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PATIENTS and one patient may have an appointment with
one or more Doctors

\have appointment with y
1~ < ,
have appointment with

Patient

Doctor

Many-to-many  relationship between Doctor and Patient

2. Resolution of many-to-many relationship between Doctor
and Patient
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Doctor Patient

.1""'-..._‘" -
Supervise %‘”"m #M’MBe Present at
."""*-.,-ﬁ " -
", -
S, ,» Be Made for
Be Supervised by L ; —
Appointment

Missing Entily /

3. Resolation of many-to-many relationship between order
and stock item

Order Stock Item
""'\_\ -
Made Up of ™. / Appear on
SRS
T,
e, " Referto
- Belog to L ——l R 2
Order Line

4, A university LECTURER may be the sponsor for one or
more student PROJECT . However , the sponsor may not
surprise the project and lecturers may well supervise
projects which they have not sponsored
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[ Lecturer }

Sponsor Supervise

Be Sponsored By /

/\ Be Supervised By
( Project }

Multiple relationship between Lecturer and Projecf

5. Exclusive relationships between CUSTOMER and
INVOICE , and customer and STATEMENT.
" customer is either issued with invoices for each
transaction or a statement at the end of the month never
both . The relationships are exclusive : only one can exist
for a partictlar customer . " ' :

[ Customer ]

Be issued with o~ Be issued with
: -~ "~ Be Dispatched
Be Dispatched __1/ \]__

[ Ihvoice ] ( Statement J
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There must be at least one BOOK COPY of each
BOOK TITLE in the system . Each BOOK TITLE must
belong to one particular CATEGORY , but a CATEGORY can
exist in the system if there are no BOOK TITLES belonging to
it . LOANS are stored in the system only if they are current
(i.e. when a book is returned , the record of the loan is
removed) . A BORROWER can have several LOANS (or none
at all) and each LOAN is for one book .

( Category ]

Contain

Belong to / \

[ Book Title ] [ Borrower ]

Contain

have Initiate
Be copy of/ \ / \Belong fo
[ Book C opy ) Be Subject of Record ( ' Loan J

The Entity Model for the Library System
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(E-R ) plisuzaly QUL drdd o Usa

s iz

———

83 e g0 LS g8 i (53 e S Ll I A2 e
o S S g 5w M B e () e ey L s 5, Say s pas
LIS @ o e B ST S el Sl
DA U S e il g LS 32 0 S
Order, Estimate, Stock Category, Stock Item, Customer
el ey Al y 5 ymay Sl S 0dp ey Dl gl

b Lo

. (Order) b o af J) ¢s3 0 s J57 010
.(Customer) csne iz of lgaun J3 o0 "onesidl ¢ opatdl” fiast .Y

. (Stock Item(s);) J} mde cnei o s IS, 7

. (Stock Category) care case a2 (Stock Item) Js™. ¢
s Bl i) oy oAl g 8 80 RS 8 g ool s 0

JETINCAV 9M|Jj@b(‘5\iﬁbggﬂhﬁwguaﬁ\ydu:JY| sl oy 2 S
uw‘h__ywjﬁﬁcjwjl‘grgll t,\iﬁjw;wsmﬁwd-

3&.-.; S
Estimate | Order | Customer | Stock Item Stock
Category
Estimate X X X
Order X X X
Customer X X
Stock Item X X X
Stock X
Category
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D LS B 8 A ya y ohef aSC i e iR Sy L

' Customer I
The one-to-many relationship
between Customer and Estimate
l Estimate I

(Orders) el—db due f ol 8l asly b gzl e oy of Sy ¥
(LM) o (1:1) 0555 %6 wdkat of (o

Customer _ l Customer I
Order I Order - ,

The one-to-many relationship " The one-to-one relationship
between Customer and Order between Customer and Order

Hi

e sl . 4w 328y (Order) 41y b (Estimate) creseld 0,5 S5, .7
L (1:D)

Estimate -

The one-to-many relationship
between Estimate and Order

Order

[pl

(M:M) %.e; (Stock Item) s (Estimate) o 28l 0,55 48 Lazy . ¢

nt -~
2 <

The many-to-many relationship
between Estimate and Stock Item
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(Stock Category) 3,5 -l sz (Stock Item) s S5

LStock Category

The one-to-many relationship between
Stock Category and Stock Item

2 S e b o5 15" 0w (Optional) 4 bW B3l e pmy .y
(Estimate) , (Customer) cy @i (3 JuLi

l Customer l
- be issued with

[ Estimate ] | be issued to

The one-to-many relatiohship between Customer
and Estimate , showing Optimality

S 64 b e 8T Customer ellgzad ‘yJMOfL@‘J&%‘w-A
wb\J&WWJMO‘%b‘)‘drﬂ‘&

Customer
Place

l Order l | be placed by

The one-to-many relationship between Customer.
and Order , showing Optionality
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5" oy (Stock Ttem) opr 57 of d-ty 3] e OF ot iy ol 8 b 4
Py O)g' ol gS‘ . J.'-'f\ Ji -\7—‘_, ;‘J—'h J'JU“ ‘-—'u’:! 43 (StOCkItem)
. (M:M) drpa

refer to
l Order => <{ Stock Item |

be present on

The many-to-many relationship between Order
and Stock Item , showing Optionality

s Jea

Try the following four exercises . The entities are
in cap1ta1 letters. Connect the entities together with
relationships . Show optionality and describe the
relationship against the lines.

" 1.An EMPLOYEE may be a MEMBER of the company's
employees.

2A ROOM may have a .number of telephone
EXTENSIONS but may not have any A telephone
EXTENSION must belong to a ROOM. -

3.A COURSE must have a number of STUDENTS
enrolled onitana STUDENT must be enrolled on only
one COURSE .

4.A STUDENT must be enrolled on only one COURSE
and a COURSE must have STUDENTS enrolled on it .
Each COURSE must have a number of MODULES and
a MODULE can be part of more than on COURSE but
must be part of at least one COURSE . Each MODULE
must have a LECTURER as a subject leader but a
'LECTURER may not necessarily be a subject leader or
may lead more than one MODULE.
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Contain Contain

Belong to _ e enrolled on
l Member l Extension ‘Student
| Lecturer l

Be subject leader for

(])l Employee l (2)l Room ’ (3)l Course \
'Be : '
By

Be led by

Module Course

‘Contain

Be enrolled on

4
l Extension I
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i La o 0SSy sl Accounts Payable System cle gl colus

o5 Ul w2 53 Vendor-master File Bl jud 3 Calld gl ol 28

Il b ladst g lomzia e dorlid L Aalaill i (6 225l e of JS°
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VENDOR-Master = Vendor-number +
Vendor-name +
Ve_ndor-address +

Telephone-number+
Vendor-type +
Discount-type +
Purchases-type +

At LS WL 0 il Apdly S o gaB (3 g v it et pdan

Vendor-Address =
' Street + |
(Apartment number) +

State-abbreviation +
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ol e gty oLl el 3 @ M f a8 e,y

Pkt WS
System : Accounts payable
File Name : Vendor-Master
Analyst : Russell
Date : 10/03/98
Element Name Length Data Type
Vendor number 8 Alphanumeric
Vendor name 30 Alphanumeric
Vendor street 27 Alphanumeric
Vendor type 2 Alphanumeric
Discount type 2 Numeric
Purchases-last 9 Numeric
Discount-last 9 Numeric
Key Field Vendor-number
Order of File Indexed by Vendor-number
Length Approximately 40.000 Records
Media Disk
Security Internal use only
s Jlee

Vendor Master ULl ol il
CUSTOMER _ORDER = Customer_Name +

Customer_Address +
1 {Order_Item} 10 =

Item ID +
Item_Decs +
Item_Price +
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SALES PERSON +
Order_Type =["phone" |"mail"]
Order_Subtotal +
Order_Tax +
Order_Total
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Inventory update

and report Ve

T

Inventory update

‘,‘ T’,-

|

processing

Report

|

Transaction .

Entry

Transaction
vzlidation

Edit
Transaction

Update
File

Y. 4

Y

Y ARy

Generate
Daily

i Report

Generate

summaries |,y

VTOC A oygt Jpbr (£7) o8 JS5
¢ obedanll ¢ oMl (IPO) J_,L\.__a- r..u_,i' J_,..\;‘.-l fda s 42 (é
Program Module gal— pll &S 3 il oo iy il 21

)y O . 3.0 Zhaall (IPO) JSI pony sy Wl Lo 531 1y
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Ir\pntc.

Old
Inventory
File

Transaction
Record

Process Qutputs
1. Provide for data entry - New Inventory
validate transactions to file.
insure transactions type - Back order file.
and part number correct, p——="> - Daily inventory
edit all incorrect report.
transaction, modify - Summary report
invendtory file. —
2. Generate daily
inventory report, gencrate
the summary reports,
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Inputs

ot WS S

Process

1. Old inventory file
2. Trabsaction
Record

1. Provide for
data entry....

2. Generate daily
inventory

Outputs

:7./

- New Inventory
File
- Bactorder File

G—B e It r e gl r 56 TPO ol JS o (S
3 4—155 LS Module 2.0 4.5 3 da ) elor 2l ¢ adlall ¢ Bl

DU Jsad

Inputs __ Process Qutputs
Transaction - Sort transaction file by - Transaction file
"““ffl;‘e on part number sorted by part no
- Verify transaction type - List of invalid
-~ - Verify part number ‘=" Transaction,
- output in valid
File of | transactions |
part
number
<J
Outputs
Inputs Process P
i - Sort Transaction
Transaction file..... Transaction f—P file.. .
file....

ot Y il e Sy il sl f Jusl 2 (HIPO) JSC8T a5
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Symbols Used in
System Flowcharts

Process

Output

—»  Flow Line

| O Connector
G Off Page

Connector

C_C onme

Storage

. Off line Storage

<ﬂ

U

Keying
Operation

s Ju Jad
Symbols Used in
Program Flowcharts

Process

Output

——>  Flow Line

O Connector
D Off Page

Connector
<> Decision

Predefined
Process
S Terminal

(Start, Stop)
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Product A Assembly
2 [3 | 4 s
Open Remove Group Assemble Finish
Container Parts parts wheels Assembly
Y | ] Y
Bolt Front Bort Rear
wheel wheel

A es i I Aualhl B8 G 1 o el plladl Gl 13
LBl S (4 4573 oda JA# 0GYLS Finish Assembly gl aamdl
b JW S 3 ety e LS a0V

Finish Assembly
5

|

1

5.1

Bolt Front and Rear Wheels

Attach Handle bars

52

53

Attach Chain

5.4
Attach Seat

Sl o 3 S i ST 2 5E e ol Je g Leie g
JS—t 3 ek ool A el el il gy plga Jf b g ity ezl

5.1

5.2

s du

53

5.4

511

51.2

f
513
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Accounts Payable
3 4 5
Print Check Post Invoice Print Reports

Sy o ) L4 S (0) (3 el G i ol s
| DA ey A (3 el LS Adles DG

Print Report |5

I
[5.1 [5.2 5.3 [5.4 [5.5 5.6

Numeric Vendor Open Check Vendor Distribution
Vedor List item register analysis to ledger
List report report
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Z:j Input/Output Processing

Preparation Punched Card

Document

@ Data Base Q
Storage
Sort .
[qunched Tape GME;‘:“‘:

A\

On-line Input On-Line
Display
Merge
Telecommunication
Link

_SDQ
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Do daill

Clear summary totals

Do for each newspaper

Clear newspaper totals

Print data

Search for existing subscriber record

Update Type
Renewal New \ Change of
Subscripition | Cancellatio address

Address Null Set Change
Correct Subscripti | address
on length

Y N ) to zero

Set subscription length Issue refund check

Update totals for newspaper

Print updated subscriber information

Get next subscriber update

Get next newspaper

Print summary totals for all newspaper
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Warnier - Orr Diagram <lak2 . ¢

J—1# ¢ 38 Cor Warnier-Orr J ¥ sanae oty JS20) 1 o0
S A Bt 5y AV a3 Jakasidl b phisszaly ool gen e g

L5 o o (N-8) 23,2 (HIPO) et (W-0) JS 4.2
Al a2 S Lty Jan W Jf S o bl

i lie 2 )l oL Lea L-_z_,-.dJ J3! Warnier-Orr J&af of vy

S sy Jsla
QL S (3 ekt R o i sae (W-0) JIKT 3 potsiznsy
bt S g
{ Signify sets and subsets

{

(M) Means do the set M times
(0,1) Means the condition must be either true or false
+ Implies the statements above and
below the + are mutually exclusive
alternatives
PERTORM Is used to jump to another part of the
diagram |
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¢—2) o= <> Pseudo Code 13181 48 5 a8l [@,T o
gl e g5 48> Ay plladl gl 1 pr Le el Bl oo 30 Sliol 4o
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Pseudo Code

1. Open Container
2.Remove Parts
3. Group Parts
4. Assemble Wheels
5.Finish Assembly
a.Sequence control structure shows one action or
event followed by another without interruption
If (Brake-Type = Hand) THEN
Bolt brake handles to handle bars
Run cables to front and rear brakes
Attch cables to front and rear brake calipers
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ELSE

Bolt coaster brake to frame at rear wheels
END - IF
b.election control structure uses IF-THEN-ELSE
along with indenting actions
WHILE (there are cartons of blcycles)
Open container and remove parts
Separate Parts
Assemble Wheels
Finish Assembly
END-Do

c. Iteration control structure provides for the repeating

of events. This might- apply to a product assembly
line

Pseudo Code
- B for piad O glast
dee ¢ 2S¢ ol K ‘...,..Y\ ‘ﬁl
Lo ol 3, Ul (3} Jasl © = o ) 13
3 G+, Y0 x Ll = el ¢ aedl me ol V) g
13) 3L L U Jomedt 3] it Vg 8, 500 mbh Ve e = e
| oyl slae e 3 5l Bal I Casl

R Y P
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Pseudo Code &gl a1 : Js

A JSC Ay SOy oy L —= Pseudo Code &3l 2.0 o)
. Actual Programs #laill s )i y Structured English

S 03 e sl Bl 28 Ay W Sy
It virtually describes programs without actually writing them.
Al e ) loelraall LpaldsizaY peali by 8™ b ) L 0,55 S,
Los ol ol sdlaall s Juelidl 3] eads ¥ Sy 1 )
. ¢! ... Error Checks , Status Checking
Lt Lgale iy b igﬁghPSCUdO Code 2 ¢ jLazyy |

a_all oda g r.x,uw G 4kl =T Jie s by . Program Skeleton

ol e A et AdlaY) G 4

Open DISCOUNTS FILE

Open PRICE FILE o

Repeat LOOK UP until end of INPUT FILE
LOOK UP

Read INPUT FILE

Get ITEM NO QTY at KEY =ITEM No

Get ITEM UNIT PRICE from PRICES FILE

ITEM COST =QTY * ITEM UNIT PRICE

Read DISCOUNTS FILE at KEY =ITEM No

Get DISCOUNT-QUANTITY, DISCOUNT

FACTOR from DISCOUNT FILE

If QTY > DISCOUNT QUANTITY
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DISCOUNT = ITEM COST * DISCOUNT
FACTOR

Write ITEM COST DISCOUNT ITEM UNIT
PRICE

To OUTPUT FILE

L—astazel 42 Pseudo Code i 3 dndowand) ol padl e Lol
=5 U—1 Of G LoS” Programming Language 3 » 3 e jazudl
o pbadt gl Bl pAS

COBOL il 2 Jo San daznd Goludt K80 (3 dadsnzadt 206 |
. COBOL i ;» <sl- Open , Repeat J2 55 ) wlodaal) of o
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Multiply price by Quantity - sold giving Net-
price |
Multiply Net-price 0.175 giving VAT
Add VAT to Net-price giving Gross-price
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Calculate Net-price = price * Quantity - sold
Calculate VAT = Net-price * 0.175
Calculate Gross-price = Net-price + VAT
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IF dimensions not ok
Reject product

ELSE (dimensions ok)
IF mechanical test ok
IF electrical test ok

- Pass product

ELSE (electrical test not ok)
Repair product

ELSE (mechanical test not ok)
IF electrical test ok
Repair product

ELSE (electrical test not ok)
Reject product

14
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IF dimensions not ok
Reject product

ELSE
IF mechanical test ok
IF electrical test ok
Pass product

ELSE

261



Repair product
ELSE
Repair product
END IF
ELSE |
IF electrical test ok
Repair product
ELSE
Project product
END IF
END IF
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Add Invoice-Total to overall-total
Add 1 to No-invoices
UNTIL no more invoices
Divide Overall-Total by No-invoices giving
Average-value
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120 01 Abril 1 | Accountant | oW | 37
120 08 Abril 1 Accountant Los 12
Angeles
121 01 Bayer 1 Accountant New 45
Orleans o
121 08 Bayer 1 Accountant Los 21
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Em};\igyee- Employee- name | Job-Code Job-Title
120 Abril 1 Accountant
121 Bayer 1 Accountant
270 Boudreaux 2 Supervisor
273 Wolbrette 3 Manager
274 Scanlon 2 Supervisor
272 -Richards 1 Accountant
301 Daly 1 Accountant
306 Magrew -3 Manager

DEP

Dept-Number Location
01 New Orleans
08 Los Angeles
12 New York




HOURS

Employee- Number Dept-Number Hours-Worked
120 01 37
120 08 ' 12
121 01 45
121 08 21
121 12 - 107
270 08 10
270 12 78
273 01 - 22
274 12 41
279 - 01 27
279 08 20
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Employee-Number | Employee-Name | Job-Code
120 Abriel 1
121 Bayer 1
270 Boudreaux 2
273 Wolbrette 3
274 Scanlon 2
279 Richards 1
301 Daly 1
306 Magrew 3
JOBS DEPT
Job-Code | Job-Title Dept-Number Location
1 Accountant 01 . New Orleans
2 Supervisor 08 Los Angeles
3 . | Manager ' 12 New York

298



HOURS

Employee- Dept-Number | Hours-Worked

~ Number
120 01 37
120 08 12
121 01 45
121 08 21
121 12 107
270 08 10
270 12 78
273 01 22
274 12 41
279 01 ' 27
279 - 08 20
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EMPLOYEE-DEPT-TASK

Employee-Number Dept-Number Task
120 01 Analyze
120 01 Process
120 01 Document
120 08 Analyze
120 08 Process
120 08 - Document

The following pair of tables are in Fourth Normal Form

EMPLOYEE-DEPT EMPLOYEE-TASK
Employee- | Dept-Number Employee- Task
Num. Number
120 01 120 ‘Analyze
_ 120 Process
120 08 120 Document
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AUTHORIZER’S ASSISTANT (AA) Aids in credit card
application processing for American Express. It helps credit
authorizers sort through 12 databases to determine whether or
not to approve individual charges. AA does a heuristic search
of the database to arrive at a recommendation. The system cuts
the time needed to process credit card customers’ purchase
authorization requests, minimizes losses from bad credit
decisions, and improves human authorizers’ overall business
performance. The system is implemented in ART on an IBM
mainframe. It was developed by Inference Corp.
Rothi, J.A. and D.C. Yen, Why American Express gambled on
an expert data base, Information Strategy: The
Executive’Journal, vol. 6, no. 3, pp. 16-22, Spring 1990.
BA, Bidder’s Associate, aids in the preparation of bids for a
jet-engine parts manufactuting company. The company
receives a request for quotation (RFQ) and estimates the cost
to manufacture the parts and the price that will win the bid. BA
is case-based and was developed on a 386-based PC using C
and a text-based windowing graphics interface. BA allows the
user to enter information from the RFQ, select relevant
similarity features, and rate their relative importance. The user
can retrieve similar past bids and compare the highest scoring (
most similar) bids to the new bid. The retrieved bid
information in then used in the construction and cost
estimation of the new bid. The system was developed by
Stottler Henke Associastions Inc., Belmont, CA.
Stottler, R.H., Case-based reasoning for bid preparation. Al
Expert, vol. 7, no 2,pp. 44-49, Mar. 1992,
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BERT, Bank ExpeRT, assists bank examiners in evaluating
the financial condition of banks. The Office of the Comptroller
of the Currency (COC), is responsible for evaluating the
financial condition of over 4,400 nationally chartered banks.
The COC currently has 2,800 bank examiners that analyze
banking data, prepare bank status reports, and conduct on-site
inspections at troubled banks. BERT downloads all the data
from COC’s Amdahl mainframe onto the examiners’ PC and
then begins analyzing the data. The system considers 2,000
decisions and reduces them to five overall conclusions that are
presented with narrative comment. The analysis takes about
six minutes per bank. In tests, its conclusions matched those of
the field testers 90 to 95 percent of the time. The system was
implemented using GURU.

Osborn, P. and W. Zickefoose, Building expert systems from
the ground up, Al Expert, vol. 5, no. 5, pp. 28—35, May 1990.

CARMA, Computer-Assisted Real Estate Market Analyst,
assists in the evaluation of the real estate market. The system
is rule-based, uses a backward-chaining strategy, and consists
of ten different rule modules. The system was implemented
using EXSYS and Lotus 1-2-3. CARMA asks questions
related to the area under consideration, such as population and
employment trends, household incomes, and housing demands.
It then uses Lotus to calculate financial ratios to aid in
producing its overall evaluation of the real estate market.

Holmes, W.T. and M.E. Warkentin, The computer-assisted
real estate market analyst: A knowledge-based real estate
market analyst. Proc. of the 1989 Conference of the Northeast
Decision Sciences Institute, 1989.
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ELOISE, English Language—Oriented Indexing System for
EDGAR, assists personnel at the U.S. Securities and Exchange
Commission (SEC) with detecting unusual security
transactions. EDGAR consists of a storage system for SEC
filings that are received directly from filling companies,
ELOISE analyzes the SEC filing documents using natural
language processing techniques to detect the presence of
certain predefined patterns and concepts. The system was
developed using KEE and runs on a Syrnbolics LISP machine.
It was developed at Arthur Andersen and Co.

Behan, Joe, Overview of Financial Applications of Expert
Systems, Proceedings of IEEE Computer Society, WESTEX-
87: Proceedings—Western Conference on Expert Systems,
Anaheim, CA, pp. 223—229, June 2—4, 1987.

ESCAPE, Expert System for Claims Authorization and
Processing, is used in the validation process for incoming
warranty program checks at the Ford Motor Company. The
system helps Ford dealers determine if a given vehicle is
covered under warranty for the work proposed. The system
checks each incoming claim and attaches an error code to any
that are not valid. It verifies that the vehicle type, production
date, mileage, part and labor costs, and other data are
appropriate . for the warranty coverage indicated by the
submitting dealer. If the mileage is too high, if the vehicle line
is not eligible for the specific policy, or if any other error
conditions are identified, the claim can not be validated.
ESCAPE was developed using ART-IMIMVS and runs on an
IBM 3090 mainframe. It was developed by Ford Motor Co.
and Inference Corp.
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Bunney, W., et al., Ford Motor Company’s system for claims
authorization: |
Escape, The 1990 Second Annual Conference, Innovative
Applications of Artificial Intelligence, 1990.

FOLIO offers consultation in the area of portfolio selection by
defining a client’s investment goals and suggesting a means
for attaining these goals. The system first determines the
client’s objectives then suggests percentages of each fund that
should meet these goals. FOLIO was designed to make
recommendations for dividend-oriented (low-risk stocks) and
commodity-sensitive (higher-risk stocks) investments. The
system is rule based and uses forward chaining. It was
developed at Stanford University.

Cohen, P. and M.D. Lieberman, A report on FOLIO: An
expert assistant for portfolio managers, Proceedings IJCAI-83,
pp. 212—214, 1983.

HELDA is a help-desk assistant that supports customer
service calls for software problems. Helda is composed of 32
knowledge bases containing 3,500 rules. It contains two expert
systems: ACE and SADAR. ACE automates problem
description by guiding the user through a series of questions
that establish what the caller was trying to do and what
problems occurred. SADAR uses the results of ACE and
searches for a past problem that is similar in description to the
current one. SADAR also uses confidence factors to reflect the
similarity between the current and past problems. The system
was implemented using ADS and runs on an IBM 3084
mainframe. Cost savings for the first year were $1.5 million.
The system was developed at Cincom Systems, St. Louis, MO.
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Kilhoffer, A.and C. Wisely, HELDA: The help-desk assistant,
AL Expert, vol. 5, no. 2, pp. 57—59, Feb. 1990.

INSURANCE RISK ASSESSMENT APPLICATION: An
expert system was developed to assist an insurance company
with determining the risk of underwriting life insurance
policies. The source of knowledge for the system was the
Lincoln National Life Underwriting Manual, which contains
assessment rules for almost 500 diseases. The system has three
main modules: documentation analysis and additional
information requirements for professional and sport activities
assessment, and assessment of diseases declared by the client.
The system considers the client’s blood pressure, weight, urine
analysis, diabetes mellitus, myocardial infarct, and coronary
diseases. It uses both rules and frames to code the knowledge,
and employs a backward-chaining strategy. The system was
implemented using PC PLUS on an IBM PC. The system was
-developed by Seguros America, Mexico.

Vargas, D., An expert system for risk assessment in an
individual’s life, in Operational Expert System Applications in
Mexico, F.J. Cantu-Ortiz, ed., Pergamon Press, 1991.

LENDING ADVISOR assists bank loan officers with loan
applications for lending to companies with $5 to /50 million in
revenues. The system assesses the company’s loan history,
cash flows, and managing and marketing strengths. It then
performs financial projections and calculates a risk assessment
for the loan. The system is rule based, employs forward
chaining, and was developed by Syntelligence for Wells Fargo
Bank and First Wachovia Bank, using their own expert system
shell called SYNTEL, which has its origin in the KAS shell. It
runs on an IBM mainframe. .
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Hart, Peter, Amos Barzily, and Richard Duda, Qualitative
reasoning for financial assessments: A prospectus, Al
Magazine, vol. 7, no. 1, pp. 62—68, Spring 1986.

Objective Financial System assists financial planners with
preparing a financial plan for individuals with low or middle
incomes  starting at $30,000. The system makes
recommendations on income tax planning, living expenses,
debt management, personal residence, education funding,
general insurance management, retirement planning, estate
planning, life insurance, and general investments. It isrule
based and makes extensive use of databases to hold the current
market data. The system runs onthe DEC PDP-1 1 series of
computers and was developed at Objective Financial Systems,
Inc., Columbus, OH.

Behan, Joe, Overview of financial applications of expert
systems, Proceedings of IEEE Computer Society, WESTEX-
87: Proceedings—Western Conference on Expert Systems,
Anaheim, CA, pp. 223—229, June 2—4, 1987.

RAP, Relocation Allowance Planner, is an expert system that
assists government employees who need to interpret and apply
the Federal Travel Regulations for relocation purposes. A
person who is intending to relocate can interact with the
system beforehand to find out whether he is eligible fora
relocation allowance, which kinds of expenses are covered,
and  the amounts that are considered reasonable. It is rule-
based system implemented on a DOS-based microcomputer.
The inference engine is written in Arity PROLOG and the user
interface is written in Microsoft C. The system was developed
at the National Center for Toxicological Research (NCTR) and
the University of Arkansas.
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Berghel, H., et al, An expert system for government
regulations, PC Al, wvol. 4, no. 6, pp. 350—353,
November/December 1990.

STOCK MARKET PREDICTION APPLICATION: an
expert system was. developed using an induction technique to
improve the reliability of stock market prediction. The
problem chosen focused on predicting intermediate
fluctuations in the movement of the market for
nonconservative investors. Information for the system was
obtained from the Wall Street Journal, and from interpretations
of trend-charting techniques. Three different results were used
to categorize the prediction: bullish (forecasting an upward
trend), bearish (forecasting a downward trend), and neutral
(indicating that either call was too risky). The system used the
1D3 algorithm to induce its knowledge base.

Braun, H. and J.S. Chandler, Predicting stock market behavior
through rule induction: An - application of the learning-from-
example approach, Decision Sciences, vol. 8, no. 3, pp. 415—
29, Summer 1987.

TAXADVISOR appraises financial condition of estates
valued ‘at over $175,000 and suggests strategies for estate and
tax management. The system provides advice on insurance
purchases, retirement actions, transfer of estate, and gift and
will- issues. It is rule based and uses backward chaining. The
system was developed at the University of Illinois,
Champaign—Urbana.

Michaelsen, R., A knowledge-based system for individual

income and transfer tax planning, PhD Thesis, University of
Illinois, Accounting Dept., Champaign-Urbana, 1982.
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TAXPAYER SERVICE ASSISTANT (TSA) helps assistors
provide advice to taxpayers on tax law topics. The US Internal
Revenue Service (IRS) employs 5000 assistors to answer
telephone inquiries from taxpayers. TSA serves these assistors
by improving the correctness and completeness in answers
provided to the over 18 million calls on tax laws that are
received yearly. The system was developed at Internal
Revenue Service, Washington, DC.

Beckman, T.J., An assistant expert system: Assisting assistors
in assisting taxpayers. Antonisse, H.J., Benoit, J.W., and
Silverman, B.G. (eds.), Proceedings of the Annual Al Systems
in Government, Washington, DC, IEEE Comput. Soc. Press,

- Washington, DC, pp. 210—217, March 1989,

UNIK-FCST, UNified Knowledge-ForeCaST, assists with
making adjustments in statistical forecasting of the demand for
oil products. Time series models have served as a highly useful
forecasting method, but are deficient in that they merely
extrapolate past patterns in data without taking-into account
expected future events and other qualitative factors. To
overcome this limitation, forecasting experts in practice
judgmentally adjust the statistical forecasts. UNIK-FCST
learns from historical judgmental adjustments through
generalization and analogy, reasons based on similar cases,
and composes and decomposes the impacts of simultaneous
judgmental events nonmonotonically. The system was
developed at Korea Advanced institute of Science and
Technology, Seoul, Korea.
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Lee, 3, et al., UNIK-FCST: Kriowledge-assistefl ad_justment of
statistical forecasts, Expert Systems with Applications, vol. 1,
no. 1, p. 3949, 1990.

ACIM is an expert system that assists helicopter pilots in
flying their aircraft. ACIM integrates information from
numerous aircraft systems and determines what, when, where,
and how information should be provided to the pilot. The
system is implemented in KEE on the TI Explorer workstation.
ACIM was developed at Boeing Military Airplane Company,
Wichita, KS.

Martz, S., C. Leininger, and J. Ducas, Advanced helicopter
cockpit information management, pp. 1—8, 1987.

ACOUSTIC SIGNAL INTERPRETATION
APPLICATION: An expert system was developed to assist a
sonar operator in the identification of acoustic sources. The
system extracts features such as line families or interference
patterns from raw acoustic data. It then uses a rule-based
approach to match these features with known classes of
vehicles. This matching process is performed using a
Dempster-Shafer inexact reasoning approach that permits
matches to be rank ordered. The system was developed at .
Defence Research Establishment Atlantic, Nova Scotia,
Canada.

Hughes, R. and J. Maksym, Acoustic signal interpretation:
Reasoning with nonspecific and uncertain information, Pattern
Recognition, vol. 18, no. 6, pp. 457—483, 1985.

ADRIES, Advanced Digital Radar Imagery Exploitation
System, is a test bed for research on extracting information
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from radar imagery. The system is capable of producing
interpretations of possible military situations given the radar
imagery, terrain data (maps or digital terrain databases), and
other .tactical data. The system is mode! based and employs a
Bayesian probabilistic inference network. |

Models represent knowledge of the organization and
formations of military units. The system can use these models
with terrain information to determine the likelihood of the
presence or absence of certain types of enemy forces. The
system contains a distributed set of objects that communicate
through message passing. The system was developed at
Advanced Decision Support Systems, Mountain View, CA.

Levitt, 1., et al., Terrain knowledge elicitation for ADRIES,
Part II, Contract DACA76-86-C-00 10, Decision Support
Systems, Mountain View, CA, Oct. 1987.

BATTLE determines allocations for a set of weapons to a set
of targets, In the system, each resource is a military weapon
and each task to which a resource can be allocated is firing at a
military target. An evaluation function is used to determine the
expected reduction in target value for the applied weapon.
After the calculation of individual effectiveness values,
portions of an allocation tree are constructed to determine
good allocation plans for a set of weapons. It was designed for
use by the U.S. Marine Corps’ Marine Integrated Fire and Air
Support System. BATTLE represents its knowledge in rules
and performs inexact reasoning using PROSPECTOR-like
certainty factors. The system was developed at the Naval
Research Laboratory, Washington, DC.
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Slagle, J. and M. Gaynor, Expert system consultation control
strategy, Proceedings AAAI-83, pp. 369—372, 1983.

EPES assists F-16 pilots for in-flight emergencies. In an
emergency situation, the system first warns the pilot of the
event, recommends corrective procedures, then automatically
takes control if corrective action is not taken. The primary goal
of the system is to maintain the aircraft’s speed, heading, and
altitude.

The knowledge base for EPES includes parts, goals, and rules,
and implements emergency procedures from an F-16 flight
manual. -~ Semantic network and rule-based knowledge
representation strategies are employed within the system. The
system is implemented in LISP on a LISP machine and was
developed at Texas Instruments.

Anderson, B.M., N.L. Cramer, M. Lineberry, G.S. Lystad, and
R.C. Stem, Intelligent automation of emergency procedures in
advanced fighter aircraft, Proceedings of the First Conference
on Artificial Intelligence Applications, IEEE Computer
Society, Denver, CO, December 1984.
[

ESL aids the military intelligence analyst in performing the
Indications - & Warning task: assimilating - hundreds of
incoming reports, and predicting where and when an armed
conflict might erupt next. The system currently contains 60
condition/action rules and 170 other frames that deal with the
sorts of objects rules, and to keep the human analyst abreast of
the situation. The system is and processes that are being
reported on. It employs a two-dimensional blackboard to
accommodate reports from very different sources, to
efficiently trigger relevant implemented in LISP on a Xerox
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workstation. It was developed at California University and
Stanford University.

Lenat, D.B., A. Clarkson, and G. Kiremidjian, An expert
system for indications and warning analysis, IJCAI-83,
Karlsruhe, vol. 1, pp. 259—262, 1983.

« FORCE AGENT is an adaptive simulation model that
simulates ground, air, and naval warfare in both conventional
and nuclear settings. The system is adaptive because it permits
three rule-based modules to examine the current state of affairs
as the simulation proceeds, allowing those modules to alter the
course of events. The system was developed at the Rand Corp.,
Santa Monica, CA.

Shukiar, H., The Rand strategy assessment center syStem
perspective, Conf. Of Soc. for Computer Simulation, Boston,
MA., pp. 1—22, July 23—26, 1984. '

HANNIBAL monitors enemy communication and performs a
battlefield situation assessment. The system uses data about
the location of the communications and signal characteristics
such as the frequency, modulation, channel class, etc.
HANNIBAL is rule based within a blackboard structure. The
system is implemented in AGE and was developed at ESL.

Brown, H., J. Buckman, R. Engelmoré, D. Harrison, and C.
Pfefferkorn, Communication intelligence task—HANNIBAL
demonstration, Report, ESL, Inc., Sunnyvale, Calif., 1982.

Intelligent Weapon Suggestion System is a research expert

system built to assist the Weapons Department Head on board
a naval warship in making accurate and efficient decisions in
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critical battle situations. The system receives preprocessed
sensor input, determines what contacts are present, performs
target analysis and correlation based upon the current tactical
situation, and suggests the most effective weapon(s) to deploy
against various hostile targets. Simulation results have shown
that the system can provide timely decision support in a time-
critical combat environment. The system was implemented
using KEE and was developed at Naval Postgraduate School,
Monterey, CA.

Weng, W.J., Rule-based weapon suggestion system for
shipboard three dimensional defense, Master’s thesis, Naval
Postgraduate School, Monterey, CA., Dec. 90.

MINEPLAN, Minefield Planner Expert System, assists Navy
personnel with laying mines. Minefield planning requires
consideration of a number of factors:

mine actuation, enemy target factors, potential mine
countermeasures, aircraft delivery factors, etc. A large search
space of possible solutions exists that requires analysis of
factors such as placement of the minefield, number and type of
mines, mine settings, etc. The system was developed at the
Naval Surface Warfare Center, White Oak, MD.

Rock, D., et al., Al and the military: Time for a standard, AT
Expert, vol. 5,
no. 8, pp. 56—64, Aug., 1990.

PILOT’S ASSOCIATE is an intelligent flight simulator. The
system is interfaced to symbolic processors that act as the
flight simulator. The system consists of a VAX-i 1/780 driving
a full, six-degree-of-freedom simulator linked by Ethernet to
three Symbolics LISP machines. On the LISP machines are
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expert systems perfonning situation assessment, tactics and
route planning, and intelligent pilot— vehicle interface. The
system was developed at Lockheed.
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Alter Steven, “Information systems. A Management
Perspective”, (The Benjamin Publishing, Inc.,
1996).

Bloor Lan G., “Reference Guide to Management
Techniques and Activities”, (Oxford; Program on
press, 1987).

Blumental Sherman C., “Management Information systems.
A Tramework for planning and Development”,
(New Jersey: Prentice —Hall, Englewood Cliffs,
1969).

Dock Thomas, ( Luchsinger , and cornette” MIS, A
managerial perspective”, (Chicago: Science
Research Associaties). '

Durking John, “Expert Systems. Design and Development
(Prentice — Hall, Inc., 1994).

Fitz and others “Fundamentals of systems Analysis”. (New
York: John Willey and Sons, 1981).

Ghoshal and Bartlett, “Changing the role of Top
Management. Beyond Structure to process”,
(Harvard Business Review, Jan — Feb, 1995).

Giloi and Shriver, “Methodologies for computer system
Design”, (Amsterdam: Worth — Holland, 1983).

Gordan B. Davis, “Management Information Systems:
Conceptual foundations, Structure, and
Development.” (New York : Mc Graw — Hill , Inc.
1980) .

Gordon C. Fverest, “Data Base Management, objectives,
system functions and Administration”, (New
York: McGraw — Hill , Inc. 1980).

G. Cutts, “Structured Systems Analysis and Design
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perspective™, (Ninneapolis/St.; West Publishing,
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Management of Systems”, (New York: McGraw-
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free press, 1982).
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systems” (Prentice — Hall, Inc., 4" ed., 1990) _
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Management”, (New York: Mc Graw — Hill, Inc.
1994). = '

Laudon C. Kenneth and Laudon Jane P., “Management
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Technology”, (Prentice - Hall, International
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September, 1993).
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