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SE'l'Ll, the first fully compiled i.mplF.:lmentat.ion of SE'l'L, i.s 

nearing completion. This syi-:-tem USt?S a Dl-..LM-to-LIT'l'LE traJ:islator r 

written in BALM, to produce LITTLE source code, which is then 
compiled as a LITTLE program and executed in the environment of 
the run-time library. The tra~slator is itself interpreted by 
the BALM interpreter i writt..1n .in LIT:X·I:Z., which also utilizes the 
SRTI.io The full s~{stem conslsbi of the following modules: 

a} SE'l:Ll\: A J.exica.1 scauner and syntactic analyzer., S.E'J..'I.J) 

is written in LITTLE. Its output consists of varicrus 

taker: tables· and a sequence of calls to generators. 
b) TREEv~l...:: 1::. series of treewalking routinEls, wri t·cen in 

BALM, which build BALM parse-trees using the oiri:put from a}~ 

c) TRANS: The translator prope:r, which replaces the code 

generators of the BAIJ>1SETL system, so that LITTLE code 

is emitted (instead of extended ~!BALM code). 

d) BALi.'\ilNT: A Bl:..L.H in·terpreter, which uses a portion 1:>f 

SRTL, and execut,, s t) and c:;. 

e) The LITTLE compiler~ 
f) SRTL. 

As i-t stands, the system is unwieldy bot.t'1. in terms of storage 

requirements and execution time. This is due to the structure of 
TRANS, and to scme extent to t.he presence of LIT'l'LE as the t,,_rg·et 

language for TRANS. This later constraint is likely to be with 

us for some tirne. We will cons:i.der in what follows some ways of 
streamlining 'rRANS to i:emove some of it~ more glaring bottlenecks .. 

In particular, th{~ int.e.rf ace between TP.li.I,JS and LITTLE will be 

modified and made more m-odula.r. 'l\b:ts .sho·o..ld simplify a.ddi tion of 

further SETL features,. and e-;rentual mod.:U:icat:i.on of the tar.yet 

language. 

The pl:OCE';dUT.E~f; in ~•nANS a.re 1:r.>r the 1:\0S,t pal.:t in J.-1 c::o:::-· 

responde11ce with the C<";de·-gene:catinq p::oc-::,d,.u:·cs of the 3ALl-'I ,:;o:m-· 

piler. For e,:ample to th.e p:rocr,.!d.U:t'<'.:l: G'ddJ. L)~, whi(;h •~:mi ts eodi~ fo.r 
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a while-loop, corresponds in '.rR..i\.NS the p:.i~CCt3Ch.n:e LGWHILE, WhOB<¾ 

( st.:cncture is virtually identical (iu terms of g.:!neraticm of labeJs, 

t€·iJ;-;s a.nd jtnnps). 'l'he ccf..i,~ be5.n.g generat~,r.;. ::.s first ass.embled 
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into a list (the glcba1 'fJ'i':1.d.able LIST2 in botJ.1 cases) , In the 

B.AY.J-: compiler, proc(:;du:t·e, n.ss ., kf~eps ti·ack of t.h.f., last element of 

I.IST2 and appends to it SUCCCf:.'i;JiVe N.FiA~T.cM. opr,;;,:,des. In 'l'RANS this 

x-olEi is taken by· p:t:ocntlu::ce ENCODE. liowevei.·; the arguments of 

:r.!NCOOE r.r~ not s:lm:p1e •:-;p1::cid1;rn b11t r1ay be constants, variable naro2s, 

dd ( · th .:: .r. .. • 1 ti J b " -t.~,en{•i· -fT-ie~.-," o-"" a ::esses :u.1 e 1:orm o . ..;: s·,_ac.,;: •• or.m. ons, g .() a..s ... '"' _ --- - -~ .. 

<.:ompilr~r-generated tempo;:aries) or c:ode fxagra.er1ts in the for.in of 

lii:;t.s of: any of the abo,.,o. J:n order. to linea:cize this code st.ri~am1 

ENCG.OE must be recurrd"."e. When the code for a full SF!TL proi::edu,:e 

has be,:m generated, pr,:iced.'!.U>3 FORMAT proce:s- SE.H, LIST2, replaces 

identifiers by i:heir na."il'.i:!S, constants by th<:!ir ell~ternal repr,?sen 

tationa, etc. and outputs the LIT'l'LE sotlrce to an intennediate 

file, ready for input into the LITTLE com-:;iler. 
The above description shculd make the, :foJ.lowing inefficiencies 

apFarent: 

a.) LIST2 must bt~ kept J.:n core unt:U. ;:;. full p:cocedurf? 1S 

processad ~ The s•;::o.r·a,ge r~c: uj ..rerne,nt:s for compila ticn of 

the simple SE~FL p2:·osJ:rcuus th-:.,.s becom,::: comparable wi.t.h thc:;;{0
.: 

of ~~£t1tj.n~J very ~ t,b1:~t.anticd p:rogra:ins 01, thE'~ current 

:i.nte&-prt::ti.vfJ sy:,,tcm 0.0CK of dynamic storage or mox.:J}. 

h) ENCODE :;iust pX-OG(:!;;13 ,z,·,;;,';r.f f:lingle token of tl1.e LIT'l'l.E cnd.1;, 

being produced.. 1:t: j_g call<?d repeatedly with long 1:Lst::.; 

of ater,:::otyp,~d ;,,rgu.1,tents Iparenth,:sen, separators J key

words) with the correr.-'ponrH.ng ~:xp::,nse in stack manipuJ.ct· 

through 'l'HlLNS, ENCODE r,mst re1.1:.:;z-sive. to be abJ.e to 

process .c.st:s ar..d '<.::; ·ou-i. 

c) ~'oruatting is a:1.s;~ Clor.'.f.! i:, dynmr\t, s':.orage, ir,t'8rpre

tiv0ly, and :,nfJ~tc~s '!5 ~~-t:.,J u::::e of t\,:; ~;et sting SR~fL X·{). 

1 ! BNCODE, wh.tch is thB ;:,o·,:tc.~, • 1.E:'t,~l p:::-0G;,o.c'11.u::-;; o:i: TR.li.N:3, w:U.J. bE: 

r.:cd.,z;J i.;:; Lri:'~rt:R and :ma.-.:'~e 5. n -:'.:ri a B.?'\.VV t?:c:Lrrd. ~- i vc • 



;,)) LIST2 will be formatted on the fly by ENCODE, and written 

di:r.e-otly to an intenn,~diate file, 

3) TRANS will not. assE'.mble any code fr·agments. All string man:!.

p·.:ilation will take place within ENCODE. T.hti! only objects man.ipu-

1.::.l:<:-!d by TRANS wi}ul be BALM id.an i:.i.:f. lers, in tcgers, and addresses. 

'Phese will be created as objects of .::,pecial types witJ.in SRTL, and 

recognized by ENCODE, which will ~mit the correct LITTLE form. 

4) The FORMAT procedure will be elinu.nated altogether. 

Sj The code produced by ENCODE will be a series of xnacro invoca

tions, that will be expcinded by the LITTLE front-end in the naual 

fashion. The first argu.~ent in every call to ENCODE will be a 
:macro name. The required macro definit.ions will be added to th~ 

MACRO deck of SRTLo 

6) Variable ad.dresses will !::>e e::iccded as SR'rl... b~.ank atoms. They 

are generated internally as indices, and expanded as offsets from 

global pointers~ The va-.lue field of each blank atom will contain 
t.wo subfields: one wi,11 hold the va.lue of the index; the second 

(a 3-bi t field) will specify t~he type of address .being encoded. 

(Note that the remaining 30 bits should he sufficient to encode 
a:1.y conceivable compiler-generated offset.} 

The types required correspond to: 
a} glc>bal variables, i. <1. :1yr.1bol table entries 

b) stack varia~les 
c) stack tem.poraries 
d) procedure arguments 

e) generated labels. 

7) Finally, one add.:tt:i.onal t.ype must be added to SRTL to handle 

SE'.l'L integers. This is due to the fact tha.t: the output of TRl\NS 

contains bot:.h SETL integers {gen,~:cated by cor.stants 1-n the SETL 

source program) and LITTLE integ~1rs 1 used in loops, address off
sets, etc.; however, botk~ types .;:,.re n1presented i~1ternally (J. .e-,. 

:ill the interp:t·eter) as S.E'l'L inteqe1:::,. "True'' SB'l'L inte.gers will 

1:herefore be flagged a.r: a separate trpe. F:NCODE will generate the 

r;.ecessary call to GENINT to rebui1.d thc~se i.n teg(t.t"S at execution 

i:ime. 



'11h:ls unde:rl.i.:nes the •.Tery in,,?f fi.c.i.fmL b, .. •;:. cu.rn.1r-.tly unavoidab LiJ 

c· v.,,,,y L1 which constants a.re handled: a.ny Slfi'L .:.tom is scanned and 

rn::os,.1Lzad by SE-:t'T.Jl • ., trtn1sfc,rmed i.nt::, its B:i~~'liL internal form for 

'I'REgt;LK, then converted back to its extern.3.l :i::ep::r:€~sentation, 

i;,:::-inted., rescanned and :.:-econ~1erted at. e;;;:ec:1tion t.:i.n1e.. A more 
rational scheme wou.ld involve sor~te sharin.g ,:,f cynamic storage 

between TRANS a.nd the execution time; emrirm.1ment. 
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8) Some savings ccm easily be achieved for r:ihoi:t objects. FrJr 

these (integers a:r1d strlngs) ENCODE w5.ll prr.:.du.ce directl:{ the 

60-bit constant representi.ng th~- ite·.n. As !-:lit!~ :U.sts ~.re rJeve:r 

,;1ceat.ed. during comp.!.lc:1.t:ton, the lir,k-field of such it:ems wi.11 

.=3.lwayt' :be blank.,. and the use of the bit-rep:::eai&ntation 1.s safe. 

l'.xperience t:o date with the flE'?L.i.;. i11te;;.~p:r.iz~tive system (and 

pre1.v,ious e.."tperien.ce with SE'l'Lt-i) ind.icat:e that the incrementaJ.ity 

pro\dded by the SlNESEi'L procedure is e:i:ti:,.:u-ncll' useful., and most 

usei:-s iwail themselve;g of it as socrn as their ::;,rogrrims grow beyond 

a C.?.;rtain size ;rsiay 200 source llnNs). We p:cc,po~ic to create a. 

.dmil11.r :l:<aature £cir th~ SETI.Ji txa.n:~; ;;:.tcr syTU~n1, fl~s described 

here, it. •N':Lll. prl•Vide 1nost of: t.ha at.:,Yrrices ... ~f the Blu.-M sa,n~-

r.es.1.1.m~a ope:ration, with.01.xt its full e.lr;:.gancB a:,.d 1:lexibility howev(',,. .. 

.t:o. th-3 inte.rp:ret.:iv;;: syst.e,n, exr.2-c:ntion ,)f the S.kVESE'rL pro-

.::edur,? produces et SAVE.PILE which hold~ the cont.(·m·ts .of heap,· st.ack; 

.2 .. ;,:1d a_:r.mbol. t.abl13~ .1!.s th~ heap c:.nJ:a:L,-:.s all ::::orq;iled code {inc.ludinJ 

::h~ t:.z·ae:wal.k roi1t.Jnes ;,md ::ode g~rHf1:?:ato1:s} o.1:,d t;.he star,;k c,;,ntains 

I:1 1_:h0 tranr;J a:t.o:r- syiF.lt.e:-:n, i~~,;:rp.11.rd::.?.x.,n e..1~d. 1:un-timn ~nvi:rr.run;.:.m t 

;u:.:,· d:istinct:. nuzing th•:: lat.t:er, d_yn,;md.c ';r.c::a·;;,1 ccnt.,:d.r.:s o:.\ly 

~h,(! U.5e:r.·' H fi>ymbol i:;abJs:} .1na r.lB3c~;Ciat~:,d ,',:'.J.1H.'i C\:idu ~rrcdnced .bf 

·::hE· r.:.Vi."l'L!l coap:t1.1:: . .r) 5,.:S ::ow· :.oai! .• ,d .b_y i.-i.:e he:· t 3j.'st:e1n, <~ti.d does 

r, L• -· n 



1:ecursion--see LI'rTLE newsletter no~ 31) • The syml::ol t.able ontriGs 

corresponding to 1.1ser procedures now hold a:-isolut.e machine addres3es ('i 
(entry points t.o executable code) instead of heap pointers to 

garbage-collectible blocks. 
By contrast,, the compile-time environment contains a standtu:d 

BALM savefile, whose heap holds the packed 1-IBALM code for compi1e:i:-,. 

tr.eewalk routines and modified generators. Its symbol table links 
to all of these, and holds in addition the usfr's variables. It 
is only thia latter portion of the symbol table which is shared 

by the compile-and execution time environments. Incrementality 
requires that this portion of the symbol table, and the compiled 

coda, be transmitted across jobs. Incremental:i.ty of. compilation 

can therefore be lnsured as follows: 
a) By saving the blr1ary output of the LITTLE compiler, .i..n 

the form of a user library (in KRONOS, by DEFINE-ing the 

LGO file as a permanent file} 
b) By saving in addit.io11 the user's symbol table, simply 

as a list of names. 
When compiling a subsequent program, this syxrbrl table will 

be read-in by the initialization procedure of the translator, so 
that the in:v"ocation of precompiled user procedm·es can be recog

nized, and name-resolution cicco:mplished. (Noto that. this scheme 

will be compatible with the full SETL namescop:!.ng sche.me, or the 
subs~t proposed in newsletter 120.} 

Th(! translat,,,r. will add to t!his syml ol table the now user 

variables, and transmit t:.his e:cte.nded list to the ex~cution-t ".me 

environment. The user library will be loade:i togethet.· with .SR'.l'L, 

and the initial.i2ation pli.a.se of SR~t'L will 1-tnk the nymbo1 table 

entries to the new 11se:c c-:ode 1 the use·, ltbrary and SR~rL. 

Incrementali:::y of e:>-~ec·1.1tion can be obtained by a simple 

modifi<;ation of this scheme. Instead of sa:~riz1sr ti.'le user's symbol 

table, we can sa~;$ the f\lll sta.te of dy:1?.rnic st.o:ragti! heap, 

stack ar:d s 1-n'lbol tabl€:. ~rhe compilat:ion phaz\;l will collec.:t t.h~, 

informa·tion it needs f:::-cn, the save·-file, ex:p.ar:d th•.:. symbol table, 

,3nd rewrite into the savef i.le, khich will th-,":J\ :t:.e copiec. i.nt.o 
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dynamic !Jtorage at the beginning of :~xecu.tion. This sch.eJI1.e of 
f 
\ cmu:·se requi.res that tb.a exp.:t.nsio.n of the B}'mbol table should not 

L 

,;llter the! organizat::lon of: dynamic st.cra.ge. 1'his means that the 

symbo1. table will now hava a maxi1n11m fi>::ed size, and a fi;{ed l.oca·· .. 

tion. (at the base of the heap) • (SEe .£,'lg.) 

nn additional con.straint (from the point of view of~ user 

£amil;':.ar ,-ti-!:.h the current SAVESE'l1L featurf) is that. a. sa.ve will 

..:inJ.y be allowed f::c·om the main program,. i~eo when no user procedure~,; 

a:i:e active. '!'his insur<;!S that. no machin.e addresses need be saved, 

aH the stack will contain only the base·-en-,rironment blocks of each 
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