?zcer) who s as}a:j Hhe
Formatter A implement Fopmatbed 70 sheams

K am a Pnﬂfy -;)r;mér ﬁr ar//‘/a:j Cedar /tgfca(
Vapinbles. (2 /f may e mstuctive £ Fransbde
+his q@or;%n\ b & cerenfine J‘uva'A see  how
“_J{j if becomes as Hhe .5744)4 7“«/ was imf/.'cz-f S
‘ﬁme /’)rojram Cfmrn[e/ m\o( recorsion s7Loc/- s a«ounu
‘{;r i M e;(jp/icif 7mjram variabls.

— GrCJ ch/son, 29 Nov &3






