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The Software Development Assistant (SDA) is an
exploratory software development environment. It
employs new hardware andsoftware technology to help
developers ofthe Definity" 75/85 communications sys­
temmanage the complexities ofsoftware design. We
describe an integrated set oftools to be usedduring the
design and implementation stages ofthe development
process, andthe architectural components onwhich
these tools are based. We then discuss currentwork to
develop new user capabilities andto incorporate new
technology. The Software Development Assistant proto­
type is general enough to be adapted for usebyother
software development projects with modest effort.
Introduction

The goalofthe Software Development Assistant (SDA) project
is to apply advances in computing and software technology to the soft­
waredevelopment processofthe Definity 75/85systems. Existing
large software systems, such as Definity 75/85, continue to be
upgraded. The upgrading processcan be made moreefficient by using
newertechnology better suitedto the difficult task ofenhancing a
large software systcm.l-'

The SDA project has been focused on the time-consuming,
repetitive tasks at the core ofthe development cycle: learning, design­
ing, coding, and unit testing. Asenhancements are addedwitheach
Definity release, its software base becomesmorecomplex. This makes
each releaseharder to change,harder fornewor reassigned staffto
learn,and harder to test.Also, muchofthe rationale' for designdeci­
sions is not documented, further burdeningthe process oflearning
howthe systemworks.

Our approach in SDA for improving this situation follows two
paths. Onepath is to create an integrated set of software development
tools, the SDA Toolkit, that would substantially reduce the time these
tasks require. The secondpath is to create a computing environment,
the SDA Computing Platform, which provides computing capacity to
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support the new environmentat a reasonablecost, both
in capital cost and administration and operationscost. It
is importantthat SDA provide newcapabilities without
disruptingthe existingdevelopment environment. Fami­
liar tools and commandsmust stillbe available, but new
ones make the job easier. This approachminimizes­
and mayeven eliminate-discontinuity or breakdownin
the user's perceptionof their work environment,' and
therefore minimizes the retrainingcosts ofmoving the
existingdevelopment staffto SDA

The goals of the SDA Toolkitwere born from
problemsin the current software development environ­
ment that affect developerproductivity:
- The current tool set consists of independent toolswith

dissimilar user interfaces. Data is not easilytransferred
from one tool to the other.

- Manydevelopment tasks stillrequire time consuming
and error prone manualsteps, such as printingand
transcribing information, that break up the work flow.

- Ineffective communications among peopleand groups
is a majorcause ofrework in large development pro­
jects."

Our goals were to provide an integrated set of tools in a
uniform environmentthat supports a maximal number of
development tasks, including group communication. To
achievethis we exploited the ideas ofdirect manipulation.'
scientific visualization," embedded selection, and multi­
window synchronized scrolling? within the user interface.
We added capabilities that enable the project'sdesign
groups to collaborate more efficiently on design and im­
plementation decisions, and to easilyrecord their deci­
sions.9,10. Wherever possible, we automated or eliminated
clerical tasks that supported the development cycle.

To support these newtools for developers, we
designed a low-cost, workstation-based, networked com­
putingconfiguration that uses commercially provenhard­
ware and operatingsystem components. The existing
development environmentuses severalmainframe
UNIX® system machines that are accessed viacharacter­
based terminalsor window-based AT&T 630 MTG ter-

Panel1. Terms and Acronyms In This Paper
ASCII American StandardCodefor Information

Exchange
cia C Information Abstractor
CPU central processingunit
CRT cathode-ray tube
FDDI Fiber Distributed-Data Interface
gadd Graphical Animated Designand Debugging

(graphical simulatorprototype)
GNU debugger
Information SystemsNetwork (AT&T)
Multitasking TerminalwithGraphics
private-branch exchange
Remote Procedure Call (Sun Microsystems)
Software Development Assistant
Network FileSystem (Sun Microsystems)
Network Information Services

(Sun Microsystems)
XDR ExternalDataRepresentation

minalsoverAT&T Datakit" or ISN data switches. There
are inherent limits in this configuration that make it inca­
pableof supportingthe newsoftware toolenvironment
we envisioned. Someofthe limiting factors are:
- Small display size ofuser terminals
- Slow data communications speed (e.g., 9600 baud).
- Limited and slowgraphicaldisplay capability
- Contention for computing resources that is common

to timesharingsystems.
The SDA computing platform consistsofhigh

speed networked disklessworkstations, large resource
servers, and terminals that support the XWindow
System?' software. (X Window System is a trademarkof
MIT.) Manyelementsof the existingenvironment were
kept intact to reduce conversion costs and minimize dis­
ruptionofongoingdevelopment work. The combined
SDA hardwareand software system allows development
staffto ease into the newenvironment usingconcepts
similar to the previous environment.
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Figure 1. Design ani­
mator display show­
Ing Interprocess com­
munication. The bold
arrow and shaded
boxes represent the
"current message"
being viewed.
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Our methodfor developing SDA followed the
rapid prototyping paradigm. That is,wecreated proto­
typesquickly to do tasks in ways wefeltwere demonstr­
ably better than current practice. We then showedthese
prototypes to developers to get feedback on important
featuresand capabilities. This approach wasessentialto
quickly deliver useful capabilities. Webelieve that SDA
constitutes a newapproach to large software systems
development efforts in two ways. One is in the high
degree ofintegration ofthe essentialdevelopment tools
neededfor software development. The secondis in the
designofa networked computing environment that is
able to supporta large software development team.
Though SDA's target was the Definity 75/85 PBX system
project, wewere careful to create an improved software
development environment that couldbe adapted foruse
by other software projects.
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The SDA Toolkit
The SDA Toolkit comprises a collection oftools

that maybe used in either oftwo ways:
- Individually, forhighlyfocused activities such as learn­

ing the high-level software architecture or debugging
a subroutine.

- Concurrently, as an integrated set fortasks that span
manylevels ofsoftware design, e.g., debugging a
feature that is implemented acrossseveral communi­
catingprocesses.

The following subsections describe the current proto­
typetoolkit.

The Design Animator. The design animator graphi­
cally animates interprocess communication during
software execution (see Figure1).Userscancapture,
replay, edit, save, and printthe animations. Adiagram­
oriented, interactive, graphicsinterface enhancesa
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Figure 2. Annotator
window display show­
Ing the Inspection
document (top) con­
taining an annotation.
At the bottom of the
window are the file
(left), annotation
(center), and book­
mark (right) naviga­
tion panels.

}

«-- 5 LINES DELETED --»
1* Check if there is an outstanding ccet't: demand

* heartbeat test. If yes, report FE_NFUNC to MllP.
*1

hrtbt_reply( FE_NFUNC );

«-- TO 10 LINES --»

1*
* Send IlUdix+ linJc. dmm. status
* UdonnatiOll. to the aap if the
* Aud1x+ TSC is leavinq the ACTIVE
'It state.
*/

da',-,lactiveO;

if «FTSCjIPPLO == AIDIIXjIPPL) &&

ANNOTATION
Summary: Test for FTSC_ACTIVE not valid
Location: capro.ss/suser_m.p/chum.d/lsc.dlf,-cpdist.c : 265
Date: Mon Mar 12 13:12
User:fas
Fault Severity/Determination Method: Observable/Preparation
Fault Type: Logic
Fault Class: Wrong New
Resolution: Change
Description: Not a valid test at this point. You should move it until after the call to
FT_STATUS in line 276

65
266
267
268
269
270
271
272
273
274
275

264

«-- END OF DELETED LINES --»
276 FT STATUS() = (FT ENABLE FLG () == 0) ?
277 - FTSC_DISABLE FTSC_ENABLE;

~ inspect /devzl/warea/fas/rts_link.pj/inspect.3*
«-- 6 LINES CHANGED --»

1* Report TSC Failure to Hl111 *1
aux_data.d_sgrp_id = FT_SIG_GRP();
h1»11I evntisdn(HO FIX TSC, 1* WllHE *1

• - (PN PORI ID) CUr aidx, I*tsc idx*1
• E ftc RPT, -
• (Unsigned char *)&aux_data);

capro.ss/suser_m.p/chum.d/admin.d/add_ftsc.c (C)
capro.ss/suser_m.p/chum.d/atoms.d/ch_ch_state.c (C)
capro.ss/suser_m.p/chum.d/dax.d/dax_nactive.c (N)
capro.ss/suser_m.p/chum.d/dax.d/in_dax_msg.c (~
capro.sstsuser m.plchum.dltsc.dlft cpdist.c (C
capro.ss/suser.=-m.p/chum.d/lsc.dlf,-exp_tmout.c ( )
• swapp.ss/aap.p/hdrs/aap_audlx.h (C)
swapp ss/aap p/hdrs/ax_err.h (C)
• swapp.ss/aap.p/hdrs/dax_err.h (C)
swapp.ss/aap.p/maind/c_glbLc (t)
swapp.ss/aap.p/main.o/cpdistc (C)

;o;:;}; Annotations

add_ftsc.c 200 -- Need
check for link status

add_ftsc.c : 208-­
Consolidate above code

ft_cpdlst.c : 265 -- Test for
_ FTSC_ACTIVE not valid

:;o;:} Bookmarks

dax_err.h . 17
cpdist.c : 99
ch_ch_state.c : 69
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user's ability to understand complex interactions among
systemcomponents.

Usersdescribe their visualization ofthe system
by drawing a directed graph that showsthe processes
and communications paths ofinterest. The animator then
animates the graph,displaying in sequenceonly those
messagesoccurring along the prescribed paths. Asan
option, the animator can showallmessagestransmitted
in the system, dynamically creatingprocessesandpaths
on the diagram as necessary. This modeis particularly
useful whenusers are learning the behavior ofa system
and are unfamiliar with its architecture.

Withthe animator connected to the debugging
portofan operating Definity 75/85 switch, developers
view interprocess communications as they occur. By
interacting with the switch and studying the resulting
animation ofthe messagesthat are sent, the developers
learn abouthowa particular switch feature is imple­
mented. To enhancereadability, the animator automati­
cally translates intomessagenamesthe hexadecimal
codesoutputby the debugging port.This method of
learning the software architecture would be impractical
usingthe current practice ofsettingbreakpoints at
sourcecodelevel, and then manually translating the tex­
tualdebuggeroutput.

The animator fills several needs in the software
development process. Because it showsexactly what
interprocess communications take place, and is guaran­
teed to be accurate, it provides accessto a dynamic archi­
tectural document that neverbecomes outdated, and that
can illustrate anycombination offeature interactions. We
havealsogenerateda library ofanimation scriptsfor the
major features of the switch. For educational purposes,
these can be viewed offline from the switch. An enhanced
version ofthe animator will be used to debuginterpro­
cess interfaces instead ofjust displaying them.

The Annotator. The annotator is a toolused in the
software inspection process. Before software changes
are introduced to the project base, they are inspected by
a special team. Eachteammemberindividually reviews

AT&T WCHNICAL JOURNAL.MARCHIAPRIL 1990

an inspection document, that delineates the proposed
changes, and notesanyfaults that are found. The team
then meetsand agrees on a common listoffaults that
must be corrected before the changesare allowed.

Teammembersuse the annotator before and
duringthe inspection meeting to view and comment on
an electronic version ofthe inspection document. The
workstation display ofthe annotator window is illustrated
in Figure2.

The display's upperpane shows part ofan
inspection document. Differences between the project's
software base and the newsoftware are highlighted
throughfonts. Several mouse-based commands helpthe
user move to the next or previous page, file, or change.
The user mayalsoinsert bookmarks-temporary place
holdersto which he or she can return at anytime. An
annotation, such as the one illustrated, may be inserted
at anypoint. Mostfields in the annotation are completed
automatically, or are optional. Ordinarily, the user com­
pletesonly the summary and a briefdescription. This
makesit easy to makeshort notes in a document. The
description field maybe expanded as necessary. Using a
"cut-and-paste" feature, users mayeasily copy code
excerptsintoan annotation.

The bottom panes listthe files (left) , annotations
(center), and bookmarks (right) in the inspection docu­
ment. The file namein boldfontcontains the cursor.The
user clicks the "mouse" on a file name, annotation, or
bookmark inside these panesto scroll the corresponding
itemintoview in the upperpane. Inspectors can"check
off" files in the leftpane (indicated byan asterisk) to
keep track ofwhatparts have already beeninspected.

After each teammembercomments on his or
her copy ofthe inspection document, the annotations are
mergedintoa single document. The teammeeting takes
place in a roomwith a workstation foreachmember
(though someor allparticipants could be at anotherloca­
tion). The teammembersuse the annotator in confer­
ence modeto view the mergeddocument. The person
documenting the team'sdecisions during the meeting



mayadd, delete, and change the annotations in full view
of the other participants. The final annotations are refor­
matted to producethe meetingreport.

Using an annotator instead ofa paper-based
method streamlinesthe report-making process,and inte­
grates the browsingcapabilities describedin the next
section.The specific benefitsof the annotatorinclude the
following:
- Because readers tend to "jump around"while scan­

ning an inspection document, both in preparation and
in the meeting, the annotation toolmakes reviewing
much faster.

- The toolprovides an easy way to search for changes in
lengthyfiles that haveonlya few changes. It alsohas a
convenient facility for trackingwhathas been inspected.

- The toolcaptures commentsas they are first noted.
Thus, it eliminates transcription during the meeting
and retypingafterwards. The meetingcan be further
streamlinedif individual commentsare merged
beforehand, and the merged versionis madeavailable
in advance to team members beforethe meeting.

Browsers. A browser is a tool that allows rapid
navigation and queryingofthe project'ssoftware base at
variouslevelsofdetail. It is analogous to the waya book
is browsed, i.e.,by looking at its contents,index, and
selectedpages. Somebrowsers alsoallow editingofthe
displayed "pages."We havedeveloped twosoftware
browsers as part of the SDA environment: one witha tex­
tual, the other a graphicaluser interface. Bothbrowsers
relyon a databasethat containsinformation abstracted
fromthe project's software base by the C Information
Abstractorcia. l1

The Text Browser. The text browser (Figure3)
allows the user to view or edit the source code in the
project's software base that is identified in responses to
symbol definition and reference queries.Aqueryis
formed by selectingthe symbol text in an annotatoror
source window, and selectinga query (e.g., ''View
Definition") fromthe text browsermenu.The result of
the query is displayed in a separate scrollable window

shownat the bottomofthe figure. The outputofanypre­
viousquery can be redisplayed by selecting its title in the
right pane ofthis window. The source code defining a
selected symbol can alsobe viewed and edited ina
separate window. Users need not dealwiththe under­
lying directory structure ofthe project'ssoftware base.
Since text in anywindow can be selectedas the subject
for a query,typingis minimized.

The text browser is designedto workwithother
SDA tools. Usedwiththe debugger or text editor, it
helps a developer decidewhere to makechanges to a
program. As Figure3 illustrates, it is used by a code
inspectorto determinethat a programhas been properly
changed,and that those changes do not conflict with
other areas ofthe design. Whenusing the designanima­
tor, a user can first select a displayed message name,
then request to see the source code in the receiving pro­
cess where that message name is referenced.

The Graph Browser. The current version ofthe
graph browser graphically displays the staticfunction call
graph for a process (see Figure 4). Eachfunction is
displayed at the center ofits own page.The functions
that callit are shownon the left, and the functions it calls
are on the right.

To see the pagefor a particular function, the
user clicks the mouseon the correspondingly labeled
arrow-shaped box.The user can use the text browser to
openthe appropriate source files that define anyofthe
functions shownin the diagrams.

Becausethe graphicand text browsersaccess
the same abstraction database, other reference relation­
ships couldbe expressed in graphical form. These rela­
tionships include the use ofglobal variables by functions,
and the use ofheader files by Cfanguagefiles.

Presentingthese complex relationships in a fami­
liargraphical formin the graph browserenhancesunder­
standing. While navigating through such a diagram, the
user sees dependencies and heavily used functions and
variables that otherwise would go unnoticed in a purely
textualpresentation ofthe same information.
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181 inspect /devzl/warea/fas/rts link. pj/inspect. 3

;* ctear TSC_USER Gloh"ls *;

;*
* Globai fI"g that is
* set for BRI users
*;

Bri_user;

sig qr p )
;* this should he" TSC USER index *;
;* S,g Grp Index. " non-::O indicates that
* " new TSC USER has Just been created
* on this siggroup; otherwise. obtains
* the stg group from TSC USER user record.
»r -

"capro.h"
"un.fr"
"un r cvh"
"tmr mgr/tmr ca1l3.h"
"q93I mtce. h"
"port-id.h"
"q931-def e. h"
"ch1JJl'l~h"

"tsc UJI'l.h"
"pri;um.. hOI
"enva r . hoi

extern short int _'ewO;
extern void clear csccer () ;
int rc; -
extern unsigned char

#include
"include
#include
#include
#include
#include
#include
#include
"include
#include
#include

short int tsc_addr_usr(index,
short unsigned index;

a short unsigned s19_9rp;

181 inspect - -chum. d/addr. d/tsc addr usr. c

ill Annotations

add_flsc.c 200 -- Ne
check for link statu

_ add_ftsc.c: 208--

m>n ft_~pOd~~t~~d~t:5~~Ofee

call drop before establishe

break;

err.....Froc (E_DATA_ERR.
(unsigned short)J! FTCPD
FT_NCATSC_UIDO. Cue ft

1* The key in the timeout message
* message doesn't match the key stored
* in the FTSC record ..;

break;

/* Send any queued data * /
send queue (FTSC USER);
break; -

/* Address the NCA-TSC connec t.ed to the
if <' 'i."«short unsigned)

(G_USR_ IDX (FT _NCATSC_UID ())), 0)

/* Set the call record globals, so send
* can get the CRV *1

P cr ec ;; &Ch call r ec [TSC CALLREC 0 J ;
Cur_ cridx = TSC_ CALLREC 0;-

else
{

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

.. 234
235
236
237
238
239
240
241
242
243
244
245 case UM DROP: /*

capro.ss/suser_m.p/chum.d/d8)<;_d/~8)<;_nactive.c(N)
capro.ss/suserjn.p/chum.o/oax.crtn dax_msg.c (C

2capro.sslsuser m.plchum.dltsc.dlfi cpdist.c (C
_ capro.ss/suser..=-m.p/chum.dllsc.dlft_exp_tmout.c ( )
~ swapp.ss/aap.p/hdrs/aapjaudix.h (C)

lliTI ~~~~~~~;~~~~;~~;~;~~~r~~Tt)
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/* Set global, get user index and address the data structures */
Bri user = FALSE;

;* set NCA-TSC index *;
Cur t.aca dx = index;
if «Cur_tscidx == 0) II (Cur_tscidx > MAX_NCA_TSC»

I?:iI inspect Buffer: Cluer~-Output g)]

pefinition of ps addr user ~ Queries

SUSEIU~/chuIlI. d/ addr . d/ps_addr_user . c: 27 Definition of tsc addr usr
List s§mbolS Usm.9pS=.addr_uSershort int ps addr user (index) VIew ymbols Usmg

short unsigned index; r» this should be an index, NOT aUlD */
Usf~u;~~~n~sG~edBy

LiSf~Toabd~~_~~~~ By

Lisf~-a~~~~-~~:~ By
fS addr user

- Lis Ty'pes Used By~s_addr_user
Definition of ps_ad r_user

~. O/S,

Figure 3. Text browser display showing a function name
selected in an annotator window (top background), a source
file window opened by the browser to the file defining the
function (center right), and the query output window (bot-

tom) displaying the result of a "View Definition" query on a
function in the source window. Previous queries are listed In
the right pane of this window.
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Figure 4. Graph
browser display show­
ing the function call
graph for a portion of
an AT&T System 75
PBX system process.
Two pages out of 72
are shown.
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Architectural Components
In creating SDA, we have adopted components

from projects at AT&T Bell Laboratories, commercial
vendors, and universities. Our philosophy has been to
seek out and use the best available technologyfor each
required component. The following section describes
the hardware components shown in Figure 5, and subse­
quent sections describe the software components
shown in Figure 6.

SDA Computing Platform. The advent ofwork­
stations has made available manyleadingedge tools that
are unavailable on mainframes. One of our goals has
been to design a computingplatform that will give devel­
opers of large software projects access to these
workstation-based tools,but not deprive them of the
advantagesof using mainframes for large projectdevel­
opment.The SDA computingplatform attempts to meet
this goal by configuring off-the-shelf software and hard-

ware to create a nearly seamless, integratedenvironment
containingboth mainframes and workstations.

This hardware environmentconsists ofthe net­
work ofdiskless workstations, file servers, mainframes
and XWindow System-eompatible terminalsdepictedin
Figure 5.AT&T Starlan lOTM hardware is used to connect
diskless workstations in offices that have their primary
file servers in a computercenter. Starlan10hardware is
also used for the backbone networkthat connects the file
servers and existingmainframes. In the future, the fiber
distributed-data interface (FDDI) will be used in the
backbone network. The hardware environment operates
using NetworkFileSystem (NFS), Network Information
Services (NIS) and Remote Procedure Call/External
Data Representation (RPC/XDR) features ofthe client/­
server software architecture from Sun Microsystems.l-

Disklessworkstationsrun the user's UNIX sys­
tem processes, and provide a large-screen, multiwindow

AT&TTECHNICAL JOURNAL. MARCHIAPRIL 1990
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Figure 5. SDA com­
puting platform,
showing the distribu­
tion of processing and
network hardware.

84

interface to the whole environment.PThese worksta­
tions ownand control resources such as the display, key­
board and mouse, and network interface. All other
resources and services-e.g., static storage, database
management, printing, mail-are accessed over the net­
workfromfile servers and mainframes.

Disklessworkstations offload alluser interface
processingfromthe backend mainframes and servers.
This leavesthe mainframes to execute transaction­
oriented tasks for which they are best suited, especially
those-e.g., database management, large compilations­
that need high throughput to disk. Moreover, because all
system administration is localized on the file servers, this
design simplifies the operation, administration, and
managementof the networks.

Any user can log onto any of the terminals (i.e.,

diskless workstations or XWindow Systemterminals).
Users' loginsare not bound to individual workstations or
servers.When users log in, they are presented-as far as
possible-with the same environment, independentof
the location or the processor architectureof the worksta­
tion.This is importantsince the developer needs to use
the computing platform from severaldifferent worksta­
tions in different rooms.

The file system appears as a singledirectory
structure, though it is distributedamong severalfile
servers and mainframes. Directoriescontaining the pro­
ject software base on the mainframes are accessible from
the SDA environment using the same namesas on the
mainframes. Resourcessuch as printers or the mail
system-i.e., resources commonto the mainframe and
SDA environment-are also accessedusing the same

AT&TTECHNICALJOLIRNAI.• MARCH/APRIL 1990
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names from either environment, and using the same
basic interlaces. Besides the basic interlace, however,
each resource in the SDA environmentacquires a more
sophisticated,window-based, uniformuser interface.
This dual interfacereduces learning time to moveto the
SDAenvironment.

x Window System and Andrew. The XWindow Sys­
tern'! softwareprovidesa standard environmentfor mul­
tipleapplications to share a workstationscreen, key­
board, and mouse. Each application can open one or
more screen windows, and can displaytext or graphics in
its windows. The widespreadacceptanceof this software
allows for the use of applications and toolkitsfrom many
providers. All SDA components use the XWindow Sys­
tem software as their graphics environment.

The Andrew?' systeml'' providesan object­
oriented applications environment. (Andrew is a trade-

Figure 6. SDA software architecture. The top software layer
represents SDA tools. Lower layers are tool construction and
operating system software components that support the tools.

mark of IBM.) Where the XWindow Systemprovides
onlylowlevelinput and display drawing functions,
Andrew'scomponents range from menus, scrollbars,
and selectionpanels to spreadsheets, graphics editors,
and specialized text editors.The Andrew system sup­
ports the nesting ofarbitrary types of data, and automati­
callyprovidesfor the proper software componentto
operate on each type. In this way, even existingapplica­
tions can operate properlyon data types introducedlater.

As in other object-oriented programming sys­
tems, newkinds ofcomponentsmaybe created as spe­
cializations ofexistingcomponents. It is easy to modify
even objectsofgreat complexity by overriding onlya few

AT&T TECHNICAL JOURNAL. MARCHIAPRIL 1990
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of their behaviors. Andrew's rich libraryofalmost200
components is one of its majorbenefits. For example,
the annotatorand browserwere constructedby writing
onlyseven newcomponents. They are each on the order
of2,000 lines ofcode and provide not just singleapplica­
tions,but an enhancementto everyother Andrew pro­
gram.Though wewould prefer a commercially sup­
ported product, wewere unable to find system ofcom­
parablepower.

DesignjOA. MetaSoftware Corporation's
Design/Ox?' (Open Architecture) packageis a com­
mercial graph editor construction kit. It supports nodes,
connectors, and text as basicobjects, witha variety of
node shapes, connectorline styles and orientations, and
text fontsand styles. The OA packagecontainsthe
MetaDesignTM general purposegraph editor kernel, and
a C-Ianguage subroutinelibrarythat can be used to do
the following:
- Create,modify, or read the structure ofa diagram
- Read or modify the attributes ofnodes, connectors,

and text
- Alterthe display
- Activate anyofthe MetaDesign menu items.
Call back functions can be specified so an application
can interceptuser events such as selection ofdiagram
objectsor menu items using the mouse. Additional
menus can alsobe added.Applications developed using
this packagehave access to the standard UNIX system
environment for accessingfiles and communicating with
other processes.

We havefound this packagehas twoimportant
advantages in our prototypingwork. First, because the
editor environment manages alldetailsofgraphicscrea­
tion, editing, and display management, we couldquickly
buildgraphical tools that use this user interface model.
Second, since the OA subroutinelibrarypresents the
same user interface modelas the MetaDesign editor, the
editor itselfcan be used-before writing the applications
software-to experimentwithuser interfaces and graphi­
cal representations. This is a valuable rapidprototyping
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technique. This methodwasused to develop the design
animator and graph browserprototypes. Asa result,
each required onlytwoto three weeks to provide basic
prototype applications.

Cia and Infoview. The C Information Extractor
cia11 is a software systemthat extracts information
froma collection ofC programsand stores it as a rela­
tional database. Acompanion system, infoview,
returns information fromthe databasein response to
simple queries.

Cia gathers information about defining and
usingfunctions, global variables, macros, types, and files.
It catalogues information aboutC objects that are not
strictly local in scope. This information is much more
convenient for other programsto manipulate than the C
programsfromwhichit is derived. The infoview sys­
tem has been designedto answerthe mostcommon
queries quickly, no matter howlarge the project. For
example, a typical query is answered in 3 CPU seconds
on a Sun3/60™ workstation, givena projectsoftware
base of800,000 lines.

Cia and infoview provide the information and
the query facilities for the browserspreviously described.
Furthermore, they are used by other tools in the project.
We are studyingtoolsthat will analyze inspection docu­
ments, looking for possible errors.These toolsinvolve
cross-checking ofglobal project information and are
made possible by the cia database.

Current Work
Wecurrentlyare investigating several SDA

features and architectural components that are important
to providing an environment for higher quality software
development.

Hypertext. The integratedannotator/browserwas
inspiredby ideasarisingfromrecent workon hypertext
systems". Hypertext refers to a computertoolforcreat­
ing and readingdocumentscomposed oflinkedchunks
that can be read in a flexible order determined largely
by the reader.



The annotator/browser can be thought ofas a
primitive hypertextsystem. The chunks in an inspection
documentare the changedfiles and annotations. The
links are implicit in the browserqueries. For instance, a
function call is linked to its declaration, and the declara­
tion is linkedby queries to everyuse. In effect, the cia
database provides the hypertextlink information for C
languagetext.

However, the annotator/browser is not a full
hypertext system.It allows neither explicit linksnor the
addition ofnewinformation to existingfilesin the way
that annotations can be added to inspection documents.
We are enhancingthe systemto provide explicit links,
and to allow annotations to C programsand system docu­
mentation. Becausethe C program source and project
documentation filesare part ofa pre-existing system,
they cannotbe modified. Thus, as withthe cia informa­
tion,we keep the linkageinformation in a separate rela­
tional database. To track explicit linksthrough changes
in the underlying files, wewill need an accurateand reli­
abledifference-detection algorithm and a change
controlsystem.

MeetIng support. We are developing extensionsto
SDA that allows participants in a meeting, possibly in dif­
ferent locations, to jointly executea singleXWindow
System-based application. This is similarto the Rapport
multimedia conferencing system,17 whichcan also set up
and managea telephoneconference callamongmeeting
participants.

The jointprogramexecution facility will be used
withthe SDA annotatorto support the inspection meet­
ing.Aswas previously mentioned, meetingstake place in
a room equipped witha workstation for each participant.
The displays are placed below eye level so that partici­
pants can stillsee one another.

We are experimenting withholdinginspection
meetingswithone or more remote participants. Eventu­
ally, we maybe able to hold structured meetings, such as
inspections, withoutthe participants having to leave their
offices. We will have to compensate for the loss ofvisual

and other physical cues that facilitate face-to-face meet­
ings.Wewill alsoprovide an interface in the jointexecu­
tionfacility for settingup a voice conference among
participants.

Debugging Environment. Adebuggingenvironment
fashioned afterthose found in programming environ­
ments such as Xerox Corporation's Interlisp-D'" lan­
guage''' is being developed for SDA. The primary focus
ofdebuggingactivity in this environment is a debugging­
console window and text browserwindows displaying C
source code (see Figure 7).The debugger-eonsole win­
dowcontainspanelsfor listingand navigating through
breakpoints, spy-points (i.e., conditional breakpoints
based on the values ofspecified variables), and expres­
sionevaluation points. Access to debuggingfunctionality
is through the browser'sdebugger menu.

Breakpoints are set and unset by selecting a
source line in a browserwindow and selectingsetbreak­
point and unset breakpoint, respectively, in the debugger
menu.Spy-points and evaluation pointsare set in a simi­
lar fashion, exceptthat the nameofthe variable to be
spiedon or the expressionto be evaluated is typed into
the appropriate panel in the debugger console window.
Wheneverany ofthese markedpointsis encountered
duringexecution, the corresponding source line is
highlighted in a browserwindow. Any variables or
expressionvaluesthat havechangedare then displayed
in a highlighted modein the appropriate panelin the
debugger console window.

The toolsused for providing these features
are the C source-code interpreter c in,19,20 and GNU
Debugger gdb.21 The user interface is builtas a speciali­
zation ofthe browserclass using the Andrew toolkit.
Therefore, it provides the same user interface paradigm
as the other browser tools. The use of c in as an underly­
ing toolalsoassists incremental code development.

Summary
In a large,mature software project, the devel­

oper's maintask is to correctly designand implement
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Figure 7. SDA debug­
ging environment,
showing the source
flies being Interpre­
tively debugged (top
and bottom left), and
the console window
(right).

D .../src/testtool/test2.c D
errort(t, "negative array dimension");

x->x_value.i = 0;
I
else if (x->x_value.i == 0)

wamt(t, "zero array dimension"); D Debugger Console D
D .../src/testtool/testl.c Expressions and Spy Points FII Files

{ •..Isrc/testtool/testl.c:t = Ox7389534 .../src/tettool/testl.c
register token *t; ...Isrc/testtool/testl.c:x = Ox7389512 .../src/testtool/test2.c
register xnode *y; ..'/src/testtool/test2.c:temp1 =
register xnode *z;

x = decl_body(x);

loop
{

=>+ t = get_tokenO;
if(t-c-rwhat == tk_onround)
{ Breakpoints

freejokenrt): testl.c:t = get_tokenOy = opt_arlLlistO; testl.c:x ->x_value = x

(void)accept(tk_offround,"')' expected at logical
arguments");

z = new_xnodeO;
z->x_subtype = x;

x = z;
+ x-c-x, value.x = y;

IIx->x_what =,xtjtnretuming;

I

changes in the project'ssoftware base.The goalsofSDA
are to:
- Help the developer analyze and makethe changes.
- Help visualize the systemthrough graphics.
- Hideor make manageable irrelevant details such as

computing environment architectureand file organi­
zation ofthe software base.

- Optimize the developer's timeby providing highly
integrated, workstation-based tools.

Our goalis to allow developers to concentrate on the
more essentialdesignengineeringaspectsoftheir task.

Informal exposureofthe SDA toolkit to devel­
opers has yielded positive feedback and additional
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functionality requests. The annotator is seen as an
efficient electronic alternative to the current paperbased
inspection process,and the integrated text browseris
viewed as critical to its usefulness. The design animator
is perceived as a valuable learningtool fordevelopers
unfamiliar withthe software architecture. With this
encouragement, weare currently conducting a morefor­
maltrialwitha Definity development team responsible
for the designand implementation ofa specific software
release. The numberof
participants will growfromfour to twenty as the trial
proceeds. All developers will use the SDA computing
platform and will use the SDA toolswherever



appropriate during the development cycle. We planto
gather quantitative as well as qualitative datafromthis
trial so we can objectively evaluate the productivity ofthe
trialdevelopers comparedto the non-SDA development
community. In addition to providing an environment for
the Definity software development community to use, we
also use SDA as the development environment for SDA
itself.
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