Generic Blackboard Builder

The Limo Example
GBB Version 4.1

Overview

About the
application

The limo exampleis avery basic blackboard application that was devel oped
using GBB™. The application, which schedules limousine service for
customers traveling between various locations, isasimple one you can use to
become familiar with GBB and its graphics capabilities.

The basic idea of alimousine service isto accommodate people who
typically make reservations in advance for aride from a designated pickup
place at adesignated time to adesignated drop-off place at an estimated time.
A limousine service typically uses limousines or vans that can transport
several passengers at one time.

Background information

Developed by GBB
students

Limited scope

The limo example was written collectively by a group of students who were
learning to use GBB during athree-day laboratory session in a GBB training
course. The students chose limo scheduling as their application’s purpose
becauseit presented an interesting planning and scheduling problem, and it
required only intuitive expertise (that is, it required no significant acquisition
of knowledge on their part). The students had constraints, such as limited
time in which to consider the problem and varied levels of Common Lisp
expertise.

The students were very successful in using GBB to develop the limo
application. During their three days of hands-on training in using GBB, they
were able to design, develop, and deliver the application described in this
document.

The purpose of the limo application isto act as an intelligent dispatcher for a
limousine service called the Lazy Limo Company.



Thegoal

Sample session

Screen illustration

To simplify the application design and devel opment process, the students
limited the scope of their domain. They defined a limited number of pickup
and drop-off locations, called places. They aso limited the roads that
connect the pickup and drop-off places and thereby form aroute among the
various places. (As aresult, alimo cannot move directly between every
place; in some cases, it must travel through other placesto get to the desired
destination.) For each road, the students defined the normal amount of time a
limo requires for travel.

The students' goal in designing the limo application was that it would
schedul e limos according to the following criteria:

» Use of resources—Maximize the use of resources (for example, require
ride-sharing when necessary).

» Route deter mination—Determine the shortest route between two places
when assigning aroute to alimo (where aroute can pass through one or
more places and is made up of roads). If alimo is delayed en route because
of such incidents as an accident or construction roadblock, the application
must find an alternate route for the limo.

» Distribution of [imos—Keep the limos distributed throughout the entire
service area

All of these goals were not achieved in thisimplementation, however.

The screen on the next page illustrates a portion of the limo application
session. During the illustrated portion of the session, the Lazy Limo Co.
serviced four orders, as indicated by the four line segments in Blackboard
Window 3.

Blackboard Window 2 shows the routes of the various limos that serviced the
four orders. (The routes include the roads travelled to the pickup places and
then to the drop-off places.) Blackboard Window 4 indicates the time
intervals during which all the Lazy Limo Co. limos had various statuses (en
route to a pickup place, en route to a waiting place, waiting at awaiting
place, and carrying afare).

The Control Shell Window (labeled GET- ORDER- KS at the time at which the
screen was captured) indicates that the control shell is currently executing an
activation of the get - or der - ks knowledge source (KS). It also providesin
graph form historical information about events, triggered K Ss, activated KSs,
and pending KS activations (KSAs). GBB updates these graphs during each
cycle of the control-shell scheduling loop, to provide information about
control-shell activities over time.
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Application data

Places serviced by
limos

for each road.

Place

Connecting places

The following table lists the places that are serviced by the Lazy Limo Co.
and indicates the roads that connect certain places and the normal travel time

Normal
travel time
(in minutes)

9/16 Convenience Store

Acme Manufacturing

Big View Apartments

Board of Trade

City Hall
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Big View Apartments

Lakeside Park
Piggly Wiggly

9/16 Convenience Store
Metro Airport

Lazy Limo Co
Monroe Square Garden
Park Place

Green Acres
Seventh Nationa Bank

4

25
16

o Ol

30
20



Normal

travel time
Place Connecting places (in minutes)
County Hospital* Golden Age Village 8
Piggly Wiggly 4
Dave's Deli Larry’s Laundry and Video 8
North Station 6
Golden Age Village* County Hospital 8
Larry’s Laundry and Video 4
Piggly Wiggly 9
Green Acres City Hall 20
JMart 20
Lazy Limo Co. 24
Ted s Wharf 31
JMart Green Acres 20
Lakeside Park Acme Manufacturing 25
North Station 6
Larry’sLaundry andVideo Golden Age Village 4
Dave s Ddli 8
Lazy Limo Co.” Board of Trade 5
Green Acres 24
Mammoth Multicinema 30
Mammoth Multicinema Lazy Limo Co. 30
Mile Long Mall 6
Park Place 28
Metro Airport” Big View Apartments 8
North Station 31
Seventh National Bank 12
Ted s Wharf 18
Mile Long Mall* Mammoth Multicinema 6
Monroe Square Garden Board of Trade 6
City Hall 8
Dave s Ddli 24
North Station” Dave' s Deli 6
Lakeside Park 6
Metro Airport 31
Park Place Board of Trade 30
Mammoth Multicinema 28
Piggly Wiggly 29
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Normal

travel time
Place Connecting places (in minutes)
Piggly Wiggly Acme Manufacturing 16
County Hospital 4
Golden Age Village 9
Park Place 29
Seventh National Bank City Hall 9
Metro Airport 12
Ted' s Wharf Green Acres 31
Metro Airport 18
* Designated as awaiting place for the limos
The structure of the application
Unit classes Some of the unit classes used in the application are listed below:

Pl ace—Represents places that are serviced by the Lazy Limo Co.
Li mo—Represents the limos owned by the Lazy Limo Co.

O der —Represents customer reservations, called orders.
Road—Represents the roads that connect the places.

Enpt y—Represents the tasks being peformed by alimo when it is not
carrying a passenger.

Car ryi ng- f ar e—Represents the fastest possible route for servicing a
customer order.

Task—An abstract unit class (which is not intended to be instantiated)
that represents the tasks being performed by alimo during a given time
interval. Theenpty and car r yi ng- f ar e classesinherit from this class.

The following table provides more information about these unit classes.
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Unit class

Description

Pl ace

Li no

O der

Represents the places. Slots are as follows:

Locat i on—Nonlink slot (inherited from the
2d- poi nt - mi xi n unit class) containing the
coordinate point that indicates the location of the
place on the map.

Wi ti ng- pl ace—Nonlink slot containingalogical
value that indicates that the place stored in the
| ocati on dot isawaiting place for limos.

Roads—Link slot for which instances are linked to
theconnect s slot of ther oad class.

Vi ti ng-tasks—Link dlot for whichinstancesare
linked to thewai ti ng- at slot of theenpt y class.

O der s—Link dot for which instances are linked to
ther out e slot of theor der class.

Represents the [imos. Slots are asfollows:;

Capaci t y—Nonlink slot containing the number of
passengers that the limo can hold.

Tasks—Link dlot for which instances are linked to
thel i no dlot of theenpt y class.

Represents the customer reservations, which indicate
the origin and destination places, number of
passengers, and pickup time. Slots are as follows:

Rout e—Link slot for which instances are linked to
the or der s dot of the pl ace class.

N- passenger s—Nonlink slot containing the
number of passengersto be serviced according to the
order.

Pi ckup-ti me—Nonlink slot containing the time
(as an integer indicating the number of minutes past
9 A.M.) a which the passengers are to be picked up
at the place of origin.

Arrival -ti me—Nonlink slot containing the time
(as an integer indicating the number of minutes past
9 A.M.) at which the passengers are to be dropped
off at the destination place.
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Unit class

Description

Road

Carrying-fare

Enpty

Task

Represents standard routes the limos will take between
two particular places. Slots are asfollows:

¢ Connect s—Link slot for which instancesarelinked
tother oads dlot of thepl ace class.

* Nor mal -t i me—Nonlink slot containing the amount
of time the limo normally needsto travel the road.

* Tasks—Link slot for which instances are linked to
ther oads dot of thet ask class.

Represents the fastest possible route from the place of
origin to the destination place. Inherits dots from the
t ask unit class.

Represents the tasks being performed by alimo when it
is not carrying a passenger. Inherits slots from the
t ask unit class.

An abstract unit class that represents the tasks being
performed by alimo during agiven timeinterval. Slots
areasfollows:

e Time-interval —Nonlink dot (inherited from the
time-interval - m xi n unit class) containing the
timeinterva during which the limo has the statusin
the st at us dot.

e Stat us—Nonlink slot containing the status of the
limo during the time interval stored in the
interval dot.

» Pat h—Nonlink slot containing the time/place list
that indicates the route of the limo during the time
interval storedinthei nt erval dot.

e Wi ting-at—Link dot for which instances are
linked to the wai t i ng-t asks dlot of thepl ace
class.

¢ Li no—Link dot for which instances are linked to
thet asks dot of thel i no class.

* N passenger s—Nonlink slot containing the
number of passengers riding in the l[imo during the
timeinterval stored in thei nt erval dot.

* Roads—Link slot for which instances are linked to
thet asks slot of ther oad class.

Unit-class hierarchy The hierarchy of unit classesin the limo application is shown below. Note
that the basi c- uni t classisthe highest-level class, sincein GBB it isthe
default superclass unit class.
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Spaces To store the unit classes, the application uses the following spaces:

* Map—Represents the map of the service area and, therefore, stores
instances of the pl ace and r oad unit classes

» Li nos—Storesinstances of thel i mo unit class

* O der s—Storesinstances of the or der unit class

e Tasks—Storesinstances of theenpty and car ryi ng- f ar e unit classes
The table on the next page provides more information about the spaces.

Space Description

Map The space's dimensions represent the coordinate points
of locations on the service-area map:

¢ X—The x-axis coordinate; an ordered dimension
with bounds of 0 and 1000.

e Y—They-axis coordinate; an ordered dimension
with bounds of 0 and 1000.

Stores instances of the r oad and pl ace unit classes.
Li nmos The space’s single dimension, capaci t y, represents
the number of peoplethelimo can hold. The dimension

is ordered and has bounds of 0 and 1000. Stores
instances of thel i no unit class.
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O ders The space’s dimensions represent the information that
makes up an order:

¢ Ti me—Pointsin time; an ordered dimension with
bounds of -1 and 480.

¢ X—The x-axis coordinate; an ordered dimension
with bounds of 0 and 1000.

¢ Y—The y-axis coordinate; an ordered dimension
with bounds of 0 and 1000.

e Pi ckup-ti me—Thetime at which the passengers
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Dimension-value computations

For extracting
dimension values

The limo application uses several dimension-value computations.
Dimension-value computations specify how the application isto obtain
dimension values from source data (such as alist, structure, array, CLOS
object, and so on). The source data can be located in a slot value of a unit
instance or computed using another dimension-value computation.

The limo application uses the following dimension-value computations:

» Pl ace-|ist-dvc—Specifies how to obtain alist of places. The
application uses this computation to obtain the values of the x and y
dimensions for the or der and r oad unit classes.

e Time-place-|ist-dvc—Specifies how to obtain alist of time and
place pairs. The application uses this computation to obtain the value of
thex,y, time, and pl ace dimensionsfor thet ask unit class.

This dimension-value computation was defined in order to create a unit
class consisting of atemporally connected sequence of X, y points, thereby
enabling the application to display line segments on the x and y axes.
Thus, the application can show the route of alimo during aparticular time
interval, rather than simply showing its location at a point in time, on the

map.
» Task- st at us- dvc—Specifies how to obtain a status for limos (for

example, : t 0- pi ckup- f ar e). The application uses this computation to
obtain the value of the t ask- st at us dimension for thet ask unit class.

e 2d- poi nt - m xi n- dvc—Specifies how to obtain asimple x, y location
of aplace. The application uses this computation to abtain the value of the
x and y dimensions for the 2d- poi nt - m xi n unit class. (This
computation is used implicitly in the pl ace unit class: the pl ace unit
class inherits from the 2d- poi nt - m xi n unit class.)

* Tinme-interval - m xi n- dvc—Specifies how to obtain atime interval.
The application uses this computation in two ways: (1) to obtain the value
of theti me-interval dimensionfortheti ne-interval -m xi nunit
classand (2) in retrieval patternsinthef i nd- candi dat e- t asks and
find-place-to-wait-ks functions. (Thiscomputation is used
implicitly in thet ask unit class: thet ask unit classinherits from the
time-interval - m xi n unit class.)

The knowledge sources

Simplistic use

10

In keeping with the simplistic design of the application, only five knowledge
sources (KSs) are used, and they aren’t highly knowledgeable. The KSs are
asfollows:

e I nitial-ks—Initiaizesthe system
e Cet - order - ks—Obtains the next order
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* Pl an-f ar e- ks—Determines the fastest route for alimo, when an order

is obtained

» Assign-1inp-ks—Assignsalimo to the fastest possible route from the
place of origin to the destination

* Find-pl ace-t 0- wai t - ks—Finds the most appropriate waiting place
for alimo when it becomes empty

The control mechanism used by the application is GBB’s Agenda control
shell, which is based on a precondition/action model. Only one of the KSs
uses a precondition function. The purpose of a precondition function isto
determine whether to activate the triggered KS and to return an execution
rating that controls the execution order of the resulting KSAs. For each other
KS, aconstant rating is defined. Given a constant rating, the triggered KS
will always be activated and the specified rating will be assigned to all KSAs.

The following table describes the KSs used by the application:

Purpose

KS Triggered by
Initial-ks System initialization
CGet - order-ks Queue quiescence

Creation of an instance of
the or der unit class

Pl an-f ar e- ks

Creation of an instance of
thecarryi ng-f ar e unit
class

Assign- i no- ks
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Reads map data and creates unit instances for
places, roads between places, and limos; creates
theinitial waiting task for each | i mo unit class;
and resets path-finding variables.

Obtains the next order from the keyboard, when
gueue quiescence occurs (that is, when no more
executable KSAsremain in the queue of pending
KSAs; creates an instance of the or der unit
class and setsthe value of ther out e,

pi ckup-ti me, and n- passenger s sots.

Determines the fastest route from the origin to
the destination, and creates an instance of the
carrying-f ar e unit class and sets the value of

the pat h, i nterval , and n- passenger s dots.

Determines whether alimo is available for the
fare; if so, returns thelist of tasks (whichis
limited to the waiting or to-waiting-place tasks)
that the selected limo is doing during theinterval
of the proposed task, and assigns the limo to the
fare by splicing the new task into the task list for
that limo.
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KS Triggered by Purpose
Fi nd-pl ace-to- Emptying of alimo Finds the most appropriate waiting place for the
wai t - ks empty limo.

For thisKS, aprecondition function called

end- pl ace-i s-wai ting-place-p
determines whether the destination place at
which the limo is currently located is a waiting
place; if so, the precondition function need not
schedule a KS to plan aroute to awaiting place.

Loading and running the limo application

Loading start-up
infor mation

Switching from
another GBB
application

L oading and
running thelimo
example
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In the Lisp listener window, make the directory containing GBB current and
load the startup.lisp file into Lisp by entering the following form:

(load "startup.lisp")

Lisploadsthestartup. | i sp file and several other files.

Tip: You must specify a complete path name if the
startup. |isp fileisstored in adirectory other than
your default directory. For example, the form might be:
(load "/l ocal / gbb/v-400/startup.lisp").

If you are switching to the limo example from any other GBB application
(for example, the ecosystem example or elevator example), simply reset
GBB by calling the reset-gbb generic function, instead of loading the
startup.|ispfile

To load the GBB | i np- exanpl e module and run the application, enter
formsin the Lisp listener window as follows:

1 Loadthel i no- exanpl e module:
(load-kti-modul e :1inm-exanple)

2 Changetothel i no- exanpl e package:
(i n-package :1inp-exanple)

3 Activate the GBB Graphics System:
(initialize-chal kbox)

4 Runthel i no- exanpl e module:

(1'i mo- exanpl e)
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Note: If your application window is not sufficiently large or
your monitor does not have sufficient resolution, a
Chain Manager window will be displayed, to allow
you to iteratively select among individual windows.
For information about using the Chain Manager
window, see "Small screen displays" in the document
titled How to Use the Limo Example.

Pausing/resuming You can cause the application to pause at any time by clicking on the pause/

the application continue button in the Control Shell Window. (If the Chain Manager window
is displayed, click on the Previous button to display the Control Shell
Window.) The pause/continue button is the second button from the right-
hand side of the window (with two vertica bars, suggestive of the pause
control on an audio tape or CD player).

To continue from a pause, click again on the pause/continue button in the
Control Shell Window.

Quitting the Perform the following steps to quit the application:

application 1 Bring up the GBB Graphics System menu by clicking left on the GBB
logo window in the upper right corner of your screen.

2 Click on Exit Limo Example.

GBB exits the control shell and deletes the blackboard windows, the Control
Shell Window, and the window containing the *“ Place an order™ button.

Building a suspended Lisp image

Lisp loads all of the required GBB files each time you load the

- 1'i mo- exanpl e module. Therefore, to avoid reloading all those files each
time you want to run the [imo example (or another GBB example), you can
build a suspended Lisp image containing the commonly used GBB modules.
Then, when you load the : | i mo- exanpl e module to run the limo example,
only the files specific to the limo example are loaded.

For example, the following forms build an image containing the gbb,
gbb- graphi cs, and agenda- shel | modules:

(load-kti-nodul e ' (:gbb :agenda-shell :gbb-graphics))
(setq excl::*read-init-files* nil)

(kti-tool s:save-image "ny-ghb")

For more information

* On using the limo example—For information on using the limo
application (for example, submitting limo reguests and exploring the unit
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instances that were used by the KSs to arrive at the proposed route), see
the document titled How to Use the Limo Example.

* Onusing the GBB Graphics System—For information on using the
GBB Graphics System with the limo application, see the document titled
How to Use the GBB Graphics System with the Limo Example.

* On GBB—For awide range of information about GBB, see the GBB
document set.

Where to find the source code

The source code for the limo example isstored inthe | i mo- exanpl e. li sp
and | i no- exanpl e- graphi cs. | i sp files of the exanpl es subdirectory.

14 GBB Limo Example Tutorial



Information in this document is subject to change without notice. No part of this
document may be reproduced or transmitted in any form or by any means, electronic
or mechanical, for any purpose, without the express written permission of
Knowledge Technologies International, Inc.

U.S. Government Restricted Rights L egend: Use, duplication, and disclosure by
the Government are subject to restrictions of Restricted Rights for Commercial
Software developed at private expense as specified in DOD FAR 52.227-7013

(©)(ii).-

Copyright © 2000 by Knowledge Technologies International, Inc. All rights
reserved.

GBB, ChakBox, KTI Tools, and the KTI logo are trademarks of Knowledge
Technologies International, Inc. Other brand or product names are trademarks or
registered trademarks of their respective holders.

May 2000

Knowledge Technologies International, Inc.
401 Main Street
Amherst, MA 01002

Phone: (800) 577-8990, (413) 256-8990
Fax: (413) 256-3179

E-mail: gbb-info@K Tlworld.com
WWW: www.K TIworld.com



D

KNOWLEDGE
TECHNOLOGIES
INTERNATIONAL

www.KTIlworld.com



	The Limo Example
	Overview
	Background information
	Sample session

	Application data
	The structure of the application
	Dimension-value computations
	The knowledge sources

	Loading and running the limo application
	Building a suspended Lisp image

	For more information
	Where to find the source code


