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Many procedures for processing paper forms in offices are
well~defined, regular and mundane. This thesis discusses the
d2sizn and implamentation of a facility for specifying antormatic
procadures in an electronic office forms system, called TLA. A
nigh-lavel dsscription of a working set of forms  is used to
trigger the automatic procedures. The algoritim wnich estab-

lishes the friggering is presented in detail.
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Tralitionally comnuter applications in business have ©been
apprecachad with large machines in mind. Since techunology made it
nossipla to purchase more than twice ths raw computing power “‘or
izss tanan twire the money, 1t was most 2conorical to invest in
the largest machine possible and t¢ solve nonroblems givean the

xpowledz2 that many awvplications might be sharing one system.

sdvaaces in computer techrolopy, however, have produced
small, cheap machines with computing power ejuivalent to tuzir
largar, olier and more exvensive preiscessors., This ingrsaseld
availability of computing vower has opensed the field to many
applications for whizch the cost was formerly too ovroaibitive.
Furthermore a great deal of interest has been spurred in distri-
butirg largz apolications azross rany small maciaines. Although
there will always bpe problems which are best (i.e. most cheaply)
solva2d in batcn mode on a single machin=2, the growing demand fer
widely distriounted, real-time systems 1as initiated a zreat leal
of research into developing comouter systems running on networks

of small mwachin2s.

The regularity of many of tae more muniane office tasks arni
th2 regular structure of vaper forms makes the offize an ideal
eavironment to moiel on suzh a network. This thesis assumes that
the office functions which would be useful to mecdel concern
rodification of forms and thair routing throuzh the syster in

some coordirated way. It assumes furtharmors that theses fun--

ticns d2pend on information found on a collection of related
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1., Introduction

2oprms, ani that this notion of "a workinz set of forms is <ru-

¢ial to tha d=28ign of forms asrocedures.

The offizce is modslled &s a numbar of workstations carpable
of creating and modifying forms and mailing them to one another.
futomatic forms orocedur=s ruaning at any given station watch the
forms being routed through that station, and whken a working set

of forms 1s r2cognized, tha forms ar2 locZkel, process2i  and

rerouted according to the specification of th2 proceiure.

Chapter 2 attempts to motivate this pnarticular view of the
vfiice anl describes a prototype oftice forms system into wairh
this notion of automation was built. Chaoter 3 discusses the
iesigr swnecificetions, wuser rsquiraments anil th= user interfaca
to the automated forms System. The oowers and limitations of

this apprcach te automation ar2 discussed in tarns of a zood

o
s

()

fice desisn’ and now various automatic ovroselures running at

different workstations should ccoverate.

Chaptar 4 surveys sore of ths implems2ntation <concCsrns, in
Jarticular the feorm—-gathering problem, and how a set of working
ferrs Can b2 recosnized. Chapter 2 outlines possible us=2ful
cxiensions anil some unsolved wproblems, anl attampts ton draw some

conclusions frem the imolementation and research.
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2. Automatior in an Flecsirounic Offige

Much work anas been ione in the last f=2w years in the fie=li
of office automation. OSome systems provide a facility for some
user—-specifiabla, non-procedural automation, but these ar2 not
form-oriented systems. Electronic forms systens with any deyree
of automation are very application-dependent, not very flexible,
ani are bassi on “intelligent forms  rather than intelligent pro-
grams that manipulate stupid foerms., This chapter will motivate

TLA it in the context of previous work.
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2.1. votivation

In recent years comaouters have demonstrated their usefulness
in tae Ti213ds of infecrmation orocessing arnl data managsrent.
siegularity of information ani rezularity of ovprocessing are
snaracteristics that 1l2nd themselvas well to comvuter applica-
tinns. Tne greatest exverience with iata processinz, nowever, is
ratch orocessing on large mackines. Interactive systems on net-
worgks of small machines have only recsntly begun to zaia nopular-
ity, rLow tunat computer t=chnology has been able to reverse the

rulz of “ta=2 obigger the better .

furtasrmore, many applications are real-time depenient, and
cannoty  benefit from the simplicity and efficiency of batch oro-
zessing. Taose waich 1o ant ievenl on 1ata bpeinyg centrally
situated can take aavantage of networks with distrituted data-
bases. Tae oific2 car n2 such an applicetion: the most familiar
sbject 1in the office for storing data, generating work and com-
municating irnformation is th2 form. Forms which ars beinz vro-
tessed sit on a workar’s d2sk, not in a filing -abinet in the

basement. Ore may moiel form files using private databases which

celoas to workstations distributed across a network.

£s data cojest r2zular a23 tnus ideal for
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rejdresentation in a data lase. The filling in of a ferm can
iruly many siia2 2ffects, some of waizh can b2 2asily handlad bty
torputers. £fven on the face of a form, 1ata constraint checlking

and simple calculations are more corveniently oerformed by a

macnine thnan by a suman. Jurthermor2, a nawly created forr often

- -
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nas immediate implications for which a computer can owrovide a
raal-time respoass. If a shivping form is fill=24 in, for =svam-

ole, a customer’s account shouli be izbitted.

o

¢n= demand for distributed systams <cavabla of supvorting
real-~time applications will =zrow as more bnusiness functions
cecone computerized and as th2 desir2 for comopatibility of infor-
pation ani ready availaoility of 'COmputing powsr increases,
Manrually entering data frem & vaver form into a calculator or
comput2r in order teo oerform som2 trivial calculation is very
exvensive if the information must be entered more than oace. If

n2  feorm is entered initislly into an electrornic forms systesm,

cr

toen the computer can perform the trivial calculations without

[}

raving to b2 driven by a human.

Redvcinzg the quantity of printel paper is just one Dbenefit

af an electronic forms system: comouters cannct {(or should not)

forms or ascidentally tury them und2r a pile of pawsrwort;

leos

[{)]

clecironic forms rcan oce quickly retrieved; the computatiornal
3042rs of a computer can b2 exploit=dl te provide Tiantellizent’
forms or forms systems; communicatiorn is fast -- forms can be
‘matled” quickly betweea workstations; and information about

rorms in ta2 system can be more guickly compilel than by visiting

olfice workers  desks 1o determine the state of an office.

rven a ranual electronie forms systew —— on=2 with ne built-
in  intelligence, irn which the system merely serforms user
r2quests to manioulate forns -- a1as great value, but thera Iis

macn  potential for auntoration of many aspscts of a paper offins,
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jeminders concerning work to be done and checks on the relative

sp22i of for

-

r flow threushout the system can improve office effi-
ciency or aid in the analysis of tne iistribution of work in the
offica. fha system can =2asily detezt whather a form is stuck’
in the systsm if tne time spent s¢ far at 2 particular worksta-
tion 1is considerably greater than its usuval turnover time, and
tnen take steps to get it “unstuck . More sophisticated analysis
zan be dore given some detailed knowledge of how the system is
axpestad to run. Legality assertions on fislis, autoratic fil-

lirg in of fields, automatic crzation of azcompanying forms ani
sidia affects sucn as notification can also b2 performed when a
tform 1s crsatei. Automatic routiaxz of a form throusgh the system
zan be achieved by vrovidirnz mail worxstations that scan fornms

e

andl 1ecide waonom to distiribute the work to.

The corresaonding research preblem is not teo develop a sys-—

tem wnich will provide thes= faciliti=ss as ~features’ , but rather

v
oL

1o gencsrate a framework in which most offices may be modelled.
ns2ful systan pust be abla to captur2 a wilde variety of office
activities in a way that allows one to examine the interacticn
o2twaen tnar, [he problem, then, is on2 of reiuction -- tc¢ model
simdly and elegzantly the interesting aspects of the office within
&a uniform framework -— not to provide an overhlown syster with
2rouza features to satisfy every requast but that of wmanageaovil-

ity.
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Computer avplications in businsss nave traditionally been

(48

exactly that: applications to particular problems. Even systers
tnat ar?2 laveloped are usuwally orisnted towards a particular
sroolem. JBusiness2s interested in m2charizinz or auntomatirg some
esdect of their operation are not so concerned with developing a
systzam wnicn could also b2 us24 by th2 company across the hall or
iown the street. The best example ¢f a general business-oriented
yroduct is COBOL, not because it is a system, but because it is a
language which is actually readable, that is, it may be (rela-

tively) easily understood by non-computer spoecialists (assuming

that prozrammers do not purposely unlermine its readabpility).

Tth2 prospect of providing a syst=2r which everyone can us2 1is
discouragzing: attemots to provide general systems often result in
crias from usars for added features. Attampts to satisfy those
cries can result in larze systems with more " b21lls and whistles”

than ganerally us2ful software.

srantel taat it be difficult to abstractly capture business
cverations or even office operations in a single system, there
aave nevartaeless been sevaral atterpts in the past few years to
model them, A short survey of the aoproarches used will help

Jlacz this tnssis in varspective

Officatalx~Z2=2ro |¥LLI7H, MBTC7E] is a3 form-based computer

lrays, dossizsrs aad private datapases implamantad on a network of

small computers.
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The most attractive feature of Officetalk is its intarface.
svery effort was made to make a workstation resemble an offine
sorkar’s desk: ...the user can shuffle paper, read mail, or read
yreviously  filei documents witaout touching thz keyboard.’

{2LLI7S, 2.7]

te!

Officetalk is an attempt at mechanizing office function

el oAl Pl el

ravhsr thar automating tham, howevar. Some int=lligence may be
built into individual forms, but there is no way of s»ecifying a
sroc2dura which c¢peratzs automatically upon identifying sern= col-

lection of forms, nor is there any way of iescriecing & “normal”

nassage of forms througn th2 networz of workstations.

5

a6 MIT [ATTA®2] a form-baszd system resembling Officetalk in
many ways has been imnlemeanted. Here forms can have a great deel
v ictelligesnuce, but no procedure specification facility exists.
fields which are functionally dependent upon other fields may,

for example, b= automatically filled in.

FS [CHrU7Q, CEEUSY, GIRB?Z, GIBEE3]}, the Oifice Forms Sys-

H 2]

ten ieveloped at the Urniversity of Toronto bears much resembdlance
To Jfficetalk. It is also form-basei, incoroorates workstations
as apstractions of desks, and allows us2rs t2 manipulate elec—

tronic forms much as they would wvaner forms through a simple

(o}
=)
e

inter inc2 GF3 was used as th2 undarlying forms manipu

(7]

aca.
tien system uoon whicn ?LA, a form orocedure auntomation system,

#as puilt, much more will b2 saii about it in a later section.

9Eb (Quary vy Example, [2L0075]), ORE (0ffi-ce Procadures Iy

txample), and 3k (System for Fusiness kutomation, [DEJCER]) are


http://resembler.ee
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21 sroducts and projects at IxM which inswvirzd some of the

-3

alagted
superficial ingerface decisions in TLA.

GFE is an 21=2gant non-oroc=24dural interface to a r2lational
iatabase. elations are representei as tables, and queries to

the system are oJresented definitionally. If one wishes to firnd

all tuples in a databasz, fnar s2xampla corresponding to employeess

"

wno make more tnan $3¢,7%¢, one simply enters < >3¢8¢¢” in  the

(36

salary column and . {for wprint) in th2 name column of the

"emoloyee table.

To accomplish joins, on2 places an example (variabdle) ia the

corresponding columns of two tables. Smith, for zxample, would

=

eappear in tae rame columns of Dboth the employee ani manager
tatles to exoress trat one is interested in employees (making
more than $3¢,2%2¢) who are also manazers. This non-procadjural
apprcach o database queries is extended in natural ways to many
mor2 operatioas than those mentionad here. Som= unconventional
quaeries, it is admitted, are extrzmely 1ifficult to express in
ihis way, ovut for most »urvoses the approach yields queries which
are intuitively easier to graso than thos2 exvressed in taerns of

more traditional database manipulation languages.

Jrx anid SEA both =xtend the principles used in (EE to the
are of orocedure specification. ©Onz is aonle to have proceiares
iriggered automatizally upoa som2 coniition holling trus over th2
Jatabase. Trizgers may also inzlude time coaditions. Further-—
more2, a hvisrarchy of triggers may b lefined so 3as to capture a

flow of actions witnin a3 proselure giver that certain coniitions
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>
rold under specific circumstances.

Althouzh OFEL and SB& d=al with tables more than with indivi-
dual tuoles, it was felt that wany of the principles apparent in
these systers could be applied to forms, which are @encode2d as

tuplas.

3CO0P (System for Comnuterization of Office Processing,

{ELLI?&, 2ISM77])) was aa actual attempt to specify automatic

offiz2 proceaur=2s wusing aungrented Petri nets ([PETE?T7]. The

[P

approach moiels form flow in tne cont2xt of the entire system arn
50 must in s2n2ral caeturs an 2normous amount of detail. The
kind of information captured by Zisman’s model is at the level of
int2rest rore avpropriate to an offic2 analyst than to ar coffize
workar, Tae semantics of an office procelure are descrived
within a siungle model, however, and the interaction of tasks and
svents is cepturz2d rigorously, rathsr than infarrei from & col-
lection of related but pvaysically inispenlent application rou-

tines.

OSL (0fficz Specification Language, [FAMM79]) also 1is an
avprcach tc modelling office »rocejures, but is not intended as
an implementaole somputer system. It is insteail to be thousht of
&S 3 management and design tool used for descrioation, svecifice-

tion and analysis of office vprocejursas,

e

finally, EUL (Business Definition Lanzuage, [ELLI7¢,
ZAMM77]) is a form-basel office automation langvage. Altaousn it
is w2ll-suit=d to office apdlications, it is a specialist’s tool

vhat is used for defiiinz office pros2dures at a very high level.
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It is again nct aporopriate for the day-to—day operations of an

{ office worksasr.

-11-
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This sz2ction discuss=2s a aumber of 1lssu=s on2 must consider
in ievelopinz a system which will support sutomation. Those
issu2s include (i} the interface, {ii) the problem of dynamically
altering tae nunature of the automation, and (iii) the degres of
automation <(or the allowable complexity of triggering pro-

cejures).

Any comouter system which is to gain acceptance by non-
technical workzars must wrovide an interfac2 which neither intini-
dates new users nor frustrates exverienced ones. If the system
is =2xtrerely comnlicat=d, then it must b2 int=21ligent encugh to
ail and ipstruct new users when necsssary without interfering
with those wusers who are already familiar with its intricacies
and thus r=quire no sacon—feding., Otharwise it should have an
interface which is simple enough for a new user to learan quickly,
y21 exoressiva enough for a useful range of application. In the
lattsr <case, an extremely high-l=vel, non-procednral language
with simole, intuitive semantics would be required, and if the
raags 0f functions to be captural is small enough, such a

language 1is even feasible.

[}

Autamation in an =2lectronic office can b2 static or dynemic:

]

ritte

=

i

in 3 static system, software packages are i for each avpli-
cation, and n2w applications must be written to be comvwatitle
With existing moiules. It is "fixel  in the sense tnat features
cannot be arbitrarily enabled or disabled. The bhehaviour of a

static systam is predictable if the offic2 it mod=ls is well-
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unierstood and the model is accurate,. Molificatiors to the
aesizn and flow of the office model may well be painful, btut

there is no built-in restriction to thz “fanrcina2ss  of features

that may be built into a new avplication.

A dynamic system would provide a single software ©vackage
wanica interprets 3 high-level languag= tailoredi to the operations
and features availapnle in tae electronic office. The office is
modelled by the high-level description., If the menu of opera-
tions and features is small and the nature of the automated func-—
tions 1is aizhly modular, than the specification of automation 1in
the high-level 1language Dvecomes very Simple. In additior,
shanges te  tae design and flow of the mod2l raquire only small
chanzes to tae nizh-level specification, not to the scftware
sackage. 0f course, additions and modifications to the set of
availavle featur=2s and operations on the data objects 1is again
sainful, but now a wide range of variation is so0ssible at little

2ost, wner2 pefors thers was non2,

The mearing of an "automatis procsiurz” iepends on the sgen-
arality of wnat one wishes to medel, or wishes to he able to
Toi2l. At some point it becomes too 1iffizult or 2xpensive to
Lkave cemouters do the work, and that is where the Luman interface
a@pfi2ars, How much 2a&n b2 automatad i=2pends on how much int211i-
¢€rce should te built—-in, andl acw much int2lligsnce zan ve bousght
tarou,ch sor2 xiad of interfacne to library routin=s or auplication

wrozrams.
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Wnatever the degree of automaticn be, all activity is wulti-
mately 1initiatei frorm outsid2 tn2 systam. Automation must ©e
wser-driven at socme stage, and hence scme manual activity must
takke nlace. If thos2 activities whiczh rmay b2 autorated duvplicate
¢cpme or all of the manuwal activitizs, then guestions of <conflict
end contrel must be answered. If a manual and an automatic aro-
cedure coaflict, a decision must ve made about which is to b2
siven control. Certain activities must be locked, and facilities
for sraceful racovery must be providsd in zase an executing onro-
cedure must be aborteid bvecause of such a couflict. Waat consti-
tut2s an “error’ detarminss what sort of r=covery must take
place, In case of errors or partial {(user—assisted) automation,
us=27rs must b2 able to interact with automatic onrocedures to
=nable tasm to run to completion. OJne must identify the data
vbjects, the security restricticns on them, the range of ooera-
tions which may be performed on them, and the dezree to which
manual and automatic nrocedures may conflict with respect +to

tham,

If the soecification of automatic vrozedures is in any way
complicated or subtle, there should be some way of debugging thre
srocsaures, or =lse tne system shoull be able to detect anomalies
arising f{roem any badly-written cones., Determining what are to be
considerad “anomalizss” is no simaols task. Oa=2 may choos2 to
aclept anytning as being valii, but if not, then the detection of
arnemalies is divided between potenyial ones —— those which right
arise given a vparticular flow of iata -- ani thus require sore

anélysis for their deteztion, and the actual cnes, which wray be
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jetected by observing tae performance of the system. Ir the
sacond case, the sympitoms rather than the causes are rensorted.
If anomaliss are detectz2d at run-tim=, some facility for nalting

tne system or parts of it should be available.

The iomain of automsation de2terminss the modularity of bpre-
~eaures. One must decide what limit to place uoon the generality
of those conditiens which may trigger an automatic orocedure. If
the complexity of those condlitions is too great, triggering may

1t

i

o2 either toc =2xvensive or teoo difficult to implem=2nt. The si
voon which an automatis »nrocedure is triggered may range frem the
#3214 valuas of a single form, to thz2 s2t of forms oelonging to a
sorkstation, to all s=2fs of forms at the workstations ir the
eatire network. Intelligent forms are easy to imolement 1if the
intelligence 1s restricted to the informaticn found on the form
and nossibly some readily accessible repository of related infor-
nation. If intelligence is restricted to a werkstation, autora-
tion is still feasible, but management of the 1ata objects, be
tnay forms, tables, relations or whatever, bz2comes more compli-~
catel, since transfer of data between workstations affects tae
state of the workstation in apn unyredictable way. If the intel-
ligence applies to the state of the system as a waole, automated
JTeZeuures can be very exnensive, esoecially if the system is
implamanted as a networx of small macnines, and any transacticn
8% 31y machine, or ary -ommunication betw2en workstations or the

same or different machines alters the state of the system.

-
-

offics workers restrictzd thair atteantion only to th2ir

6esks and noboedy naid attention to what was haovpesing at the
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1ubal (manag2arial) level, then work might 22t shuffled around
from desk to desk forever without anyone noticing. If the domain
of automatic orocedures includes only 2 small part of the system,
the resultiag molularity of automation could cause the system to
vehave unpredictably in the event of an unfortunate configuration
of automatic oroceaures throughout the system. In such a zase
wnere automatic procedures do0 not know about one arother , hut
zan  prodaucs output which may b2 consumed by other auvtomatiec 9ro-
seiures, analysis guaranteeing any form of “correctness’ may be
very exosensive tc 4o on—~the-fly oy the system whenever a new »drc¢-
cedure is written., It would otherwis2 te the r2svonsibility of
the users or some administrator to ensure that the configuraticn
“correctly” nodesls the real offica., An id=2al system for automa-
tien should provide a facility for observing or controlling

activity on a z2lobal scale.

Fartasrmore, one must decide who is to write the automatic
jrocequres. I7 & single oerson can be trained to manage the
duiomation, tnen the interface can b2 fairly rich and compli-
cated. If 4individual users are permitted to write procedures
ruganing on th2ir own worzstations, than the interfacs2 must be
Simple enough that users can fesl as confident writing the pro-
“2aures a4s they do using the system., 9One could argue that con-
trel  over thae office design and form flow is lost ornce users are
acle to syecify the automation —= a badly-writter procedure or an
utfortunate cowmbdination of coows2rating procedures may destroy
valarce ir tae system —--= but it may b2 possible for the systam to

C€ able o detect such anomalies, and, more imoortantly, it mey
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pa wvreferabl=s to 12t the coatrel of automation lie wherz ths2

8,

1ocal implications are o2st understood.

Many of the issues pointed out irn this section have no clear
soilution,. Some are obvious <c¢cases of situations that wouli be
avprcached differently depending on the %Xinds of applications cne
wish=24 to run on a system suvporting automation. Others ars
research topics (' correctness , for example) which will be
tregated more in the y=ars to coma. The approach that was chosen

o -

for TLA will ve discussedl in the next chapter.

-—17 -
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The TLL projsct was conlsivel as an 2=ffort to introduce
autonation into a prototype offics forms system (CFS) rather than
as an attemnt to build a fully automated system from scretch.
OFS allows its users to verform a smrall s=2t of operations on onr=
tyoe of cbject: the electroniz forn. TLA concentrates o¢n ore
asvect upnon whizch to bas2 autormation —-- that of communication.
K2tions are associated with the flow of forms through the system,

and S0 can b2 triggered auntormatically wnen forms or combinations

of forms arrive at partisular nodzs in the retwork.

worgers are 2x»2cted Lo make decisions and do work c¢n

s

Offic

[¢1}

the basis of the coniition of their 12sk rather than upon that of
the whole c¢ffice. Thus automatic nrosedures are triggered wunon
zonditions 1local to the workstation, such as the arrival of rail,
rather than upon the state 5f the system. This restriction r~on-
sidaratly less=ns the cost and complexity of th2 most ,;on=ral

rd

rs

(D

trigsering rcontition, whose domain includes not »nuly the us
mathire but the entire newwork, yet leaves those conditions gen-
eral endousgh to solve intaresting provlems. Thne restriction is
also in keeaing with the U5 wrinciple of insulation of arivate
worxstations: ns2rs cannot oroducs sidie 2ffects cutsida their cwn
worgstation. Tne only information availabls to them ~oncerninz

the state of the system is the traze of a form’s vassage through

tha system,

Only by releasing zontral of 3 form ani mailing it to

2nothar staticn may ore indirectly affect the rest of the system,
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ziven that the form’s arrival and content have 3 meaning uniesr-
stooi by thz receiving station. If the form is not “uvnderstood ,
it is never processel by an automatic proczdure ani waits for-
ever. The specification of an automatic forms procedure should

cavture this meaning in terms of preconditions and actions.

-1G-



2. Offiq2 Automation TLA 27/January /1881

Ze¢.1. 0FS: Aa Qffice Forms System
— -4 —— —— ——— o S = G e -

O0FS (CHEU79, CHEUz¢, GIEB72, GIRES2] is an =2lectronic forwms
menagement system written in the ¢ srogramming Language [KYRN7E].
0FS providas an interfacs to MRS [HUDY?8, KORN?9, LADD?3], a
small relational database system also written in C. OFS§
translatzs its aata ohjests, which are image of paper forms,

into tuples of an MRS relation.

An OFS system consists of a set of stations distributed over
3 sumnoper of machines in 3 natworkx. Each user has a private data-
base ia which the form tunles are <reated, stored and modified.
4 user may only maniosulat= thoss forms whizhn ha “owns” in the
sanpse that they residie in his databasez, Communication ani
interaction Dbatween stations 1is achieved by allowing users to

mail forms to one another.

The only sutomatiz form processing that OFS will do occurs
if 3 form is mailed to a special automatisc station —— a station
wnich oeriodically reads its mail and submits the forms as 1ingut
to aun aovplication vrogram writtan in C. 3Such application pre-
arams must be compiled siunce there is no facility in 0O¥S for
iaterpreting files of corrands. Th=2 programs muast also bs writ-
t2n 30 as 1o preserve zompaetibility with OFS or elsz unprziint-
able and wundasirable side effezts may be discovered. Conse-~
auenily, an OFS programmer must oe equippel with a great deal of
wnowledge ¢f  the inrer workings of Q0FS {as was required for the

transformation of OFS into TLA).

|
[A%]
N

|
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A distinction is male vetween form types, form ©blanks and

form instances. 4 form blang is simnly the form template used to

1isplay a form instance. & form instance correspouds to zan

actual tuple 1in the datebase. Its fields may have values
assigned to it, and it always aas a uniqus key assigned at crea-
tion by th2 system. A form type is the specification of field
lengths and security tyoses corresponding to the form Dblank and
its associat=24 relation. A form file is th= r=lation used to

i e

stere all forms of the same type belorging to a station. The

by

e
J3
1

sollection of form filss for a station is a form databdase.

— ot o e S e

J

ure 1 shows a form blank and ferm instance for the form )

e
Hu

P

called "ORDER FORM". Note that some fields of the form irnstance
n22d4 not have values associated with them, although the key field

must.

Form fields may ve of 6 different security tynes. Manual
firlds of typ2 (1) way be insart=d or molifi=di at any time, (2)
may be inserted at any time but not wmolified, or (3) must bhe
insart=ad at form cr2ation and never modifisd. A&utomatic fieslds

are {1) %ey +#ields, always the first field of a form, (2) date

ans

ields, and {3} signature fields bearing the station’s name if

D

taz preceling field is filledi in. Taere is no facility for res-

he range 9% values & field may acceopt, other than thre

Form files may be access=d oy MRS, with the feature that

field securities ard the unique wey conrdition mzy be ignored. As

_2 1_
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KEY:
Customer aumber: _ Customer name: __ o
item: descriptions ___ _ oo
Sric=sy _
Quantity: _
Total: _ _ . _.
An orier form blank

KEY: ¢¢@¢1.,22¢302

Customer aumber: 5184 Custom2r name: Denis the Menace
Item: 22C1 vescriotion: Office Forms System_ |
Frice: Zv9______ .

Quantity: 1_ _

TYotal:__

An ordéer form instance

a result, tas MRS nterface is not m2ant to be available excent

to privilegei user .

Form operations are creation, selection, and modification.
Forms may also v2 attached to dossiers: lists of forrs which arsa
not necesserily of the same form tyoe, but which have something

in common that th2 user wishes to zavtura.

Forms may a0l be d1estroyed, although they wmay be mailed to a
“zarbage statiorn” which conceptually shreds ths =lactronic form,
and may in fact either archive or erase it iepending on the nesis

of a vparticular aovplicatior. Irstances are unique, and must

—00_
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always exist at exactly one location in ths system either in some
form file or waiting in a mail tray. Forms may be mailed from
one station to another, but they must wait in a mail tray and be
2xplicitly retrieved in order 1o be placed in the receiving
station’s form file. Copies may be male of forms, but they are
assigned a unique key consisting of the key of the original form
together with a system—gzenerated copy number distinguishing it
from the original. Copies may be modified so that they no longer

rasemble the original.
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The OFS network consists of one host machine connected to a
pumbar of sat=sllite machinzs. Communications managzers runring on
each machine vass messages between the host control node and 1its
satellites when a form instance is either c¢reatzd or relocatad.
The nhost manazes all information r=lated to form keys, copy
rumbars, actoeunt names and passwords, and mail trays. Ferms, for
example, may not be created by a satsllits station wunless the
tost sends it a unique form key, so the host must be running for
any usa2ful work to be done at a sat=1lite station. ‘The comruni-
zations manager of the host machins passss messages to a EOST"
vrograr, which processss the messages and sends information back

whan requireld.

For a form to be mailed from any station to any other sta-
tion, the form tuplzs must be delet2d from the sending station’s
form file, and sent to the HOST orogram which irserts the tuple
in a mail tray r2lation. The rec2iving station rust alsc s=2nd a
message to tae HOST in order to read its mail. Fach form reloca-
ticn is lozzel on the host machine so that forms may be traced or

located.

Jsers mavy mail forms anywhere, but they are nct inserted inw
ta2 r2z22ivia; station’s  form file uptil the owner requests it.

The a0ST holds the mail in the mean-time, thus guaranteeing the

£

wsars’ coartrsl nvar their forr d4atabases. Comrunication with thw

nd

134

is tn=refore ceressary even when both the sending

oy

o
3

2ivine staticns a&are situated on the same machine. Mail must

3
w
<)
W

—_S A
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pe2 retrieved before ary further actior is performed with it, even

1f it is to bte immediately shipned away again.

0F2 is implemented as a collzaction of overlay modules, each
of which handles a different set of actions. Mail-retrieval,
tracing ard form-crsating, for example, arz2 each implemented as
indevendent modules. Although it is necessary to switch modules
in order to p2rform d4ifferent overations, this is fairly fast and

painless. Tae individuael moiules are guaraateed to fit on a

small mazhin=, wher=sas the entire collection together might not.

Lo~

he form datavpases are implemanted as UNIX directories

[11]

[RITC7:1 owned by a orivileged form administrator. Users may

-2

only manioulat2 their databases by =2xecuting the 0OFS program,
tnereby zaloing access rights to the directories which OFS recog-
nizas as beloanging to them. Privacy of form fil2s and con-

sistency within the systam may ths2reby be =2nsured.

The cnly iaterface OFS vrovides with application pregrams is

)

tation which regularly

tarsuzh th2 mechanism of an automatic

[ad

r2ads its mailbox and intarorets the form tuples as invut to some
locally-written program. rxamoles are tae print station, which
sroduc=s a hard covy c¢f the form, and the garbage station, which

conceptually sareds or archives the form.
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Since TLA was built on tcp of an existinz forms management
system, the range of vwossible featuras for speacifying autcemation
was fortunately limited, dut still so largs that only a tiny sudb-
sat of ccenceivable features could be considered. Restricting
this ranze to a useful but imnplementable subs=st was motivated

largely by what was currently possible in OFS.

Comvatibility with OFS was also ar important concerrn, partly
-

to avoia major changes to the existing code, but also to simplify

2oanvarsion of any existing OFS system to one that supported TLA.

The user interfazce had to be very simple, and the facilities
available had to bs =asily understoecd since, as described in an
2arlier section, our ooject was to proviide a iyramic, high-level
automnatic forms orocedure specification tocl, rather than a

static systam for a particular set of apovlications. TLA hal to

be as easy 1o use as 0FS.

!

h2 s2¢tions in this chauvter discuss th2 motivation behird

some ¥ the design dezsisions and some of th2 conseauences. Tha

last section covars somes of the irplications cencerning zoo0d

esiza  in terms of TLA, ani aildrasses some problems not

A

cfiice

'

snlv=ad by the system.
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Compatibility with OFS was mairtaineil in TLA. Chanzes to
~ode ard the internal rearesentation of an OFS system were mestly
additions of modules and UNIX file directories. whare existing
files and code were modified, compatibility was maintained, so
thzt OFS woull simply ignor2 the adde23d TLA features. Conversion
~osts from ar O¥S system to cne that suvports TLA are unegligible,

and any TLA syst=m conuld be run with th2 OFS subsat.

4 set of features was chosen to stuly th= iesigr and imple-
rantation issu=2s of a reasonably useful btut unembellisned
automatic forms system. A number of assuwptions were maie about

ih2 meaning of a "forms osrofedure , esmnecially within the contert

4

3>f J0¥S, ani som2 features were discarded as being beyond the

J

sceope of such a small scale oroject.

Simvlicitvy of d=2sizn for th= sak2 of programming and appli-
zation was & major consideration. The user interface 1is
vrassnted ir termrs of objests the OFS user is alresady fariliar
Wigh: specifying overations withir a procsdure <corresponis
2losely to their manual zounterparts in OFS. 4 user who is edit-
iny an automatic forms procelure rarnioulates “sketches  of forms

-— ferm-lige onjects that ra2ireseant the ferms that the orocedure

n

#1111 eventually manipulate. The same form template which OF!
uses to lisplay form instances is used guite differently in TLa

to describe oreconditions and actions inr office orocedures. The

[¥3)
<
¥
(&)
3
3

*ications ar2 non-procednral ani are virtuwally syntayx-frae,

except for pattern matching anil fizli-referencing conventions.

-7 =
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Sinca2 the langaz2 is nresented in terms of form-like obhiests

that ftne usar is presumably alrsaly familiar with, there is not

mich tne OFS us2r reeds to learn in ord2r to use TLA.

TLA d02s not assume any ¥nowledsg2 of tae sysiem other than
what 1s available te the user in his form file or his mail tray.
Tnis ccerresoonis to the aotion in OF3 that users can only manipu-
late tne forms that they “own . Anything haovening outside their
cwn werkstation do=s not concarn taer. This mrotivated restrict-
iry  the domain of automation to tnat of indiviiual workstations.
I£ oroc=zaur=s ars allowad to %now only about ths state eof a
workstation and the forms in its form file or mail tray, then the
stat2 of the system is a variavle that does not concern it. The
conplexity of determining when to trigzer a procedure is thereby

sensicerably reduced.

An automatiz vrocedur= is meant to captur= th2 notion of an
offize worker collsctiaz f£orms at ais (or her) jesk uatil a “com-
7l2t2 sa2t” is comoiled, arocessing those forms, and then filing
taem or seniinz them on their wayv. Processing of the cellection

£ faprms may cause forms to bte modified or new forms to be added

[e]

ot

[o]

ot
5
L

sa2t. R2ference  tetlas and calculating tools ar= maide

¢l

availaclz thrauxa an interface t2 sow2 local library of arplies

tioen urogzrams.

The other aspest of automation supoli=2d by TLE is  thast of
“smart forms which automatically fill in certair fields of 2
form with oraviously filled-in fields as arsurm=2ntis. The demain

nere is that of the form alone, se trizgering takes place when-

Yoy
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e

erm is =reated or modified. “Smarter forms with fields

W
[¥7]
i~y

Ver a
22t chang2 value devpending uvon time conditions, the state ¢f
122 system, or any other variable, w=re not tackled, although

sgTe smarter form problems car bz solvai wita TLA s automati-~

rgcziur2s.

automatic procedures have preconiitions ani actions, but ro

vostconditions in the uswal sense. Satisfying all oreconditions

D

marante=2s the suczcessful comvlation of all actions. There is

only a very limitei sense in waish 3 procediure may "fail” -- if

o]

it is n@2var trizgared, for 2xamole, bzcauvs= missing forms do  not
arrive. Psstconiitions may b2  interors2ted either in terms of
which aciions are »nerformed deoendent on earlier actions, or 1irn

tarms  of trh2 oreconditious of another automatic mnroczdure to

whizh Contrel of the forms 1s passed.

Lastly, siace automatic proczdures presumably run con-
currantly wita the maazual functions of the users, conflicts couli
arise over the Jorm manioulations. Forms bz2ing collected by an
automatic rocedure could be modified or shippei away manually,
or 2ven 'stolszn” by another automatic vreoc2dur=s. Whan a complate
32t of forms is zathersl for some pro-cedure, then, it has to be
zrapbed and temsorarily “removed” from the system wuntil it is
vrezzssed,  bat  there must be co oessibility of the forms disau-

searing forever.,
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S.2, User Interraze
The sp=2cification of an automatic 7precedur2 in TLA bears

soma  resemblence to 534/03% [4033€1). The preconiition sezment
cf a orecedurz is like a LEE gquery with forms instead of tables
as the data objects. The action segment is similarly intuitively
ratural. The aospearance of a value in a field indicates, for a
precoandition that that valu2 is to be matzh=d, ¢r for an action

thet that value to be inserted in the field.

! S

4 PTLA vroc2dur= is a «coll2ctior of “ska2tches', wher: a
sketch r2semoles a form, but is to he iistinzuisned from form
klanzxs, form tyn2s or forr instancses. A form skatch, or a

.

sketch 9% a torm , inlicates eith=r a raguest to the systam to
#i9d "a form that looks like this”, or 1indicates a recuest to
rodify a form that has alr=ady bea2n retirieved. A form sk=2tzh.
then deéscribes a form instance before or after processing bty tuse
trgz2dure, and do2s so in the mediur of th2 same form blanx which
is tae template for tne form instanc2 being lescribed. A2tions
andi orazeaditions waich do not r=2f2r to information found on th»

ane of a form are specified by sketches of “pseulo-forms”: for

L]

2xamrdle, tre conaition that a ovrocedure Jrocess only forms comirg
from user joan must be inlicated on a sp22ial "source sketcoh”,

2 ascudo~foerm that describes arother form.

Thera is no faczility for swoa2cifying the order in whica forms

in the working set shovld arrive, or the order in which actiors

he parformed. TLA merely 2qsurss thwat the »rozedur2 bte logzically
rntsistent., Tae svecifizatior is aon—-procedural, in the sanse
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that the user iadizates what forms are to be collected, and whet
is to v2 done with them, but not how they are to be sollected or

how the actions are to he performed.
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?reccnditions in TLA are what, when and where, The working
set of forms is parnaps the most obvious thirnzg on2 would wish to
syecify. Furthermore, one may wish to refer tc forms that come
only from zcartain workstations, forms creat=2d or modifizd only by
on=self (i.2. taey slready reside in the user’s workstation
rather than in the mail-tray), or forms that have just been vro-
zess2d by another automatic orocedurs running at the same works-
tation. Lastly, one may wish to run a »rozadure only at certain

tim2s or ranges of times.

Obviously tne last two coniitions refar to externel informe-
tion not found on the surfaze of any of the forms in the working
set of forms iefired for ta= nracediure. As such they require
sseudo—forms {(forms that have ne¢ meaning outside of automatic
iroceauras) to cavtura the restriction if uniformity of thz
interface 1is to oe maintained. The source restriztion of a form
is then soecified by filling in the source sketch oseudo-form

lo2i2ally linx2d to taat ferr’s or2zondition skatch.

¥orm skhetches are used to caoture the restrictions referring
16 valuss tnat apvsar on the faz2 of the forms in the working
set, Local restrictions are -onstant fiell valuss, sets or
ranases of values., and relations petween values of the fields on a
sivey form. The loczcal restrictions refer only te the valu2s
adxdearin.g or the fece of @ cingle forr in the working set. If

arrin=s that @ siven ferm satisfiz=s the local rastrintions

,,
-t
-
2
v
ot

tincluling tha sourze ~oadition) for some sketch 1in some

—Z0 -
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avtonatic n»rocedure, then it notes that information and attemnts
te mateh that form with other forms to obtain 3 complete wor£ing

set for that procedure.

fuade
%

vy

sure 2 is an example of a preconditicen sketch instructing

]

F

?LA  to #atch for order forms requasting "Tin tear-drops . Since
this information can ve found right on the orler form, it 1is a
logal o»racoundition. 4 sampl2 proczdure incluling such a skatch
nizht perferm the single action of returning a form that says "ye

stepped maiking those things yoars azo! .

(>4

DRDER FORM

KeY: __
Customer numbder: _ Customer names _
Item: __ Description: Tin tear-droos _ _ . . .
Prica: _ .
Juaentity: X
Total:

3lobal restrictions on the working set of an automatic pro-

sedurz are th2 ioin ~onditions tatwesn valuss of fields appearing
nn different forms. I genaral one =2xpests all the forms in 2

rocedure’s working set to be linked by certain common field

ck
b 4
()]

valuas, such as account numbers. Egquality joins, therafor2, a
srobably aiejzwate to model most applications of automatic pro-

s2duras.

-t
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Fizura 3 sanows how 3 link is mals te fini an inventory form

for tre 1item requested on an order form. Zach sketch in a ogro-

o -

ceiure has a name assizned oy the user, ani this name ( order” in
the eramale) is appended to the field name if the field is to be
r2ferenc2d within a skatch for a different form in the working

s2t [1]. Note that on2 could equivalsntly hava olacad the ras-

tricticn "=item.inv’ in tae item numbar f£i2141 of the vreconiition

sketch for th2 order forrm.

INVENTCQRY RECORD

KEY : ) .
Iten: =Ite Dderszrintion: e
Prize:
Juantity in stock: e

On2 may wish to restrict th2 scurce of mail heing ovroc=ssead
oy one’s automatic wrocedures. If th2 accounting depertment
receives an crder form from the ordering denartment, that may be
interareted as a r=quest to forwarl a customar’s credit-rating
and ralance to tae warshouse so that the ordier may be approvel.
If hswaver, tn2 order forrm arrivas from the warehouse, that may

iniicate that the crier has zone tharouch, ard that tne customer’s

i the or2condition is lcazsr tharn the snac2 avail-
2 far tae corresponiing field, it appears on tn2
2en in an overflow re=zion. In future examoles,
wa*flnws will awn=2ar on t1e form to improve readabil-

ity.

—
ot
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azcount should oe debitted and ar irvoice mailed out. (Tre
auther maksa 10 claim that the cited =2xample be realistic --
merely that it illustrate a voint.) Figure 4 shows an origin
ps2ude~form sketch for such an avplication. Forms may thus be

sroczssed Jifferently dependineg upon their point of crigin,

et
0
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' kctions which dn rot concern thanselvss with field values
must similarly be exoressed via opseuwdo-forms, but all form-
modiification actions are indicated on form-skatchas. In general,
eyery form manipulated by a forms proceiure kas a orecondition
form sketch, an action form ska2tch, and one =ach of oreconiition

anl action psaudo-form sketohes.

The aztion form sketch indicates all insertions and wupdates
to tue form. Tha values to be ins=2rted may be constant values

{Pg. an authorizaticn}, ccoied field values (wresumadbly from

g

anoth2r forw in the working set), er vossibly furction calls
{calls to application programs). Since security type 3 fielis in
S may b2 madified at any time, one needs to te able to distin-
<uish betwe2n tne original and thz upiated value of any field. &
fiele which must be copied to another form may itself be modi-
fied, and the wrconz valus must not bz used. Fyrthermeor=, the
function calls may access both the ceriginal and updated values of
fi=1¢s, and, in ®fact, th2 orizinal valu2 of a fi=ld will often b=

cre of the arguments to 3 function 2311 unlats to that field.

Tn= astion sk2t~n of fizure 5 illustrates s=v2ral f=zatures:
tae vrice of an item is fillel in oy ~opying it from an inventory
form; a arosram called "mult  is called to calculate the totalj;

znd  the original wvalus ¢f Juantity is accessel whereas the

apsat23d value of Price is used. Note that the symbols o, ?

and 1 arz used to arzess functions, original and updated field

yalues. If none of these is ussd, a <constant siring value is
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ins2rted.

CRUER FORM

Customer numbar: Custom2r name:

Ttem: T Description:
Price: 7Pricz2.inv

Quantity: __

fotal:#mult !Price ?2Quantity

Somz analysis needs to be jore to ensure that every uvdated
field ultimately denends only unern values originally available on
the warginy s2t of forms —= it is cl2arly incorrect to update
eazn of two fields by copyinz over the uplated value of the
cther., If the Price field of the order form were uodated to
"terice.inv’ and the Price fisld of the inventory form wers
uadated to “toprigce.order’, then cl=arly no orler c¢f ezacution

rouli maks sense of the request.

Field securities must be obeyed: orocedures that create
farms must #i1l1 in n=2rtein fizlds, and vrocedur=s that rodlify

forms must ouly modify fields with an apprepriate security type.

0

If 2 oaroceodurz pmodifies a fi=2ld of typ=s 2, ther by inplicatien
the meiificatior is an irnsertion sinc2 ro value inserted into a
field of that tyde may ce modified, and so there is an implied
vreconiition taat that field be empty in the retrieved form. Ccf

~gurs2 imnlied actions must alsc be evaluated if a procedure

moiifies or inserts a field whi~h is 37 argumsnt to an automatic

e X 5 B
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field.

Fellow=uov actions varformed after all forms are modified
include copyinz of forms, attaching forms to 1ossiers and ship-
Jding forms to other workstations. Tach of these is expressed on
a vpseudo-ferm sketch., A weak sort of postcondition is available
by em>laoying a function call tc decide the shipping destination,
the numoer of coviz2s to be rade, anl so on, but branching within
a2 Jrocedure, and other general vostconditions <can only be

achiaved by coonzrating Zorms procadures which accept different

cases of the2 workinz seft of forms.

I£ tne ovrocessing of an order causes the guantity of an item
in stonokt to 4iv b=lew a certain accsptabla l2vel, for exarpls,
then one may wish to senil a memo to 3 manager advising him (or
har) that oroduction on the item should be ipcreased. The pro-
c2dure which processes orders, howevar, is incapable of c¢gondi-
tiornally »producin: this memo as a pestcondition to invantery
vi2date. It could unconditionally oroduce such a memo and then

fanctionally decide to mail it =2itaer to the manager or to a zar-

bage collection station., 4 clean2r approach, though, is to have

D

a s3varate procedure which searches for low inveatery iters, arnd

thzn fires off the memo.

The advantese of this avoroach is that individual tasks are
zlz2arly identifi=2d -- antewatis vroczdures ars uncomnlicated ana
sonaletely devoid of any control flew requiring careful analysis
ar debuggirg. Furthermore, th2 imtlementation suffers no addad

~omplexity becauss of the interpretation of vpostconiitions as

_—? -
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saparate proceduras., The low iaventory checker,

- as

cnly invoked when an inveniory form is upiatel.

~29—
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for example, is
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3.8 Summary

The descriostion of an office modelled dPy TLk 1includes the
workstations, th=2 set of all forms, th2 work which is to b2 done
sn the forms at each workstation, th2 cooriination of forms as
they flow through the office in csome organized fashicn, decision
soints where different actions take vlace, and scme notion of the
possitble s2t of “corract’ life aistories of any form. &e nave
assum2i that this descriatior may bte moduvularized to suck an
2xtent tnat some c¢olleztion of small, localized vrocedures run-
airg at the verious workstations captures enough detail that pro-~
cedures need not “"know'  about on2 another nor about the stat2 of
the system &t any time. Deciding whether this cocllection does in
fast wmod2l what we wisn it to model, however, requires an
analysis in context, anl some unisrstanliing of the possivle ways
in whilch oproc=sdures intaract. At oressent we assume that the
swner of each workstation understands the local implications of
any of his automatic  9orocedures ziven 1its preconditions and
actions, and that som2 manager unda2rstands the global proverties
2f the systam impliel by the local propesrties captured at 2ach

wordstation.

a2 lacal uroparties a=zs2ssary to zuarantes zlotal carr2ct-
ness  [whizn we &t this wvaint leave uniefin=2d] must be simple
2acuzh to b2 zawvtured at any worystation by autematic prec2durss
vyaich @&re small, comprahensinle, siwmple to write ard trivial to
depuz. The systiem, as a consequence, should be czenfizured so
that desk furctions can h2 esasily lcocalized, Multiolzs procedurss

gach with slizhtlvy different sets ¢of workins forms should te

— 1A=
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e

written to handles decision woints. A singzl= proczdure can easily
nanile furctional dependence such as moiifying or irsertins
fi2lis Ybased on valu=s of fields on forms reireived, or shipping
a form 19 & station whose name is fanctionally 1determined from
the form 1instances. Multinle procedures, thoush, are necessary
i® a ga2cision is mad=s, for =2xample, whether to create a new form

of 1yoe L Or type B, since a different action sketch would have

¢ b2 iacluied in either case.

TLA provides facilities for spacifying automation at two

1

]

yels of @wranularity: that of the workstation and that of the
iniividual form. The hizhest 1level of granulerity whizh one
would be interested in is that of form fleow in the system. That
form flow is in fact da=fined by th= zollection of TLA procedures
in the system is a side effect. One has no real control in TLA
gvar ths flow, nor is there a simvle, intuitive way of analysing
the wuroceiures to determine what possible histories a form may
have 1ir {lowing tzrough the network. Ideally one would 1like to
re aple to specify feor a iiver form or collection of forrs sore
notion of correctinass that encaossulates 1legal histories, side
effects, and so on. Such a s?H2z2ification would b2 used not as a
rrocedure which describes what must be done with a form, but
rath2r as a suideline which either (i) is asplied heuristically
to form instanc2s to warn an administrator when a ferm strays
from its pata, or (ii)} is avppli=i apnalytizally to form 2rozedures
to wara an adriansirater wh2n a combination o¢f automatiz ore-

~

dares implies

D

]

potantial ancmaly or leviation from cerract-

e}

D

£S.
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Thepre is no attemmt in the imolementation of TLA 1o deal
with this topiz. It is s22n as a subjlect of conslderable depih
ani comnpnlexity which may not necessdarily have an ideal solution,

sut should b2 anpreoached a4s a rich area for further research.

- O
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Implementation

P

Because the working set of forms for an automatic orocedure
must b2 gzathered over a oericd ¢f time, the informaticn containsd
in that procejure’s specificatien is not all needed a2t once. The
rasults of any analysis done during the form—gathering nrocess
must ve recoriedi for later use. One is not interested in the

ticn of a orocedure, say, until a working set of fecrms is

wn

(¥

.a: .

identifiedi. Translation of the non-procedural sketch specifica-
ticn must therefore be analysed and translated so that the infor-
mation nesded at variocus stages in the interwvretation of the pro-

cedure can be retrieved as painlessly as vossible,

Ecokk2ening during the form-gathering phas2 is outlined, and
the ealgoritam for identifying a complete workinz set of forms is

describ=d in som2 detzil.
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4.1. Trarnslation

Ac automatic forms proc=2dures in TLA is specified by a col-
lection cof sketches, ani as suza iescribes what is to pe done
rather than how to do it. Although the sk=2tch representation is
very c¢oaveniant for the user as ar aii to unlerstanding a nro-
cedure and casturing the arcunt of dztail which is of interast to
3 aon-programmer, the format is wholly ursuitable for implementa-
tion. Ths soa=zification must be analysed and translated for
greater run-time efficiency. £s much analysis as possidble is
iene in the translation ohase in order tc¢ reduce the execution

tima,

Sin<e one rannot predict wher th2 forms reajuired to (frigger
an  automatic forms nrocedure may arrive, the prozessing must of
42725811y b2 broke2n inte distinct parts. Tha specification in
terms of skatcies contains information of four basic kinds: local
{feraj czonstraints, slecbal (workinz s2t) constraints, duplicate
form typ2s, ani actions. The exezution of a forms procelure
makes use of these four at different staszes. TFor that reascrn it
i1s cenveniant to 4istil this information from the ska2tch suzcifi-
2ation once at procedure definition time, and translate it into

formats that ragaire ac further run-time analysis.

#nen TLA is notiiiel of the avzilability of a ~form for
avnamatic orocessine, 1t first chescks whether the form matches
the 1ncal coniitions »of any vrecondiitior sketch for that forr
tyve in any automatic nrocedure running on the workstation. The

¢cal coalitions ar2 zemorised of taz sourcs  rastriction (wh=re
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the form 1s expected to ~ome from) and the field constraints that
dapand only o1 informatior found on the fac2 of the form. If a
form doss nrot match the local zonstrairts of any pracondiition
sk2tch, thern TLA can confidently assume that no automatic noro-
~edure 1is vprepared to unandle it. Conversely, if a form does
matzch the local constreints of one or meore orecondition sketches,
then, whether or mnot 3 workinz set incluling that form is com—
uslete, there is always the vpossibility that at some time that
form  may becom2 jart of a working s2t for some procedure, given

the arrival of the missiag forms.

Ths form instance in fizure € matches the local condition of
the vpreconiition sketca, namely that Quantity>d, but there may
101 n2cassarily be a 2lobal match if there is no order form with

tn same item znumber. Jf course, even if thers is an order form

[1}]

with the same item number, it may not satisfy the other cor-
straints of its opracondition sketch, whatever they might be.
Nevertheless TLA notes that a local match has been made and

natiz2qatly waits for the rest of the working set to arrive.

Usually, TLA will check the local constreints of a forr,
razord its findin,gs, dzterminz that the form does not completa a
working set, ani tner intervrupt the preconlition portion of the
yrozedure until mere forms arrive. Further nrozessing may not
sztur fer sor:z time. For that reason, all local coastraints {(ang
source couditions) for forms of tas same type are extracted from
all autematic orecsdur2s runainzy at a gziven vworkstation and

storsd  in 3 common file., Only 2 single file need then be opznedl

15 check the locel constreints of a given form for all
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INVENTORY RECORD

ReY S
1tam: =Item.ordar Descrintion: e .
Prige:
Juantity ia stozck: > _
Preconiition sketch

INVENTORY RECORD
KEY: 20221.2¢22%

item: 2982 NDescriptior: Thrse Letter Acronym_ _

Pric=2: 832¢ . .

Quantity in stock: 12
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Ferm instanne matching local wvr2conditions
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sroc2duras. Information which is not yet of interast rests =lse-

where.

Tven if a comnlate working set of forms conceptually arrivss
together, the processing of the forms is s=2quential, ani TLA
l2ares about zazh form individually. A locking algorithm zuvaran-
tees taat twe forms cannot ne processel at once at & given werks-
tatiean. Sansrelly ferms will not arrive simultanecusly. Thus
cne  can expect & consilerahle ielay betwesn tre establishment of
local ceastraints and the evaluwation of 1links between forms.
rn2n  the 1c¢zal constraiats havz been matzhed for a form, TLA
~hecks whethee any 1link conditions between the corresponding
sitat-h  and  any othar sketch of the procedure are satisfied by

that forr and forms for whinh TLA has alrzedy found loczal
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matenes. Zyen if ro new links are founi, links may yet ope founi
with forms trat have not arrived. The link conditions are stored
in files by vprocedurs, since TLi will referencz the singla vro-

nr which local conditions aavs been matched at any one

Ay

2egurse

tima.

[}

[f, in tas previous examples, TLa founl an order for item

v
#g¢g2, 1t would note that the 1link between the inventory ard crder
*orm orecoaiition skatches werz2 satisfied by these two form
instances., If the workin, set consistel of only these two forms,
th2n the sroc2dure actions wouli be verformed. Otherwise TILA

will wait wuatil forms are fournd to match the remaining links of

the wrocedure for these two form lrnstances,

Scticas ara narformed only once a workinzg set of forrs has
heen comoiled -- somethinz whi~ch need never ozcur, in fact —-- angd
so antions ar= also stor2d in & separate file., PLA prevrocesss=s
srog2aures 192 check the lezgality of actions and to determine a
lezal order o7 esxecution 1if one exist. No further run-time
anzlysis 1s r2quired -- actions are zuarant=2d to run ito zorple-

tion.

P2 2yarala in fizure 7 iznplicitly reguires that Pricz rust
Tirst be zooied from the inventory form before its value may be
Fd

multionli=2j by tn2 Cuantity. This =2stablish2s a 1a,;al order of

aotions for taat sketch.,

¥irally, a list of which sketches refer to forms of the same
t7s2 1s storel in anoth2r fil2 for the purpose of Chacking at run

tine that forms matching the sk2tch in 2 procsiure’s working set
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ORLCER FORM

KEY:

fustomer rumber: Custemer names
Item: Descristion: e
Price: ?Price.inv
wuantity:
Total:#mult 1Price 7?7Quantity

Figure 7 Qrdering of actions
are, ir fact, distinct. A form may match two oprecondition

skatshes of & orocedure, but only if those two sketches are of
ta2 same form type. Therefore, comparison of form keys 1is 1ore
zaly between forms of the same tyoe rather than bketween all forms
in tae working set. The comvarison of all form types ir the
workian.s set witn each other is 1ione befor= the proceiure is

@llowed %o run.

tnoadmitt=2dly unlikely example is captursed in fizure 8 which
is trigsered if TLA detects two inventory forms for a sirzle
item, Sine2 thar2 are twe wreczondition ska2tzhas in the pro-
seiure, TLA assumss that thsy refer tec two different forms in the
worfin: s21, Otherwis2 any inventory form would trivially
satisfy buth wrecondition sketcones and thus trigeer the procelure
with 2r=2suarably undesir2abl=z side =2ff2acts. Wheng the pracedursz is

written, TLA nrotes immediately taat two precondition s¥etgches

imszrip2 forms of tne same tyde, and thereafter erforms a ¥key

rota

raTupiricoan af those forms ir ary workinz ssat identified, to

zuarant=ze that they are not one and the same.
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INVENTORY RECORD

Iten: Daserivtion: _ T e
Price:r ...
Guantity in stock: ___

Precondition sketch invl

KEY :

- P m e e h e

Item: =Item.iavl Descrioastion: e e
Prices .
Juantity in stock: _

Precondiition sketch inve

Figure 8 Duwplicatsz foerm types in a procedur:

X
I

These various files drive an interpreting routine which 1is
irizmered whenaver a4 vossibility =2xist that a form b2 regquirad
for automatis processing, that is, at form creation, form woldifi-

zation or meil delivery. Under certain circumstances, one may

[y 1]

1

(6]
<

require tne output of a procedurs to be available as inaput
to other oarocedures, or even as inout to the same procedure.

fowaver, o2 must taxe cire not to ineivertantly cause an infin-

ite loowv, with one wrocedure cortinuously reprocessing its out-
#ut, cr worsz2, coastantly spewing out naw forms and clozging up
tha system.

-
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The most difficult vart of running automatic vrocedures is
the form-zathering. Wwhen a form is mail=2d or created, TLA must

decide whetner the form is needed in some working set. Matching

ozal constraints of sketches is easily 1one, but the relation-

]

ships betwe=n actual form instaunces may be much more <complicated
than those of the sketches in the working set. The graphs which
i2seribe the working sat are discuss=24, anl the algorithm which
identifies a <collection of forms satisfying the working set is

Jiven.

v
- -
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£.2.1. Forp Imazas

Tae TLA automatic precedurs interpretsr 1is triggered upon
receist of mail, form creation ané form modification. Since the
last two are th2 r=2sponsibility of the user, triggering in thase
sases iavolves only the sp»awning of a new interpreting process.
In the first ~ass, howaver, the interpretins process is initiated
by the user who sent the mail. Tyvically, mail will be sent from
& station on a satellite machine tc another, also on a satellite
(assumin» on2 aost node and wmwany sat2llites on the network).
“ail is routed to the host machine whare the form is saved anil an
2ntry in a mail tray is made. Thz raceiving station may at any
toiat tnereafter retrieve any or all forms from the host which

are listed in its mail tray.

Automatic proczdures are meant to run rezardless of whather
the user to whom the corresponiing station presumably belonss
ever signs on after tne orocedure is written. Wwhether or not any
automatiz vwrocadurss exist at a station raceiving mail, the fol-
lowinz siens ars taken: if the sending station is on a satesllite
machin2, 1t s2nds a messaze to th2 host 2onsisting of th2 con-
ta~ts of tnz form tuple anl the name of th2 station which 1is to
réceive the mail. The host ther stores the tu»sle, updetes the
rec2ivin; staticn’s mail tray (and thz form relesation loz) and,
if the recioient 1is not on the host machine, the host sends a
m2ssaza 1¢ th2 r=cipient’s masrin=2, consisting of the nams of tha

reéceivicse statian,

51—
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it the recioient’s machine, the interonreting orocess is
startad. It taen communicates with the host, asking for imazss
of each n2w form in the recipient’s mail-tray. The interpreter
maintains filss of form imazes fer each form available for
autonatis ovrnzessing, ani d=letes the images when the forms have

been worozessed either automatically or by the user. The images

.

are cnui2s of tne count=nts of =arch form for wuse by the inter-
reter alone, ard are stored just as forms are stored. The user,
howaver, has no acca2ss to the images as forms -- th2y may not be
meiified, shiuvped away, or otherwise marnipulatel, and so they are
not prolerly forms or zopies of forms, but merely images of

forms. (Ta

w

avthor apolocmizes foeor th2 proliferation of such

']

es, skatches and

terms as form Dblanks, typss, instapces, file;

images, out nopes that the realar appreciates the need for a

sarantic distinction.]

Since mail may arrive while the interpreter is running, it
continuss to orocess all maill until it discovers an empty tray.
Only one iatervpreter may rur at any time for a given staticr, in
crder to eliminate the obvicus J2roblems which would arise if two
{ataroretsrs he:ran te nrocess forms shich “belonged together in

ane  automatic prozeiurse. £ lon¥k is therefor2 placei on the run-

"

ainzg of Un2 intzrpreter feor a ziven station.

E)
oD

s}

If ar crizr form anl an 3ccount form bh2lonsing togethner
arrived simultéansously at a station, and two interoreters were
Allnw=24 to uroc2ss tham zoncurrantly, than 2ech would diszover
that tne locel prezoniitions wer2 matched, However, the link

tatyaan the two wonld be missed sinc=2 n2ither idnteroreter could

|
N
\J
]
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72t Dbe aware of the form bpeing procssseil by the othsr. Alterra-
tivaly, each interoreter might discover the link, but an attempt

by each to lozk the working set coull result in deadlock.
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t.,2.2. Sketch and Instance Graph

i

It is us2ful to abstract tae working set of a form procelure
in terms of a grash with the sketches as coloured vertices, and
tae io0in conilitions, whatever they might be, 3s edges in the
<rach. The graoh correspondirng to the procedure specification is
th=s sket~ia grapnh for which the form—-zathering algorithre must find
corresnonding forms and satisfy join conditions. A corresponding
sravh for form instances attempts to match forms to sketchas in
the sketch szraph with the join coniitions of the working set
hclding between the actual forms. The instance gzraph =zenerated
by the forms retrieved may, in the worst case, not look very much

like the sketch zranh, and the corresnondence must be established

zara2fully.

(S
-
ons
.

2

Consider the preconiition sketzshes in figure 2. O |

D

batw2er th=2 account and crder forms ics establish2d across th
customer aumber, arnd a link betwe=sn thne orier and inventory forms
s caotured by two slobal conditions, one by item number and tre

stner by quantity.

The ceorresnondaing sketzh graph is shown in figure 1¢. Farch
sketeh is representel by a labellei/coloured node, and =2anh 20l1-
le~tion of zlcval conditions tbtetween a woair of sketches is

raasras2nted by 2 single =442,

ghen a3 farm is pass=21 to the intsroreter, it first reedis the
#il=2 aof lezal constraints for the forms of that ty»e. Whenever a3
matca is found, the intervreter notes which sketch of whieca vro-

~edure 1is matched by the foerm, and it enters & tuple consisting
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GUSTOMER ACCOUNT

Custemer numbsr: =pumber.order
Credit ratiang:
Ealance:
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ORDAR FORM
KEY:
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Sustomer number: Customeyr name:

Item: T Deseription: T
Price: ,

Juantity: <=Quaatity.inv

Total: |

Ty S,
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scount oriar invertory

of the forr tyo2, the form ¥ey, the vuwroc2durs and the sk=tch

matched into an MRS relation (zalled "NODE").
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Thz file of zlotal constraints for th2 procza2dure matched is
then real. For every 1lin¥ concerning the matched sketch, TLA
astablish2s whether the current form satisfies the Jjoin condi-
tions with any of the forms vreviously recorlded in the NODE rela-

tion.

Fer =2vary new link found, TLA inserts a tuple into another
MRS relatioa called FEAGE. EDGFE records the form keys, tyves,

skatzh names and dSrocedure name of evary link =stablish=d.

The NODE and EDGE relations describe an instance graph with

s, The

o3}
(D

forms as vartices or nodes and lings botw=2en them as 24z

vertices are coloured according to which sketrh the form matchss.

If =2 form maiches two or mor2 d1istingt sketches in one or more
procedures, it is multiply reoresent21, onze for eaczt szetohn,
rroc2dure  names oartition the instance graph, since there can be

ro links between sketches of iifferent procedur=s. For =2ach par-
tition we wish to match the skatch graph that descrites the work-
set of forms for that procedure, with sketches as nodes, and
Join conlitinas as edzes. Hodes are assigned a unique celour for
each sketch, &nd the sorresponding c¢olours are wused irn  the
instancse rannh, An instenc2 af th2 sketch zraph, then, must b2

found witnin th2 instancz zraoh.

Fizar2 11 s20ows the instar~e zraoh for the oroczdures of

[

Pigare &G forms have oeen found to match each of the oreconii-

tion sw¥2tch2s of the oreocedure, but there is no comnlete working

set., The moment a workings set is founi, though, it is prosssse:

and thns disanosars from the instance graoh. Note that most of

|
5
»n
|
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ta2 disconn2acta2d subsraphs of the ianstance graph are in fact sub-
zrapvhs of tae sketch graoh. In the last case, however, there are
two orders for a sinzle item, and the ra2laticashios is not that
sinple. Th2 first account form to complet2 either working set

will comnlete the "copy of the sketech graph to be found in the

instanz2 zragh,

account ori=r inventory
S
2 o e e e e e — -
4
%
!
Figsur2 11 TIne instance graph for a procedure

Th=2 relationshios bestween the forms in the working st of a
form vurocelure are expected to be besst express=2d in terms of the
join conditions, so the sketch zranh will generally be connected.
Tha instance rrana, how=ever, will more oft2n consist of sa2veral

sartially zomdlete working sets of forms, and so will be discon-

N

nast2d, The enly lik=ly situaticn in which th= sketch gravh will
he discounnected ozcurs if one or mor2 cf the forms ir the working

set are uniguely identifiable within the svstem, indevendent cf
the other fores in the worxinz s2t. & “tetal” form for & sta-
tien, for example, is updateil =very time the automatis procedure

which acs=ss=s it is run.

—BT
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-
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I¥f tae join norditions impos=2d on the working set of forms
are nice then each connected subgranh of the instance gravh
will also b2 a subzravh of thes sketzh graph. It is concelvatrle,
however, that 1two forms satisfying a particular pracondition
sk2tzh for a .srocadure may =2ach satisfy a ioin condition witn a
thiri form which satisfies the local conilitions for a s2coni
sketch i1a that orocedure. This anomaly will occur either if the
imngs=2d  jein conditions ar2 "not nice2 enouzh”, or if duplicate
foarms are inalvertently created and passed through the systam.
In this <cas2, the -onnected subgrashs of the instance gravh are
70t as simply related to the sketech graph as  before. Thus,
establisning when a comualete working set of forms has heen com—

2ilel requires zaraful analysis. {(S=22 the last =2vxamvle abovs.)

(

One may assume that, whenever a working set is found, it is
wroc2ss21 and  l=aves the domain of our station’s collaction of

sutomnatic vprocedurses., At any given time, then, when TLA has fin-

ot
[V2)
o2
a7l

1 zrocessiny a forrm and has not y2t bhegun to procsss the naxt

f’

i3

m, we ¥now tnat the instance zraph contains no copies of the

<

sketch graosn. If a copy of the skxetch graph is identified, then
a worgiuy s2t nas bhaen found, the wrocedur2 is =2x2cuted, and the
cerresoonding  nodes ard edges are ourged from the instance grapk
sn that no more werkias s2ts remain. When a new form arrives, a
woring set of forms may be ~omplated only if that new form is
inzluded. Ta2 analysis 5f th=2 iastanc2 zraph, then, ne=d only
~oncern  tae connected subgraphs waish includs rodes repressanting

the new form.






