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BABY STEPS

They can't fly yet, but intelligent agents and smart software are beginning to walk.

Here’s how they can make you work smarter.

KURT INDERMAUR

ROB SCHUSTER @ 1995

hink the idea of intelligent software

agents is being oversold? Coach may
convince you otherwise. Developed by Dr.
Ted Selker at IBM’s Almaden Research
Center in California, this teaching assis-
tant holds programming students by the
hand as they learn the intricacies of Lisp.
In a test using IBM programmers with no
Lisp experience, student/Coach teams
completed five times more training exer-
cises involving database function calls than
did students who didn’t have the aid of an
electronic tutor.

At the end of the training sessions, most
Coach pupils said they liked Lisp; their
untutored counterparts weren't so enthu-
siastic. Skeptics may scoff at agent hype—
and the dearth of commercial programs—
but if an agent can actually make using
Lisp an enjoyable experience. maybe any-
thing is possible.

Assisting in education and training has
been a worthwhile aspect of agent research
over the past decade. But the agents be-
ing developed and sold today cross a num-
ber of application boundaries. They’re de-
signed to filter and gather information from
commercial data services and public do-
mains like the Internet and to automate
work flow. Because the range is broad, it
helps to separate agents into three main
categories: advisory, assistant, and Internet.

Advisory Agents

Advisory agents don’t actually carry out
tasks; like Coach, they offer instruction
and advice to help you do your work.
These agents are experts in a particular
domain, but in the beginning, they have
only rudimentary knowledge of you, your
work patterns, and your preferences for
managing your work life. As you go about
your work, these agents learn such things
about you as your level of expertise, your
programming style, or your areas of per-
sonal and professional interest. Then, either
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with a user from session to

| or she must take to move from one step to the next. This
| graphical shorthand keeps the agent small and fast and allows it

to give advice unobtrusively.

when vou ask. or when the agent decides
's time to chime in. it offers advice ot
information. The longer you work with an
advisory agent, the better and more timely
its advice becomes. AL its best. such an
agent could anticipate your goals and offer
10 complete a task the way vou've done it
in the past
Selker. who is manager of USER (User
Systems Ergonomics Research) at the [BM
center. has been evolving Coach along
(hese lines over the past decade. Coach.
which is being converted from Lisp to
C++. contains three independent but re-
lated sets of knowledge (0
do its work. The firstis its |
user model, where the pro- l
gram builds and maintaing ~
|

information about a user’s
Lisp-programming profi-
ciency. his or her mistakes
(and the chosen fixes). and
what worked and what
didn’t work in terms of
coaching. Coach also tracks
the rate of change in €ach
user's proficiency (and
whether 1t's getting better
or worse). and for each
leamable task. how long 1U's ‘
heen since 1t was last used.
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[t a user has done some- |
thing correctly in the past
and has trouble with 1t now.
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(Coach can present an ¢x-

ample from the user s own

sosihi
SO

['he user model s persis- rase is set up

lent—it remains associated SR
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Coach uses Al techniques 10 nelp beginning programmers learn
Lisp. Here, the icons along the bottom represent the “Big
Picture”™: the main steps a programmer must follow to write
database function calls. The dots trailing the file folder icon
depict an animated image. which shows the user the actions he

n ine agent-traner faciity

session. In a teaching en-
vironment, the user model
could be made available to 2
teacher to help him or her un-
!1 derstand just where a student
{ might be having difficulties.
| In a commercial implemen-
tation. the coach agent might
pass the user model onto &
human customer-service rep-
| resentative if the agent deter-
mines a customer’s problems
are bevond the agents capa-
bilities.

Second. Coach has knowi-
edge about its subject matter.
In the case of Lisp program-
ming. Coach knows Lisp syn-
tax. library functions. and
concepts (e.g.. evaluation, 1t-
eration. and recursion). This
knowledge base grows over time. auto-

ancally incorporating user-defined func-
tions into its repertoire. Such a facility
would be a welcome addition to any pro-
gramming environment. particularly in a
team setting in which you're writing code
for and using code from other program-
mers. Your agent might suggest using an
existing function or abject before you re-
invent one yourself. Keeping the domain
knowledge separate from knowledge about
coaching has made 1t casy (0 apply
Coach’s framework to new domains. For
example. Selker says Coach helped a sum-
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10 schedule an event every Friday.

oo |

in Edity, you click on any of the graphical images to fillin

1ails. For example, behind the clock image is a scheduling calendar, which in this

mer intern inexperienced in programming
create a Unix help system in just 10 weeks.
The third knowledge set consists of
coaching rules that tie user knowledge and
the domain together. These rules help
Coach gauge a user’s level of expenence.
Update rules determine when the program
<hould refresh the user model 1o indicate
that he or she has mastered 4 problem or
when it's appropriate to present more ad-
vanced usage options fora particular fea-
ture. Consistency rules make sure that the
user model doesn’t contradict iself when
the model is applied to related subjects
Finally. presentation rules Jdetermune how
help will be presented to the user. Forex
ample. a user who's just starting out would
want basic information. while an out-ol-
practice user may only need @ reminder

Assistant Agents
Assistant agents can be more ambrtious
than adyisory agents because they olten
act without direct feedback from users
While this allows them to be much more
powerful. it also raises 2 host of technical
and even social tssues that have vetto be
resolved. The concerns you might have
over privacy and stifled creativity & ith an
agent that is only offering advice become
much more acuic w hen }-\‘L!!' -l‘__‘\_‘i‘.'l {1 S
wally doing work foryou

Current commercial agents (hat assist

users have more or less ar onded these is-

cues because they re designed tor specttic
domains. Smart matlboxes ixec ~Smart
Networks,” October 1994
BYTE) and search engines

are two well-known exam-

. ples of these applications
| In addition. Edify (Santa
| Clara. CA) offers products
i for human-resource and
I volce-response systeims
~ Edify’s Electronic Work-
l force is an agent-support-
| ing environment with a de-
| velopment plattorm and
! applications. The clectronic
‘ worktorce has three com-
ponents: the agents. & run-
| ume environment. and a
| visual prograpaming Lol
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that's used to trzun agents
The product incorporates
agents o automate human-
resources gueries and cus
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process. Charles Jolissaint, Edify’s chief
technology officer, says that agents allow
companies to augment traditional support
applications with automated, 24-hour-a-
day services. For example, banking cus-
romers can request that they be notified
immediately (via fax, telephone, or pager)
if their account balance drops below a cer-
tain amount. or buyers can be faxed a copy
of the shipping manifest at the moment
their order is shipped.

Edify's Workforce agents don't start
life with specialized knowledge. Devel-
opers walk an agent through its paces o
train. debug, and deploy it in the agent
run-time environment. Because the pro-
aram uses a visual programming environ-
ment, developers never have to drop down
10 an underlying scripting language. The
database backend can be any database that
supports OS/2 clients. and the run-time
environment itself is an applications server
that can be distributed over multiple OS/2
nodes.

The run-time environment includes a
resource manager and a scheduler. whicn
both opumize and prioritize the system’s
use of resources. The high level of system
support and the capabilities of the operat-
ing environment mean that developers can
focus on developing their own agents
rather than worrying about contention for
‘vlephone lines or other resources. Oper-
sling-system support in the Electronic
Workforce run-time environment makes
agent development easier and. perhaps
more important, reduces the risks of run-
ning an ill-behaved agent.

Another example of an assistant agent is
4 mailbox that can manage all your elec-

01. General Description:
02. Lines of Business:
03. Recent Stock Performance:
. 04. SEC Filings:

05. Joint Ventures:

06. Subsidiaries and Drvisions:

f. Recent Newswires
01. Selected Newspapers:

| Marketing Analysis
. 01. Markets and Market Share:

03. Custamers:
Functional Area Comments
. Management and Board of Directors
i Analysts' Reports
* 01. Full Company Reports:
02. Industry Reparts:

.  Financial Results and Financial Performance Analysis
Recent Newspaper. Business and Trade Press

02. Selected Business & Trade Press

02. Products and Services. Quelity and Product Plans

Lotus Notes - AYERY DENNISON Profile - 00. Company Profile
&8 File Edit Yiew Mail Compose Text

Tpols Design Window Help

i [+ [ I [al®

Hoover can find and report back information from Notes databases and commercial dala senvices
te, which the program can fillin for a one-time

This screen shows a custom company-profile tempia

| ad hoc query or automatically on a regular basis if the subject is a company you track over ume.

messages you receive.

In the process of prototyping just such a
mail agent. Pattie Maes, assistant professor
and an agent researcher with MIT's Media
Laboratory (Cambridge. MA) identified
two important factors in the design of a
good agent: competence and trust. To be
competent, the agent must determine what
tasks to do. when to do them. and the best
way to perform the jobs. Maes observed
that an agent that asks 100 many guestions,
interrupts too frequently. or does more

than the user wants puts users off. To be
trusted, an agent’s actions shouldn’t sur-
prise the user. An agent should ask before
acting if the task at hand is new or if an
action might bring about unanticipated
results.

While it's relatively casy to describe
competence and (rust. it's much more dif-
ficult to develop an agent applicauon with
those charactenstics. Maes notes. These
charactenstics must be molded for euch
application. which requires extensive user
prototyping (o get the right bal-

tronic communications, including —

‘lephone, fax, E-mail, and pagers. |
{'rom the first day you use it, the
mailbox would convert one mes-
sage format to another, depend-
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ing on the device you use 10 ac-
cess your mailbox (e.g., convert
voice mail or a WordPerfect doc-
ument into plain text for your

Technology & Health Class of Anhcholesterol Drugs Cuts Risk of
Death. Researchars Find — Marketing Duel How Likety Batwaen
Swmwlar Drugs Of Merck_ BnstokMyers — By Jerry E Bishop Staft
Reporter of The Wall Street Jounal
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mager). Then, rather than (or in ad-

(ion 10) asking for explicit rules
tor handling your mail. your mail-
bax agent would observe how you

process your messages and offer
to set up rules of 1ts own Junk
mail might automatically be rout-
ed to a low-priority folder. urgent
messages could be torw arded o
ou at home. and your electrome

hax could be prionuzed based
on the source and content of the
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Hoover can also locate and retrieve news slories with topics of interest ]
1o indwvidual users. Hoover's developers say that future refinements In
the program will center on making the interface easier Lo use.

ance between independence and
Intrusiveness.

! Henry Lieberman, also with the
Media Laboratory, recommends
that agent programmers always
give people control over their
agents” INtrUsIveness. Some people
want to know what their agents
are doing all the time and 10 ap-
| prove every action before 1U's be-
| gun. Other people are content Lo
| let their agents work without direct
[ control. As people gain confidence
in thewr agents” competence. they
will likely want to change the de-

gree of control they exercise over
their agents

Assistant agents can make users
more productive by reducing mun-

. dune tasks: by nature. they can be
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o JumpStation/JumpStation Il Robot
Constructs an index of documents by tithe, header,
and subject. Author: Jonathon Fletcher (J.Fletch-
er@stirfing. ac.uk).

* Lycos
Rm:‘dmesafuﬁerrmqmoddofﬁte
WHW to guide directed searches. Author: Dr.
Michael L Mauidin (fuzzy@cmeedu) at Carnegie
Melion Unfrersity.

« NorthStar Robot
Arother indexing/searching agent for the WHW.
Authors: Fred Barrie (barrie@unr.edv) and Billy
Brown.

less intrusive than advisory agents. How-
ever, assistant agents’ independence makes
them more dangerous. We have less con-
trol over assistant agents but may still be
responsible for their actions. As a result, Is-
sues of security, liability, and payment for
<ervices become important. Your agents
may incur charges or do something you
might have implied but did not explicitly
approve. and you could be held account-
able for those actions. AS rapidly grow-
ing networks create more opportunities for

. WWW Topology

| Internet Browsers
(Mosaic and Netscape)

User profile/goals
URL cache

100 1Y 'l MARCH 1995

World Wide Web

Martin l(oster,ofﬂex«,ammtduﬁmm“mmhﬁmULmMaktofwmmﬂ
Wide Web) ageats (http:ﬂweb.nexor.mﬂmak/dodrobotsfmbotshhrd).ﬂis Web page also includes
guidekinies for ager:tdevelopasudiﬁtstnsomeufnaﬁd Eichmann's work (see the main text). Most of
ﬂ\ehdemgagwtsmakemei’ildexespuhiﬁy available on the WWW. The st includes the following

« Repository-Based Software
Engineering Project Spider
A combination agent and indexer traverses the
WWW md'ndemﬁrehﬂtutefﬂutithd&
Author- Dr. David Eichmann (sichmann@
rhse jsc.nasa.gov).

o WebCrawler
Creates a content-based index of documents it
finds on the WWW and satisfies specific user
search requests. Author: Brian Prkerton
(bp@hiotedt.was}ﬁlgtomedu).

o W4 (World Wide Web Wanderer)
Measures the growth of the WWW. Author:
Matthew Gray (mkgray@mit.edu).

agent software, they also increase the cost
of an ill-behaved agent (for details about
how agent-based operaling enyironments
are addressing security. see “Free Agents”
on page 105). Users and service providers
will want to be certain that agents remain
under control.

SandPoint (Cambridge. MA) has grap-
pled with the 1ssues facing assistant agents
in developing its Hoover search engine.
This program works in conjunction with
Lotus Notes to perform ad hoc o regularly

WWW
structure

Full-text
index

URL search

agent

\:\r—‘———t_]
¥ NorthStar Robot
; Lycos l \
\.

.

! WebCrawler B
{ l agents

Service |

scheduled searches of Notes' databases
and commercial data services and then
present the results to people in a Notes-
format document. SandPoint has acquired
access rights o commercial data sources,
and it gives both systemwide and user-
level control over how much money an
agent should spend on given queries. Tom
Henry. SandPoint vice president. says the
biggest challenge now is to create a simple
user interface so that information search
and retrieval using software agents will
become as natural for us as picking up the
phone or reading a newspaper. Software
agents will help accomplish this by know-
ing where t0 look and how to find infor-
mation. according to Henry.

Internet Agents

Agents and their related issues are espe-
cially relevant on the Internet. Along with
the explosive growth of the WWW (World
Wide Web) has come the demand for tools
to help us muanage the vast amounts of
available information. and agents (van-
ously known s WebCrawlers, Spiders.
and Robots) often fit the bill (see the text
box “WWW Agents’ ).

Some Intemet agents attempt (o present
an integrated view of the Internet as 2
whole. but the most commaon o date arein-
formation gatherers (see the figure “WWW
Topology™). These agents traverse the
WWW and then report what they find 0«
home location. They collect information

' A growing gdemand for information

1 gathering and filtering tools on the

! |nternet has spawned a Nost of

! agents variously known as

I webCrawlers. Spiders. and

| Robots. Some Internet agents

! attempt to present a view of the

Internet as a whole, but the most

common, shown here as service

| agents. lravel the WWW and then
report what they find.

The spider 1s an indexer that
examines HTML documents with
the help of 8 -mite.” which extracts
URLs. The indexer then uses the
URLs stored in the database o
brnng documents 10 1he home Sie.
mcéx them. and store the resul's

\n the galabase

ice




