Homework Assignment 4
CMPSCI 520
Assigned: October 20, 2008
Due: November 5, 2008

1. Here are two lists of architectural styles:

a.
b.
C.

= dataflow, call/return, independent components, virtual machine, data-
centered
= 3-tier, fat-client, web application, distributed client/server
Give a brief description/definition of each “style”.
Contrast the different categorizations.
Where in the development process would you find each?

2. Refer to the attachment that gives some general requirements and candidate
designs for a mobile robot

a.
b.

C.

d.

e.

Classify each of the four designs as to style/idiom

Discuss whether each of the design architectures can be classified in the
4+1 view categories, give examples if possible.

Pick one of the four designs and analyze it with respect to the four
requirements in the attachment

Discuss scenarios as the “fifth” view of the 4+1 and sketch a simple,
illustrative scenario for the design you selected in (c) that might
exercize the architecture for the first requirement, specifically a task to
collect a rock, while avoiding obstacles.

Discuss scenarios as architectural evaluation technique.

3. Contrast Class libraries, Components, Frameworks as reuse techniques.

Submitting Homework, you may:

* Email your homework to me (adrion@cs.umass.edu) in text, MSWord, PDF or
some other format that | can print. Homework submitted via email must have a
postmark before 4 pm on the date the homework is due.

* Turn in written/printed solutions to the CMPSCI front office on or before 4 pm
on the due date to Michelle Eddy.

* FAX your homework (definitely not recommended) to 413-545-3729 before 4
pm on the due date.

* Do not drop off homework in my office or mailbox nor at our or Wendy

CooperQOs office. We cannot guarantee receipt if you do

not email the

solutions or drop them off with Michele.
* Unless you have obtained prior approval for an extension, 5 pts/day (or
part thereof) will be deducted from your score.



Design of a Mobile Robot:

Consider the following activities a mobile robot typically has to accomplish:
* Acquiring the input provided by its sensors.
* Controlling the motion of its wheels and other moveable parts,
* Planning its future path.

A number of factors complicate the tasks:
* Obstacles may block the robot's path.
* The sensor input may be imperfect.
* The robot may run out of power.
* Mechanical limitations may restrict the accuracy with which the robot
moves.
* The robot may manipulate hazardous materials.
* Unpredictable events may leave little time for responding.

We state the following requirements for the robot's architecture.

1. The architecture must accommodate deliberative and reactive behavior. The
robot has to coordinate the actions it deliberately undertakes to achieve its
designated objective (e.g., collect a sample of rocks) with the reactions
forced on it by the environment (e.g., avoid an obstacle)

2. The architecture must allow for uncertainty. Never will all the circumstances
of the robot's operation be fully predictable. The architecture must provide
the framework in which the robot can act even when faced with incomplete
or unreliable information (e.g., contradictory sensor readings)

3. The architecture must account for the dangers inherent in the robot's
operation and its environment. By incorporating consideration of fault
tolerance, safety, and performance attributes, the architecture must help in
maintaining the integrity of the robot, its operators, and its environment.
Problems like reduced power supply, dangerous vapors, or unexpectedly
opening doors should not spell disaster.

4. The architecture must give the designer flexibility. Application development
for mobile robots frequently requires experimentation and reconfiguration.
Moreover, changes in tasks may require regular modification.

The degree to which these requirements apply depends both on the complexity
of the work the robot is programmed to perform and the predictability of its
environment. For instance, fault tolerance is paramount when the robot is
operating on another planet as part of a space mission; it is still important, but
less crucial, when the robot can be brought to a nearby maintenance facility.



Design 1:

Most industrial robots support minimal handling of unpredictable events: the
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Design 2:

tasks are fully predefined (e.g,
welding certain automobile
parts together), and the robot
has no responsibility with
respect to its environment (it is
rather the environment that is
responsible for not interfering
with the robot). The open loop
paradigm applies naturally to
this situation: the robot initiates
an action or series of actions
without bothering to check on
their consequences.

This architecture influenced the design of the Dolphin sonar and navigation

system, implemented on the Terregator
and Neptune mobile robots At level 1,
the lowest level, reside the robot control
routines (motors, joints,...). Levels 2 and
3 deal with the input from the real world.
They perform sensor interpretation (the
analysis of the data from one

sensor) and sensor integration (the
combined analysis of different sensor
inputs).Level 4 is concerned with
maintaining the robot's model of the
world. Level 5 manages the navigation
of the robot.The next two levels, 6 and

7, schedule and plan the robot's actions.

Dealing with problems and replanning is
also part of the level-7 responsibilities.
The top level provides the user interface
and overall supervisory functions.
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Design 3
This design was applied, among others, to the Ambler robot . Two (partial) views
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are given.In the one on the top, parent tasks initiate child tasks. The software
designer can define temporal dependencies between pairs of tasks. An example
temporal constraint is: "A must complete before B starts." These features permit
the specification of selective concurrency. In the view on the bottom, tasks
communicate by sending messages to a central server, which redirects the
messages to tasks that have registered to handle them. Certain conditions cause
the execution of an associated exception handler. Messages can be intercepted
by routines superimposed on an existing architecture.

Design 4
This architecture for mobile robots was used in the AVLAB project, as part of the

T CODGER system. It works with
Captain o Pilot abstractions reminiscent of those
X / encountered in Design 2. The
/ components are: The overall
supervisor, the high level path
Blackboard planner, a module that monitors
the environment for landmarks,
/ /‘ \ \ the low level path planner and
/ motor controller, and the modules
\_1 ‘ ‘ ’ ‘ u that accept the raw input from

multiple sensors and integrate it
[ Perception system _| into a coherent interpretation.




