
D. PROGRA~Z~I ING 
R67-22 The LISP 2 Programn~ing L?.nggur.ge hr~d  System-P. I\'. 
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LISP 2 will one day  stand on its o\vn Icgs and be e\-nluated 011 its 
own nlcrits. Rut in its first public appcxance  i t  is ill the  role of a 
child of famou- pLlrents. C~n ;~ )a r i sons  are iuvitcd \\ Ilcrl a child is 
brought into tlic ~vorld to' carry on arid e\-e~itiiall>- take over his 
yarcilts' buii~l~s. ; .  Of course, people get old and cvei~t~in l ly  retire, if 
for no renkon other than that  they can 110 longer do \\-hat they \\-ere 
o~icc  able to do. Conlputcr Iangrlagcs do ]lot dcgc~~e rn t e  ill the same 
\\-a?. \\'hen the!- are delibcrntcly rep!.-tced it must be :I~:tt the nc\v 
generation acldre?.cs itself to pro1)lem~ tliat are eJcc1i:cIy oiltside tlie 
scope of the old one. This p o i ~ ~ t  is tnl;e~i up again belo\\-. 

LISP holds a n  honorcd place along5idc FOT:TR.IS, .~LGOI., and  
II'L-Y a i  an inlportant tool and, \\-hat is nlnre iniport;tnt in the lollg 
run, a s  a seminal construct. That  the culture spa\\-11ecl by rol:Ta.\s 
and .i~,r;or. is ubiql~itous is olvious alld rlecd not be further di.;cusscd 
here. The  nurnhcr of people flacnt in IPL-S is very srnall. The  inlpor- 
tauce of that  Inngunge in historical contcst is tha t  i t  tsplicitly dealt 
with and c~p lo i t cd  d!.nan~ically chnngiiig da ta  and prngrarn striic- 
lures.  I t  p1ar1tc.d tlic list-proce;si~ig secd. At lcast traces, and  usually 
i11ucIl nlore, of its issi~c can Y3e f o ~ l ~ i d  in CI-cry modcrl: product of the 
computer \\-orld. 'fhc I,ISI> clrlturc also has fe\\r active participants. 
I-Io\\-ever, it is inln~er~scl\- vigorous. Oilc 3i211 of tllis vigor is tha t  
nejv LISP irltc~preters and co~npilers appcnr with cor~l;idcrabIe regu- 
larity. Alnothcr is tha t  estre~iielj- d i i t ic~~l t  prol~lcnis j c .~ . ,  s!-mbolic 
iiitegration, vi5ual object recognition, progmrnlncd pr onf proccdurcs, 
ii~athcmnticnl assiqtants) contiliue t o  bc cast ill LISP  progralns. Dut 
the spi.rri;atic character of tlie I.ISP ide'i reveals it-elf ill tha t  i t  llas 
permeated rcqc,trcIi in tlie foundatiolis of corriputntion. LISP is a 
topic iri rccursi\rc fo~tltdntion tlleory. I t  i3 btli l f  ojt the Ianlbda cal- 
culu?. 1Iatlicm:itical thcorcms ahoilt ailcl i l l  LISP are not  ad  hoc or 
a po=teriori constructs clothii~g thing% not basic;tll\- Io:icnll>? 5tr11c- 
t i~ r cd  i r i  r~~athurnaticaI costume. 

\Yhat is the beauty and from \\.hence derivc3 the poivcr of r.rsr? 
The  be.xllty of I 7.51. is tha t  it is so utterly s;r/iplc. T h c  first feu- pnqcs 
of t?ie LISP 1.5 m a r i ~ ~ a l  tell all that  rea!l:- iiccdz to  be told. ;Ill the  rest 
is cl,ittor,~tion ancl csamplc. 'l'hc I\-ord for tha t  is '.elegance." The  
po~vcr of Lrsr i i  n function of it< elcg;tr?ce. 1.1~1' is ?lo! ,I l i ~ t  proccqsor. 
1'0 Le sure, its b.i>ic i~ i tc r~la l  data type is thc list structllrc. Indeed, 
the programmer m,ly n ia l~ ip~l l '~ te  liqt strL~ctr~res esplicitlj.. But large 
prngrnnls a re  n-rittcn in \\-Ilich clplicit li\t ~ ~ l a n i p ~ ~ l n t i o n  is not  the 
major isst~e. The  csccnce of I-1s1. is that  it is a j ~ l l ; c ! i o ~ i a l  Inngunge. 
A11d bj. this is 111cant that  i t  applie.; functions to  argii:lle~lts. At  this 
st'lgc of the tle~-elopri~erlt of col~iputntion i t  almo:t need not be said 
tll,\t the latter m,ty ag;iin 1 ) ~  f t i ~ l ~ t i ~ ~ i ~  a p p l i ~ d  to nrgl~iiicnts. I t  is, 
ho\\ ever, altogether tirlconllnor: tha t  functions nlal. the~nsclves be 
appli~~xtivc ~sprcssioils, t h ~ t ,  i r ~  other ~vords, a progrLlnl Inn\- e-iecute 
a procc- ( cvn l~~a t e  all esprcssioii) tile result of 11 Iiich is a ~ L I I I C ~ ~ O I I  

(not a fu~lction name) \\-hicli 111,1j, tlicii (or Inter) be applied t o  argu- 
rnentz. Tha t  ur~limited ~je-tirig of such cspr-es-iorls n-it!lin csprcssions 
is pcrniittcztd goes \\.ithot~t s n ~ i n g .  Sinlil~r-ly for tlie fnct thn t f u n c t i o r ~  
nia). be rcclirsive in comp1ic;:ted \Y,I>.s. IIo\\-ever, another I\-ord 
should be wid about rec~~raion.  'Thi, is t11.1t the b:i?ic li-t organi/ntion 
of I,ISI' a l ~ d  the provision of the operators C.IR arid cnr; n-hicli ).icld 
the firat elcment of a li5t aud a li5t with its first eic:ncnt iemovod, le- 
spcc.tivcl!., 111akes recursive opcrntions on conipIcs d'lta structtrres 
quite en,!- a ~ i d ,  more i~~~por tnn t l \ , ,  rlatural. 

Another strength of ~ r s r  i1i:ist bc 111e;-itioncd Lcc,tu;c of \\-hat fol- 
101~s: I t  is poa-ible--e\.cn normnl-to h,lve a program coirs!~ ~ r ~ t  a n  
esprc=sion and tllcn have that  cxpressio:~ cvaluatcd. In other nords, 
d'ita c ~ ~ i i  be trcatcd 3 s  progran:. I t  is, of collrsc, 31-0 true tha t  a r.rsr> 
program  lay opcr'ite on it?clf, i.e., tliat prograln n?3y be trc:ltcd as 
dn ta. 

Gra:ited all the beauty, elegnrice and PO\\-er descrihcd herc, \\-hat 
t11e:l mot;\-ated anyone to create a child to  replace this famous pcr- 

son? Tha t  LISP 2 is so intendcd folio\\-s fro111 its name. 1303s the ricw 
package repair ccrtain faults of the old one or does i t  take advantage 
of rlcxr oppnrtii~lities, perhaps ncu- ideas, to  e~~ l inncc  and espcind it?,  

The  authors critici7e I.ISP 1.5 (the current form of LIS:.) for iiot 
having "a converiicrlt i np i t  l a n g u a ~ e n  and for treating purely arith- 
metic operations inefficiently. The  first of tlie>e criticisnls is met by 
providing a preprocessor to convert very .11,~01,-likc source le\.el pro- 
gralils to ver? LISP 1.5-like i ~ ~ t c r l l , ~ l  Inr~guage progrnmq. The  iilternnl 
language is an  iriternicdiate stage. I t  is finally compiled into n~,lcl~inc 
codc. The  arithmetic inefficiellcy difficulty is met hj- i r ~ t r o d u c i n ~  
t 5 . p ~  declarations. T h c x  give the compiler sufficient infor~nation 
abotct the prograrn being cornpilcd t o  pcrrnit gci~crntion of efficient 
code. 

Here, by the \\-a!-, is the first public admizcion on the part of \\-h,lt 
has sorlletirilcs been called the I~ISI.  "prie~tllootl" that  there is any-  
thing "inconvcr~icnt" a b o t ~ t  LISP  notatio~i. Inclced, the hc,~vil\, pnren- 
thesiscd LISP notntio~i is son~ctinics seen as n blt.+irig ( e \ . e ~ ~  if in diq- 
guise) in that  i t  keeps thc prie>thood s111a11-the price of adnii;.;io~i, 
i.e., having to  learn to balal~ce cncllcss series of pL~re i i t l~c~cs ,  being too 
high for most ordinary huinans. The removal (or a t  le,~.;t rcductiort) 
of artificial tarifis can bc greeted o~l ly  with pleawre. 

The  efficiency issue is Inore pervasive th,tn appc,jrs a t  first glance. 
Behind its ackno\\-lcdgemc~lt lies an  even more i n ipo r tn~~ t  recogrii- 
tion -namely, tha t  many important problcnls clcmaltd information 
processing facilities of disparate killds, i.e., t ha t  "~!,n~l)oI nlai~ipula- 
tioil" is not thc only tool rcqk~i~cd I)!. tlie -erious I\-orkman. I t  is 11ct-c 
tha t  the word "clfcctive" a s  u;ecl ;tbovc bccomcs operative. 1:or no 
orie argues that  LISP (or, for that ~ ~ ~ a t t c r ,  FOKIK.\S) is not "iiliivers;~I" 
in that  programs prescribing tlic c o ~ n p u t a t i o ~ ~  of ail:- co~nputal-rlc 
number callnot be \~ - r i t t c~ l  in it. But  there is a dificrcnce bet\\-ccn 
pra( t i ra l  co~iiput;tbility and co~npl i ta l i l i t~- .  (?'hi? difference is, bj- the 
wny, bcco~ning every niore importalit a s  tFe masimi~lii dcl,~ys pcople 
and thiligs can bc  niade to e l~durc  arc r-iiorc and morc tletcr~nincd.by 
rcnl-t imc criteria.) 

I t  is in the service of the neu-1). valucd c,~tholicit\- tha t  thc  t~iajor 
departures fro111 cl'~s?icnl Lrsr ha\-c been orcl,~ined. 'l'hc star-ti~ig point 
is that  efficicrlt arithl~ictic is cicsircd. TJ-pc dcclar,ttioils pcrrilit com- 
pilation time iderltificr discrin~i~~,i t iol i  arid t l i~ls ,lid ill i:encr.ltion of 
coclc appropriate to each tad;, herlcc citicicr~t codc. But liat killd of 
arithmetic? \I-ell, irltegcr, f lo,~ti~~g-point ,  J3uolcnr1, multiplc prcci- 
aion, . . . . But tlie storage of ni\~ltiple pr-cci-io11 11uri1Ler: rni.;es cliffi- 
cult pro1)lenia ill d~ .n ,~nl ic  storage rnanagcriicrit, preci~cl!. the aalllc 
ones nrisilig out of at tempts to  alloc,ite n r ~ d  recover- arm57 arid 
rnatris spnce. 

Thc  proble~u is tha t  prograins \\-ill dc!iiand 1,locks of co,~figr!orrsly . 

addrcssnblc storage a t  essentially unprctlictable times. If feu er cell< 
are demalided than are on the free storage list, but  I I O  contiqliolrs 
block of the required zize is frcc, then the prograln has run out of 
spnce. I3ut, except for poor orgnni7ntiorl1 sp'icc is acttrally avnila't~lc. 
Tha t  si tu,~tion carlliot be allo\:.cd to pcrsist. The  solt~tion adopted b). 
trsr 2 is a so-called "compncting garlnge collector." .Is in clas-ical 
LISP, nbnndoned dntn structures are permitted to :iccunli~latc a s  lori:: 
a s  there is no short,igc of frcc space. They are not collected until n 

Iiejv pool of nvailablc spacc ~l i t l s t  be formed. In thc clas>ical r.rsr 
g a r b a ~ ~ - c o l l c c t i o ~ ~  c)-clc, i~bandoilcd cells arc ~ i i a r l i ~ d  as being ;tg;li~l 
;ivnilnble by  being strung illto onc mor~olithic free storagc 1i.t. The 
procc=s is roughl!. analogous to stringing a tllrend through all nc\vl\. 
available cells. 111 a sense, the t l~rend nlovcs h u t  the cells stay in plL1cc. 
In coiiip3cti11g g:~rLnge collection, or1 the other halid, the n~irnhcr of 
cell5 so frccd is corirltcd nlld the da ta  contnined in tha t  n~rmF)cr of 
cells st'trring fruiii the top ,of the original list of availal)lc spnce arc 
~lioved into the f ~ c c d  cells. hll ~ppropr in te  pointcrs in all dnta 4tr~lC- 
trires arc moclificd riccordingl!.. The rlc\\- frcc storage li-t the11 ~ 0 1 1 -  

sicts of the largest possible block of contiguou-I\. atfdres~nble cellL. 
Clearly, this latter sclicme may i~lvolvc the transfcr of corl,-idcrablc 
a11ioi11-* )f infornlation, !>enre, a proportior:nte cspcrlditure of pro- 
cessing time. 



011e ilnportant advaritage of dynamic stornge allocation is tha t  
spxce is u-cd ox-cr and  over again, thus lo\\-cring the n~ i~ l i r r~un i  storage 
requireilleiits of a given program over \\-hat i t  \\-o:11d ha\-e had t o  
hai-c bee11 u1lclc.r a rigid, s tat ic  =torage prcassigll~neilt scherlle, e.g., 
one go\-crrlcd enrirely t!- u I> r i s s ro s  statcrncnts. SevertI icles~,  there 
is Lome such ~;lir:iniurn ~ ? ~ s ~ i i ~ \ t ~ d  \\-it11 n11~. gi\-en p~02ri1111 a ~ i d  the 
data ~tructurec;  011 I\-ltich it i j  to I\-ork. I t  is prcciccl\- in the coinplex 
problcni areas for ivhich LISP \\-as clesigl~cd t ha t  reliable eitinlates of 
:uch rnini~iln are very hhrd t o  nlake. The  origiiinl list of available 
space is, tlierefore', made n5 large a s  possil)le--in batch processing 
us~~all!. the rcn?ninder of core after all essentials have bcel: londcd. 
But the larger tha t  list, the 1or:ger the garbage-collection c!.cle. 

Recall tha t  garbaxe col!ection is riot i~litiateci u~l t i l  the free stor- 
age list cannut ::?ti-fy n dcinand fer free space-I\-hether tha t  deniand 
be for a sirigle cell or for r i  block of cells.. But  it is i11 the nature of the 
sc11el:ie here oiltli~lcd tIlrxt all sabstantive c o ~ n p ~ ~ t a t i o r ~  must cease 
~vhile the list of avnil:tb!e sp3ce is reorganized. T h e  time required to 
collect garbage on a. t!.pical 7034 LISP 1.5 systenl is on the order of 
0.5 secoiid. T h a t  is for n machine \\-it11 a 32 000-\\.ord nlcInory of 
\\-hich  bout 10 000 lvcrds are devoted to avrtilnblc spnce. r,rsr 2 is 
meant for 1nnc5i1les \\-ith po-.sibl!. 736 000 lvords: of core storage of 
\vhich 200 000 \\.ords inight well be allocated t o  the  free list. Corn- 
pactirig probnblj- double5 garb;l,-e-collection time. Thus, a garbage- 
collectio~l c\-cle in a LISP  -7 s!.ste:ii runtii~lg on n 3\56 000 nlachine of 
7094 spccd rnigIlr: take 70 secor:ds! Such leligthy i~ltcrruptions of sub- 
stnnti\.e co;~iputntioil \\-i l l  prove to be i11toler:~blc for precipcly those 
prob!e:ns \\.hich a re  no\\- hegin:iing to doniinate the interest of the 
rnost ad\:alicc.d pr~:r,~rnming co:r~inurlity, herice of the  most rlatural 
L r s p  2 custo;ners. For ihose problerils i~lvolve either iritirnate riia11- 
~ n n c h i ~ l e  i l~ te rac t io~l  (e.y., JI.\.T~IL.~I<) or colltrol of elrtborate ilinchi~les 
(e.g., ROUOT).  'I'hey are, in other I\-oid-s, problelils In real-tinie conlpu- 
tntioli ~vhich nln17 vet-!. \$-ell founder on iiiterrt~pt-s of the indicated 
~ n a g ~ i i t  urle. 

;I l~e t t e r  solution to the gnrhnge-collectior~ problcllz I\-ould have 
beer) to Ijrcak thc ovcrall effort of space :~dnii:iistratio~i into small 
q ~ ~ a ~ i t a  and cii-tribute these Inore or le5s t~ltiforrlll!- over the whole 
prt~gram rui111iilg .time. The  n u i n  objection to certain existing algo- 
rithnls of tliis kind is thn t  the>- d e ~ ~ i a i l d  esplicit, i.e., programmed, 
erri>ure of d;ttn structure5 2nd thus place ,211 1111\\-:111tcd burden on tlie 
shoulders c ~ f  the p rog r~ i r ;~~ l e r .  Rut this can be a\.oided in block-struc- 
tilred s).ste~lis. 111 ;in!. case, a rlen. \\-a\- has t o  bc found.. 

Espericiice i:ldicatc.; that  the  solutii~ii t o  the problcrn of d\.rl;lrnic 
>pace adl~~i!li.:trntio~l in a list-processing system so per\-adcj all other . . 
sy-tcri71c is?11ez ns to virtually dictate overall *\-stem strategy. If this 
insight 1 1 ; ~ ~  ;L:I?. validity a t  311, the11 i t  I\-ould argue tha t  the LISP 2 
team -ho~lld have started I\-ith a set of f l inc t io~la l  s p e c i j i a t i o t ~ s  de- 
rived frorn both the rick;:o\\-Icdgcd polver of the LISP coriccpt atid the 
eilvironinent i l l  \I-hich the  neiv s\-stein has to operate. Because that  
e~lvircjrime;it I I ? L ! ; ~  of ~lecessit>- include the facts of reill-time applica- 
tiori, tinle-shClriil:g, nlnchirles ~ v i t h  \.cry large firat Icvel ~nc~nor ics ,  and  
paging, the!- ivoald have beer1 Ied 11aturall~- to research on distribu- 
tive cor~~p:~ctir ig garbage colIectors. V~ lde r  such a reginlell no i~nple- 
melit;ition I\-oald have beer1 =tczrted until t h a t  major problenl \\-as 
sol\-ed. J ~ d ~ i i ~ g  b!- the superb q1iality of the  individual tennl mcrn- 
hers, it is hitrd t o  'ticlie\-c they \\-ould not ha\-c si~cceeded. 

T h a t  LISP 7 permits a variety of da ta  types and  eve11 the intro- 
duction of i:eq,\- da ta  t$pes can r ~ o  loilgcr serve to distinguish it from 
coml)c.ting lnngi!agcs. .XED and  PL-I, to narne only t\vo, have similar 
facilities. .And both pe rn~ i t  uiilimited rccur.;ion and  partial \vord 
operation;. .4rld it has bee11 she;\-11 tIi,xt pattern-driven data-m:iiiipu- 
latioll function: m;i\- be introd;:ccd into a large of la~igungcs. 

LISP's rei~lai :~ing clsirn to distinction is t ha t  "it is unique nrnong 
progrnmmii~,n I:inguci;.cs in the  ease \\-it11 \\-hich programs can be 
treated as dnta."  Of cour5el rnnriy la~:gur~ges can "tre;it pro;'r,inls as  
data."  Even lo\\-ly FO~;-rx..S.lr; Can operate on FoI:TK.~S pr@gralTE! 
\\-hat is n1e:Int here is thn t  a currentl>. rcgrrn,lt program call be 
operated oil a ? : ~ ?  ~,'Ic rcs?!!fi~g s!r-ict-!:[re aga57z trcnted a s  3 progr;aIil, i.e., 

evaluated-all \\-ithill a sillglc run. 111 othcr \vortfs, !hut datu ccl,l b p  
frea!r,d a s  PI,( - - c i ~ l ~ !  (By an ~i~lco~~sc ior~; ib le  stretch of the i ~ n ; t ~ i ~ , ~ ~ i ~ ~ ~  
one ~ ; 1 1 1  COI:CCI\*C @f i:D:<?.!i.\X c.ii~lc\-illg this 11l0de of ~ p e r a t i ~ ~ ~ ~  by 
1nea;is of ovcrla!-s a l ~ d  chailii~lg. That  \vot:ld hardlj- cl~~alif!- as effec- 
tive computing.) . . 

This ilnportli~lt feature has 1)t.en kept  ill LISP 2 ,  a t  ;1 p~ ice ,  11o1,\-- 
c\.cr, that goes zonle \\-:I!- to\vard dcfenting the " i~ lco~lve~i ien t  Inrz- 
g~!nge" conipo~le~i t  of the initi,il nlotivnti~lg arguruetlt. For progralnj, 
that are to Le subjected to such treatnlcllt rnust be in the internnedi- 
ate,  i.e., I.ISI~ 1.5-likc I;l[igt~ngc. The pr-ogrannller it-ho \\-isIics to take 
advantage of this aspect of ' thc  pol\-er of L I S P  2 must, thcl.cfore, Le 
conver~all t  in the illtcrnlctiiutc larigunge 2s \\-ell as  ill the A I . G O L - ~ ~ ~ C  

Inngunge. 
I t  was said earlier tha t  LISP 1.5 pcrl~lit.; co~lstructs  of the follow- 

ing type: 

+\-here f is a functioil to be applied to the :trgirme~lt ( 1 .  The resl~lts  of 
this application are again a f ~ ~ l ~ c t i o ~ l  (as o;>po>cd t o  a function name) 
I\-hich is then :~pplied to the argu~llent  b. Thus, for esnmplc, if 

and 

then the result of appl}i~ig f to a is the function 

I\-hich if then iipplicd t o  b = 16 \\-i l l  \.icld the value 2. IInd f been 
nl)plicd to the I-OG furlctio~i, it \\-ould h ; ~ v e  ~.icltlcd the ~,oc; 1 . o ~  func- 
tion. 'l'his is a n  c ~ i o r ~ i l o ~ ~ s l y  po\rerful fcilturc of r.rsr' 1.5. Vrifortu- 
~iately,  the paper uncler revie\\- fails to allrldc to its prc-cncc i l l  I,ISI> 2. 
Espressioils: of the kind just illr~str:~tcd can certnirily be 1,-ritten and  
are i~ndoubtctll\- lcgnl ill the r.Isrl 7 i~~tcrn lcd ia tc  1nrigu:lge. 'There is a 
sii;.nific:t~it cl~rcstion, ho\\-cvcr, over the possible i l~ i~ , lcn~cl i ta t io~l  of 
such a 111ecI1nllis11l \\-it!liil the 1.15~ -7 frarlle\\-ork. I n  L I S ~ I  1.5 the inter- 
preter is a h - a y s  1ie1,t in Cili-e (eve11 \x,.llcn denlilig \vith conlpiled 
tlc;r 1.5 progmrns) to dc;~! ,\-it11 just .;l.ch issues. :Is tllcrc is no I-rsr 2 
ir~tcrpretcr, the s)-.teIn must  call the coliipi!cr \vhcnevcr such 211 issue 
arises (luring the r t ir~~ling of a progrnnl. This carries \\-it11 it the t\vo 
disadvantages tha t  1) co~lzidcrnble nlelllorj- space 11i11st be left for 
the co~iii)iler (unless o\-crla!- techniqtlc.; are usctl!) tr?lLE 3) th;tt 11011- 

rlegligible computing time is olice again devoted to pt~rcl j-  ad~ i~ in i s -  
trntive matters. 'The overall effect of these penalties is to ellcroa.ch on 
the freedom I\-ith \\-hich the I.ISP 2 progrnn1lIler \:.ill use this poi\-crful 
device. :Ind the \\.orst colisequence of tlint is thnt i t  iilcl-c;xses the 
burden of n\\-arc~icss I\-llich the prograrnnier rnrlst carry. I t  is argu- 
abie that ,  a t  least for the proble~n clas-es relevant to this dicus+ion,  
the ultimate limit of \\-hat can he programmed is dc t e r~ i~ i~ l e t l  by  the 
weight of just this burden. 

;Ill the above vie\\-s tal;cn together point to the conclus io~~ t ha t  
the child has o\.erconlpcnsnted for the reputed deticicrlcies of the  
father. .JLGOI. is n more co~i\-enie~tt  In~lgttagl: than I.ISP 1.5 and dis- 
parate da ta  t!-pes; are highl>. dcs i r~hlc .  But  thcir inclasion has been 
achie\-ed a t  thc cost of \\-enkcning some of the nlu>cles for 'I\-hich 
Lrsr is 1110st dcscrvcdly famous. 

The  very caliber of the LISP  2 architects and builders give the 
dizparity bet\vcc~i the hope a ~ l d  the nchie\.enlcnt a p:iradosicnl ch?r- 
acter. Ilo\v is i t  to be esplair~ed? I t  \\-as stated c:criic.r th:lt the effort 
should have been grourltlcd 011 a set of ftlnci.ioil;~.! ;,c:citications and 
tu~:cd to the emergent colliputing en\-iroiirnc.l~t. \\-il,it fn l~ l t  there is, 
is probaljly attribr1t;~hlc to the atlno.;pl~crc of dt:;~rlopiircnl (ever1 pro- 
d1:ction) i11 \\-hich the t a ~ l i  esccutcd. 1-rider that  k i ~ ; d  of pressure, 
the trul!. elcga~it  fou~ldaticjil of the LISP  idca eroded. The11 too, i t  
should be 2ppreii;ited tl,;lt in conlp;lriso~i \\-it11 I.ISP, .-ILGOI-, ho\\.e\-er 
p~;ii-:ical it 111;1y be, is 3 jullgle of ad hoc rules nild devices. SO fine- 
spuil creatio~l could ]lope to pre-erve its charill in such st1rroulldi1lgs. 



Rut  the wake over lost ili~locer~cc must not be o\-erly prolonged. 
The techrlicnl nchievcrncrlt ( c . 1 ~  :! group cli '- ves the most kcerl 
respect and adnnir'lticin. T o  saj. the q-.ite111 Teaca 011 rlo~~parairnoniouj 
forlndations ia not to say that  it i j  a p,ttch\\-ork. I t  is nrl irltegrnted 
machine of trcincndou.i versatilit>-. If it lives 11p to it3 spccilications, 
it should ensil). dorniiiate such other eclcctic systerrls a s  ror:>rr-I..\ 
ALGOL, FOI:>I.lC, and the vnrioil.; sr I P  crnbcddirlgs. r3ccnusc of the 
huge advallcc sale of tickets to  the r ~ - I  e~ t r a \ -~xga r l~a ,  therc can be 
no corlteit betm-eel1 it 211d r.rsr. 2. \\'hatever- LISP 2's pcrforrnnnr:e i n  
pop~~ la r i t y  poll- might eventually be, its ~ ~ I t i ~ i i n t e  sig~lific~lnce niuqt 
be judged in terms of its inflt~cncc. This is the n len~ure  tliat eit,ib- 
lished the farrle and honor of its direct antecedarlti;. The  problcrl~s 
alluded to here Ivait to be solved. Perliapj the vet-). pcople who 
created this systcrrl--and n-ho once nlore cicnlorl.;trated that  a pln- 
toon of superior craftsucn is enorii~o~rsly nlorc pan-erf111 th<lrl a 
brigade of plodders--may no\v ~ n e e t  the challenge they have so ~vell 
illii~rlirlated. 

Josr:r~r \I'~~z~:.su.iv>r 
hlass. Inst. Tech. 
Can~bridge,  3Iass. 
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