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What’s wrong with Good Old C?

= Answer:
Source code is a necessary but insufficient structural model of the system

= Why?
Becyause to understand complex systems you need to understand
— How pieces of different scale and abstraction work together
— How different aspects (structural, behavioral) of the systems work
= Code is a 1-dimensional, very detailed structural view
= Every other view must be inferred
— High level structure
— Dynamic behavior
= With large systems, code-based systems are unmanageable!
— Expensive to construct
— Expensive to maintain
— Expensive to modify
— Expensive to port
— Difficult to understand
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Models improve

» Visualization
Understanding
Communication
Consistency
Provability
Maintainability
Reusability
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Models

= Graphical models use 2+ dimensions to display structural and behavioral aspects
= Graphical models use abstraction to view the system at different levels of scale from

System (very large)
Subsystem (large)
Component (medium)

Class (small)

Operation (code) (very small)

= Graphical notations lend themselves to recursive application, allowing any number of levels
of abstraction to be used.

)

Model-Code Associativity Principle
The code is merely one view of
the model.
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Visualization

» Visual Models aid

— Initial construction of the system

— Ongoing maintenance of the system

— The testing of the system

— Introducing new staff to the system

— Communicating system concepts to others with
» The appropriate level of abstraction to the concept(s) at hand
* The appropriate aspects of the system
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UML Diagrams

«SysML»
Require-
ment
Diagram

Use
Case
Diagram

v

Functional
Diagrams

Info
Flow
Diagram

State
Communi- Diagram
cation
Diagram

. ) Behavioral

Interaction Diagrams
Diagrams Activity

Diagram

Timing
Diagram

Sequence

Flowchart
Diagram

Diagram
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Class Diagram

#testBuddy= £
GasTester2
GasManager
I commandedo2Conc:unsigned short=0 B evTest2 1()
E commandedTetalFlow: unsigned int=0 -7 E‘!:"evTestE_E()
E setGasFlow(gas:GAS_TYPE,flow:unsigned int):boal 'c;l;r’ie_nd» E Drmiatwm"ﬂdﬂa * Yvoid
&P GasManager() . print ot e(gas. riGas Jival
i E reinitialize():void
= D ~GasManager() B evTest2 3()
ﬁ getCommanded02Conc():unsigned short il E- T t2_4{)
ﬁ setCommanded02Conc(p_commanded 02Conc :unsigned short }:void ftsGasManager %nw_ et ) : I
& getcommanded TotalFlow() :unsigned int LI LU e
E setCommanded Tota Flow(p_commanded TotalFlow:unsigned int):v...
E startFlowDelivery():boaol
E stopFlowDelv ery( ):void
E cormputeCmdC2( ) :void
E getCrmd02Conc(): unsigned short 0 - - ceai
i
= Gas = | _ | .
GAS_TYPE : 1 E cormmendedFlow:unsigned int=0 F02V fetizv e mninkl
. its02 Valve
$ENO_GAS -
©E02_GAS :9 Ga() I aperture:unsigned int
£IN2_GAS 1) o D~Gas()
o8 HE_GAS itsti2 E getCommandedFlow(): unsigned int €D vaive()
QEAIR_GAS 1 E setCommandedFlow( p_commendedFlow:unsigned int ):void _ 1 §§~V,a e()
e ﬁ computeAperture( flow:unsigned int):unsigned int itsWalve E getAperture( J:unsigned int
= getTtsvalve():Valve® & setAperture(p_aperture:unsigned int):void
0O E setltsValve(p_Valve:valve*}:void
Step 2 Control multiple gases m; E StartBEha"'D‘fu:bw _
cleanUpRelations() :void
T evEnable()
Ef evDisable()

Class diagrams show structural elements and relations
between among.
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Sequence Diagram

evTest1(

=0y :BuilderStepl itsGasTesterl itsGas
Create() | | |
lceatey | »
lcreatey | 1
) I

|setC0mrr|andedFIow(p_corArrEndedFlow =20}

! evEnable()

RunningTest

=

v Y

getCommandedFlow()

comi|

enabled

i

tm(10) at R[}DT.RunningTrst

, getCommandedFlow()
[

>

1]

puteAperture(flow = 20)

Sequence Diagrams show how instances communicate over time.
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State Machine Diagram
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evBadParen evilutOp
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State machines are used to describe elements whose
behavior is state-based and event-driven
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Use Case Diagram

Secondary

Anesthesia System )

-

Anesthesia System

Dizplay Patient

Hozpital Metwork

Status

Alarm On Critical \
Ewvent
“Yentilate The
Patient

Phy=ician

Deliver Anesthezia
By Injection

Deliver Anesthezia

o 12
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By Inhalent

emote Sugeon Dizplay

e

Chart Recorder

7

ECG Menitor

¥

Patient

interacts with it

10

This diagram shows what the system does and who/what
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Activity Diagram

Q Secondary

ActivityDiagramOfAccelerate )

acontinuouss

acontinuouss

Accelerate
L
«continuouss
accelPosition 1
t ; d
¥ ProvideP ower cm transModeCmd
b MeasureVehicleConditions
PushAccelerator
‘|r | pow
«continuouss |
vehCond I ——

drivePower

AciityDlagramOiG5_Display_Locatlon T

11

Activity diagrams are used to describe
algorithmic behavior for operations,
classes or use cases.

Displaylocation 5D 1
DisplayLocation_SD 2

[Dizplayhiode! =Destination]

Scralikodehiapsnin

Updafel ocationDilsplay
CalcutsieTimeDetay

[System Is On && Cyclke

me == 1 5acond]

[System Closing Down]
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UMMI - UML Maturity Model Index

5 100% Agile and Model-based testing, Rdgele[(a1\IAY
Optimizing Engineering Best nanocycle
Practices execution, test
driven development,
continuous
integration

and Quality

2 15% Class and block Class and block
Structural Modeling modeling of diagrams
structure

1 5% Visualizing code Reverse engineering
Visualization structures

0 0% Manual, time intensive heroic
Code Based development
Development
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Classes and Objects

= A class is a design-time specification that defines the structure and behavior for a set of
objects to be created at run-time.

— Specifies behavior implementation (methods)
— Specifies data (attributes)
— Specifies state (optional)
= An object is a run-time entity that occupies memory at some specific point in time
— Instance of a class
« That means it is a new set of data defined by the class and owned by the instance

class_1
Ob] ect = =:0MString Ob] ect
1 instancel:class_1 = sint 1 instance2:class_1
= s:0MString="Hey there” B y:double B s:0MString="Well Goodbye then”™
M xint=-1 M xint=9999
= y:double=3, 14159 il geti(int = y:double=2.7182818284
= gety(:double

b getx(iint i PrintXYS():void b getx(iint
i get (J:double i set¥{tempiiint):void i get (J:double
b printXYS()void il set¥{tempY:double}:void b printXYS()void
= set¥(tempiint): void Cl ass = set¥(tempiint): void
= sett(tempY :double):void = sety(tempY :double):void

Hmmm. A class has operations (functions and event receptions),
data, and types. Doesn’t that kind of sound like a standard C file?
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Relations

14

Relations allow objects to communicate at run-time or to share metadata at design time
Class may use the facilities of other classes with an association
— Note: Objects are connected via links. Links are instances of associations

» That is: an association defines a pointer from the source to destination class. The
link is the actual pointer value within an instance in the running system

There are two specialized forms of association:

— Classes may strongly aggregate others (as parts defined by other classes) via
composition

Classes may derive attributes and behaviors from other classes with a generalization
Classes may depend on others via a dependency
— Classes may contain others with an aggregation
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Relations

Attitude’elocity
= dRoll:double

1

= dPitch:double

itsAttitude’elocity

Starfleet Confidential: Do not replicate

[}

Adjust Inertial Reference Frames Collabora I ' lp

Scope: Targeting Scanner Subsystem CO OS Itl O n
Mission; Depict spatial relations among ship
transport targets, and inertial refer

TransportPlatform

H transportProtocol: PROTOCOL_TYPE
= beaconCode:long

= d¥aw: double Welocity
1
Eﬂgdrﬂzzlc;m:double its%elocity
TransportTargethanager & = dy:double
E dz:double
Acceleration
= dWWarpFactor double
= d2x:double
= d2y:double
/ 1 B d2z: double
/ ReferenceFrameManager = its&ccel 1
=fupdateRate:int ‘
eFrameO'vold FEAResOUrCES
e0bjects(void ! -

association

ame(c: Coordinate a:Attitude);void

RealSpaceChject

itsREC0List

itsReferenceCoordinate

Coordinate

= o double
= y.double
E z:double

e

H ShiplD: OMString

OwnShip

TransportTarget

aggregation

1 itsReferenceAttitude

= TargetiD:long

Attitude

1

E rall:doubla
E pitch:double
= yaw;double

itsOrientation

PassiveTransportTarget
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generalization

pRemote
—
)

ActiveTransponTarget

B platfarrlD: OMString
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Associations — the most important relation

= Associations may have labels
— This is the “name” of the association

— Labels are little used = L“"‘T“ —— ® Door %
powveerLevelunsigned sho
Wenl>> = timeToCook:unzigned short W
. . EfrevDoorClozel)
= Associations may have role names ] emitter(onoftintyvoid EevDooropens)
. pn . . i inttializeC): waid
— Identifies the role of the object in the & poweronseirTestcyvoid
. - 7 evCancel( 1 voi
ass 0 C I atl 0 n :‘F' EVEDDrCIIIE:ISE(j:dVDid
. . . . T eyDaorOpen(): vai
— Implementation hint: this is usually the £ cvpoworonovsd
name of the pointer realizing the relation & evSetPowerLevel(yvoid

,—_?' ey TimedCook( ) void

= Associations may indicate multiplicity
— Identifies the number of instances of the class that participate in the association

— Implementation hint: >1 multiplicities can be done with arrays or container classes (e.g.
linked lists)

= Associations may indicate navigation with an open arrowhead

— Unadorned associations are assumed to be bi-directional
— Most associations are unidirectional
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Multiplicity / Navigation

Role name

Attitude’elocity
H dRolldouble K

H dritch:double itsAttitude’elocity . - )
= dYaw: double Velocity Starfleet Confidential: Do not replicate
1
Eﬂgdrﬂzzlc;m:double itsWelocity [gn]
= :double Adjust Inertial Reference Frames Collaboration
TransportTargethanager & ¥ Scope: Targeting Scanner Subsystem
E dz:double
Acceleration e ) ) . .
Mission; Depict spatial relations among ship,
E dWarpFactor double transport targets, and inertial reference frame
= d2x:double
= d2y:double
n = d2z:double
nceFramehbanager & itsAccel 1 TransportPlatform
o - H transportProtocol: PROTOCOL_TYPE
dateRateint -
B updateRatein ‘ [ = beaconCode:long
. SAResources
ReferenceFrame():void . * .
ealSpaceObjects(ivoid ! - - RealSpacelbject 7
N aVI gati O n rencef rame(c: Coordinate,a: Attitude):void itshS V\
] T OwinShip
H ShiplD: OMString
itsReferenceCoordinate
Coordinate
E wdouble 1 TransportTarget
E ESEEE:E itsPosition = TargetiD:long
1 itsReferenceAttitude
Attitude 1 >
= roll:double SHEREID pRemote -
- . |-
E P“ChlideLll;lJm | PassiveTransportTarget ActiveTransport Target
yaw. double

B platfarrlD: OMString

Multiplicity
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Aggregation (remember — it’s an association!)

= |s a kind of association
» |ndicated by a hollow diamond
» “Whole-part” relationship
— Denotes one object logically or physically contains another
= “Weaker” form of aggregation. Nothing is implied about
— Navigation
— Ownership
— Lifetimes of participating objects
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Composition — associations with responsibility

System System
1 itsAcquisitionSubsystem_0
1 '&'
—.‘.
1 itsFrontPanel_0

1

AcquisitionSubsystem

AcquisitionSubsystem 1

TWO Wa ys FrontPanel
to show
1 itsDataQueue 0 CO m pOS iti O n *1 T1 *1

1 itsSensor_D 1 itsFilter_o

\ 1 Tl *1

Dataljueue 8

Buktton
FrontPanel
g  jtsButton_0:Button
= colorint 4
L 1 LED

& pushovoid Sensor Filter

E backlight{on: ool woid

4 jtsLED_O:LED
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UML Software Development Environment

Code
generation
Customization

Model Compiler

Model Management

Integrated Testing

Execution control

Execution monitoring

20

Reverse engineer
models if desired

Link in
legacy code
&
components
as desired

Compiling & Linking

Execution Cmds

Execution status

Platform independent
framework
OS Adapter

RTOS

Application on Target
System Hardware

A
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Three primary approaches to use UML with C

= Functional design (FD)
— Based on the notion of Files
— Files contain
» Data
» Functions
« Data types
= Object-based design (OBD)
— Support objects by creating structs
— Bind functions to structs using naming conventions (“name mangling”)
— No inheritance or generalization
— Use a me pointer to identify which data instance to the functions
= Object-oriented design (OOD)

— Support generalization and inheritance through creating virtual function tables within
structs

— Bind functions to structs using function pointers

— Use a me pointer to identify which data instance to the functions
* |n all cases,

— Generate both .c and .h files
— State machines have class or file scope
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Classes represented as Files in C

= Afile (*.h and *.c) lumps
together

22

Variables
Event types

Functions (including
state machine
implementations)

Types and typedefs

Preprocessor
declarations

«File» shows that the
“class” is representing
the contents of a
header/implementation
file pair

«Usage» indicates
include the header file

Tesi: . /Headgrllmplementatlon
estDriver f||e pa”.
Etesﬂ()
evRese
ﬁevCancte(l)() — event receptOI‘
Wtest2() /
Bitesta) Indicates to include the
\\ / header or implementation
«lJ » .
P variable
Securi:\iggpervisor = /
= retries | lltio
= p?n:slfa: %s[20] Display

& keypress(key:char)-void
& isDigit(c:char):int

& isENTER(c:char):int

& isCANCEL(c:char):int
& isRESET(c:char):int

& unlockDoor():void

& lockDoor{):void

|~

= i

«Usage» —
—

& displayMsg(msg:char*)-void

EisValid(s:char*):int
& addKey(c:char)-void

function

© 2019 Bruce Powel Douglass, Ph.D.



Classes as Filesin C

23

“Traditional” C development
Heavy use of singletons (single instances)
— Little use of multiple instances
Associations implemented via pointers or references
No structs needed
No generalization used
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Let’s use an example for OBD and OOD

Sensor

Directed association
E filterFrequency:int

Attributes E updateFrequency:int ADConverter
E value:int 1>
Destructor myADConverter
—~ = D ~Sensor()
E getFilterFrequency():int E convert(analog:int):int
Operations ] getUpdateFrequency():int
E getValue():int

Ly €D Sensor()
v E setFilterFrequency(x:int): void
Constructor E setUpdateFrequency(x:int):void
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C Object Based Design (header file)

The me pointer points to instance data (supports multiple instances of class)

#ifndef Sensor H
#define Sensor H
#include "ADConverter.h"

= ‘\\
r /* class Sensor */

typedef struct Sensor Sensor;
struct Sensor {
int filterFrequency;
int updateFrequency;
int value;
ADConverter* myADConvert; /* association implemented as ptr */

% y

int Sensor getFilterFrequency(const Sensor* const me);

void Sensor setFilterFrequency(Sensor* const me, int p filterFrequency);
int Sensor getUpdateFrequency (const Sensor* const me);

void Sensor setUpdateFrequency (Sensor* const me, int p updateFrequency);

int Sensor getValue(const Sensor* const me); Sensor
- E filterFrequency:int
E updateFrequency:int ADConverter
a . value:int

Sensor * Sensor Create(void); e

f_)wSensDr()
l H getFilterFrequency():int - log:int):int
VOld Sensor DeStroy (Sensor* Const me) ; [l getUpdateFrequency():int HCOnver(anaogmh
. - |l getvalue():int
# e n dl f () Sensor()

H setFilterFrequency(x:int):void
H setUpdateFrequency(x:int):void
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C Object Based Design (implementation file)

#include "Sensor.h"
int Sensor getFilterFrequency(const Sensor* const me) {

return me->filterFrequency;

void Sensor setFilterFrequency(Sensor* const me, int
p_filterFrequency) {
me->filterFrequency = p_ filterFrequency;

int Sensor getUpdateFrequency (const SensorX*_const me) {

return me->updatefFrequency; /* Constructor and destructor */
} Sensor * Sensor Create (void)
Sensor* me = (Sensor *) malloc(sizeof (Sensor));
void Sensor setUpdateFrequency (Sensor* conf if (me!=NULL)
p_ updateFrequency) { {
me->updateFrequency = p updateFrequenc Sensor Init (me);

} }
return me;
int Sensor getValue (const Sensor* const me] }

return me->value;

} void Sensor Destroy(Sensor* const me) {

if (me!=NULL)
{

}

free (me);

Sensor Cleanup (me) ;

26
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C Object Based Design

= Use of structs to represent classes
= Supports multiple instances

— Adds a me pointer to the struct instance as the first parameter of all class functions to
identify which object’s data should be acted on

» Class functions are prepended with the class name

— A class Sensor with a function acquire() would internally name the function
Sensor_acquire()

= No use of generalization
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C Object Oriented Design (header file)

The function pointers support polymorphism and virtual functions

#ifndef Sensor H

#define Sensor H

#include "ADConverter.h" _ ]
void Sensor Init (Sensor* const me)

/* function pointers */
typedef int (*fOptrInt) (void*);
typedef void (*flptrVoid) (void*, int);

/* initialize function ptrs in constructor */

{

me->getFilterFreq = subGetFilterFrequency;
me->setFilterFreq = subSetFilterFrequency;

/* class Sensor */
r’fypedef struct Sensor Sensor; ‘\\
struct Sensor {
int filterFrequency;
int updateFrequency;
int value;
ADConverter* myADConvert; /* association implemented as ptr */
fOptrInt getFilterFreq; /* ptr to the function w only me ptr argument */
flptrVoid setFilterFreqg; /* ptr to function with me ptr and int args */

. y

int getFilterFrequency(const Sensor* const me);
Void setFilterFrequency (const Sensor* const me, int ff);

Sensor * Sensor Create(void); /* creates struct and calls init */
Void Sensor Init (Sensor* const me); /* intializes vars incl. function ptrs */

void Sensor Destroy(Sensor* const me);
#endif
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C Object Oriented Design

= Use of structs to represent classes
= Supports multiple instances

— Adds a me pointer to the struct instance as the first parameter of all class functions to
identify which object’s data should be acted on

= Supports generalization
— Subclasses include the base class structure and extend it

— Polymorphism is supported by having function pointer to functions of interest

» Requires double dereferencing but it means that at run-time calling a function can

refer to the subclasses function because the function pointer points to the replaced
function
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Generalization and Polymorphism

= To the left, “Sub” is a specialized kind of

“Super’
_ =L Client = Sub inherits all the data and behavior of
gi::::tuble (‘:17 Super

= Sub may specialize or extend Super by
— Adding new data elements
LX — Adding new functions
— Redefining existing functions

= ssomstring — Soif Clienf[ calls | |

1 xint doSomethinglnteresting() but is

B yedouble actually pointing to an instance of Sub,
5 dosomethingElse0:void then the Sub implementation is

L| doSomethingInteresting(:void invo ked ]

— This can be done in C by invoking the
function by referencing a function
point. When you create the instance of
Sub, point to the (internally named
Sub_doSomethinginteresting())
function

= doSomethingInteresting():void

Sub
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Graphical C
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Graphical C Diagrams

wTypen
DiagramTypes
Requirements Views Structural Views Behavioral Views
tTypen uTypen
Build [.‘riagram Call Graph uTypen wTyper
«Typen Message Diagram State Diagram
Use Case Diagram
. “TE:PE” uTypen
File Diagram Source Code “Typen
Flowchart
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Use Case Diagram

» Used to cluster requirements into “system uses”
= Contains
— Use Cases
— Actors
— Requirements
— Constraints
— Comments
— Relations
» Association
» Dependency
» Generalization

Use Case Diagram for Planning UAV Mission 0

UAV Planning System

Plan Armanent

eapons Loading System

Upload Mission

O

Plan Mission

UAav
MissionPlaniar

Plan Route

Plan Objectives

Overlay Tactical
Map

=}
Optimized by one of:
e Time MissionCommander

g e Fuel cost
" e Risk exposure

Optimize Route
MapDatabase
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File Diagram

= C programs are typically composed of Files containing

34

Variables
Functions
Types
Includes
» Header
* Body

File Diagram shows files, types, variables, functions and relations

wFilexs
mainFile

«Functions

insertEditor(c:char)-void

«header_include»

isEditingEditor{):int

__________ 1 & FONT3:RhpString

«Files

GraphicalWidgets

& FONT1:RhpString
& FONT2:RhpString

& clearLCD{):void
i redrawl.CD():void
|
N
| N
N
«\ariables «header_inglude» AN :
EDIT_BUF_LEN-RhpString=1024 f SIITIIL TR LRI
| «header_irz}ﬂ{sfe» \
| N N
A4 ~af
aFiles A aFilen
Editor N NumericalHelperFunctions
& Ebuf:char %s[EDIT_BUF_LEN] 2 = pi-Number
&l EDIT_BUF_LEN:RhpString = e:double
&l Eend:char* o result:_Cmplx
B insertEditor(c:char)-void &g acosMumber{a:Number *):Mumber *
B isEditingEditor():int &5 addNumber(a:Number * b:-Number *):-Number *
& IeftEditor():-void @& asinNumber(a:Number *):Number *
\ &g atanNumber(a:Number *)::Number *
\ & cIrRefcntNumber(a:Number *):void
- &d cosNumber(a:Number *):Number *
«Functions «Types & dbNumber(a:Number * sf:double):Number *
_Cmplx

& decRefcntMumber(a:Number *):void

H Al el A Rieabar ® Reblimabor 2R eaker %

< _Cmplx
£ Number
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Build Diagram

35

= Shows the components required to construct the system

= These may be

— Executables

— Libraries

— External Source code

Build Diagram
«Build» £]
PlanningSystem
I e
o e

|

| ~

| N

o

| ~

1 .

\ .

«Build»
MapDatabase

«Build»
OptimizationSystem

«Build»
DeviceDrivers
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Call Graph

= Shows

— The calls and their sequence among set of functions
— The binding of variables and functions
= Note

— Can only show calls (synchronous function invocations) not asynchronous event
receptions

This file contains functions and
varianbles to support a cubic spline

interpolation of any values (x) between
¥[0] and x{n-1] for an arbitrary implicit This sets up the triagonal
function for which we have n data matrix from the set of
paints (x[j]. vIil)- fixed data points
«Functions
| / solveTridiagonallatrix(n:int.a:vector b:vector, lower:vector,diag-vector, upper-vectar)-void
| / -
«Files «Functions /C/”
Splinelnterpolator — — — = setUpSolution()void aln
— ] «Binds e
M T-TriDiagonalMatix .
™~
qaingj\n\ - This solves the set of simultaneous
. eyaristlen equations using an optimized
=y T-TriDiagonallMatix Gaussian tridiagonal matrix solver
= Compute(x-double)-double «Functions o — 7
& setUpSalution()vaid Compute(x:double)-double [~ «Binds
& solveTridiagonalMatrix(nint, .. _ecB;dn_ \
The tridiagonal matrix is represented as 3
\ vectors: lower, diag, and upper. This matrix holds
. the set of coefficient for the set of (n-1) cubic
polynomials representing the implicit function
This computes the over the range of x[0] to x[n-1]

interpolated value of the
implicit function for point x
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Message Diagram

» Message diagram shows an exemplar (aka scenario) between a set of files, depicting
— The files as vertical “lifelines”
— Messages as arrowed lines, which may be either
» Synchronous (i.e. function calls)
» Asynchronous (i.e. queued events)
— Annotations, such as quality of service constraints

= A system normally has many message diagrams depicting
— Different messages
— Different sequences
— Both

= A message diagram relates to either a flow chart or statechart by showing a singular path
through that formal specification
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Message Diagram

User CharParser Tokenizer Evaluator MumberStack QperatorStack

selExpr("2°(3+4)") |

evDigit{currentChar=2) |

beginToken(c=2)

Asynch msg

evOpClcurrentChar = *)

/T

eviumber{num = 2)

|
|
|
|
|
igtit{c=2) :
|
|
|
|
|
I

push(element=2)

o
-

|

|

|

|

|

|

|

|

|

|

|

| |

| I

| Lre_jllc:eUnary(] |

| evOp(currentChar= () : :
e

| |

|

|

|

|

|

|

|

|

|

|

|

|

|
sendOp(c = 42) |
|

eviultOplop = =) |

| beginToken(c= ()

| evDigit{currentChar = 3)
’\1 sendOp(c = 40)

beginTokenic = 3) |

f

push(element = *)

pushielerment = ( )

LA E RN NN SANSANSRNNNNN
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State Diagram

= UML state diagrams are based on Harel Statecharts.

= They depict the state behavior of elements (normally files) and control the sequencing of
functional invocations and primitive operations that take place in response to events

= Events may be
— Synchronous (“triggered functions”)
— Asynchronous event receptions
— Timeouts
= States may be nested within states
— On the same diagram
— On “nested diagrams”
= State may be
— “OR-states”
« Element may be in one state or another
— “AND-states”
« Elements may be in multiple states simultaneously

39
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State Diagram

Tokenizer file state diagram L
Receives events from . ParsinaNumb =,
CharacterParser as to the character eviWhiteSpace/ 2 LI LI LT
and its type. This object constructs itsEvaluator->GEN(evNumber(valug)}
tokens from those events and t' evDigit/
characters and then passes them off . addDigit(params-=currentChar);
to the Evaluator | ParsingWhole /D
l evDot/
evEOS/ addDot();
itsEvaluator-=GEN{evEOS);
(params-=currentChar);
| Idle [ ParsingFraction ]
evLiot ’[
beginToken('.");

%‘57/\/ evDigit/

evE addFractionalDigit(params-=currentChar);

itsEvaluator-=GEN(evNumber(value));

itsEvaluator-=GEN(evEOS);

. o
evOp/ evDot/
_ beginToken({params-=currentChar); sendOp(op);
eviWhiteSpace/ beginToken("."):
sendOp(op); evDigit/
sendOp(op);

beginToken{params-=currentChar);

evEOS/

ParsingOperator

sendOplop);
itsEvaluator->GEN(evEO S

et

evOp/
itsEvaluator-=GEN{evNumber{value));

ev%\}

beginToken({params-=currentChar);

sendOplop);
beginToken(params-=currentChar);
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Execution and debugging w state machines & sequences

Ui Hhapsnty 6= e b FHelogiu - caluapy

e |l B e, T B e |l o
iy e actr =] [nag = ] e ] e R R | M e A g

O : V| T TR | R i

T ERY bt lan O Cates st el eulany - SenulaindCmi - ChaFame  [Cal [Tk | et B g Ol vl st ] v~ Baack. Cdeulnten| Siack
B E
i EWv Cabculans| B Caicl | [ Catoulmiae]0f>Tas | [ Cabcurato]oa | Caluianql}= [ Calcalmer| D= [ Carularogd]=i [ Cabeulaud0)>rs
b o ter Stimulpine sChaParserCh | s Fokerzer Ta tsEvalustor By | hammserStack | OpyiorStack 5
& | |1 mlParam T Ty Sttt : atk
ir o Coalely ] [ | | | | |
i o | Coomaio) __l_____"l | | |
i “ [
; z e [ — -« | |
B Z e ———————— |[————— A= ——— ——— — |
7 S S S, S E=— ™
iy é lCowmey | | 1 | |
5’; I ™ | | | |
i | | | | | |
= b
; . | | | | | |
ok = 1 | I | ! ; _|:|
L

B waberhast o : Chorliwoaoe - Lok NI LU 10 1 e L Py = § ¥ mpeche ol o Tokenlzes alruearil] -3 Tobendpe) [ ] pkenizer ;B sesechet of 1 Dealuabor - Caloalnte [ - Bulrvaliake Lvalwalo:
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Flowchart

» Flowcharts (simplified activity diagrams) represent algorithms
— Contain information contained within the Call Graph but adds

« Sequence

* Operators
« Conditional
* Fork
« Join
= Most often, flow charts
are assigned to functions

= With UML, you can
— Execute and debug flow charts
— Generate code from flow charts

42

|

{ Store dataset into Data Table

¥

©

¥

h{i] = x{j-1] - x{iT:
j++;

Construct Tridiagonal matrix upper, diag,
lower

|

Flowchart for setupSolution
function within the
Splinelnterpolator file

[

bli] = 6*((y[i+1]-y0lVn(i] - (yll-yTy-1Mh0-11)
|+

solve(a.b lower,
diag. upper)
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Code View

= Tools can maintain automatic synchronization between the code and the graphical views.
— This is called dynamic model-code associativity or round-trip engineering
— If you modify the code, the model changes
— If you modify the model, the code changes

= You can also create a model from
a source code base — this is

known as Reverse Engineering

e
complex

&8 COMPLEX_PRINT_SIZE:RhpString

B new Cmpbe(y:Cmptx *

B freeCmpbx(a:Cmplx *):void

Bl setCmpixReal(a:Cmplx * rp:Real * ip:Real *):Cmpbe *
B inputCmplxReal(a:Cmplx * rp:Real * ip:Real *):Cmpbx *
B setCmpixCmpba(a: Cmpkx * b:Cmpbx *):Cmpbe =
& printCmpbeShort(a:Cmptx *):char

B printCmptxa:Cmpkx *).char®

H negCmphx(a:Cmptx *):Cmptx *

Bl negEqCmpbx(a: Cmphx =):Cmpbx *

& invCmplx(a:Cmptx *}:Cmphx *

& invEqCmpte(a:Cmplx *):Cmplx *

& pow Cmpleint(a:Cmplx * brint):Cmpb *

& pow Cmple{a:Cmplx *b:Cmpbx *):Cmplx *
B pow CmpleReal(a:Cmpbe *,b:Real *):Cmphx *
Bl powRealCmpbx(a:Real * b:Cmplx *}:Cmplx *
B polarCmpbx(a:Cmpkx *}:Cmpbe *

B absCmpbx(a:Cmplx *):Real =

B thetaCmplxia: Cmpbx *):Real *

B rectCmpbe(a:Cmplx *):Cmpbe *

B InCmpbx(a:Cmplx *):Cmpbe *

B 10gCmptx(a:Cmptx =):Cmpbx =

B expCmpbe(a:Cmpbx *):Cmplx =

& expEqCmpte(a: Cmpkx =):Cmptx *

E sinCmptx(a:Cmptx *):Cmphx *

[ cosCmphx(a:Cmplx *):Cmpkx *

B tanCmplx(a:Cmptx *):Cmpkx *

& asinCmptxia:Cmptx *):Cmphx =

& acosCmpixia: Cmptx *):Cmptx *

(& atanCmpix(a:Cmphx *):Cmptx *

& mulCmpbx(a: Cmpke * b:Cmptx *):Cmple *

B mulCmpixReal(a:Cmptx * b:Real *;Cmpbx *
Bl divCmpbe(a:Cmplx * b:Cmpbe *):Cmple *

Bl divCmplxReal(a:Cmpbx * b:Real *):Cmpbe *
Bl divRealCmpixia:Real = b:Cmpix *):Cmpke *
B addCmpbe(a:Cmpbx * b:Cmplx =}:Cmpbe *

Bl addCmplxReal(a:Cmplx *b:Real *):Cmpbe *
B subCmpbe(a:Cmpbx * b:Cmpbx }:Cmpbe *

B subCmpixReal(a:Cmptx * b:Real *)}.Cmpbx *
[E subRealCmplx(a:Real *,b:Cmpbe *):Cmpbx =

43

—
«Usages

! E % | B complex.h

gifndef complex_H
#define complex H
#include <oxf/Ric.h>

#include "source code.h"
#include "typedefs.h"

fx *
/* complex.h */
s *f

F*#E oper,

Real *

ion absCmplx(Cmplx *) */

absCrplx (Cmplx * a);

#include "complex.h"

/* depends

#include "
#include <stdio.h>
#include <stdlib.h>
#include
#includs
#include "number

#include "constant.h"
#include "mode.h"

S ny
/* complex.c */
e+ *

Real * absCmplx(Cmplx * a) {

/*#[ operation absCmplx (Cmplx *) */

Real *re. *ri:
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Summary

= Using a model-based approach provides real benefits for C developers
— Improved understanding
— Improved maintainability
— Improved communication
— Improved testability
— Simplified compliance to safety standards
— Automatic code generation
— Ability to use existing legacy code
— Ability to work within either the graphical or code views

= Using Graphical C allows the functional C developer to continue with a functional approach
without requirement adoption of object oriented approaches

= Graphical C can be used to
— document existing code, or
— Develop new systems

= Graphical C can be extended as desired by adding UML and object oriented concepts
downstream
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