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3aikjacts prorcsed Improvel AFL for Nultics

APL is a rowerful computer lapguace for manipulatina arravys
2t lata, Tt 1s used by several vpopular covrses in the gp
ispartnent at #If, as well as by research groups, There are
dsefal supsystems vritten in APL, sugh as the MARTHA system
written at MIT, APL has proven earsy to learn, and is a very
2otent tool fol ergineers, and other people who work with arrays
of 1iata, It 1s also becoming dincreasingly popular as a
orogranhing lanauage for pusiness aprlications, There are fany
n2oks avajilable to help tesch the heginner -= roth from compltter
nanbkfasturers and normnel) publishing houses,

APL is an interactive lancuage, Fast response time is
iuoortant, since it is often used interactively durine gdesign
sessions, A defagic standard of the AFL lancuage ras arisen %ith
tne BRPL/36C0 implementation, Most of the texts on APL assSure that
202 is using thils version of AFL, AFL/3560 not onlYy corsists of a
Language, it also Aefines an editor, and command environment, To
pe able to0 fully exploit the texts on the market, and for other
2bvious reason=, any AFL should st least contain APL/360 as a
subset,

The Multice ceomputer system rrovides a veryY hospitable base
for an LPL sVStem, Witkin tultiecs it 1s eacy to provide

ancaosulated sSUbsystams, such 35 for use bY & course for
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oraviding computer time to students, Unlike other svstens,
riltics makes Security rather simple, P restricted APL syStem

zarn be proviled, or AFL c¢onld be incorporated dnto a larzer

!

ystam, such a$ a data base inquiry system, Multics provides to
suhsystens the Use of nany peripherals, so APL could use tapes,
iine oprinters, «card reajers and many Other useful devices, The
Yaltics virtual memory allows APIL workspaces of very large sicze,
sy that oane ¢an wWork with arrays many times larger than those
illowed by standard aRPL/360, Use of the yultics 1I/0 system will
sllow Using terminals suech as the Taektronrix aPI Aisplay, normal
ASZIT terminals, a® wall as the ARPA network, BY allowing calls
ty> funztions externgl to the AFL environment, routines written in
other languages, such as PL/I, FOKTRAN and LISP, could be used by
AP, prosrams. FPlso, therpe are ways to alloWw routines written in
tness other languaces to usg functiors written in ApP1L throuah a
ayitsble intertace, Thesge enhancements to a strict APL/3€6C type
systam should increasa the usefulness of aFL, and provide an 1APL
superiosr inh Several aspects to most others available on other
nachines,

The APL syStem currantly on ¥Yulties 4o0es not meet all of the
teqbirsmants outlired above, «while it allows use of facilities
2Xxternal to APL, =Zuch as rautines_written in other langlaces, it
15 i1nadejuate for use in many aprlications, The editer crossly
iiffars from the one provided %y AFL/360, and redquires many pazes
>f supporting documantation to make it usable by the novice,
Pnis negateS much of the usefulness of the texts about APL on the

narkat, In addition to the ohvious difference with the editor,
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thata are small Aifferences, and deficiencies == mainly
sxtensions to the original APL/360 that haven’t DPeen added to
APL/vultics as Yet, Ihe glaring deficiency, though, ig in srezd,
ApL/vultics averages about 10 times slower than ApPL/360 in cpu
tine (taking in account 3Aifferences in the raw speed of the base
nazhine),

what We are nproposing to do is re-write APL/Nultics to
remove the deficiencis® mentioned apove, e would write a new
APL  that Wwould arpear as clore to AFI/36C as the lultics system
allows, 'here Would be no gross deficlencies, a® compared to
AL /360, and there vwould be several valuable extensiens, The
list of 41ifferences, and how to get aroung them (e,g, new 1login
procedurz) should fit on one side of a Shaet of parer, This will
3llow existiny texts to he wged hY anrYone, FXecution shoula he
spad uUp by at least a factor of 10 from the current version,
also, Use of “Ultics facilities, such as tape and line printers,
should be mwade More readily avallable,

BY 2xaminina the cost, effort, ani final vprerformance of
sinilar erojects on Multics (the «Urrent APL, LISP, Seal),
approximate estimates of gost (both in monevy and Adevelopmant
tive) aad performance f£or the new APL can be determined, If the
propar pa2ople ak2 avallable, the entire re=write could be done in
3=4 nonths, by 5>-6 peoprle, A tentative budget would Jeook as

ﬁ;;igws:

- 7
Ci:,,///// 20 man"monthsggE;QSO/mo. (ince O/H) ?ﬁS.OOO
5180 time )Q/man.-month Lo,000

space, tarminal rental, etc, ® g§50/mo, 3,400
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rstimated total cost: £8,400
I the jyo~ahead were alven now, the project could begin ir June,
1973, ani be completed by Saptenber, 1973,

Sevaral gnod people are available to 4o the Tre~=write, and
are intsrested 1f they can he obtained pefore they make other
zonmitnents, They ingclude:?

pan Bricklin - worked on the original APL/Multics. and the

1ultics LISP,

Paul 3reen = worked on Multics PL/I compiler, and the S=3l

compiler,

Rick sumpartz - worked on the Multics assembler (RLI) and

some interactive lanaguages,

Rich Lamsonh « worked on Multies nartmouth simulation, and

knows APL/360C very well,

pave “oon = workad opn Multics LISP,

Dava Reed = led the “ultics LISP proiject,

I'f oanot a3ll of the ahove people can be Obtained, there are othars
3vailabla, including nemners of the old Planner project, aAll of
tna peOple are enthnusiastic about working on a new APL for
Taltics, vost have exrerience that is needed to produce a result
tnat maets the Srecifications, Several of them are leavinc after
thz summsr, or ¥ill be committad to other proijects, Therefore,
1t a3 TYe=-write of pPL will be desiraple anytime in the next Yeoar
or two, it would be aivi=zable to 4o it now, while this talant
with interactive supsystems 35 availabnle, nan Bricklin is
#11lingy to lead the mrour,

Now that a need for a re=write ©of APL/MNultics has beaen
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2stablisned, an estimate of 4its cost, and a list of who {is
ivarlabla to write it, all that remains is to justify the claims
that it will meet the spegifications,

The first problem, that of the unusual editer, and other
iifferences from pAPL/360, can be Overcome by just writing a new
23itor f£or APpL/Multics, The only difficult problem is with usineg
the "aTTY¥" Dbutton for editing, as 1is done with APL/360C, At
orasant the Multics TTY DIM prevents us from Simulating the
AFL/360 function, hat that should bpe changed by the end of
Avgust, 1973, This chanage will be made by the Multies agroup at
ZIS8L, and 1s necessary for our planned improvements, Also, we
plan to use character conversion 4one outside of the rPL
suhsysten (as  an  TI35IM) to simplify use of APL from terminals
other than IBw 2741¢s with the special typeball, The use of an
rostv  (such a& the <code converter developed bY Ken Pogran and
dthers) will simprlify the construction of the APL interpreter, by
renoving the proplem of vriting another special pPiece of code (as
¥35 jone with the current AFPL),

The current APr/vMultics has a few Adgeply ingrained design
flaws Wwhich necessitate a total re=-wrlte rather than a mere
tirxhtening up of code, Some of the control)l Aata that it uses is
stor=d4 in 3 sgecilal format, Subroutine cglls are ofter necesSary
ta dacode the 4data for use, iUnfortunately, these calls are often
i the midile of dzep loops, The full PL/TI call on Multics is
a2xpensive (abhont 100 usec, on the 6180), and we fingd that a large
part of the APL/"ultics cpu time is speint in the call operator,

Redesigningy the datz formats and other simple stratacies shonlad
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ranlsce nost of the calls witn simple, 4inline c¢ode (about 10
152C. ). restructurine of the data, though, means changinag 3ll
the noiules that refer to it =- i,e, nost of the interpreter,

The gost of using APL/Multics will he further reduced bhyv
Sther tachniques, BY chanhging the internal format of functions
wa will reduce the size of workspaees, therebY Treducing paging
ani online sStorage vrequirements, The current APL is yary
wystaful in sStorinc functions, and we should be able to reduce
trnat by a factorl of 2,

The speed of execution will be increased by makineg several
“rhanJyes to the exXecution environment, and to the interpretation
1lgorithn, currently, APL/Multics looks up reduction rules in a
tzbhla as it interprets eagh line, This was metered, ard was
snown to be Verv axpenSive, Ry "writing out" the rules as
axolicit PL/I statements, and other simple techniques, we shoulid
ranove 20-30 percent overhead on interpretatjon, Currently,
apr/vultics alloccates and frees (using suhroutine ealls) all
tanporary Storage, lost of this could be rerlaced by a vush dovwn

stack for temporary values, which can be manipulated guickly and

#ithout subroutine galls, This technigue Wwas tried in an
axperinental version of RPL/HMultics, and seems to Nave
sivnificant restlts, Tt should remoVe another 40 pefcent, B8Y

asingy nethods used by the Multics LISP interpreter (better use of
sznpsl taple, faster function call/return) we should be akle to
2i%1ly gJet the rast of the speed up, #ultics LISF is currently
tan times faster than nultigs pPL, for similar tasks, and PRPL

spems intrinsically easier to interpret,
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The final speeid up should come with the recode of the
operators, Je Plan to use 3 simpler data format, which ecan take
advantaga of the FIS instructions on the 6180, It has already
baen shown that if operators are cecded carefully they can be Just
as fast on APL/Multics as APL/360, Only a few of the operators
nave besn Fecoded with this in mind, The re=write of AFL will
involve recoiing the rest,

To achieve maxjinum speed, We are planning to use the ZTS,
The language for the entire implementation will be PL/T,
Thersforas, it is important that tne FL/T compiler be able to
prodace inline EIS code, We plan to desSign all the interfaces so
that critical modules can be recoded in ar¥® at some later date to
yet the last fev percent of performance, DUe to the number of
axtensiva changes that nugt be made, it looks 1like a total
re-write of APL/Multics would have to be done, Many of the
alzorithns used in the current APL can be nsed, though, which
will sava a3 sSignificant amount of time in Aevelopment,

We are rather sure that the new APL/Multics will be a
51g«i§§}nt inprovement ovaer the current version, AS noted above,
a2 basSe our optimism on the current spead of Multics 1ISP whicgh

i

i

one of the faster vearsions of 1LrSP available, Sinilar
teachniguas Will pe usad, and implemented hY the same peonle, Ao
also triei out seome of the new design features in a special
suhset of APL, and had dramatic speed urs, our goal 1is an
averall speed up of tan over the current APL, Wwhich should nake
s competitive With other APL*'s, The <chances of us achiaving

that goal ars very good, we feel »- about 2%0-90%, The chances of
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us coming within a factor of 2 of our gpal are better than 95%,
Sowe of this 13 derenient on the speed of KIS and the code
nrnoduced by the compiler, There <could, of course, be a tine
avar-run of a month or two, bput this would probably only be
bacaase o>f lost time iue to vacations, etc,

Dae final “uestion is the transferability of the APL system
to other HsoooﬁmachinaS. Given that a Ssimilar PL/T conmpiler 1is
avallabla to Tun op those dachines, there shouldq not re many
aroblens in rertorming the transfer, The desion of the new A\PL
inas npot nake Many assumptions about the operating system, Most
terminal /0 and  file m@anipulation is restricted to a few
1siules, If the transfer of the APL to another member of the
16300 line is Adesired, we would 1like to have one additional
oersan on the pProject who is familiar with 3C0S, This would be a
osrte-tima Job, mainly to sit in on design decisions that nav
atfest transferabjlity, and to write the nodules that have to be

jiffarent on G

(@]

0s, If the H6000 G5coS PL/I compller Wzre
availabls on Multics 5C0S the entire operation shouly be ratner
sinple, and Shoulg be completed within a fev¥ months of the
vultics a2ffort, Anain, performance would Jerend on the ocuality
of the gode Produgsd by PL/T, and the comretence of the peorcle

involvad,




