T he Know ledg e-Ba se d S oftwa r e

Assista nt Prog ram

Michael DeBel lis

Andersen Consul ting

1661 P age Mill road

Palo Alto, CA 94304

michael.debelli s@ac.com

(415) 842-2960

KBSA int eg ra tes k no wledge & software

engin eering researc h

Xerox PARC

Smalltalk,

LOOPS

Knowledge

Engineering:

Frame, rule, &

object based

development

environmen ts

Software E ngineering : Formal methods, code

generation, visual pr ogramming, ...

Cornell

syn thesizer

Knowledge Based

Software Assistant

LOOM

Wh y And erse n Consultin g is

in te re ste d in KBSA

Visualwor ks

Commercial

Knowledge

Engineering

environmen ts:

Lisp & Smalltalk

environmen ts

C-based expert

system shells

Computer Aided S oftware E ngineering (CASE)

Pro Kappa

Knowledge E ngineering

Environment (KEE)

Knowledge Based

Software Assistant

Art IM

FOUNDATION

In itial Id ea: Ca n we autom a te softwa re

d ev elo p me nt via AI?

¯ Success of rule-based s ystems applied to

diagnosis in avionics domain

¯ Initial attempts

¯ translation of natural language to code

¯ automatic pr ogramming

In itial R esul t: C a n we a uto m ate softwa re

d ev elo p me nt via AI?

No!!!

¯ Design problems vs. deterministic problems

¯ Need for common sense reasoning

¯ Result: m ove fr om automation to

^intelligent assistance~

¯ s eminal KBSA paper by Balzer ,

Cheatham, Green, L uckham, & Rich for

Rome Laboratory

K BSA Ar ch ite cture

Requirements Specifications Implementation Performance

Activity

Coordination

Project

Management

IntegratedSupport System

Knowledge Base SETools UserInterface

S im pl ified KBS A Pro cess M od el

Informal

Requirements

Requirements

Acquisi tion

Form alized

Requirements

Specification

Development

Form al

Specifications

Specification

Implem entation

Validation

O ptimized

Code

S cruffy s, N eats & Friend lies

Informal

Requirements

Requirements

Acquisi tion

Form alized

Requirements

Specification

Development

Form al

Specifications

Specification

Implem entation

Validation

O ptimized

Code

Scrufys: Informat ion Sciences

Institute (Bob Balzer)

Neats: Kestrel Institute

(Cordel Green)

Friendlies: Software

Options (Tom Cheatham)

S cruffy s: Info r mation Sciences Institute

Requirements Specifications Implementation Performance

Activity

Coordination

Project

Management

AP5, Popart, Gist, Forms Kit ,Natural Language Generation

Knowledge Base SETools UserInterface

KBRA

Lockheed

Sanders & MIT

ISI: Johnson&

Balzer

KBSpecA

N ea ts: K estrel Institu te

Requirements Specifications Implementation Performance

Activity

Coordination

Project

Management

Software Refinery (Reasoning Systems Inc.)

Knowledge Base SETools UserInterface

Kestrel Interactive Development

System (KIDS)

Kestrel: Green,

Smith, Jullig,

Goldberg Kestrel:

Jullig, Qian

K estrel Inter a ctiv e D ev elo pm ent S y ste m

F rie ndl ies: U SC , S of tw are O ption s,

U Co lor ad o

Requirements Specifications Implementation Performance

Activity

Coordination

Project

Management

Unix, Lisp, C, C++, ...

Knowledge Base SETools UserInterface

Software Options:

Cheatham

UColorado:

Fi scher

USC: Scacchi

Pro ble ms fro m Pha se 1 D ev elop m ent

Requirements Specifications Implementation Performance

Activity

Coordination

Project

Management

Un- IntegratedSupport System

Knowledge Base SETools UserInterface

Tools not integrated the Scruffy/Neat gap

Pha se 2 (in tegr ation):

K BSA C o ncep t D emo

Requirements Specifications Implementation Performance

Project Man agement:

Kestrel PM A

Software Refinery

Knowledge Base SETools UserInterface

Andersen Consulting:

DeBellis, Evangelist, Sasso

Concept Demo Req/Spec KIDS

Activity Coor din ation

Reasoning Systems:

Kotik, Qian

Kestrel: Smi th

ISI:

Johnson

K BSA C o ncep t D emo

X A Common Window

K BS A C ontrol Panel

Me ssage Wi ndow

History

Knowledge

Base

Modules

Use r

Inte rface

Agenda

and

Feedback

X A Common Window

Inform ation F low Model for Airc raft

K B Object: DETERMIN E-LENG TH-O F-FL IGHT

X A Common Window

E/R M odel for Ai rc raft

X A Common Window

LOCATION

AIRPORT

LOCATION

1:1

AIRPORT

EXPECTED

LOCATION

1:1

DEPARTURE

POINT

1:1 PLANNED

DESTINATION

1:1

CONTROLLER

SHOULD

CONTROL

1:1

AIRCRAFT

AIRCRAFT

LOCATION

1:1

REPORT

AIRCRAFT

LOCATION

AIRCRAFT

ID

AIRCRAFT

LOCATION

AIRCRAFT

EXPECTED

LOCATION

AIRCRAFT

LOCATION

ENSURE

ON

COURSE

DEMON

AIRPORT

LOCATION

DEPARTURE

POINT

PLANNED

DESTINATION

DETERMINE

LENGTH

OF

FLIGHT

AIRPORT

Display for KB Object:

Determine-Length-Of-Flight

Spec Language Definition:

function DETERMINE-LENGTH-OF-FLIGHT

(AC:AIRCRAFT)

:re al

= CALCULATE-DISTANCE

(AIRPORT-LOCATION

(DEPARTURE-POINT(AC)),

AIRPORT-LOCATION

(PLANNED-DESTINATION(AC)))

Owned-By: ATC-SYSTEM

K BSA C o ncep t D emo

X A Common Window

K BS A C ontrol Panel

Me ssage Wi ndow

History

Knowledge

Base

Modules

Use r

Inte rface

Agenda

and

Feedback

X

A Common Window

Inform ation F low Model for Airc raft

K B Object: DETERMIN E-LENG TH-O F-FL IGHT

X A Common Window

E/R M odel for Ai rc raft

X A Common Window

LOCATION

AIRPORT

LOCATION

1:1

AIRPORT

EXPECTED

LOCATION

1:1

CONTROLLER

SHOULD

CONTROL

1:1

AIRCRAFT

AIRCRAFT

LOCATION

1:1

REPORT

AIRCRAFT

LOCATION

AIRCRAFT

LOCATION

AIRCRAFT

EXPECTED

LOCATION

AIRCRAFT

LOCATION

ENSURE

ON

COURSE

DEMON

AIRPORT

LOCATION

DETERMINE

LENGTH

OF

FLIGHT

AIRPORT

Display for KB Object:

Determine-Length-Of-Flight

Spec Language Definition:

function DETERMINE-LENGTH-OF-FLIGHT

(AC:AIRCRAFT)

:re al

= CALCULATE-DISTANCE

(AIRPORT-LOCATION

(DEPARTURE-POINT

(AIRCRAFT-FLIGHT-PLAN(AC))) ,

AIRPORT-LOCATION

(PLANNED-DESTINATION

(AIRCRAFT-FLIGHT-PLAN(AC))))

Owned-By: ATC-SYSTEM

DEPARTURE

POINT

1:1

PLANNED

DESTINATION

1:1

FLIGHT

PLAN

AIRCRAFT

FLIGHT

PLAN

1:1

AIRCRAFT

FLIGHT

PLAN

AIRCRAFT

FLIGHT

PLAN

AIRCRAFT

ID

FLIGHT

PLAN

PLANNED

DESTINATION

DEPARTURE

POINT

Pha se 3 (a d van ced de ve lo pm en t): KBS A

Ad va nc ed D evelo pm ent Mo d el ( ADM )

Requirements Specifications Implementation Performance

Project

M anagement

Reasoning/AC C++ SEE

Objectstore Polyglot Galaxy

KBSA ADM

Activity Coor din ation

CoGenTex

Andersen Consulting: DeBellis,

Sasso, Liongasari, Benner, Sparks

Reasoning

Systems:Kotik

Some Personal Opinions:

Where did we go wrong?

¯ Didn´t market well

¯ Ignored the end user

¯ P rogramm ers should be coordinat ed not eliminated

¯ Spec languages as high-level programming

languages

¯ Formal envir onments that require Ph.D.

programmers

Some Personal Opinions:

Where did we go right?

software engineering

¯ Integrated graphic views of underlying spec

language

¯ Specification evolution transf ormations

¯ P rovably corre ct specifi cations and

transf ormations

¯ P owerful tool for al gorithm developme nt

¯ S oftware re -engineering tools

Some Personal Opinions: Where

did we go right?

knowledge engineering

¯ Intelligent assistance is a better paradigm

for expert systems

¯ Text generation

¯ Pr ocess modeling for individual and

group guidance and coordination

KBSA impact on AC: Object-Oriented

Architectures and Tools Project

¯ Use Object Request Brokers (CORBA &

OLE) to integrate tools and applications

¯ Advanced Development based on KBSA and

DSSA resear ch

¯ $24M Andersen-led team with Raytheon,

Expersoft, and CoGenT ex; funded by

Technology Reinvestment Program

B iblio gra phy

DeBellis, Michael, and Christine Haapala, User-centric So ftware Engineering

(USE), IEEE Expert, Febru ary, 1995, Volume 10, No. 1

Fischer, Gerhard, "Do main-Oriented Design Environmen ts", Proceedings of

the 7th An nual Knowledge-Based Software Engineering Co nference,

September 1992, McLean, Virginia, Rome Laboratory.

Green, Cordel, L uckham, D., Balzer, R., Cheatham, T. an d Rich, C., "Report

on a Knowledge-Based Software Assistant," RADC TR 83-195, Contract No.

F30602-81-C-0206, Kestrel Institute, Palo Alto, California, June 1983.

Johnson, L ewis, Harris, D., The KBSA Requirements/ Specification Facet:

Aries, Proceedings of the 6th Annual Knowledge-Based Software Engineering

Conference, Syracuse, New York, September, 19 91.

Smith, Doug, "KIDS: A Semiautomatic Program Development System," IEEE

Transactions of Software Engineering, Vol 16, No. 9., September 1990