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Dynamic Modeling

. « Prepare scenarios
ICS 121 Topic 10:

Ob] eCt-OI’i ented « |dentify events between objects
Analysis and Design

« Prepare interaction diagram(s) for each scenario
Object Modeling Technique

Unified Modeling Language * Build astate diagram
ClassModeling ] ] ]
Dynamic Modeling « Match events between objects to verify consistency
Mlo OOAD 2
Dynamic Model Diagrams Events and Scenarios
¢ The dynamic model tracks behavior over time « An event is something that occurs between objects
— described in terms of change in objects or event sequences — events have attributes, which are the information transferred
between objects from one object to another

« Interaction Diagrams model how groups of objects « A scenario is aspecific sequence of events representing

interact in some behavior (often asingle use case) apath through a system’s states

— objects and messages passed within a use case scenario * Legitimate scenarios

— Sequence Diagrams
« visualy ordered trace of events (messages passed) between objects
— Collaboration Diagrams

— common peths (e.g. frequently used functionality)
— error condtions and known exceptions

. rumbered trave o events (messages ) between objectslaid out « Aneventtr ace extends a scenario to clarify interactions
spatially between objects
« State Diagrams model events, states, and state transitions » Event traces are modeled in interaction diagrams
— ascenario is a path through the state diagram
Mlo OOAD 3 Mlo OOAD 4
Event classes and attributes An example scenario
« Event Classes + Events » Scenario for aphone call
— airplane departs (airline, flight — United Flight 23 departs from _ caller lifts receiver
number, city) Rome ) i
— mouse button pushed (button, — right mouse button pushed at — dial tone begins
location) (29, 30) — caler diasdigit (7)
— phone receiver |if ted — phone receiver |if ted _ dia tone ends
— digit dialed (digit) — digit dialed (2) — cdler didsdigit (3)
— caller dials digit (5)
— caller diasdigit (3)
— specified phone rings
— callee answers phone
— etc.
Mlo OOAD 5 Mlo OOAD 6
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UML Sequence Diagrams Sequence Diagram: example

« objectsare boxes at top of lifelines

. . . . Caller Phone line Callee
« lifelines are dashed vertical lines D liftreceiver |:| ,j

« eventsare horizontal arrows, begin(dialtone)
labeled with message name objectl object2 dial(7)
and possibly a[condition] e"":"‘"":”e)
. . m le-a i
or * (iteration) 5 = d::\ts;
« arrow headsindicate message-b dial(3) o
d /receiver begin(ringing) begin(ringing)
sender. lift-receiver
« time passes from top to bottom connect connect
replace-receiver
disconnect disconnect
Mlo OOAD 7 Mlo OOAD 8
UML Collaboration Diagrams Collaboration Diagram: example
« objects are boxes @
* events are arrows between objects, m Hmmeiverl T T
Iabeled Wlth message name B B 2:begin(dialtone) |4:end(dialtone)
and possibly a[condition] 1 message-a Mm'”’l G'd'a'ml TS:begin(nnging)
or* (Itefatl On) 2 messageb 51dia|(3)l 7:dial(3)l T’lo:connect T’lZ:disconnect
¢ arrow headsindicate i Phone line
sender/reoeiver \—IOb] ect2 ls:begin(n‘nging) 9: liftreceiver
« sequence/timeindi cated by lmmm‘”‘
orderi ng of events l . T’I’I: replace-receiver
112:disconnect
Callee
Mlo OOAD 9 Mlo OOAD 10
States and Transitions UML State Notation
* A stateisaninterva between events » nodes represent states: rounded rectang es with state name
— it may have an activity that can trigger starting, intermediate ~ initial state represented as solid dircle
and ending events — final state represented as bull's eye

« edges represent transitions between states and are labeled with an

— defined in terms of a subset of object attributes and links ’
event name (the trigger)

« A statetransition isachange in an object’ s attributes and

links [ ] STATE-1 Event® STATE-2
— itisthe response of an object to an event
— al transitions leaving a state must correspond to distinct events Event-a
Event- Event-e
c
STATE-3 %.@ result
TDEC 10 OOAD 11 TDEC 10 OOAD 12
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UML State Diagram - example Guards, Activities and Actions
Guards are boolean conditi ons on attri bute values
Chess game — transition only happen when guard evaluates to “trug”
— automatic transitions occur as soon as an activity i s complete (check guard!)
i . checkmate . i .
start @ Wth'te s 4>@B'ack wins « Activities take time to complete
urn — activities take place within a state
plack hite ¢ Actions arerelatively instantaneous
moves moves @ Draw — actions take pl ace on atransition or within a state (entry, exit, event actions)
/ — output can occur with an event
Black’'s A-STATE | fguarct?] | X o~ @
turn S — hite wins entry entry-action STATE-1 | action-Event / action
checkmate do: activity-A
event-1/ action-1 foutput—Event/output
it/ exit-acti | guarded-Event [guard-2],
exit/ exit-action STATI
TDEC 10 OOAD 13 TDEC 10 OOAD 14

Guards, Activities and Actions - example UML State Relaionships

e States can be nested or concurrent
Vending machine model ¢ Events can be split and merged

goins in (amount) / set balgyice Collecting money levenl-Y
Idle _ .
cancel /refund coins  pying jn (amount) / add to balanc

Superstate (nesting) f Superstate (concurrency)
event-2
d%: test item and compute chan};e ot

evenl 2

[change = 0] [change > 0] izatic 1
Pt subs(a\e 1] gren 5“1’5‘3‘3 % merged-event-3
4[@: dispense itenﬂ«—%o: make changeJ F‘M event-2 ﬁ merged-event-4

TDEC 10 OOAD 15

TDEC 10 OOAD 16

State Generalization: eample Returning to the FastData example
— ¢ Letsdefine ascenario for an office supply order
/ Transmission \ processor: a successful order
push N — Alternatively we could describe a scenario for an unsuccessful
. Neutral | pushR Reverse order
¢ Assumptions
push N push £ — We are not going to consider how the order form is transmitted
. Forward upshift upshift to our system nor how our receipt is transmitted back
=0 First Second | | Third — The employee object is responsible for validating the input to
o the system
K downshift downshift J
M 10 OOAD 17 M 10 OOAD 18
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One Scenario: a successful order Sequence Diagram
-Employee -Order -Ita'n Receipt | | Order || Employee || Product | Account
input recei ved (we don’t care how) : ‘ DB H DB H DB H DB
creste employee object validate name/password
passinput to empl oyee validated
« validate name and password Ccredte
create order object -
+ validate account number ‘ validate account number
« for eachitem ‘ validated
— createitem * create
— add item to order and validate item m
compute total cost § add
add order to order DB and retrieve order number and ship date @ * vlidaeitem
generate receipt * validated
return receipt (we don't care how)
TDEC 10 OOAD 19 TDEC 10 OOAD 20
Sequence Diagram, continued (One Possible) State Diagram
Receipt Order | | Employee || Product | | Account —
bB bB bB bB input ._, Initialization
retrieve cost *—» Idle _received | i ot
P— i B
add order create
retum I
retrieve order number receipt validated
retrieve ship date Findize
creste do: add order
create receipt
T [remainingitems = 0] ‘
TDEC 10 OOAD 21 TDEC 10 OOAD 22
OOAD: Steps Add Operations to the Class Model
* Functiona Modeling « From the Class Model:
» ClassModeling — Reading/writing object attributes (e.g., get_width, get_height of
¢ Dynamic Modeling Rectangle)
» From Events, State Actions, and Activities
« Refine the Class Model (add Operations) in the Dynamic Model:
— Each event sent to an object => operation
(e.g., Vending machine: set_balance)
* Iterate and refine all models — Actiong/activities may be operations
— After thefirst iteration, steps may occur in parallel (e.g., Vending machine: do: test item and compute change)
or out of order
— All models must be kept in synch as changes are made
M 10 OOAD 23 M 10 OOAD 24
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Relation of the three models

Things
object model

\

Transformations
Interactions functional model
dynamic model

TDEC 10 OOAD 25

OMT: Four phases (a process)

¢ Object-oriented analysis
— builds areal-world model
¢ System design
— determines overall architecture of system
« Object design
— decides upon data structures and al gorithms

¢ Implementation
— translates design i nto programming language

TDEC 10 OOAD 27
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Relation between the models

¢ Functional model describes the actions (what), the
dynamic model describes the timing (when), and the
class model describes what takes action (who)

« Dynamic model provides a second dimension - time - to
objects and classes

« Dynamic model builds upon and is derived from object
model

— states in dynamic model represent sets of attribute and link
values in object model

— events in dynamic model represent operations in object model
« Relation between organization
— inherent differences in objects are distinguished in object
| Tovic10_model as distinct classes coan 2

System Design

¢ Devises high-level strategy for solving problem
— Set trade-of f priorities
¢ Construct system architecture by organizing into
subsystems (system structuring)
— Choose an approach for persi stent data management (repository model)
— Allocate components to processors and tasks (di stributi on model)
¢ Choose the impl ementation of control in software system
(control modeling)
— ldentify concurrency i nherent in the problem
— Define access to gl obal resources
Divide probl em into implementable components
(modul ar decomposi tion)

Object Design

Full definition of all the classesin the system
« |mplementation alter natives evaluated and chosen

Combine three models to obtain class operations
« Design dgorithmsto implement operations

¢ Optimize access paths to data

¢ Implement control for externa interactions

¢ Adjust class structure to increase i nheritance

« Design associ ations

« Determine object representati on

« Package classes and associati ons into implementable

modules
TDEC 10 OOAD 29

TDEC 10 OOAD 28

Detailed Design

« Detailed design is the process of completely specifying
an architectural design such that modul e implementation
can proceed (independently)

« Interface specifications

— brief description of each module
— attributes
« brief description and specify types
— operations
« brief description
« list of parameters and parameter types
« return type (if applicable)

Spring 2000
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Detailed Design, continued Mapping design into code
¢ Algorithm and data structure specification * Most programming languages provide very similar sets
— the designer can give hints as to what algorithms or data of features

structures might be most useful for a particular module

— also, the client may have specified a particular algorithm or
data structure that must be used

— user-defined types
— control structures

o if..then..dse..
— in addition, constraints in the requirements may require one « whilex doy
approach over another « fori=1tox
« for instance, implementing a data structure so that it uses the minimum . etc
amount of memory possi ble vs. keepi ng everything in memory f or _ etc.
speed . . .
« Thismeansthat, in general, operati ons can be expressed
in many different languages
M 10 OOAD 31 M 10 OOAD 32
Mapping design into code, continued Modularity Mechanisms
« Mgjor differences between languages usually fall into « Oneimport feature of any programming language is how
these categories it can represent modules directly
— compiled vs. interpreted — Cand C++ have separate header and body files
— procedura vs. object-oriented — Java has package names and class files
— general purpose vs. application/domain specific — Ada has a construct called a package with a specification and
« eg. C++vs. FileMaker Pro’s scripting language body (implementation)
« |f adesign takes advantage of, or depends on, one or - etc.
more of these features then certain programming ¢ Thesefeatures are important since it makes it easier to
languages have to be excluded from implementation map the design into code and to trace a code modul e

back to its desi gn counterpart

Mlo OOAD 33 Mlo OOAD 34
Integration Test Plan Integration Testing
« Developed as part of (architectural) design ¢ Testing based on integrati on test plan after module
« Test plan to exercise module i nteracti ons testing
— actual test data and expected results for each potential module « Integration is the process by which modules are

interaction
— order of test executions
— completion criteria

aggregated to create larger components
« Integration may be determined by uses hierarchy

simple coverage (one test per interactior) « Integration testing examines each combination to
 input/output coverage (range of values) dete_zrml ne whether itis ?Iso corr"ect or to find defectsin
« dataflows (Flowsfrom user to used and back) the interaction between “correct” components

¢ Basic goal isto test how modulesinteract with each
other and with data under the assumption that they have
passed modul e testing

[ Ensures modules make compatible assumptions |

Topic 10 O0AD 35 Topic 10 O0AD
|_Topc |_Topc
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Integration Test Plan Process Homeworks 5 and 6
« For agiven interaction: ¢ Builds on Homework 4 (and 1) using OOAD: UML
— Design test cases to test that interaction » Objective
+ design typical fest cese — Produce an object-oriented design of VirtualMallOnline in two
« design test cases specific to thi sinteraction hases
: X p
« design special and boundary val ue test cases Techni
— For each test case, provide the "values" of parameters and any & r_1|ques )
environment (e.g., persistent data) required — Object/Class Diagrams
— Plan the order of the test cases for this interaction — Collaboration Diagrams
« initialize, set-up, process, wrap-up — State Diagrams
— Describe any stubs or drivers required for this interaction — Detailed Designs
¢ Plan the order of integration testing
— top-down
— bottom-up
Mlo T OOAD 37 Mlo OOAD 38

Something to think abouit:
Structured vs. O-O Design
« What are the major diff erences between object-ori ented
design and structured design?
« How does each relate to sof tware engineering principles?

* How does each relate to desirable characteristics of a
design?

TDEC 10 OOAD 39
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