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'tim.:t.nc co:n:S:(,Je:catit:-r~f! fc;:r Hit, ...:·-·--·~--------.,.__,.,;,>.---
SE'rL translator svstem. ----------~~------~-
I., Introduction. 

We report here on a series of measurements which co:mI,>ar'? 

the SETL interpretive system (SET!..A) with t.he trcnslator syste:(• 

{TSETL}, TSETL !ias SU•-:::1".::-$ssful;.y CY.~cutcd :::ill the prof/rare~ in 

test~ for this new and can be consid~red 

reasonably complete { i <e. , as h~ving re?..ched t.J1e point whE}re 

decrease yet: in the f re,-,rue.ncy i:,r huq·~finding .; 

Timi.ng tests we.1·e pt,rforrneu. tc• prc7ide an estimate 

in execution speed between the two :reprenents the maximal gain 

attainable by an cptimi zer f am:) these f l.gures wi2.l theref0re 

m:·ient some of cur wo:r-k en the gL:itn:2·" optimizer current; y 

planned for the next. SETL system~ 

Five algorith.."'Tls were used. for these tests. Coded f :i.1:st 

SETL, they were then :rab:e:- carefully hcnd-transcribed in~;o 

LITTLE. 

sor-histica tinn of t..he SET:, :n.:m-~:ime lib:ra ry, ar,c""! sc1mp cbv:Lc,u::; 

short-cuts were taken to slmp.Lt:fy the coding (fm~ examp·;_er no 



II. ~;i;51or:i.thms ~~~~-!~ 

1) As a •worst. case" comparison, matrix multiplication was 

chosen. In the SETL version of the algorithm, two alternate 

representations were ~1sed for r.wt:rices; 

a) A set of order~d triples. 

b) A tuple of tnples. 

This is clearly an algorithm for which SETL is particularly 

ill-suited: in a) because of the way long tuples in sets 

are t·epresen-ted inte:!"n&.lly in SRTL {addin<;r 2 levels of :!.ndirect 

addressing) ; in b} because of th,.? numbet· of eseless copy 

operations triggered by retrieval of each row of the matrix. 

In contrast 6 the LITTLE version benefits from tJ1e excellent 

i.·egister allocator of t.he LITTLE compiler and produces high

quality code for tight loops.. 

2} Hoare• s !theapsort" algoi:·i thrn.. This algori thI!t is totally 

stat1c i.e., makes no space alJ.oca.tion and leads to no 

ll •- ._ . ;, 

0 

garbage collection; the codes in SETL a.nd LITTLE are id.:mtical. .• 

The ratio SETLA/TSETL is a good measure cf the "interpretive 

overhea.d" of SETLA. •rhe ratio TSETL/LIT'fLE reflects the cost 

of indirect· addressing and off-line SRTL invocation inherent 

h1 the LITTLE code produced by 'tSE1'L. 

c) The Huffman 1;ncoding algorithm {See On ProgN.imming 

!! , p. 148). The coded message was represented internally a.s 

a packed bit-string both in SETL and LITTLE. In the LIT'l'LE 

versi::,n, the internal representation of individual characters 

wus used·to index directly into the mao of. codes, a machine level 
c,ptimization which is probably beycnd the reach of any automatic 

optimize:t. A separate test of the tree-building procedure_ 

used by the Huffman algorithm affords a measure of the expense 

of SETL recur.sive linkages ,rs. LXT'l'LF. h11nd-coded stack manipulatior:.. 
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d) An r.ilgorith.m to transforsn i:in arbitrary BNF' qram:mar. 

versi.ont product.i.cms, tenr.inal, 'lrvl non·•termL,a1 sy:1:bols we;:-e 

kept as arrays, and tnP.mbershlp t<~:;tr,'.' were si.rnply 1 inear 

searches. A simple compact.ion procedure was used t.0 remove 

erasable productions fr0i~ the norrnalizec grammar. 
e) An algorithm for sc,lvin~J the maxflow problern (seE:, 

O~P. II, p.120) ~·The LrrTLE version :c•;?p~·esented St"?ts of edge~ 

as -:>rdered a:rraya:, on which memb,r:rsh.ip tests were perform.c,a 

as binary searches. 

Rc-~sul ts: 

'l'im:lngs ( in CPtJ. sees) 

Algorithm 

Matrix multiplication 
(15 Xl5) 

LIT'l'LE 

.oo 

aeapsort .022 
(100 elements) 

Huffman encoding .21 
( 10 lines} 

buildin9 nuf:':frnan tree fer 1. 7 
256 random fr;.:;1quencies 

Chomsky n0rma1i:wr 
(17 productions ~.- 74) 

M.mdlcw 
(100 nodes, 1J2 edges) 

SETLA 

a) 20 

{10 sees~ garbaqi? 
collection; 

b) 34 

TSf~Tl.. 

6 .. 7 

10.8 
{ 1 s sees. 
garbage collection} 

5 ( 1. 7 sec. L -4 
garbage collection) 

14 4. :~ 
( 2 se.::s garba9F.\ 

ccllection} 

87 32 

14 

22.4 7. '.l 



" Dis~usslon _______ .. ,.,,, 
~e.h.e following order of magnitudt:'.: figures erne.rge: 

a} TSE'l'T .. is 2 tc, 5 times faai:er than SET.LA,. This factor 

corresponds to the in.terpreti ve overheac of SE·rLA. 

It is no larger than 5 (as might be expected at first) because 

for all. but the simplest programs, both systems spend rnost 

of their time e::i:ecuting SR'l'L procedures" This is clearly th.e 

ca.se in programs· involvi.ng large &--ncun'ts of set ma:rii;m.lat ion .. 

b) SETLA is 20-200 times alawer than LITTLE. Fe;:- rI'SE'I'L- t .. "1e 

figure ls 7-50. The larger figure coincides with earlier 
es+.::f.mates of system efficiency e The J.ower onr::! is surprisinqly 

finrorable to the SE'l'L system, and. obtains in cases where Sf!t 

manipt,latio:ns {me.rr-.bership tests, inchu:d,:>n. etc,) are USl~d 

heavily (the J lUJt three algo.iri thms tested) . Th.is reflects 

the very ca.reful coding of SRTL, and 1.nc',:i.::-;ates that. for 

"one-shot" progra..'lls of sufficient complsxity, it is already 

reasonable to use SE'l'L and avoid t."le tedio'.ls debugging that 

the equivalent LITTLE prograr.1 would ent.ail. 

c) The range of improvement which can he expected from a 

global optimizer is therefore surprisingly rP.1.rrow. In many 

cases I detennining th~t a set can ·be tr~at(~d as a. static array 

(ioe., that. .it need not be accessible to the garbage collector, 

or t.hat. it can be allocated on the stack) w.ill. provide: the 
greatest pay-Qff. {This requires of course full type-deter

mination; to ascertai:!::. that all members of the !."et are ., short." 

objects containing no heap pointers). The elimination of 

redunrtant cr•py opf:H~ations (w:bich requires full value flm'l 

analysis) 111i.1 l provid(~ the ot.ht::r impor U:!nt ir:i.provemi:::nt. 

Better peephole optimization, global optimization of SRTL, 

us:.! of mt,mbership ar:d incJ.usio:i::. ::..-eJ.atic:-is among program vaxiables 

to produce i:·,ptimal d3'.~:.a·-·-structu::~es, and other such sophisticat.ed 

devices n-iay haVi.! 11ttle effect i:•n system p•.::.c:-formance, compared 

w.:ith that of the fi!st two m.ent . .ioned. 
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(n.rerall TSE'r1~ Dt,r f or!2:t::nc~" =-•-----·----·~""'-'"·•~··-~------
Ths fig\:'tres ~~iv~ii above correspond to execution tJ..me. 

T'ne compilation time overhead of the au::rent TSE'I'L sy!;:t.e:m 

makes it actually l,r.-,ss interesting to the SETL user whc is 

not running "produ.ctio:n III progz-a.-ms .in SE·rr, , ie ~ pr:og :.:--a.•1-,, ·p::. th 

execution times >300 cpu Bees.,. The reason fer t.he c<.nnr;ilatio·-:, 

overhead are v&ofold: 

tb.f>..mselves e::-recu.1.::.ed i.nterpretively Un fa;_;t by th:e same 

interpreter which ru:na SETLA), ~ Bec€'.'n1.se of the l",igh SE!lr,m;~cic 

level of the MBALM pr.imitive:'l vis-?.·~vis of LIT'l'LE, !,ev2.ra1 

lines of LIT'fLE are prod:u.ced 1.l1 TSE'l L for ea.eh equ:L valent. 

MBALM opcode. The fOl."!11,~tting -of th€,;5€i ~vi.nes anc the need. to 

refer explicitly to stack 1o,:ations {while MBhLM opcocie:s work 

implicitly on th.e stacl:) r:rn.k1.}!:i the cooe-gene.1:·ation phase 2-3 

times slowe:i:: in TSETL than in SETLA. 

b) The LITTLE code-! prr.,chtced nust be compiled u5. th tht:: 

l'A'..ACRO and S'I;ART decks of SRT:...,, a.d.ding 15fJ(l card i.!r1c.1C)es t..o 

every compilati.on. In a.dditior: J code expansion ::_s oE tb,;: 

order of 50 line~ of LP1A:n:.,E/:an,3 of SETI. source, so ;;::.rrnt 

t.ypically thousandr4 of l:i.ne$ of LI'J?TL:8 It"t'JBt be cornpiJ.et:"-:. ., 'I'he 

code expansion factor 11'!(-!!ltioned a.bCY'.''-~! :~::-:: to be :::J:pectr:d t 

given the dtf.fer,~ncE: :in sr~JT\,:'1.Yt~'..1.<-:.:: 1~ve.1.:., betw:::en the t:';.i'::> 

languages: in f,;ct th.-'.= r.cr•:~rr..~: c-o!.1e c:x,.:1:,:.;rl·:.ly prcdue2d 1,y TSB'I'L 

is of reason;;.ble q-.rnl.it1, .L':,,. ha~, ':lC c.:c:,vic1u~ ~:edur:d;:,Jcir,n 

wasteful regist.('.-X'. ,r, .. :-"'txdpul:1-::icn:~. Th-':! :c-;:J_;-r:)1P fi'!ct ie tr·at 

of the present coc.,~ generato:c f,,;r;ich us<:.~G a. :::.m:11.J st.'.ht·:'(•l:. 

of tl1e LI1'TLS ::.c1n9uase f 1_,-:£<. tu:·. e:_. ·; . F"'J\ie:,, (,: ,. :Lt wo\1ld Le, ;; 
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In the reeani::i.me, it will bf; mor2 tn:2-ct:!.c;}l to use SE'I'LA for 

.. debugging runs, smc,.ll expt:~ri.ments,and language learning,a11d 

to reserve 'l'S'R'l'L for sizable "p:rodllction" runs. 

Typlcal compilation rates.. {cpu sees) 

SETLA TSETL 

1natrix mul tiplicat.ion 11 LITTLE generation~ 23 

LITTLE compilation: 22 

Chomsky normali~er 50 L. generation: 127 

L~ compilation: 62 


