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Abstract - In this paper, a Petri net based approach for establishing the minima design and testing requirements for software
systems is presented. It is based on a technique caled the minimal transition cover set (MTCS), developed from minimal
transition invariants of the corresponding Petri net model [3]. The MTCS is based on identifying the important decisions
being made within the design model. Depending on the design requirements, a designer may choose to expand lower level
procedures during an analysis, and thereby, generate information about other “lower-level” decisons selectively within the
design which are to be made available to other sub-systems. A further modification of the MTCS approach is used to derive
the decision nodes that are "buried" within the design model. Again, a software test engineer may either choose to selective
build test cases for individual modules and incorporate them as stubs in a higher level module, or integrate these modules
within higher level modules before deriving appropriate test case scenarios. Building test cases based on the deep “decision”
nodes gives the necessary test cases for system verification. The equiva ence and the easier applicability of MTCS based test
case generation method with the McCabe' s cyclomatic complexity measure is also briefly addressed.
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A Software Agent? (R U A SA?)" where, R represents the ability to
Represent, U the ability to Understand, and A the ability to Act. In
detail, these attributes mean the followin§) Represent:
Represent both behavioral and structural characteristics of the
agents comprising the systefii) Understand: Understand both
local and system objectives, prioritize them according to available
knowledge about the other system agents, the environment and
itself. (iii) Act: Perform either deliberative or reactive actions based
on the agens knowledge, with respect to events generated by
{gelf, the environment and other system agents. Thus an agent,
Qur perspective, is akin to an object (class / group) with appropriate
fRechanisms for exhibiting intelligent behavior. Therefore, objects
be used to implement agents.

Abstract - In this paper, a Petri net based approach for establishing
theminimal design and testing requirements for software systemsis
presented. It is based on a technique called the minimal transition
cover set (MTCS), developed from minimd transition invariants of
the corresponding Petri net model [3]. The MTCS is based on
identifying the important decisions being made within the design
model. Depending on the design requirements, a designer may
choose to expand lower level procedures during an andysis, and
thereby, generate information about othkwer-level decisions
selectively within the design which are to be made available
other sub-systems. A further modification of the MTCS approach
used to derive the decision nodes that are "buried" within t
design model. Again, a software test engineer may either choosé#d . . .
selective build test cases for individual modules and incorporate. Several mpdellng tools and methodologies, based on .O.bje‘.:t'
them as stubs in a higher level module, or integrate these moddEgnted tec_hnlques, have been devel_oped for system SpECIfICQ.tIOI‘l
within higher level modules before deriving appropriate test ca%?d analy5|s_ [13-14]. Complete object_-orlented _methodolog|es
scenarios. Building test cases based on the taegisiori nodes rom a_”?!ys's through de5|g_n) are d|scu§sed in [15-41]. A
gives the necessary test cases for system verification. TigsPonsibility-based approach is presented in [38, 41] to define

equivalence and the easier applicability of MTCS based test cé%@ems d_ur_ing systems qlevelopment. A bf‘ef taxonomy of t_he
generation method with the McCabecyclomatic complexity characteristics to b_e considered When_groupmg concepts as c_)bjects
measure is also briefly addressed. is also presented in [38]. In [22], an iterative method for object-

oriented analysis and design is presented, which emphasizes proper
; construction, generalization and abstraction of classes. Current
1. Introduction agent-based design methodologies extend the object-oriented design
Most modern day, industrial-strength systems are complex a@@Proach to intelligent agents operating in distributed environments
operate in a dynamically changing environment. Building softwal@8-29]. For a detailed introduction to software agents, their
systems that are easier to use in such applications impli@&finitions and classifications, etc. the interested reader is referred
addressing the issues of increasing complexitiesnamaging  to0 [28,39,40] and references therein. _ _
processes and communication between processes. In this research In this paper, we are interested in developing mechanisms that
we are concerned with the development of a well-designd®lp in defining the agent requirements and establishing necessary
communication and coordination framework. Process managemé&fftware design and testing requirements based on their respective
is dealt with in great detail by other research groups - such as fffri net models. The approach presented in this paper derives
Capability Maturity Model, or CMM, developed by the Softwareheavily from Petri net theory and the design of systems using PN
Engineering Institute (SEI) at CMU. Additional references and &Vvariants. For an in-depth treatment of Petri net invariants and
brief introduction to CMM are found in [4]. related I|t_erature the reader is referred to [1] and_ references_ therein.
The objective of this paper is to develop model based softwaf8€ Petri net-based approach offers the following advantéiges:
design and testing specifications for agent based systems. A gdignts (classes / objects) in the software system can be defined, in
approach must also include mechanisms by which such astucture and behavior, in close correspondence to real-world
software entity (or unit / subsystem) can readily perceiv€ntities. (ii) Model and sub-model reuse by means of analogy,
appreciate, understand and demonstrate cognizant behavior wHiggomposition, or synthesis, will aid in the rapid development of
working with other system entities. Such an entity is termed RewW software elements. (iii) Object inheritance during the
“software agent” in this paper. In spite of the various definitionsimplementation will enable the creation of new objects and
and interpretations of this term, we must be able to define somergfationships with minimal effor{iv) Data and process
the innate attributes that characterize an ageamyirsystem. Thus, €encapsulation will provide the appropriate distinction between
instead of trying to define what a Software Agent (SA) is, &bject boundaries and will be effective in identifying, monitoring
software agent is defined to be any system component (or partadd controlling the propagation of errofs) Finally, the approach
subsystem, etc.) that appropriately answers the guestion "aRe y@ﬂj help establish well-defined communication mechanisms and to
set up data and process security features.

*: The research is part of the Virtual Environments in Education, Robotics, Automation and Manufacturing (VERAM) project, supported, in part, by grants
from the National Science Foundation (#DMI-96100055) and the Center for Manufacturing Research at Tennessee Technological University.



Selection:

Comments: Derivation of choice sets

Input:  All T-invariants of the agent model

Output: A choice set whose entries are sets of transitions that
are possible candidates for the minimal cover set.

Algorithm:

Step 0: Construct a table where the rows correspond to the
different T-invariants(x) of the system (1 < i < #I-
invariants) and the columns correspond to the distinct
transitions(t) in the PN system model (1 < j <
#transitions). Table entries are marked (with entry 1)
when a particular transition appears in the
corresponding T-invariant. Let the choice set, y, initially
be a null set.

Step 1: Identify all columns that have the same column
entries. Mark the corresponding transitions as
equivalent transitions and eliminate all but one of

those columns from the table.

Select all columns that have the maximum number of
column entries (maximum number of 1%) that
correspond to distinct xs. Include all the transitions in
Y. For every transition in Y, do step 3.

Step 2:

Select all columns with minimum number of column
entries (minimum number of 1%). For every such
transition, if any of the corresponding x, entries are not
covered by any of the transitions in y, include the
transition in .

Step 3:

Step 4: Delete all columns identified in step 3 and update the

table.
Step 5:
Step 6:

Repeat steps 3 and 4 until all xs are covered.

For every transition t in |, replace t by the set t, t, t,, ...
etc.; where t, t, t, are equivalent transitions identified
in step 1. This gives the final choice set Y.

Pruning:

Comments:

Input:

LetS=S, S, S, etc. be the set of ordered sets
derived from . The elements of S, S,, and S, are distinct
non-equivalent entries in . The sets S,, S, S, etc,
correspond to all possible combinations of the elements
from the choice set, Y. Let | S| =i. The MTCS is one of the
subsets of S.

Let E be the set of events in the system. All events e, 0 E
are associated with some transition in the system model.
If a transition is not associated with the occurrence of an
event e 0 E, then it is assumed to be fired by a universal
event, €.

Choice set derived by the selection algorithm.

Output: Minimal Transition Cover Set (MTCS):

Algorithm:

Step O:

Step 1:

Step 2:

Eliminate all sets in S that include a temporary transition
(temporary transitions are often added to a PN system
model to build the reachability graph and studying PN
properties such as reversibility). If |S|] = 1, return the
subset of S as the MTCS, else go to step 1.

Check to see if all remaining sets in S contain at least a
transition that is fired only by &. If so, continue to step 2.
Otherwise, (there are sets in S that do not contain any
transitions fired only by &) eliminate all the sets in S that
contain at least one transition fired only by &. If |S] =1
return the subset of S as the MTCS.

Calculate the total invariant cover (TIC) for every subset
in S. The TIC is derived as follows: For every distinct pair of
transitions contained in a subset of S, calculate the
common cover, which is the number of common
column entries for corresponding x’s. TIC is the sum of all
such common covers for a given subset of S. Let m be
the least TIC for the subsets in S. Eliminate all subsets in S
that have a TIC > m. If | S] =1 then return the subset of S
as the MTCS; else return any one subset of S as the MTCS.

The Selection Algorithm

The Pruning Algorithm

Figurel. TheMTCSAlgorithm

The organization of this paper is as follows: Section 2 briefMTCS algorithm are used to derive the agent design and testing
presents the minimal transition cover set (MTCS) algorithmequirements; presented in this paper. Section 3 presents the
previously presented in [3]. Modifications and extensions to tlapplication of the MTCS algorithm to developing software design
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and testing requirements. It presents the application of the approach
to both structured and OO design paradigms. Section 4 concludes
the paper.

2. TheMinimal Transition Cover Set

Petri Nets (PNs) are powerful behavior description formalisms
for systems modeling and analysis. In this paper we use
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Hierarchical Time-Extended Petri Nets (H-EPNs), a form of
extended PNs. H-EPNs have been chosen for the following
reasons. i) H-EPNs may be easily transformed to classical PN
models, and therefore, traditional PN analysis techniques are
applicable to H-EPNs. ii) H-EPNs provide a structured approach
to combining PN models developed through top-down and
bottom-up design techniques. The interested reader is referred to
[2, 3] for details on H-EPNs and a detailed introduction to MTCS.
The minimal transition cover set (MTCS) agorithm gives the
minimum number of transtions that cover al the distinct
(independent) subflows of a given system model. Figure 1
presents the MTCS a gorithm. The calculation of the MTCS is a
two step process: (i) Selection: The selection algorithm is used for
the selection of the choice sets that contain transition groups that
account for al the different independent subparts of the system
model. and (ii) Pruning: The pruning algorithm is used in
determining a subset of transitions from the choice set that
minimally cover al the independent subparts of the system. The
pruning agorithm may be additionally augmented with domain
dependent heuristics (depending on what information is critical) to
find the best minimal cover. The output of the pruning algorithm is

procedur e find_aver age
value[100], I, input_total = valid_tota = 0, sum=0;

_input_values(value);

DO WHILE ( (valueli] !=-999) AND (input_total <100) {

increment input_total;

procedure get_input_values
return type: void
input parameters: val []
local parameters: i
FOR (i =0; i < 100; i++) read
val[il;
return;

END get_input_values
IF ( (valugfi] >= minm) AND (valugfi] <= MAXM)) {
increment valid_tota;
sum = sum + val uefi];
} procedure compute_aver age

dse skip; return type: double
ENDIF input parameters: number, total
local parameters: retva;
increment i; IF (total > 0)
ENDDO retval = number/total;
average = compute_aver age(sum , valid_total); else retval =-999;

END find_average return retval;

Figure 4. Example: Thefind_average Procedure

input value[k] = valid input, wherek < j, and value[j] = -999 where 2 < j < 100.
value[1] =-999.

attempt to process more than 101 values.

try to input more than 100 values.

value[k] <minm.

value[k] > maxm.

input “n” valuesto see how averageis computed.

NOoOOAWNE

Figure5. Test Criterion for thefind_average Example

the MTCS. Figure 3 presents asmall example and illustrates [~ get input_val | compute aver | find_average Combined Model
the steps involved in deriving the MTCS. The use of the | |es age
MTCS approach in theidentification of critical systemareas | "x1. 120, t21, | X3: 130, 131, X5: 11, 2, 13, 15, | X1: t1, t2, 3, t5, t13, 120, t21,
for monitoring and control has already been presented in 25 133,135 t13 t30, t31, t33
[3]. X2: 122, t23,| X4: t30, 32, | X6: 4,16, 17,18, | X2: t1, 2, t3, 15, t13, 120, t21,
24 134, t35 19, 112 t30, t32, t34
i esti X7: t4, 16, t10, | X3:t4, 16, t10, t11, t12
3. Software DeS|gn and T Ing t11, t12 X4: 14,16, 17,18, 19, t12
| ssues X5: 122, t23, t24

For two software agents to demonstrate domain specific
intelligence and to act (react) effectively and efficiently to their
environment, a system agent needs to have some knowledge about
processesin other agents. In reality however, each agent cannot get
and does not need information about every process in other system
agents. While some processes in these other agents will have an
impact on the decisions being made at the agent in question, not al
processes may be relevant. Therefore, there needs to be a way by
which one must be able to determine information about these
critical processes that affect decison making in other system
agents. Given this need, it might be very apt, if an agent can at least

©5

valuefi] 1= -999 AND input total <100 112

I

valuefi] > minm AND
valueli] < maxm

increment
valid_totdl

Figure 6. H-EPN Mode of find_average Procedure

Tablel. T-Invariantsfor thefind_average Example

know if any events reating to these critical processes are being
executed at the other agent. To apply the MTCS agorithm to
software design and testing different strategies (scenarios) are
derived. Common to all the three strategiesis the need to derive the
transition invariants of the agent. Once the transition invariants are
derived the different strategies may be used depending upon the
needs of the application at hand.

3.A. MTCSintheDesign and Testing of Smple Procedures

To illugrate the approaches more thoroughly, the following
procedurd example (adapted and modified from [4]) is used. The
program is to compute the average of those numbers in an array of
100 numbers, which lie within a given range (min, max). A array
value of —999 indi cates the end of the valuesin the array.

The widdy used McCabe's cyclomatic complexity measure
presented in [5], for the above procedure is 7. The cyclomatic
complexity measure gives the number of linearly independent paths
in the program flow graph. It is a very useful measure for building
test cases for programs such tha each such linear path is exercised
a least once. Using McCabe's measure, the above procedure will
need 7 testt cases to test the program. These test criterions are
enumerated in Figure 5. Out of these 7 test criteria, test cases 1 and
2 can be designed as part of the other test criterions, and hence if
test cases were built for test criterion 3-7, it can be ensured that all
the linearly independent paths in the program are traversed.

The H-EPN mode s for the compute_average, get_input_values
and find_average procedures are illustrated Figure 6. Table 1 gives
the minima T-invariants for the procedures in above example. The
T-invariants for procedures have been derived independently and in
combination with the find_average procedure. These transition in
the minima T-invariant are stored as a linked list of elements
where each trandtion has a counter to indicate the number of
minimal invariantsit covers.




\ Minimal T-Invariants \
X1:12,134; t1, t32 X6: 128, t30; t19, t25, 126
X2: t4, t35; t3, t31, | X7:129, t30; t19, 125, t27
t33 X8:110, t12; 17, 18
X3:16; t5 X9: 111, t12; 17, 19

X4: 124; 120, 122 X10: t16, t18; t13, t14
X5:123, t24;120,t21 | X11:117, 18; 113, t15

Table 3. Minimal T-Invariants for Class
Monitor —1

Generates the M TCS using the design choice strategy .
Mark MTCS transitions that cover more than one minimal invariant.

3. For al transitions that cover more that one T-invariant repeat step 4 until the transitions chosen
cover exactly one minimal T- invariant.

4. For the minimal T-invariants covered by this transition in the MTCS, choose a set of
transitions (which are an output to a decision place) that exactly cover only one T-invariant.
(Note: Scan down the list of transitions repeatedly choosing the next transition until the counter
for the trangition is 1).

Figure 7. Enhanced MTCS Algorithm for the Testing Choice Strategy

3.A.1 Greedy Choice Strategy:

The greedy choice strategy, as the name suggests, follows a
greedy approach to choosing transitions that will belong to the
MTCS. That is, the firgt trangtion that maximaly covers the T-
invariants is chosen to be included in the MTCS. The search ends
when transitions that cover dl the minima T-invariants for the
system agent model are included in the MTCS. While this gpproach
may do well on most occasions when the PN model is constructed
carefully. However, this agorithm vastly derives on the spatia
ordering of the transitions within each T-invariant.

Using the greedy choice strategy on the T-invariantsin Table 1,
we get t20, t22, t30, t1 and t4 as the MTCS transtions while
looking at the procedures independently, and, t1, t4, and t22 while
looking at the combined modd. However, this differentiation does
not make much of a change in the knowledge that can be derived
from the modedl, since the minima T-invariants X1 and X2 for the
combined mode are a combination of invariants X1, X3, X4 and
X5 in theindependent procedures. |In either case, while t4 and t22
(representing the decision loops in the model) do provide some
information which might be relevant for other procedures about the
operational status of the averaging process, the other transitions in
the MTCS (derived using this drategy) do not convey much
information.

If events are associated with the transitions in the model then a
condition to include only those transitions that are event enabled
can be imposed. However, even this may not provide dl the
necessary information for design / testing of the software
developed. Also, the choice for the MTCS in this case will be
affected by randomly chosen labels (names) for the trangitions, the
ordering mechanisn followed by the minima T-invariant
generation algorithm, etc. Given the above reasons, this approach
will not lead to avery accurate set of agent processes as required for
the design / testing of these agents. For this reason, the design and
testing strategies are developed. These techniques define additional
heuristics for choosing transitions that belong to the MTCS that
make it very useful in the design and testing requirements using PN
models of agent based systems.

3.A.2 Design Choice Strategy:

In the design choice and testing choice strategies, the transitions
in the minimal T-invariants of the agent model are split into two
subsets. The firgt subset consists of transitions that are not output to
any decision places in the H-EPN modd. The second subset
conssts of trangtions that are output to decison places in the

Figure8. PN Model of ClassMonitor - |
model. Thisisillustrated in Table 2.

In choosing transitions that belong
to the MTCS for the design choice

class monitor {
private:
temp_value[100];

strategy, preference is given to -

decison places that cover the public: monitor():
maximum number of T-invariants. ~monitor():
This selection strategy gives al the find_minm();
criticd high level decisions that are find_maxm();
made in the agent model. The add_new();

knowledge about the agent that needs find_average();

to be available for other agents is }

derived from the decision processes Figure9. OO Design —|

input to these transitions. Depending upon how the PN modd is
derived, other system agents either need to know about the decision
place that represents the process itself or the outcome of the
decision process (the process which is begun by the chosen MTCS
trangition).

Using the design choice strategy on the T-invariants Table 1 we
get t21, t22, t31, t32, t1 and t4 as the MTCS trangtions. In the
combined mode, we derive t3, t4 and t22 as the MTCS choices.
Depending upon the information that is required about each agent
and the agent design restrictions, the designer could choose to
expand procedures or use them independently. The maximal
information about an agent is derived when dl the procedures
within an agent design are treated independently while the

| get input_values compute average | find average |

Combined Model |

minimaly necessary information is

X1:11, 12, t5, t13, t20, t30, t33; t3, 121,131

derived when the procedures are
expanded and the combined model is

X1:120, t25; t21 | X3: t30, t33, t35; | X5: t1, t2, 5,
X2: 123, 124; 122 | t31 t13; t3
X4: 130, 134, t35; | X6: t6, t8, 19, | X3: 16, t8, t9, t12; t4, t7
132 t12; t4,t7 X4: 16, t11, t12; t4, t10
X7 16, tll,| x5: 123, t124; t22
t12; t4, t10

X2:11, 12, 15, 13, t20, t30, t34; t3, 121,132

Table 2. Ordered minimal T-Invariantsfor thefind_average Procedure

used to derivethe MTCS.



Minimal T-Invariantsfor Class Monitor

T-Invariantsfor
Procedure Average

X1: t2,134; 11, t32

X2: t4,135; t3, t31, t33
X3: 16; t5

X4: 136, t37; 119

X5:110, t12; 17, 18
X6: 111, t12;17, 19
X7:116, t18; 113,114
X8:117, 18; 113, t15

X9: 124, 120, 122

X10: 123, t24; 120, t21
X11: 128, t30; 125, t26
X12: 129, t30; 125, 127

Table5. Minimal T-Invariantsfor ClassMonitor —11

Greedy Strategy

Design Choice Strategy*

Testing Choice Strategy

t1, t3, t5, 119, t7,t13

t1, t3, t5, 119, t7, t13

t1, t3, t5, t8, 19, 114, t15

*: Produces the same output as the greedy choice strategy due to the labeling of
the transitions and their ordering by the minimal transition invariant generation

algorithm.

Figure 10. PN Modd of ClassMonitor - |1

3.A.3 Testing Choice Strategy:

This strategy dso derives from the ordered minimal invariants
generated in Table 2. However, unlike the design choice strategy,
which included transitions which are input to the decision places
that maximally cover al invariants, the choice for trangitions which
belong to the MTCS in this strategy is different. Here, only those
transitions that are input from decison places, which minimally
cover each trangtion invariant, are chosen to be in the MTCS. This
enhancement of the MTCS agorithm isillustrated in Figure 7. Due
to the nature of the minimal T-invariants, it is guaranteed that there
will be at least one transition with a counter value of 1. This is
because, if there were no such transition with a counter value of 1,
then the minima T-invariant chosen will not be unique, since each
minimal T-invariant provides exactly one linearly independent path

Table6. MTCS Transitions—II

3.B. MTCSApplication to OO Designs. An Example

In this section, the MTCS approach is used in studying OO
design issues. The approach allows designers to distinguish
between class services that need to be public versus those that need
to be declared to be private and quaitatively evaluate two design
models. To illustrate, we choose an automated power plant
operation. There is a need to periodicaly record (sample)
temperature and pressure vaues in the boilers and use this for
tuning their temperature and pressure readings appropriatey. The
class responsible for this monitoring operation keeps a circular list
of the most recent values (ex. 100). Whenever a trend that deviates
from a congtant requirement is detected, the object triggers some
remedia action.

A first cut design for the monitor class might include an
encapsulated array (or list) for storing the values, a procedure to add
a new vaue sampled, and procedures to find the maximum,
minimum and average of the values recorded. Figure 8 provides the
PN modd for the interactions between the various procedures. The

ordered minimal T-invariants for the model is presented in Table

| 3 and the MTCS transitions based on this minima invariant

Greedy Strategy Design Choice Strategy* | Testing Choice Strategy
t1, t3, t5, t20, t19, | t1,t3,15, 120,119, t7,t13 | t1, t3, t5, t21, t22, 126,
t7, 113 t27, 18, 19, t14, t15

cover is presented in Table 4. Based on the design choice strategy
derived in Table 4, the design of the monitor class design would

*: Produces the same output as the greedy choice strategy due to the
labeling of the transitions and their ordering by the minimal transition

invariant generation agorithm.

be as shown in Figure 9.
Figure 10 provides a modified version of the class model
presented in Figure 8. Table 6 Table 7 provides the minimal T-

Table4. MTCSTranstions—|
in the PN model.

Using this strategy the MTCS transitions are t21, t22, t31, t32,
t3, t7, and t10. In the combined model the MTCS transitions are t31,
t32, 17, 110 and t22. These correspond to the innermost conditions
being checked in the decison logic. Building test cases for
decisions associated with these conditions will guarantee the fact
that al the linearly independent paths of the logic are tested at least
once. Testing the decisions associated with the MTCS transitions
chosen with this strategy correspond to the test criterion developed
using the McCabe' s cyclomatic complexity measure as shown in
Figure 6. Test cases exercising transitions t31 an t32 check for a
valid totd, test cases for t22 checks for a vaid number of inputs,

and test cases for t7 and t10

| i L .
class monitort check for values within a given

invariants and the MTCS transitions for the modd. A Class
design based on thismodel is shown Figure 11

4. Conclusions

This paper presents the appropriateness of the MTCS approach
to designing systems that can exhibit selective information sharing
between their entities (or agents). Agents, by virtue of their
definition, need to interact with other such agents in any system.
Therefore, it isimperative that an agent puts forth some meaningful
information about itself to other system agents whose decisions are
affected by its activities (or processes). Since hierarchicad PNs can
model system details at any level of granularity they present an
ideal tool for designing and testing agents at any abstraction level.
The MTCS trangitions can be used as a basis for designing and
testing these agent based systems. While the design choice strategy

\ Greedy Strategy

Design Choice Strategy* | Testing Choice Strategy

t20, 125 t20, 125 21, 122, 126, t27

*: Produces the same output as the greedy choice strategy due to the labeling
of the transitions and their ordering by the minimal transition invariant
generation algorithm.

private:
temp_value[100]; range. Thus building test cases
avg; f

public: based on this MTCS strategy
monitor(); adlows the establishment of
~monitor(); L
find_minm(): necessary test conditions for
find_maxm(); software design.
add_new ();
get_average();

private:

find_average();

Figure11. OO Design — 11

Table7. MTCS Transtionsfor Procedure Average—I|




may help determine those pieces of information that need to be
broadcast about any given agent, the testing choice strategy may be
used to design the necessary test cases for testing each agent’'s
functionality.

The approach can aso be used to compare and contrast two

agent designs with respect to issues such as information hiding,
encapsulation, member function access privileges and regtrictions
etc. While the first cut design in Figure 9 might have been the
simplest and easiest to implement, the design shown in Figure 11 is
much better for a good implementation since this design restricts
access to the function that computes the average.
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