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In the heyday of APL timeshrring RPL wes 
frequently used as the inpleaentrtion vehicle for 
mrny types of computational modellingl there were 
l fen bona-fide finencirl modelling prckeges but 
for true flexibility people developed their models 
using progrrmning lenguegec end llPL was in therm 
es good a clein es my (if not better). 

But the world moved on3 users became rble to 
purchase microcomputers fairly readily, softwere 
packages like the spreadsheets gave them some 
ability to develop their own models (debrtedly 
this was en rbility they'd l lweys hed - it was 
just that the spreadsheet industry marketed the 
users own abilities). find, whet nith irprovementn 
in the mainframe modelling packages we have en 
l rea of thm computing market which has drifted 
rwry from APL - cmrtrinly the (IPL mhrre hasn't 
grown et rnything like the pace of the eholr pie. 

What this prper does is to examine a recent 
application of APL to l specific type of 
modelling, lrying emphasis on use of neglected 
facilities of IIPL, the userbility of come of the 
more recent IPL extensions, evolution of l system 
from open prototype to final delivered system, the 
inherent richness of l mainfrene timeshrring 
environment end user interfaces which involve 
graphics. 

lhc theme of the p&per is thrt if we can exploit 
the poner of APL to the full we can develop APL 
systems which are more attractive to the ultinrte 
users than come of the alternatives, we can define 
end fill niches which lie outside the scope of the 
simple peckrge solution, end do all of this 
nithout incurring the sort of development overhead 
consequent in employing more ‘conventional’ 
computing solutions. The paper expends on this 
theme by outlining the evolutionary path taken in 
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one specific development. 

Decision Trees l re en established rnrlyticrl tool 
for l xrninlng the decision-making process1 they 
impose l quantification rnd a structure onto the 
process end if varirtion of certain parameters is 
possible we are rble to assess the robustness of 
choices at particular stages in the process. 
Here's part of * tree... 

Note thrt this is an extract from the structure of 
a real-world example, but that l ll valuer rnd text 
are totally fictitious. 

The tree contains four types of node: 

a) End nodes - Each end node represents an 
ultimate scenario (the complete set of end 
nodes may or may not enconpesr all possible 
final states of the decision universe). We 
have a number of attributes by which we can 
assess this node, and by a combined weighting 
of these attribute sLores we can qenerate a 
‘utility’ for the end node. 

bl Probability nodes - We may not have control 
of our environment, being able only to assign 
probabilities to specific branches. The 
utility at a probability node is the weighted 
sum of those of its branches. 

cl Decision nodes - These ere the placoc where 
we can make l choice, the rrtionrle ir that 
we will always elect to choose the branch 
with highest utility, so thrs ie the utility 
of l decision node. 

d) Join nodes - Joining nodes are J convenience 
mechanism enabling trees to be split Into 
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sub-trees for dirplry purposes only! they ire 

not J distinct type for CoepUtJtiOn purposes. 

Typicrlly, but not compulsorily, the top node of J 

tree is a decision node1 but there can be 
Jdditionrl decision nodes further down the trer. 

ALTERNATIVE APPROACHES 
---*-----.- q*--v--q-c 

When we first bepan looking Jt this technique we 
found thrt established practitioners were urinq 
equipment like the IBH PC, there norm one or two 
comeercirl packages we could adopt and that 
researchers in the areJ were working with 
languages like FORTRAN Jnd BASIC. Our criteria 
were a little wider than "purchase J prckape, plu9 
it in, off you 90". We were l xaeinin9 the whole 

field of 'decision analysis' (which really isn't 
the srnr thin9 JS 'decision support' - even before 
the marketeers turned it into an advertising 
slogrnl - we wrnted to establish it as J decision- 
puidance technique which we had faith in and which 
we could proeulgate widely around the 
or9JnisJtion. So, what we were after comprisedi 

I) Insight - In arny wlyr this WJC the l oct 
important attribute, we wanted to know 
exrctly how the tools we were using worked. 

bl Accessibility - Although 'buy J PC' is a 
popular sryinq, we hJve J larpe in-house 
timesharing network and nrny more of our 
potential users Jlready have IBtl 32?0-type 
terminals than PCs. 

c) Uniformity - We wanted to build J set of 
decision l nJlysis tools (this is just one of 
thee) uhich shared commonality of 'user 
interface and which could intercommunicate. 

The environeent chosen for initial development WJI 

our inhouse APL2 service which runs under TSO; 
APL2 had been running for approximately six months 
Jnd was replacing J longstanding VSAPLlVSPC 
service. 

DIRECT DEFINITION 
****** ****._**** 

Direct definition had been in use within the 
organiration for some time as a method of teaching 
(IPL - the fundamental setup (and implementation 
algorithm) is as per lverson [13, with some 
extensions along the lines suggested by fletrger 
[21. Some domesticity has been draped around the 
basic framenork with experience showinq thatr 

a) Direct definition of functions is 
non-restrictive in the sense that it can be 
uoed to impIenent non-trivial systems 

b) It imposes a 'goodness of structure' 
implicitly ~brcaure you hrve to work harder 
to be untidy than to be tidy) 

c) There are no real performance problems 
d) New users take to it quite well and produce 

good results usinq it, but don't really 
belLeve that Chev're using 'proper bPC' 

e) Experienced APLerr cm be quite violently 
apposed, even to rts use as a teaching tool. 

CIs it happens, decision trees can be defined quite 
rieply in direct definition terms: 

r 

.-.-l_-_l_m_ 
w&Et J,*I. I,” 

Let's work on the tree above, with endnodes scored 
on three attributes. We need a weighting of the 
rttributecr 

WEIGHTS:.25 .25 ,S 

Each end node has J sr.oret 

SCORE,..Dr2 I 8 

Lerdinq to an end node utilityi 

At probability nodes we hrve J set of brrnch 
probabilities: 

PROB,,B:.75 .25 

Which in turn allows us to definr J utility for 
the probability nodesr 

NODE-BtPROB,,B+.xNODE-D NODE-E 

And at the decision nodes the utility is the 
qreatefit of the inconinqr 

NODE-A:I/NODE-B NODE-C 

For exploration/display purposes it’s useful to be 
able to Jttsch some descriptive text to erch node 
- easy enough at end nodesr 

SHOW-Di'Text.,.' NODE,-D 

Higher in the tree we need to displJy the 
structure of the tree a little more clearly: 

SHOW-B:'Text...' NODE-B ('JERT SHOW-D SHOW-E) 

VERT is the relatively trivial8 

VERTl ,CrOlo 

And that, essentially, is that; given that ne 
approach the task eethodically we can build up any 
decision tree we like, plug in numbers as we want 
and look at what hrppecis. Adding in the DISPLAY 
function tram muyplied workspace 1 DISPLAY 131 
giver the user dn explicit Jiew of how the tree 1s 
mddr ~0. 

fievlewinq whecu we've qot to so far: 
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a) We've done about two hours work 
b) Given time and patience we can build trees of 

arbltrdry complexity and size (c.f. limits on 
brdncllinq dnd depth found in commercial PC 
solutions) 

cl Everything seems to work without the fanfares 
dbout 'folding back the tree’ which I never 
understood when I saw them 

d) Our user interface isn’t exactly jovial and 
unforgiving - but it can be learnt by rote 

e) The system makes no clrirm to being 
computationally optimised, but we're looking 
at problems where wrong decisions cost 
mlllionr - the cost of modellinq exercises is 
trivial in comparison 

f) We have no real analytical tools to help in 

exploring decision robustness, 

As an aride, we quickly found that 'high good, low 
bdd’ scoring rystems didn't necessarily correspond 
to the users' natural perception of the world - a 
much more acceptable nay to #core in on a 'low, 
hiqh, opt1muln schvnu where compliance with the 
optimum is an ideal. We need 'high-low' utility, 
and hence a mapping alqorithn between the two 
schemrs. This proved d situation where we gained 
inriqht which would not hdve been dchievable if we 
had merely purchased an off-the-shelf solution; we 
had oxlenrive discussion of the various 
score-m4pping alternatives, all of which have 
shurtrominqs which we might feel unhappy about at 
one time ur another. The final outcome is that we 
offer a selectlon - our favourite (and dDfdUlt) 
britlq the sumewhat obvious; 

010+1 A Throuqhout... 
ISCORE:OIIt1-~la~31-w~I(a[31-atll~f~C2l-uC~l 

0 10 8 ISCORE 7 
,875 

USE OF APL2 NOTCITION 
--- -- --__ -_-___-- 

Stranqe as it may sound, thinqs were thrust in the 
difrctlon of our end user at this staqe; they had 
held no previuus encounter with APL but were 
proficient users of other computing tools and 
capable of proqrdmminq in lanquaqes like FORTRAN. 
Essentially what they were told is 'this is how 
vou define a tree' in terms of the functions 
needed for each tvpe of riode, that it was sensible 
to sldrt at the bottom dnd work up, and if they 
did it that way then they could test whdt they'd 
done ds they Wwnt diUnq. 

Buildlny block functions like VERT dnd ISCORE were 
Lntroduced as 'black boxer'; the users were 
encouraged to tdks a 'look and try' approach to 
usinq these and the funrtions they defined 
themselves to gain confidence in what they were 
bullding (as a convention, functions intended to 
be visible/available to the user have been give 
uppercdbe names - system Internals use 
underlined/lowercase ndminql. 

There was a similar approach taken to I/ and +.): 
ii Ilelined functions{ they could hdve buen hidden 
but were left out in the open. 

Ti,r unfusslness of vucCor notation was exploited, 

alloninq the user to construct oblects with quite 
deep nertinq without becoming involved in knowing 
whdt they were up to in APL terms. 

This was quite frankly an experiment, not just to 
sew what 1 could set Cwry with - but to what 
rxtent we could rely on being able to use raw APL 
whell things becdme more developed. lt worked out 
pretty well, the type of user we have for this 
sort of system wants it to work, they appreciated 

seeing under the bonnet, it demonstrated thdt APL 

could do useful work for them on a short 
timescale, and qenerated the expected request to 

do somethinq about the tiresomeness of entering 
the model. 

EVOLUTION INTO A CLOSED SVSTEM 
.__-_____ ---. - -.-".e --..-* 

At this juncture there are two objactives! 

a) Hdke the system so that it won't fall over if 
you blow on it 

bl Extend the capabilities so that inriqhtful 
analysis of the decision process is 
facilitated. 

Takinq the first first, there's no shortaqe of 
documentation for APL systems with the historic 
question-answer dialogue protocol either printed 
143 or in one of the mrny ASK warkspsces. We seem 
to be rather less well-stocked with specific (i.e. 
copydblelstealable) exdnpies of full-screen 
utilities; mrvbe it's because there's so much 
diversity, or mdybe it's a gap that the APL 
community ouqht to fill. 

Anyhow, my instinct was to ignore the dire 
warnings of t3J and plunge in with the well-tried 
routines of 2 FSC126; they'd served well in the 
past and lf perhaps a little unexciting, using 
them hdd proven d deal wore ratisfdctory in 
conversion from VSAPL to APL2 than the 'real quick 
optimised' workspaces thdt shared varidbles 
directly with AP124 (some people only iearn bv 
their mistakes). Their use is enhanced bv a 
hermetic layer of user-proofinq and an example of 
how this is edred by recent fiPL extensions is the 
SGETNUM functiolr: 

OCR 'SGETNUM' 
2+-N SGETNIJM FLDS 
Z*tlEC,' ',SGET FLDS R Hope to qet lucky 
i((lltZ)&ERR w A Real thumbs job 
+IN#p,t@Z)tERR A Wrong number 
z+taz 
+ 0 
ERR:(tFLDS) SCUR 1 1 
SALE 
Z*SREl 
'1 

Remember that API.2 has no OFI/OVI functions - one 
is sceptlcdi about the performance implicdtions of 

the 'try It and hope' approdch which seemi to be 
encouraged by this hardware vendor, but it is dt 

least praqmatic. 

lmplementlnq tree knput via the consequent 
fullscreen interface mdkes 

,111 u t hd t : 
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4) All the riqht questions get asked OCR 'AUTOVARY' 

b) They get asked in the right order ItA AUTOVARY UgS;-V tT Vary one prraeetrr 

cl The answers are syntactically acceptable S+A#rpVtiW 

At its core the system is unchanged, we still 
define all the same functions and use them to 

Z+>tZl(l-O,.lxrlOl PARANOfttlAL"cS/V 
t+s\t 
ZC;Al+O,.lx~lO 
ttn t 

Non we can concentrate on l nalys i 
depth,,, 

carry out the calculations - but 
all from the user. 

The types of analysis we can app 1 

Dominance - One end node dominrt l 

we've hidden it 

ng the tree in 

y include: 

s another If it 
has a higher score on every attribute than the 
other1 in a rational world dominated end nodes 
will never be chosen (but that's another 
story,..) 

Senritivity Analysis - For example we can enrmine 
the utilities of branches coming out of a 
decision node as a prrreeter such as attribute 
weighting is varied. With Direct Definition 
still underpinning the system ne have parrrcterr 
such as node scores defined as functions and 

user modification may be by straightforward 
editing of the function in this form. Having 
kept major tree definitions in this form WP can 
'lose' and restore them quite simply in 
functions like GVARYING: 

OCR 'GVARVING' 
NODES GVARVING ATT;lN;ClLDDEF;ORIG 

. 

r'OLDDEF*,list "',ATl,"" A Retain old def 
ORlG+'ORIGINAL' A W gshow t"tc'NODE-'1,"NGDES 
OTStClEX ATT 
AGbiW: 

. B lN+new valr for PlTT 

CUR+'CURRENT' A W gshow ,"(c'NODE- '1,"NODES 
output sORIG CUR 

. 

ENOiOTS+GEX ATT 
OTS+l odefinr OLDDEF 

t qshow display foreattcr (results are shown ; 
( as barcharts) 1 

1 list display directly-defined function 1 
( output puts original/new utility barcharts I 
( on terminal 1 
( &define direct definitian function fixing 1 

Automated Analyses - Functions like GVARYING allow 
the user to look at spot ossessncnts, this is 
fine if they need to home in on specific cases 
but leaves the possibility that their 
explorations miqht miss salient features of the 
model. What was needed was a more systematic 
tool which rsnqed over parameters more 
thoroughly. The AUTOVARV function lets us pick 
up a single component of a single parameter and 
have it vary systematically with everythinq else 
held fixed: 

OCR 'PARANiMAL 
Z+A PARANORMAL W A Normalire W to sue to A 
Z+AxW+t/W 

2 AUTOVARY 'WEIGHTS' 
WEIGHTS 0.33 0 O,b7 

0.3 0.1 0.6 
0.27 0.2 0.53 
0.23 0.3 0.47 
0.2 0.4 0.4 
0.17 0.5 0.33 
0.13 0.6 0.27 
0.1 0.7 0.2 
0.07 0.8 0.13 
0.03 0.9 0.07 
0 10 

Empirically we find that the ten-step increment 
is sufficient without being excessive. By 
passinq this result into a function similar to 
GVARVINQ we can produce a table of utilities for 
thr specified nodes - colour highlighting on the 
display tereinrl helping to illustrate how 
preferences should change as the parameter steps 
through its range of values, 

A further rofinrment allows us to vary a pair of 
parameters in a similar l rnner, giving a table 
of node preferoncert 

PB+2 AUTOVARY 'PROB-B' 
PC+1 AUTOVARV 'PROB.,C' 
'8' 'C' XYUTILlTY PB PC 

PROB..B 1 1 1 1 I 1 t 1 1 1 I 
22211111111 : F 
22222111111 
22222221111 
22222222221 
22222222222 
22222222222 
22222222222 
22222222222 

22222222222 
22222222222 

PROB-C 

What we've achieved by this point in to takr 

advantage of our environment and history, pluqgino 
the new and specific developments into a framework 
of pre-existing utilities (some in APL, others 
toeing from mainframe facilities like GDDM), 
nakinq a robust system, with a wide range of 
feature, and which presents itself in a 
cosmetically acceptible fashion on a colour 
3270-family terminal, 

GRAPHICS AS A USER INTERFACE 
----a-.... _- _ -.-- ___-_"... 

Functionallv, the system was complete at this 
point (feature still addable an user experiencr 
bred sophistication) - selective use of colour in 

430 



displays helpinq hiqhliqht JroJs of intmrrrt but 
the user etilT had a sliqht gulf in so far JS they 
hrd J tree which l xtmrnally took the form of a 
diaqrrm and J computer ryrtmn which l pokm l ntirmly 
in tmrrm of form-filling and tables. 

Thin l tmqe wan rmached coincidmntally with thm 
advent of the TGti317qG tmrninJ1 Jnd 3852 hrrdcopy 
unit, devices which dmlivmrmd qraphicn clprbility 
(including unmrblm hrrdcopy) to a usmrn dmmk at J 

rmalintic pricm - we could contmmplatm replacing 
rqeinq 3278 tmrminalm with thm 31790 on J quitm 
larqe scrlm. 

The end rmrult in J synter which conbinmr purr 
qrJphicr panOlS, pure JlphJnUmmriC panmls Jnd 
conbinmd qrJphics/Jlphanummric prnels - J 

dmvmlopnent which ham mnhancmd thm USlability of 
thm syntmr and its Jbility to highlight wean of 
intmrmrt within rodmln by a rinilrr dmqrem to the 
marlimr growth from thm hrir-shirt prototypm. What 
is provided in dmtril ISI 

Tnput - following an initial panml noliciting 
gmnmrrl paranmtmrc for thm trmm (scoring 

attributes, score profilms, wmightm, l tc.I thm 
usmr in guidmd through trmm construction by J 

Split qrJphics/input prnel) parJmmtmrm for l Jch 

nodm arm gJthermd through the input fimlds at 
the balm of thm panml and as dJtJ for each nodm 
is collectmd thm user defines its display 
position on the trem diaqrar which is being 
sirultanoously constructed in the upper part of 
the panml. The system known what connmctr wherm 
Jnd so all input operations can be smen in the 
context Of whrt'r gone bmform. Node typms arm 

,. 

There JrQ a few Droblemn which need to be taken 
into considoratlonr 

Mice - flJy be nice, but you need to provide J 
little rssimtrncm if thm user in aiming to 
build up l tidy diagram1 what is done in this 

cane is to have J 'snap qrid' with aCtUJ1 
nouce poritionn bminq intmrprmted JS nearest 
snap point, Ummrr like whirzinq mice around, 
and they get J tidy picture into the bargain. 

universe or modular trmmr( praqnaticrlly the 
second option WJS chosmn, 'Ihm 'join nodm' is 
J simple one t0 dmfinm - it mmrOTy refmrS t0 
thm more mxplicit definition of thm 
subsidiary pJge. 

Oiaqrrm l ditinq frcilitims mrm provtdmd, 
allowing the usmr to put J trem onto the Sy8tem 
quickly and later edit its JppmJrance to J 

tidimr or more JccmptJbTm form. 

output - Colour-highlighted tables tell the story, 
particulrrly if they're mxrrined clonmlyT but 
graphs to it more quickly. Altmrnrtivm 
approachmr wmrm: 

J) Link into thm GDDM'n ICU 
bT Link to l nothmr qrrphics prckrqm 
CT An al-frmsco intoqral dmvmlopment. 

Option (a) would hrvm the Jdvantlqm of 
unifornity of stylm with much other grrphics 
produced within thm orqJniration, IS would (b)k 
mo we initially charm to qo down prth fc) Jnd 
put toqmthmr somm graphics specifically for thin 
systmm. 

A bizarre idma, but thm eontmxt WJS thrt 
rmcmivmd wisdom iron others involvmd in the 
decision analysis area WJS that unrdornmd 
ordinality WJS pmychologicrlly norm accmptJblm 
thJn apparmnt prmCisiOn. gy rmmOVinq Jny 

pommibility of tagging the qraphs with mpecific 
vrlue WI could RephJSiSm soJm of thm inportrnt 
ness~qrr of what decision tree nodmllinq ir 
trying to say about the problmn at handi 

al Many of the input figurer 1r8 SuppositiOnJl - 
they came from peoples judqmmmnts 

b) What mattmrs arm trmnds - in whrt dirmction 
do prmfermncrn rlter JE parammtmrr chJnqm and 
in it J lot or J little 

c) Arm lmvelr of prefmronce largm or small 

A byproduct of this WJS thrt it wmm sonmwhat 
refreshing to nem qrJphs which didn't have ~11 
their tmxt in J mixture of proportionally sprced 

Oldm English Gothic ano Triplex Itrlimn. 

Again - an idmm which caused urn to qain insight, 
whit we wmrm hopinq for wac thJt WI could avoid 
thm 'aicronmtmr syndrome' of hJVinq proplr take 
finicky nmrrureRentr from a very shifty brsim of 
input Judgmnmntr. Sadly, usmrs fmlt uneasy about 

thmse unJdornod graphs - we revmrtmd to using 
ICIJ. But - importantly - we know why wm chasm to 
do what we did Jnd the exploration didn’t 
consume much timm. 

Typical of thm graphs being produrrd is the one 
below, whmrm wm Jrm l xJmining (in the contmxt of 
the opening tree example) whether to proceed or 
not from the viewpoint of varying thm wmiqht 
qivmn to the smcond rcorinq attribute. 

The screen's smaller than the problee - Isn't 
it always, There were two Jlternativms, 
mither a flmxlblr window onto a lmrgmr 
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Autovary of WEIGHTS(2) 
quickly - if only ~8 a yardstick for 
evaluating packaged solutions am they appear. 

..- 
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CONCLUSION9 
~~-.-~~~~~- 

a) Sonr of thr traditional APL rarkmt ham moved 
away, attracted by mamy-to-urn@ tools for 
l traiqhtfornard problrnml am thr liritations 
of thamm toolm become apparent to thmir umorm 
APL is in a strong position to reassert itm 
advantages, 

bl Thm implementation path followed by this 
dmvrlopwmnt ham bean rather different from 
that which would have bemn trkrn using a 
lanpuage like Fortran - imitation nrvrr warn a 
l trngth of APL. 

cl Hrny end users have been reluctant to gmt 
involved with fiPL bacaumm of past 
all-or-nothing cornittrent. An approach of 

'only what you nrrd', or oven of not saying 
that the notation is APL hrlps ovarcomm this 
problrr. 

dl Notational styles like direct definition and 
vector notation arm both palatmablr to thm 
nowcommr and havr a natural fool. 

ml Evolving the mymter in the manner outlined 
above l nphamim*d nerdrd feature first brforr 
widening thr usrabllltv. 

fl CIPL, particularlv in the nainfrane rnvironnrnt. 

has l cccms to many rich rmmourcorl by 

exploiting this in addition to thr powerful 
native syntax we can develop mymtmrm with 
powerful capabilitirc and attractive user 
intmrface. 

91 Tha system drsrribcd above is conputationrlly 
quite trivial, oort of its complexity is 
within areas like user interfacr - the parts 
which had already been written and wore 
imported intact. 

hl Wr got a lot of insight into contrntioum areas 
and were rbls to maks our own choice of 

solution - not always the same am that of 
'conventional wisdom'. 

il This application 1s a niche which hasn't born 
filled by 'standard pack,gam - one role for 
APL in the future is to fill such nichrm 
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