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✈ Two distinct kinds of components
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To Be Departmentalized Or Not To Be

✦ a central data store (repository), representing the current state

✦ a collection of independent components, operating on the central data store

✈ Not To Be

✦ a collection of independent components,
each with its own data store, communicate with each other.
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✈ 2 Main Categories of Repositories
according to the type of interactions
between the repository and its external components:
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input transactions activate processes to execute

✦
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its current state is the main trigger for selecting processes to execute
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Batch Sequential Pipeline Systems

✇
processes run in a fixed sequence; 

Constraints:
but they do not know each other

each runs to completion, producing an output, 
before the next process begins

✈
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✦

✦

✈

Simple Repository Database Architecture

Two trends away from batch sequential processing

interactive technology for on-line incremental updates and queries

growth in the set of transactions and queries

Architecture
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command/
data

✦

✦

each transaction (in each component) does an update or a query

db stores persistent data shared among different transactions

✦ no fixed ordering among transactions (cf., batch sequential)

✦ concurrency control handled by "control"� � �
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✦

✦

Software Repository

Purpose

to allow the user to define, store, access and manage all the information

about  any software What’s software?

tools access data thru open representation standard,
CDIF (CASE data interchange format)

✥ external (logical) schema: individual users’ view

✥ conceptual model: comprehensive view of entire contents

✥ physical model: physical implementation for data storage
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✈ Architecture commonly based on the ANSI SPARC 3-level schema:

✈
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✦

✦
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Virtual Repository

Multiple databases

due to corporate reorganizations, mergers, consolidations, etc.

distributed , heterogeneous but (often) transparent
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✦

Virtual Repository

Federated approach

combine multiple distributed schemas

✦

✦ reconcile representational differences

communicate results across distributed systems

✈
✦

Virtual integrated schema
if imported schemas are consistent, simple merging

otherwise, create a superset schema including every definition in each
imported schema (metadata)

✦ to users, the integrated schema acts as the virtual database
(i.e., local schemas are transparent)
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full autonomy

✈
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✦

Blackboard Systems

Basic concepts

the abstract model for access is "direct visibility"

✦ many human experts watch each other solve a problem at a real blackboard

✈ 3 main parts

✥
separate, independent parcels of application-dependent knowledge;
the knowledge sources: 

Interaction takes place solely thru the blackboard

� � � �   ¡ ¢ � £ ¤
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source
1 Knowledge

source
n

✥ the blackboard: 

Knowledge sources make changes to the blackboard that incrementally
problem-solving state data, organized into an application-dependent hierarchy.

lead to a solution to the problem
✥ control:

driven entirely by state of blackboard.
Knowledge sources respond opportunistically 
when changes in the blackboard make them applicable.

Knowledge
source

2

command/data
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Traditional Applications

AI systems

signal processing (speech and pattern recognition)
shared data to data with loosely coupled agents

Wreck a nice beach

signal segmemtation for speech understanding

✥ phoneme recognition

✥ word candidate generation

✥ syntactic-semantic connection

signal

segmented
signal

Signal
processor

Word
generator

Sentence
generator

wre-ck-a-ni-ce-bea-ch "wreck",  "a",  "nice",  "beach"

"wreck a nice beach"
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Case Study: Mobile Robot Architecture
["An architecture for Sensor Fusion in a Mobile Robot," Shafer, Stentz & Thorpe,

Proc. IEEE Int. Conf. on Robotics and Automation, 86]

✈ Context

✦ a mobile robotic system controls a manned or partially-manned vehicle
(e.g., a car, submarine, space vehicle; but not R2D2, C3PO)

✦ useful for "driving impaired", underwater exploration, space exploration, 
hazardous waste disposal, etc.

✦ external sensors, actuators and software system:

✥ external sensors (e.g., rangefinders, TV cameras) work in parallel for detecting
stop signs, traffic lights, intersections, etc.

multiple sensors have different times -> requires asynchronous sensor fusion
(i.e., integration of multiple parallel sensors in a single system)

✥ actuators at real-time rates as well (e.g., apply pressure to the break system;
activate alarm sound; turn the steering wheel; apply pressure to the accelerator)

✥ software functions include:

✤ © ª « ¬ ­ ® ­ ¯ ° ± ² ¯ ± ³ ® ­ ¯ ´ ¬ µ ±
✤ ª ³ ¯ µ ® ³ ¶ ¶ ­ ¯ ° µ · ² ¸ ³ µ ­ ³ ¯ ³ ¹ µ · ² ± µ ² ² ® ­ ¯ ° º · ² ² ¶ © ¯ » ³ µ · ² ® ¼ ¸ ³ ½ ² © ¾ ¶ ² ¿´ © ® µ ± ¼ ² À ° À Á ¾ ® ² © Â Á º ­ ¯ » ± · ­ ² ¶ » º ­ ´ ² ® Á » ² ¹ ³ ° ° ² ® Á µ ² ¸ ´ ² ® © µ ¬ ® ² ª ³ ¯ µ ® ³ ¶ ¿
✤ ´ ¶ © ¯ ¯ ­ ¯ ° ­ µ ± ¹ ¬ µ ¬ ® ² ´ © µ ·
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Case Study: Mobile Robot Architecture

✦ complicating factors:

✥ obstacles blocking the robot’s path:
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✥ imperfect sensors:
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✥ mechanical limitations:
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✥ power shortage

Lawrence Chung

Active components of robot

õ ö ÷ ø ù ú ö û ü ö ý

actuators sensors

rear car approaching, side-walk too close,
visibility good)

(increase microphone volume,
increase air intake,
turn steering wheel to the right,
start windshield wiper)

initiate robot action
(moving straight, speeding up, 
monitor consequences of actions

continuous changes: rain falling, deer crossing, front car getting closer

Controller

lane change
speed up
rear car = police car?
adjust future plans

Solution 1: Control Loop

✦ ✥

✤
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Action Feedback
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Solution 2: Layered Architecture

Supervisor UI and overall supervisory functions

Global Planning planning & replanning robot’s actions dealing w. problems� ú ö ý ù ú � schedule actions

Navigation manage robot’s navigation

Real-world Modelling maintain robot’s model of the world

Sensor Integration combined analysis of different sensor inputs

Sensor Integration interpretation of data from one sensor

Robot Control ✦ actuators: motors, joints, ...; 
✥ sensors: TV cameras, rangefinders, microphones

Action Feedbackõ ö ÷ ø ù ú ö û ü ö ý
continuous changes: rain falling, deer crossing, front car getting closer

✤
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Blackboard
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camera
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control
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control

Perception subsystem

captain lookout
mission

instruction
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pilot
✦
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motor
control

path plan
low-levelhigh-level

path plan

mission
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receive trigger conditions
monitor the env. for landmarks
trigger condition OR landmark
-> notify the blackboard

raw input from multiple sensors
integrate into a coherent interpretation

color, reflectance, edge -> shape (stop sign, traffic light, curb)

Solution 3: Blackboard Architecture
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Blackboard
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camera
control

rangefinder
control

sonar
control

Perception subsystem

captain lookout
mission

instruction

û L M
N O P Q R O S T U

pilot
✦

✥✤

motor
control

path plan
low-levelhigh-level

path plan
receive trigger conditions
monitor the env. for landmarks
trigger condition OR landmark
-> notify the blackboard

raw input from multiple sensors
integrate into a coherent interpretation

color, reflectance, edge -> shape (stop sign, traffic light, curb)

✡ Use of implicit invocation based on the contents of the db

✡ The architecture is capable of modelling the cooperation of tasks and coordination

E.g., lookout may watch for certain geographic features (stop sign)
the db informs it when perception subsystem stores images matching the description

✡ uncertainty resolution in a flexible manner

E.g., landmark detection by lookout and map provides a reality check for the distance estimation

Solution 3: Blackboard Architecture
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Summary Comparison
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Dealing with uncertainty
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Safety
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More Scenario Analysis


