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Abstract

ANALYST is deployed in 230 GMAC domestic branch offic-
es. There, each year, 400 credit analysts perform nearly
20,000 financial analyses of automobile dealerships. Using
ANALYST they will save an estimated 55,000 man-hours.
The focus of this knowledge-based system, from the very be-
ginning, was its end user -- a credit analyst. Driven by singu-
lar end user requirements, developers extended the native Al
tool explanation facilities, built an easy to use interface and
completed the integration of engineering workstations in
GMAC’s IBM computing environment.

The Application Domain

One of the services GMAC offers to approximately
12,000 domestic General Motors dealerships (and affili-
ates) is inventory financing. This service is also known
as wholesale or floor plan financing. In exchange for
funds, dealers must adhere to a set of rules -- the most
important of which is to pay GMAC promptly as vehi-
cles are sold. This adherence is analyzed at least annual-
ly.

The process of analyzing a dealership is, in essence, fi-
nancial risk analysis -- not because dealerships are risky
businesses, but because borrowing and lending money al-
ways contains an element of risk. In a typical analysis a
GMAC credit analyst evaluates the risks by examining
the dealership’s past performance, local economy and op-
erating ability. The credit analyst then predicts the deal-
ership’s likely performance until the next scheduled re-
view. Next, the credit analyst recommends credit lines
and suggests ways to reduce risk. Finally, the credit an-
alyst’s recommendations are adopted or changed or both
by management.
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The Problems

To be successful, ANALYST must address a number
of domain-related problems. First, financial analysis
procedures are time consuming. A single analysis ranges
from several hours to a few days depending on the com-
plexity and cooperation of a dealership. On average,
however, each review requires between six and seven
hours to complete. Contributing to the length of time
credit analysts must spend is the nature of the data: fi-
nancial statement data is voluminous, prone to errors
and, in a small percentage of the cases, deliberately mis-
represented. This data issue is significant. Its effects
are pervasive; from knowledge representation to user in-
terface.

Second, risk analysis expertise requires years of expe-
rience as well as a thorough understanding of accounting
principles and financial analysis theory. Most entry lev-
el employes do not have educations in accounting or fi-
nance. Therefore, new analysts tend to concentrate on
the more mundane tasks of the process, for example, cal-
culations of ratios. In addition, although credit ana-
lysts quickly become proficient in following established
procedures and identifying out-of-guideline situations,
they frequently overlook danger signals with respect to
the financial condition of a dealership. This problem is
exacerbated by a declining experience level in the credit
analyst population as a whole. As management retire-
ments increased and business grew (notably: in the last
five years), numerous promotions from the ranks oc-
curred.  The ramifications of this declining experience
level problem are that some novice credit analysts tend
to be too lenient, because they perceive they will lose
wholesale accounts to less restrictive GMAC competi-
tors. Conversely, some novice analysts, by being overly
restrictive, drive high-performing dealerships to compet-
itors.



Last to be- discussed here, the third problem is a com-
mon one for many businesses: computer-illiterate users.
While nearly all GMAC credit analysts have experience
with 327x ("dumb") terminals, few have used a personal
computer and none, prior to this project, had touched an
engineering workstation,

ANALYST in Depth

Logical System Architecture

ANALYST uses well over a thousand data elements
during a review, and allows the credit analyst to display
several thousand more in forms, tables and graphs.
Most of this data originates from geographically distrib-
uted GM and GMAC databases, some of which are not
available online.

The central object of the analysis process is the dealer-
prepared financial statement. For GM dealerships, this
is a 4-page form containing a balance sheet, income and
expense summary, and detailed information about depart-
mental sales, expenses and inventories. Most GM deal-
erships subscribe to a GM service which prepares month-
ly financial statements from trial balances supplied by
the dealerships. ANALYST accesses this information
directly when so authorized by dealerships. Informa-
tion about GMAC’s experience (rating, credit lines, spe-
cial programs, monthly retail and wholesale history)
with the dealerships is also used during a review. This
information is maintained in online databases.

Off-line feeds to ANALYST from these sources oc-
cur nightly or monthly, depending on the source. This
data is massaged, organized by dealership, and stored in
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Figure 1. Major processing components of the logical system
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a central database. Data is kept from the two most re-
cent financial statements so that credit analysts have the
option of reviewing earlier information. In addition, in-
formation from the previously reviewed and previous
year-end financial statements is retained for use during
subsequent reviews. Financial data not available from
online sources is entered clerically. Actual review pro-
cessing is done by the knowledge-based system which
runs on the Teknowledge, Inc. S.1 tool (figure 1).

Physical Architecture

ANALYST was deployed as distributed components.
Financial statement information is extracted nightly
from an IMS database. GMAC experience data is ex-
tracted monthly from DASD resources. Receipt, pro-
cessing, storage (in a VSAM file) and preparation for
distribution of data are performed by batch jobs that run
on an IBM mainframe operating under MVS,
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Figure 2. ANALYST branch hardware configuration

The knowledge bases and clerical data entry compo-
nents reside in a single Sun Microsystems workstation
located at each GMAC branch office. All communica-
tions between the workstation and mainframes are per-
formed over an SNA network. To allay concems about
end user response time and network performance, data is
transferred between the host and workstations at night,
Completing the process, downloaded data is stored in a
local database until the review is completed.

The workstation configuration at the branches is
shown in figure 2. The basic branch workstation is a
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Figure 3. Workstation Platform Software

Sun 3/50 with a standard 19" monochrome display and a
141 Mbyte disk. One workstation serial port is connect-
ed to a modem sharing device, which along with one or
more branch control units, accesses the SNA network.
The other serial port is connected to an A/B line switch
which permits the workstation to alternately access a
personal computer and printer.

The Workstation Platform Software

To help understand the branch workstation software
platform, a high level look is shown in figure 3. Deal-
ership data is stored on an Informix database, with soft-
‘ware access provided through Informix ESQL-C facili-
ties. The Informix forms facility presents full-screen
displays of the dealership’s four-page financial state-
ment. The same form is used to clerically enter dealer-
ship financial statement information.

SunLink SNA facilities transfer dealership data (and

requests for data) between the host and workstation
and, interactively, access online host applications. The

47

unattended file transfer operations use TFT, the Trans-

. parent File Transfer facility developed by Electronic Da-

ta Systems Corporation (EDS). TFT uses the IBM FTP
capability of Sun’s TE3278 facility. Credit analysts can
access mainframe applications through the M204 tool,
which uses TE3278 to provide the 327x terminal emula-
tion.

The User Interface

To make ANALYST easy to use, workstation func-
tions are organized as an extendable set of application
"tools." All the functions run under native SunTools,
with scparate icons and windows (figure 4) which are
displayed after a credit analyst logs in. ,

Furthermore, the user interface is the "glue" that
joins all of ANALYST’s major workstation compo-
nents: knowledge bases, S.1, Informix database and
327x terminal emulation. The user interface, conceptu-
ally, is organized into layers. The top layer is a pro-
gram (actually, just a UNIX shell script) which starts
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Figure 4. ANALYST icons and Review Tool window

up -- in the background -- each of the tools. The second
layer, is comprised of the tools themselves, each consist-
ing of a base frame and screen(s). Each screen is com-
posed of a set of building blocks which comprise the
bottom layer.

Knowledge Representation

Expert dealership risk analysis combines data abstrac-
tion and evaluation, association of problems with correc-
tive actions, and refinement of recommendations (figure
5). In the initial step, each significant piece of financial
statement data (or calculation involving several finan-
cial statement elements) is abstracted into more signifi-
cant data features. Implemented in the form of rules
and constraints, this step allows the expert to reason
with symbolic rather than numeric data.

The initial step also involves an evaluation of the nu-
meric data; the symbolic abstractions generally indicate
when the financial statement data (or calculation result)

48

\
MEMO:
Par BHAC
Units  Amount
T283 33,28
Risk risti Risk
Situations association Correction
Strategies
T abstraction l refinement
Id?thlr'lZ:lF)Ut Recommendations
of Guideline to Management
T abstraction and
evaluation
Financial
Statement
Data

Figure 5. Knowledge Representation Steps

is out of guidelines. For example, the values concemn-

ing used car inventory level and rate of sales become
statements about the dealership’s inventory status.
Thus, a 73-day supply of used cars may be abstracted as
an "overstock of used cars" (figure 6).



Once the data is in symbolic form, the credit analyst
interprets the data characteristics and further abstracts
out-of-guideline situations into risk situations. Reason-
ing, here, is accomplished with more complex rules
(because more judgement is involved) than those in the
initial abstraction step. Continuing the example, fur-
ther analysis may conclude that the dealership (and
GMAQC) is at risk because of the excessive investment in
used car inventory.

In the next step, risk situations that have been identi-
fied are associated with potential corrective strategies.
For example, if a dealership has an overstocked used car
inventory, one recommendation is to liquidate the inven-
tory. '

In the final step, the recommendation is refined using
additional analysis and, possibly, requiring the analyst
to gather more information. Completing the example,
selling to wholesalers just the used cars on hand for
over thirty days may remedy the risk situation,
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Figure 6. Knowledge Representation Example

The Knowledge Bases

In the original design of ANALYST, there was only
one knowledge base. As the system matured, it became
evident that credit analysis knowledge could be used in
three different ways: (1) to verify that the clerically en-
tered data met a minimum set of requirements, (2) to
perform a preliminary analysis on the data received from
the host before a consultation commenced, and (3) to
conduct an interactive consultation with the branch cred-
it analyst. Accordingly, three knowledge bases were de-
veloped. In this article, only two of the knowledge
bases are discussed: the frontend (non-interactive) and
main (interactive).

As mentioned earlier, data reliability is a concern of
credit analysts. Since data is the starting point in

knowledge representation (figure 5), the frontend per-
forms the important function of advising the credit ana-
lyst about missing, inconsistent and questionable data.

‘The frontend knowledge base was designed to remove

data validation and routine calculations from the main
knowledge base. The advantages of this design are a
smaller, more maintainable main knowledge base and
faster running consultation.  Again, rules and con-
straints were used to model the expert’s reasoning.
Among the activities of the frontend are:

» perform calculations and check the sensibility
of the results

» perform screening tests to check for the valid-
ity of balance sheet items

= check to see if the two tests above yield sig-
nificant problems

« compare the current and previous financial
statements for significant changes

« summarize and print the above findings

» set an intensity level that determines the
depth of questioning during the consultation.

As an example of a frontend activity, setting an inten-
sity level is achieved by determining the attribute,
high.anxiety?[r], which indicates that the dealership may’
be in trouble. This boolean attribute is set only when
one of several rules is fired. =~ The control block
det.high.anxiety? controls the processing including stor-
age of the results in the local database. The control
block, attribute and a typical rule are shown below.




The main knowledge base runs the consultation and
produces the review reports. It contains over 3,500 ob-

jects organized into layers. The organization of this
knowledge base was partly motivated by the observation
that a large amount of the area-specific analysis, (for ex-
ample, cash, new vehicle inventory) is nearly indepen-
dent of other areas. Further, the same kinds of process-
ing were done for each area. Although S.1 does not pro-
vide an OOPS capability, a general object-oriented
approach was chosen for the high-level control design to
achieve simplification in development, maintenance, fu-
ture extension, and -- to appease end users -- enhanced
explanation facilities.

The highest level consultation control blocks are pri-
marily concerned with the sequence of processing as per-
ceived by the user. The sequence of events in the top
most control block is:

1) Create the class instance for the review data

2) Get the name of the dealership to review (passed
in from the user interface )

3) Fetch the associated dealership data row, and de-
termine whether or not the user wants to review
that dealer (during which the results the frontend
are displayed)

4) If the user accepts the validity of the data and
elects to proceed, the initiate.review control
block is initiated. It controls the following pro-
cessing:

* determine from the user which type of re-
view to perform

« perform specialized processing as dictated by
the review type

» determine whether the review should be con-
ducted at a high or low level of detail
(intensity)

« save the reason for review in the database for
later uploading to the host

« invoke the review type-specific control block
that directs the sequence of consultation
"phases" to be performed

5) Update the database
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Subsequently, the conduct of the consultation is deter-
mined by one of the eight review types. In turn, they
define which area-specific analyses are to be performed.
For example, the beginning section of the regular-
ly.scheduled.review control block looks like this:

Knowledge base layers comprise the rest of the frame-
work, beginning with "phases" (figure 7). Phases re-
flect the general nature of the processing currently be-
ing done (for example, profit and loss analysis). The
current phase is always displayed on the screen to pro-
vide a frame of reference for the credit analyst. Phase
control blocks conditionally invoke subphases which are
relevant to the type of review (for example, regularly
scheduled, dealer loan request) to be performed. Sub-
phase control blocks, in turn, invoke the area-specific
analysis control blocks, fopics. Three forms of topic-
level control blocks execute approximately ten differ-
ent functions including perform analysis (‘analyze top-
ic’), determine recommendations (‘resolve topic’) and
generate reports (print topic’). Invoked by topics, task-
level control blocks perform a specific set of activities,
some of which require user interaction. The scope of

Figure 7. High-level main knowledge base structure



each task is limited so that explanations available to the
end user make sense. Because explanations are a critical
and unique aspect of ANALYST’s delivered capabilities,
they are discussed in greater detail below.

Explanation Facilities

The challenge in providing useful explanations was
the credit analysts themselves; some would be very ex-
perienced and others complete novices. To meet the
needs of both (and those in-between), multiple types of
layered explanations were created in two broad catego-
ries: context-sensitive and context-independent.

All explanations are canned text located in a subdirec-
tory on the workstation. These text files were created
and are maintained solely by GMAC, which considered
the native S.1 explanation facilities insufficient for end
users. In the examples below, compare S.1 (top) and

ANALYST text when executing a "why" command:

Explanations are available only when a task-level con-
trol block contains interactive code. In other words,
the consultation must be at a question in order for a
credit analyst to access any explanation type. From the
user’s standpoint, all explanations are obtained simply
by clicking a button or using a pull-down menu. Inter-
nally, the user interface pipes a command string to an
S.1 extemnal function which retrieves the text and places
it in the correct window. The mechanisms for retriev-
ing the canned text differ by the type of explanation
sought.

Context-sensitive explanations are tied either to an at-
tribute (table 1) or to the structure of the knowledge

base (table 2).
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Type Functionality (Answers the question:)

Help What do I do next?
What are the implications of my an-
swer -

Theory What accounting theory (or princi-
ples are at play?

Syntax What is the set of legal answers to
the current question?

Table 1. Context-sensitive explanations tied to attributes.

Text file location and "layering" are achieved by sim-
ply adding a unique file name extension (".hlpl’, *.hip2’,
*.hi1p3°) to an attribute name. As the user asks for addi-
tional help, the S.1 external function routine increments
a counter and retrieves the appropriate file from the ex-
planations directory. Three levels of Help are available
for every question, each level containing more detailed

explanations. Only one layer is implemented for Theo-
ry and Syntax.
Type Functionality (Answers the question:)
Why What am I doing here?
What is going on at this point?
Situation How did I get here?

Table 2. Context-sensitive explanations tied to kb structure.

The mechanism for locating text differs for the next
two explanation types. Among the arguments passed to
a task-level control block are a Why and a Situation
key. These keys provide the indices for looking up the
canned text. A stack is kept for each of these two ex-
planation types. So, as lower level tasks are invoked,
keys are stacked. When a credit analyst repeats the need
for one of these explanation types, a key is removed
from the stack. Therefore, each successive request re-
tumms an explanation more general than the previous
one -- the knowledge base structure is climbed from bot-
tom to top. '

Context-independent explanations are shown in table
3. For these explanations, the text retrieval method dif-
fers slightly because knowledge base attributes are not
involved. Specifically, the credit analyst determines (by
selecting an item from a pull-down menu or by high-
lighting text in the consultation) the "name" used as an



argument to the command string which is passed to the
S.1 external function,

Type Functionality

Subject Explains key business concepts in the
form of definitions of items such as

materiality, intangible assets

Reference Provides online access to GMAC op-

erations and credit analysis manuals

Calculations Displays the general formula, instan-
tiated formula for the dealer under re-

view and the result of the calculation

Table 3. Context-independent explanations

Project Management

Expected Payoff

For a dealer review application to be considered suc-
cessful, GMAC expected to accrue a number of tangible
and intangible benefits. The minimum payoff from tan-
gible benefits was expected to be $2 million per year.
Depending on the ability of ANALYST to reduce dealer
losses due to default, the utilization of the system and
the state of the economy, the system should increase the
payoff.,

Tangible Benefits:

- 50% reduction in time to perform reviews

- reduced effort for internal compliance audits
- elimination of planned costly training course
- reduction in losses due to dealer default

Intangible Benefits:

- standardization of the dealer review process
- thorough, consistent analysis
- enhanced performance of credit analysts
- additional time for the more difficult reviews
- value-added service to dealers
- method for training credit analysts
- a precursor for the ability to:
- analyze any automobile dealership
- analyze other types of businesses
- analyze mega-dealerships
- construct models of business types
- market certain analysis modules
- ability to incorporate new analysis techniques
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Project Life Cycle

Late in 1985, GMAC focused on an Al solution to au-
tomating the dealer review process. The study expanded
when GMAC approached Teknowledge, Inc. of Palo Al-
to, California. Following conceptual and engineering
validations, prototype development began.

At the completion of the prototype in December,
1986, GMAC conducted numerous demonstrations of
ANALYST for its executives, managers and credit ana-
lysts. Because of the positive feedback from the demon-
strations and from written evaluations of the system,
knowledge base development resumed in January 1987,

System engineering work was undertaken by GMAC,
Teknowledge, EDS, and American Management Systems
(AMS) of Alexandria, Virginia in March, 1987. The
following January, the system was installed in a single
pilot branch. Eight branches were added to the pilot
program in June, 1988. National rollout commenced
during July at the rate of 16 branches per week. By De-
cember, all 230 systems were installed and operational.

Results

At the time of this writing, credit analysts had al-
ready performed 12,000 dealer reviews using ANA-
LYST. Feedback from them over the months has been
particularly rewarding.  Although generally inexperi-
enced with windows and mice, credit analysts quickly
overcame their initial apprehension. They think the sys-
tem is easy to learn and use. Beyond their familiariza-
tion with the personality of ANALYST, the normal
learning curve for a good understanding of system con-
cepts secems to be about 3 weeks. Then, users are com-
fortable enough with the system to trust it -- and ask
questions about its logic.

Objective feedback was obtained too. In a recent
branch survey users verified that many of the intangible
benefits were being met -- some exceeded. Although
the full tangible impact of the system cannot be real-
ized for several months, most users indicated that the
system was already providing measurable time savings.
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