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7E�PRESENT�AN�APPLICATION�OF�#OLORED�0ETRI�.ETS�FOR�MODELING�OF�SOFTWARE�ARCHITECTURE�
/UR�WORK�DEMONSTRATES�HOW�TO�USE�ARCHITECTURAL�MODELING�TO�CONTROL�PROPERTIES�OF� INDUSTRIAL
SCALE�PRODUCTS�AND�PRODUCT�FAMILIES��4HE�NEW�SOFTWARE�ARCHITECTURE�OF�A�MOBILE�PHONE�FAMILY
IS�MODELED�BY�#OLORED�0ETRI�.ETS�AND�ANALYZED�USING�$ESIGN�#0.�TOOL��4HE�MODEL�DESCRIBES
THE�EXECUTION�ARCHITECTURE�AND�ALLOWS�US�TO�ANALYZE�BOTH�TIME�AND�SPACE�PERFORMANCE�OF�THE
SOFTWARE�SYSTEM��/UR�EXPERIENCE�SHOWS�THAT�A�SPECIAL�PURPOSE�MODEL�CAN�BE�CONSTRUCTED�ALSO
FOR�LARGE�SYSTEMS�AND�THIS�MODEL�PREDICTS�ACCURATELY�ENOUGH�SYSTEM�PROPERTIES� TO�BE�USEFUL�
4HE� INSIGHT� THIS� GAVE� US� TO� THE� INTERNAL� OPERATION� OF� THE� SOFTWARE� SYSTEM� TOGETHER�WITH� THE
ESTIMATES�ON�ITS�PERFORMANCE�GUIDED�US�THROUGH�THE�EARLY�PHASES�OF�ARCHITECTURAL�DESIGN��7E
CONTINUE�TO�MAINTAIN�THE�MODEL�AND�EXPECT�IT�TO�BE�VERY�VALUABLE�TOOL�IN�CONFIGURING�DIFFERENT
PRODUCT�FAMILY�MEMBERS�
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3OFTWARE�ARCHITECTURE�;�=�PROVIDES�A�GLOBAL�VIEW�TO�SOFTWARE�SYSTEM�AND�ACCORDINGLY�SOFTWARE
ARCHITECTURE�MODELS�CAN�BE�USED�TO�PREDICT�AND�CONTROL�SYSTEM�WIDE�PROPERTIES��)N�THE�!2%3�

PROJECT� WE� HAVE� BUILT� SEVERAL� MODELS� OF� MODULE� ARCHITECTURE� SHOWING� HOW� THESE� MODELS
SUPPORT�CONFIGURATION�OF�VARIANTS�IN�A�PRODUCT�FAMILY�;�=��7E�HAVE�ALSO�TRIED�SEVERAL�DIFFERENT
TECHNIQUES�FOR�MODELING�EXECUTION�ARCHITECTURES�;�=�

!RCHITECTURAL�MODELS�ARE�USED�TO�ANALYZE� SYSTEM�WIDE�PROPERTIES�AND�THEY�HAVE� TO�BE
COMPLETE� IN� RESPECT� TO� THAT� PROPERTY�� #ONSEQUENTLY�� ARCHITECTURAL� MODELS� OFTEN� HAVE� TO� BE
LIMITED�TO�A�SINGLE�VIEWPOINT��4HE�ARCHITECTURAL�MODEL�DOCUMENTED�IN�THIS�PAPER�CONCENTRATES
ON�MANAGING�DYNAMIC�SYSTEM�PROPERTIES�AND�ON�PREDICTING�SYSTEM�PERFORMANCE�
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&ROM�INDUSTRIAL�PERSPECTIVE�ARCHITECTURAL�MODELING�IS�NOT�YET�A�MATURE�FIELD��)N�ORDER�TO
MAKE�ARCHITECTURAL�MODELING�MORE�USEFUL�FOR�SOFTWARE�ENGINEERS�

•� -ODELING� TECHNIQUES� SHOULD� BE� CLASSIFIED� ACCORDING� TO� THE� REASONING� THEY� CAN
SUPPORT�

•� 0RE
MADE�MODELS�SHOULD�EXIST�FOR�DIFFERENT�ARCHITECTURAL�CONSTRUCTS�ALLOWING�ANALYSIS
OF�DIFFERENT�ATTRIBUTES�

•� -ODELS�SHOULD�BE�COMPOSABLE�SO�THAT�THE�COMPOSITE�MODEL�WILL�CORRECTLY�PREDICT�THE
PROPERTIES�OF�THE�COMPOSED�SYSTEM

•� -ODEL
CHECKING� TECHNIQUES� SHOULD�BE�MORE� PRACTICAL��-ODELS� CAN� BE� PARTITIONED� TO
OVERCOME�COMPUTATIONAL�LIMITATIONS�BUT�NO�GUIDANCE�EXISTS�ON�HOW�TO�DO�IT�

•� (ANDBOOKS�ON�HOW�TO�MODEL�DIFFERENT�ARCHITECTURAL�CONSTRUCTS�SHOULD�EXISTS��CURRENTLY
THE�RESULTS�DEPEND�ENTIRELY�ON�THE�PERSONAL�SKILLS�OF�THE�ARCHITECT�

$UE� TO� VARIOUS� REASONS�� DOCUMENTED� EXAMPLES� OF� ARCHITECTURAL� MODELING� HAVE� BEEN
SMALL� SYSTEMS�� 4HE� EXAMPLE� USED� IN� THIS� PAPER� SHOWS� THAT� IT� IS� POSSIBLE� TO� CREATE� SPECIFIC
MODELS�FOR�ANALYZING�INTERESTING�ARCHITECTURAL�PROPERTIES�OF�LARGE�SYSTEMS��3EVERAL�ARCHITECTURE
DESCRIPTION� LANGUAGES� �!$,S	� HAVE� BEEN� DEVELOPED� TO� MODEL� ARCHITECTURES� AND� THEIR
PROPERTIES� �SEE� ;�=	�� (ERE� WE� DEMONSTRATE� THAT� GENERAL� PURPOSE� MODELING� TECHNIQUES� LIKE
#OLORED�0ETRI�.ET;�=�AND�$ESIGN�#0.�TOOL;�=�CAN�ALSO�BE�APPLIED�

!RCHITECTURAL�MODELS�SHARE�THE�SYSTEM�STRUCTURE��4HE�DECOMPOSITION�OF�THE�MODEL�INTO
PARTS�FOLLOWS�THE�DECOMPOSITION�OF�THE�SYSTEM�AND�MAPPING�FROM�THE�ENTITIES�OF�THE�MODEL�TO
THE� ENTITIES� OF� THE� SYSTEM� IS� CLEAR�� 4HIS� MEANS� THAT� ARCHITECTURAL� MODELS� DIRECTLY� ASSIST� IN
DESIGNING� AND� CONFIGURING� DIFFERENT� SYSTEM� VARIANTS�� 3INCE� ARCHITECTURAL� MODELS� SHARE� THE
SYSTEM�STRUCTURE��IT�IS�EASY�TO�SEE�HOW�WELL�THE�MODEL�CONFORMS�TO�THE�SYSTEM��4HIS�INCREASES
CONFIDENCE�THAT�THE�MODEL�GIVES�CORRECT�PREDICTIONS�

���� 7HY�#OLORED�0ETRI�.ET�IS�#HOSEN�FOR�!RCHITECTURAL�-ODELING

.OW�IN�SOFTWARE�RESEARCH�COMMUNITY��SEVERAL�COMMON�!$,S�HAVE�BEEN�DEVELOPED�TO�SUPPORT
DESCRIPTIONS� FOR� COMPONENTS�� CONNECTORS�� AND� OTHER� ASPECTS� OF� SOFTWARE� ARCHITECTURE�� LIKE
STYLES�� CONSTRAINS�� OR� DESIGN� RATIONALE� ;�=;�=�� THEY� EMPHASIZE� THE� STRUCTURAL� ASPECTS� OF� THE
SYSTEM� BUT� ARE� RATHER� WEAK� AT� DESCRIBING� THE� PERFORMANCE� ASPECT�� )N� ;��=� THE� 5NIFIED
-ODELING� ,ANGUAGE� �5-,	� ;��=� IS� ADAPTED� AS� A�!$,� � IN� ORDER� TO� INTEGRATE� THE� POWER� OF
!$,S�WITH�THE�DAY
TO
DAY�USEFULNESS�OF�5-,�

)N� DESIGNING� THE� ARCHITECTURE� OF�MOBILE� PHONE� SOFTWARE� SYSTEM��WE� USE�5-,� AS� THE
!$,�FOR�ARCHITECTURE�DESCRIPTION��"ECAUSE�5-,�IS�A�STANDARD�NOW�AND�MOST�OF�OUR�DESIGNERS
CAN�UNDERSTAND�IT��5-,�DESCRIPTIONS�OF�THE�ARCHITECTURE�NOT�ONLY�PROVIDE�A�STANDARD�DEFINITION
OF� THE� SYSTEM� STRUCTURE� AND� SYSTEM� TERMINOLOGY�� BUT� ALSO� PROVIDE� A� COMMON� AND� EASY
LANGUAGE�FOR�OUR�DESIGNERS�TO�COMMUNICATE�WITH�EACH�OTHER��)N�THE�ARCHITECTURE�DESCRIPTIONS
WE� USE� 5-,� DIAGRAMS� INSTEAD� OF� THOSE� BOX� AND� LINE� DIAGRAMS� TRADITIONALLY� USED� IN� OUR
SOFTWARE�DEVELOPMENT�PROCESS�

$ESIGNING� THE� ARCHITECTURE� OF� A� SOFTWARE� SYSTEM� INCLUDE� ORGANIZING� THE� SYSTEM� AS� A
COMPOSITION� OF� COMPONENTS�� DEVELOPING� GLOBAL� CONTROL� STRUCTURES�� SELECTING� PROTOCOLS� FOR
COMMUNICATION��SYNCHRONIZATION��AND�DATA�ACCESS��ASSIGNING�FUNCTIONALITY�TO�DESIGN�ELEMENTS�
PHYSICALLY� DISTRIBUTING� THE� COMPONENTS�� SCALING� THE� SYSTEM� AND� ESTIMATION� PERFORMANCE�
DEFINING� THE� EXPECTED� EVOLUTIONARY� PATHS�� AND� SELECTING� AMONG� DESIGN� ALTERNATIVES�� 7ITH
5-,�WE�CAN�ANALYZE� THE�PROBLEM�DOMAIN�AND�CREATE�AN�ARCHITECTURE�MODEL�OF� THE� SOLUTION
DOMAIN�ADDRESSING�THE�ABOVE�ARCHITECTURAL�ASPECTS���BUT�IT�IS�VERY�HARD�OR�MAY�BE�IMPOSSIBLE�TO
ASSESS�THE�CORRECTNESS�OF�OUR�ARCHITECTURE�DESIGN�AND�HOW�WELL�THE�DESIGNED�ARCHITECTURE�MEETS
THE�SYSTEM�REQUIREMENT��!�FORMAL�MODEL�OF�THE�ARCHITECTURE�DESIGN� IS�NEEDED� FOR� SPECIFYING
AND�PROVING� THE� SYSTEM�PROPERTIES�� ESPECIALLY� THE�PERFORMANCE�AND�DYNAMIC�PROPERTIES��/UR
DESIGNERS�DREAM�ABOUT�AN�EXECUTABLE� FORMAL�MODEL�OF�THEIR�ARCHITECTURE�DESIGN��SO�THAT�THEY



CAN�USE�THE�MODEL� TO�RUN�DIFFERENT�USE�CASES��ESTIMATE�THE�PERFORMANCE�MORE�ACCURATELY�� TRY
DIFFERENT�SYSTEM�CONFIGURATIONS��AND�SELECT�THE�RIGHT�DESIGN�ALTERNATIVES�

#URRENTLY� THERE� ARE�MANY� FORMAL�MODELING�METHODS� OR� LANGUAGES�� SUCH� AS� :�� 6$-�
##3��#30��,/4/3��TEMPORAL�LOGIC�AND�0ETRI�.ETS��JUST�TO�MENTION�A�FEW��#OLORED�0ETRI�.ETS
�#0.	�HAVE�THE�FOLLOWING�ADVANTAGES�OVER�OTHER�METHODS�IN�MODELING�

•� !�#0.�MODEL�IS�AN�INTUITIVE�DESCRIPTION�OF�THE�MODELED�SYSTEM��)T�CAN�BE�USED�AS�A
SPECIFICATION� OR� PRESENTATION�� #0.� DIAGRAMS� RESEMBLE� MANY� OF� THE� INFORMAL
DRAWINGS��WHICH�ARE�MADE�BY�DESIGNERS�WHILE�THEY�CONSTRUCT�AND�ANALYZE�A�SYSTEM�

•� #0.�SUPPORTS�HIERARCHICAL�DESCRIPTIONS��4HIS�MEANS� THAT�WE� CAN�MODEL� LARGE�AND
COMPLEX�SYSTEMS�IN�A�MANAGEABLE�AND�COMPOSITIONAL�WAY�

•� #0.�CAN�BE�EXTENDED�WITH�TIME��4HEREFORE�WE�CAN�USE�THE�SAME�MODELING�METHOD
FOR� SPECIFICATION� AND� VALIDATION� OF� BOTH� FUNCTIONAL� �LOGICAL	� PROPERTIES� AND
PERFORMANCE�PROPERTIES�

•� #0.� HAS� COMPUTER� TOOLS� SUPPORTING� MODEL� BUILDING�� SIMULATION� AND� FORMAL
ANALYSIS��$ESIGN�#0.�IS�ONE�OF�THE�MOST�SUCCESSFUL�TOOLS��AND� IT�HAS�ALREADY�BEEN
USED�IN�MANY�PRACTICAL�SYSTEMS�OF�MANY�APPLICATION�AREAS�

#0.�OFFERS�TWO�MECHANISMS�THAT�ARE�OF�SPECIAL�INTEREST�FOR�ARCHITECTURAL�MODELING��&IRST
IS� THE� FLEXIBILITY�OF� TOKEN�DEFINITION�AND�MANIPULATION�� )T� IS�POSSIBLE� TO�USE� TOKENS� TO�MODEL
VARIOUS�ARCHITECTURAL�ELEMENTS��3ECOND�IS�THE�CONCEPT�OF�SUB
PAGE��3UB
PAGES�CAN�BE�USED�AS�A
MODULE�DEFINITION�MECHANISM�FOR�VARIOUS�PURPOSES�

4OKEN�FLEXIBILITY�COMES�FROM�THE�INSCRIPTION�LANGUAGE�#0.�-,��#0.�-,�IS�BASED�ON
THE�FUNCTIONAL�LANGUAGE�3TANDARD�-,��3-,	�;�=��%ACH�TOKEN�IN�#0.�HAS�ITS�OWN�VALUE�OF�A
PRE
DEFINED�DATA� TYPE��$IFFERENT� TOKEN� TYPES�CAN�BE�USED� TO� REPRESENT�DIFFERENT�ARCHITECTURAL
ELEMENTS��)N�OUR�CASE��SEE�THE�LATER�PARTS�OF�THIS�PAPER	��COMPONENTS��TASKS��MESSAGES��EVENTS
AND�EVEN�USE�CASES�ARE�ALL�DESCRIBED�BY�DIFFERENT�TYPES�OF�TOKENS��4HE�VALUE�OF�TOKENS�CAN�BE
INVESTIGATED�AND�MODIFIED�BY�THE�TRANSITIONS�CORRESPONDING�TO�DIFFERENT�SYSTEM�BEHAVIORS�

3UB
PAGES� CAN� BE� USED� TO� CREATED� HIERARCHICAL� SYSTEM� MODEL�� 4HE� MODEL� CAN� BE
DEVELOPED�EITHER�TOP
DOWN�OR�BOTTOM
UP��#0.�PROVIDES�WELL
DEFINED�INTERFACES�BETWEEN�SUB

MODELS��AND�SUB
MODELS�CAN�BE�REUSED��4HIS� FEATURE�OF�#0.� IS�VERY�USEFUL� IN�RECONFIGURING
THE�MODEL� IN�ORDER� TO�ANALYZE�ALTERNATIVE�POLICES�AND�MECHANISMS�� )T� CAN�ALSO�BE�USED� AS�A
MECHANISM�TO�DEFINE�THE�DIMENSIONS�OF�VARIATION�IN�THE�PRODUCT�FAMILY�

4HE� PAPER� IS� ORGANIZED� AS� FOLLOWS�� 3ECTION� �� IN� BRIEF� INTRODUCTION� TO� THE� MOBILE� PHONE
SOFTWARE� SYSTEM� AND� ITS� ARCHITECTURE� DESIGN�� 3ECTION� �� DESCRIBES� HOW� THE� #0.� MODEL� IS
CREATED��3ECTION���SHOWS�THE�SIMULATION�CONDUCTED�ON�THE�#0.�MODEL��AND�SECTION���BRIEFLY
DESCRIBES�THE�FORMAL�ANALYSIS�OF�THE�MODEL��3ECTION���SUMMARIZE�OUR�EXPERIENCE�AND�RESULTS�

�� 3/&47!2%�3934%-�/&�!�.%7�&!-),9�/&�-/"),%�0(/.%3

4HE�PRODUCT�FAMILY�OF�.OKIA�MOBILE�PHONES�CONSISTS�OF�A�LARGE�NUMBER�OF�PRODUCTS�FOR�EACH
MOBILE� COMMUNICATION� STANDARD�� !S� THE� MARKET� HAS� EVOLVED�� REQUIREMENTS� HAVE� CHANGED
SUBSTANTIALLY��4HE� PHONE� HAS� BECOME� A� PART� OF� A� DISTRIBUTED� SYSTEM�WITH� SOFTWARE� RUNNING
CONCURRENTLY� ON� HANDSET�� $ATA
CARD�� 0#� OR� A� CAR� CONTROL� SYSTEM�� )MAGE� AND� LIVE� VIDEO
TRANSMISSION�HAVE�MADE� THE�REAL� TIME�REQUIREMENTS�HARDER��.EW� REQUIREMENTS�ALSO� INCREASE
THE�SIZE�OF�THE�PRODUCT�FAMILY�AND�THE�VARIATION�INSIDE�THE�PRODUCT�FAMILY�

�!� NEW� COMPONENT
BASED� SOFTWARE� ARCHITECTURE� HAS� BEEN� DESIGNED� TO� MANAGE� THE
COMPLEXITY�OF� THE�PRODUCT�DOMAIN�AND�GUIDE� THE�DEVELOPMENT�OF�NEW�GENERATIONS�OF�.OKIA
MOBILE�PHONES��4HIS�ARCHITECTURE�DEFINES� SOFTWARE�COMPONENTS��MESSAGE� INTERFACES�BETWEEN
COMPONENTS��ESSENTIAL�USE�CASES��COMPONENT�GROUPING�AND�DEPLOYMENT�STRUCTURE�



7E� FOLLOWS� THE� ��� � VIEWS� ARCHITECTURE� DESIGN� APPROACH� ;��=;��=� AND� USE�5-,� TO
DESCRIBE� THE�ARCHITECTURE��&IGURE���SHOWS�THE�SIMPLIFIED�SOFTWARE�ARCHITECTURE�OF� THE�MOBILE
PHONE�FAMILY�AS�A�5-,�CLASS�DIAGRAM��FROM�THE�LOGICAL�VIEW	���4HERE�ARE�THREE�MAJOR�PARTS�IN
THE� ARCHITECTURE�� 3YSTEM� /BJECTS�� 5TILITIES� AND� #OMMUNICATION� �� #ONTROL� +ERNEL�� � 3YSTEM
/BJECTS�CAN�BE�#LIENT�OBJECTS�OR�3ERVER�OBJECTS��#LIENT�OBJECTS�INTERACT�WITH�USERS�TO�PROVIDE
THEM� THE� CUSTOM� FEATURES� OF� THE�MOBILE� PHONE�� THEY� ARE�MOSTLY� USER� INTERFACE� COMPONENTS�
3ERVER�OBJECTS�MANAGE�AND�CONTROL� THE�FUNCTIONAL�RESOURCES� INSIDE� THE� SYSTEM�PROVIDE�BASIC
SYSTEM� SERVICES� TO�#LIENT� OBJECTS�AND�OTHER� 3ERVER� OBJECTS�� %XAMPLES� OF� RESOURCES� ARE� CALL�
SHORT� MESSAGE�� DATA� CALL�� PHONE� NUMBER� BOOK�� WINDOW�� ENERGY�� AND� SO� ON�� $URING� THE
EXECUTION�TIME��3YSTEM�/BJECTS�ARE�GROUPED�INTO�CONCURRENTLY�EXECUTING�THREADS�CALLED�TASKS
OF� THE� OPERATING� SYSTEM�� 3YSTEM� /BJECTS� COMMUNICATE� WITH� EACH� OTHER� THROUGH� THE
#OMMUNICATOR� IN� #OMMUNICATION� �� #ONTROL� +ERNEL�� � #OMMUNICATOR� IS� RESPONSIBLE� FOR
MESSAGE�ROUTING�AND�BOTH�LOCAL�AND�REMOTE�MESSAGE�PASSING�BETWEEN�3YSTEM�/BJECTS�� IT�HAS
DIFFERENT�POLICIES�FOR�INTER
DEVICE�AND�INTRA
DEVICE�COMMUNICATION��AND�DIFFERENT�MECHANISMS
FOR� INTER
TASK� AND� INTRA
TASK� COMMUNICATION�� #OMMUNICATION� �� #ONTROL� +ERNEL� IS� ALSO
RESPONSIBLE� FOR� SYSTEM� OBJECT� MANAGEMENT� �� TASK� SCHEDULING� AND� EVENT� CONTROL�
#OMMUNICATION� �� #ONTROL� +ERNEL� IS� THE� INFRASTRUCTURE� OF� THE� SYSTEM�� 5TILITIES� PACKAGE
CONTAINS�COMMON�FACILITIES��SUCH�AS�DISPLAY�AND�MEMORY�MANAGEMENT�LIBRARIES��WHICH�CAN�BE
ACCESSED�BY�ALL�OTHER�COMPONENTS��#OMMUNICATION���#ONTROL�+ERNEL�IS�GENERIC�TO�ALL�PRODUCTS
IN� THE� FAMILY��$IFFERENT�PRODUCTS�MAY�HAVE�DIFFERENT�CONFIGURATION�OF� SYSTEM�OBJECTS�DUE� TO
DIFFERENT�PRODUCT�FEATURES�AND�HARDWARE�RESOURCES�

4HE�NEW�ARCHITECTURE�SUPPORTS�THE�NEED�FOR�DIFFERENT�PRODUCT�CONFIGURATIONS��(OWEVER
TO� BE� ABLE� TO� PREDICT� THE� PERFORMANCE� OF� THE� SYSTEM� IN� DIFFERENT� CONFIGURATIONS� BEFORE� IT� IS
IMPLEMENTED��WE�HAVE�TO�DEVELOP�A�MODEL�OF�THE�EXECUTION�ARCHITECTURE�

3YSTEM�/BJECT

3ERVER

#LIENT

5TILITIES

#OMMUNICATION���#ONTROL

KERNEL

#OMMUNICATOR

4ASK�#ONTROLLER

%VENT�-ANAGER

/BJECT�-ANAGER

&IGURE����-ODULE�ARCHITECTURE�OF�THE�SOFTWARE�SYSTEM

7E�USED�#0.�AS�THE�MODELING�LANGUAGE��3O�FAR��WE�HAVE�USED�THIS�MODEL�TO�

•� SPECIFY�AND�VERIFY�THE�TASK�CONTROL�MECHANISM

•� SPECIFY�AND�VERIFY�THE�TASK�COMMUNICATION�MECHANISM

•� EVALUATE�DIFFERENT�TASK�DIVISIONS�AND�ALLOCATIONS

•� SIMULATE�TYPICAL�USE�CASES

•� ESTIMATE�THE�MESSAGE�BUFFER�USAGE�AND�MESSAGE�DELAYS



7E� STARTED� THE� MODELING� JUST� AFTER� THE� PRINCIPAL� STRUCTURE� OF� THE� NEW� SOFTWARE
ARCHITECTURE� HAD� BEEN� OUTLINED� AND� MODELING� HAS� CONTINUED� ALONG� WITH� THE� COMPONENT
ARCHITECTURE�DESIGN�AND�DETAILED�SYSTEM�DESIGN��4HE�#0.�MODELING� ITERATES�OVER� THREE�MAIN
STEPS��CREATING�OR�MODIFYING�THE�MODEL��SIMULATING��AND�ANALYZING�

�� #2%!4).'�4(%�-/$%,

"EFORE�WE�STARTED�TO�CREATE�THE�#0.�MODEL��WE�HAD�SPENT�ABOUT�ONE�AND�A�HALF��PERSON�MONTHS
TO� PREPARE� FOR� THE� REAL� WORK�� INCLUDING� LEARNING� #0.� AND� 3-,�� LEARNING� HOW� TO� USE
$ESIGN�#0.�TOOL��AND�DOING�SMALL�CASE�STUDIES�ON�$ESIGN�#0.�TOOL��)N�THE�BEGINNING�OF�THE
PROJECT�WE�USED�THE�$ESIGN�#0.�TOOL�ON�A�-AC
0OWER0#�WITH���-B�2!-��BECAUSE�AT� THE
SAME�TIME�WE�ALSO�TRIED�A�!$,�TOOL�AS�AN�BACKUP�OF�5-,�WHICH�ONLY�RUN�ON�-AC
/3���!FTER
THREE�MONTHS��IN�ORDER�TO�SPEED�UP�THE�SIMULATION�AND�TO�PERFORM�THE�STATE�SPACE�ANALYSIS�OF
SOME� REAL� CASES�� � WE� MOVED� TO� A� 35.� WORKSTATION� �3UN� 30!2+� ��� WITH� ���-B� 2!-	�
"EFORE� WE� MOVED� TO� THE� NEW� ENVIRONMENT�� WE� HAD� ALREADY� CREATED� THE� FIRST� #0.� MODEL�
"ECAUSE�$ESIGN�#0.�TOOLS�ON�THESE�TWO�DIFFERENT�PLATFORMS�DO�NOT�SHARE�ANY�DATA��WE�HAD�TO
SPEND�ABOUT�TWO�WEEKS�TO�DRAW�THE�WHOLE�MODEL�AND�TEST�IT�AGAIN�ON�THE�NEW�PLATFORM�

4HE�#0.�MODEL�WAS�CREATED�BASED�ON�THE�STRUCTURE�AND�PROPERTIES�OF�THIS�ARCHITECTURE�
&IGURE� �� SHOWS� THE� TOP� PAGE� OF� THE� MODEL�� 4HE� MODEL� CONTAINS� DATA� OBJECTS� OF� DEVICES�
FUNCTIONAL�COMPONENTS��DESCRIBED�AS�CLIENT�OR�SERVER	��TASKS��MESSAGES��MESSAGE�QUEUES��AND
EVENTS�� )NTERACTIONS�BETWEEN�OBJECTS� TASK� SCHEDULING�AND�MESSAGE� TRANSMISSION�MECHANISMS
ARE� DESCRIBED� USING� #0.� STRUCTURE� AND� INSCRIPTIONS�� 4HIS� STRUCTURE� MAKES� IT� POSSIBLE� TO
DESCRIBE�TASK�ALLOCATION�OF�COMPONENTS��COMPONENTS�INTERACTIONS��SPACE�AND�TIMING�PROPERTIES
OF�MESSAGE�TRANSMISSION�MECHANISM��AND�TASK�CONTROL�

4RANSMIT�-SG
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(3
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(3

(3

#LIENT

&IGURE����4OP�PAGE�OF�THE�#0.�MODEL

4HE�MAPPING�BETWEEN�THE�ELEMENTS�OF�THE�MODULE�ARCHITECTURE�AND�THE�ELEMENTS�OF�THE
EXECUTION�ARCHITECTURE�IS�NATURAL��#LIENT�AND�SERVER�OBJECTS�ARE�MAPPED�TO�#LIENT�AND�3ERVER



TYPE� TOKENS��/BJECT�-ANAGER��4ASK�#ONTROLLER��%VENT�-ANAGER�AND�#OMMUNICATOR�MODULES
ARE�MAPPED�TO�SUB
PAGES�#ONFIGURE�/BJECTS��4ASK�3CHEDULE��%VENT�(ANDLE�AND�4RANSMIT�-SG�
4HE�INTERACTIONS�BETWEEN�SYSTEM�OBJECTS�ARE�MODELED�BY�SUB
PAGE�/BJECT�)NTERACTION�

3INCE�WE�ARE�NOT�INTERESTED�IN�THE�DETAILED�INTERNAL�BEHAVIOR�OF�CLIENT�OR�SERVER�OBJECTS
IN�ARCHITECTURAL�MODELING��CLIENT�AND�SERVER�OBJECTS�ARE�ABSTRACTED�BY�#0.�TOKENS��WHICH�CAN
BE�RECONFIGURED�BY�GIVING�DIFFERENT�INITIAL�MARKINGS��4HERE�ARE�NO�CORRESPONDING�COMPONENTS
IN�THE�MODULE�ARCHITECTURE�FOR�SUB
PAGE�'ENERATE�%VENTS�AND�'ENERATE�2EQUESTS��4HESE�TWO
SUB
PAGES� ARE� ADDED� TO� GENERATE� INPUT� �USE� CASES	� TO� THE� #0.� MODEL� FOR� THE� SIMULATION
PURPOSE�

)N�ORDER�TO�SUPPORT�THE�DEVELOPMENT�OF�AN�ENTIRE�PRODUCT�FAMILY�THE�MODEL�HAS�TO�BE�A
GENERIC�ABSTRACTION�OF�THE�FAMILY�AND�IT�HAS�TO�BE�FLEXIBLE�ENOUGH�TO�REPRESENT�DIFFERENT�DEVICE�
COMPONENT� AND� TASK� CONFIGURATIONS�� )N� OUR�MODEL�� THE� PART� THAT�HAS� TO� BE� RECONFIGURED�AND
CHANGED� DUE� TO� DIFFERENCES� IN� DIFFERENT� PRODUCTS� IS� DESCRIBED� BY� DATA� VARIABLES� AND� INITIAL
MARKINGS��4HEY�CAN�BE� EASILY� CHANGED�WITHOUT�AFFECTING� THE�OVERALL� STRUCTURE�OF� THE�MODEL�
&OR� INSTANCE� DIFFERENT� INITIAL� MARKINGS� IN� PLACE� $EVICE� 4ABLE� REPRESENT� DIFFERENT� HARDWARE
CONFIGURATION�� DIFFERENT� INITIAL� MARKINGS� IN� PLACE� 4ASK
/BJECT� 4ABLE� GIVE� DIFFERENT� TASK
DIVISIONS�� AND� DIFFERENT� INITIAL� MARKINGS� IN� PLACES� #LIENT� #ONFIGURATION� AND� 3ERVER
#ONFIGURATION� DESCRIBE� DIFFERENT� CLIENT� AND� SERVER� CONFIGURATIONS�� 4HE� GENERIC� PART� OF� THE
MODEL� IS� ITS�#0.� STRUCTURE��WHICH� REPRESENTS� THE� PROPERTIES� AND�MECHANISMS� SHARED� BY� THE
PRODUCTS�IN�THE�FAMILY�

4HE�BASIC�SYSTEM�ELEMENTS��SUCH�AS�CLIENT�OBJECTS��SERVER�OBJECTS��TASKS��DEVICES��SERVICE
TYPES� OF� EACH� SERVER�� AND�MESSAGES� BETWEEN� SYSTEM� OBJECTS�� ETC�	� ARE� DEFINED� BY� TYPES� OF
TOKENS��#OMPOSITIONS� OF� THE� BASIC� SYSTEM� ELEMENT� TOKEN� TYPES� ARE� USED� TO� DESCRIBE� HIGHER
LEVEL�TOKENS��LIKE�CONFIGURATION�TABLES�AND�USE�CASES�

&IGURE���SHOWS� THE�MOST� IMPORTANT� TOKEN�DEFINITIONS� TAKEN� FROM�THE�GLOBAL�DEFINITION
NODE� OF� THE� MODEL�� 4HE� USE� CASES� HAS� BEEN� CLASSIFIED� INTO� TWO� CATEGORIES� AND� DEFINED� BY
5SECASE?#�AND�5SECASE?3�RESPECTIVELY��5SECASE?#�REPRESENTS�THE�USE�CASES�INITIATED
BY�CLIENTS�WHEN�A��MOBILE�PHONE�USER�STARTS�TO�USE�A�CERTAIN�FEATURE��FOR�EXAMPLE��MAKES�A�CALL�
ANSWERS� A� CALL� �� SENDS� A� SHORT� MESSAGE�� OR� CHECK� A� PHONE� NUMBER�� ETC�� 5SECASE?3
REPRESENTS� THE� USE� CASES� STARTED� BY� THE� SYSTEM� �BY� SERVER� OR� HARDWARE� EVENTS	�� SUCH� AS
INDICATES� AN� INCOMING� CALL�� INDICATES� A� SHORT� MESSAGE� RECEIVED�� INDICATES� BATTERY� LOW�� ETC�
3ELECTED� USE� CASES� OF� BOTH� TYPES� ARE� DESCRIBED� AS� INITIAL� MARKINGS� IN� SUB
PAGE� 'ENERATE
2EQUESTS� AND� 'ENERATE� %VENTS� BEFORE� WE� SIMULATE� THE� EXECUTION� OF� THEM�� 4HERE� 5-,
DESCRIPTIONS�OF� THE�ARCHITECTURE�HAVE�DEFINED�ALL�THE�IMPORTANT�USE�CASES�THAT� FULLY�COVER�THE
SYSTEM�FUNCTIONALITY��THEY�ARE�COLLECTED�IN�THE�USE
CASE�VIEW�OF�THE�ARCHITECTURE�;
=��4HE�USE

CASE�VIEW�CAN�BE�USED�AS�INPUT�FOR�USE�CASE�DEFINITIONS�IN�THE�#0.�MODEL�



�COLOR 2ESOURCE�� WITH�./.%�\�#!,,�\�3-3�\�0."�\�7).�\�%.'�\�$!4!�\
+%9�\�$)30,!9�\ �
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COMMUNICATION�CONNECTIONS�BETWEEN�DEVICES�
	

COLOR $EVICE3TATE� WITH�!CTIVE�\�$EACTIVE�\�"USY�\�.OT?AVAILABLE�

COLOR $EVICE)$�� INT�

COLOR $EVICE�� RECORD�D?TYPE��$EVICE4YPE�
�D?ID��$EVICE)$�

COLOR $EV?4ABLE�� PRODUCT�$EVICE
$EVICE3TATE�
�-EDIA�

COLOR /BJECT)$�� INT�

COLOR /BJECT�� RECORD� RES�� 2ESOURCE� 
� DEV�� $EVICE� 
� OBJ?ID�
/BJECT)$� TIMED�� �
� FOR� A� CLIENT� OBJECT� RES�./.%�
FOR� A� SERVER� OBJECT� RES� SHOWS� THE� RESOURCE� IT
CONTROLS�
	

COLOR #LIENT�� /BJECT�

COLOR 3ERVER�� /BJECT�

COLOR 3ERVICE�� WITH�#REATE?#ALL�\�!NSWER?CALL�\�2ELEASE?#ALL�\
3END?3-�\�2ECEIVE?3-�\�2EAD?0.�\�WRITE?0.�\
#REATE?7IN�\�$ESTROY?7IN�\� ���
�IMPORTANT�SERVICE
FUNCTIONS�AND�EVENT�FUNCTIONS�PROVIDED�BY�SERVERS
ARE�DEFINED�HERE��ABOUT����ITEMS
	

COLOR 3ERVER83ERVICE� PRODUCT�3ERVER�
�3ERVICE�

COLOR 4ASK)$�� INT�

COLOR 0RIORITY�� INT�

COLOR 4ASK�� RECORD�DEV��$EVICE�
�T?ID��4ASK)$�
�PRI��0RIORITY�

COLOR 4ASK/BJ-AP�� PRODUCT�4ASK�
�/BJECT�

COLOR -SG4YPE�� WITH�2%1�\�2%30�\�#/.&�\�).$�

COLOR -SG)$�� RECORD� RES�� 2ESOURCE� 
� MSG?FUN�� 3ERVICE� 

MSG?TYPE��-SG4YPE�

COLOR -SG,ENGTH�� INT�

COLOR 3ENDER�� /BJECT�

COLOR 2ECEIVER�� /BJECT�

COLOR 3UB"LOCK�� -SG)$�

COLOR -ESSAGE�� PRODUCT� 2ECEIVER� 
� -SG)$� 
� 3ENDER� 
� 3UB"LOCK� 

-SG,ENGTH�� �
� WHEN� NECESSARY� MORE� FIELD� CAN� BE
ADDED��LIKE�A�FIELD�OF�DATA�CONTENT��
	

COLOR %VENT�� -SG)$�

COLOR -SG,IST�� LIST�-ESSAGE�

COLOR -SG1UEUE�� PRODUCT�4ASK�
�-SG,IST�

COLOR %VENT,IST�� LIST�%VENT�

COLOR 3ERVICE2EQ�� PRODUCT�2ESOURCE�
�3ERVICE�

COLOR 2EQ,IST�� LIST�3ERVICE2EQ�

COLOR 5SECASE?#�� 0RODUCT�#LIENT�
�2EQ,IST�

COLOR 5SECASE?3�� %VENT,IST�

#OLOR �

&IGURE���)MPORTANT�TOKEN�TYPE�DEFINITIONS�IN�THE�GLOBAL�DEFINITION�NODE



&IGURE� �� SHOWS� A� SIMPLIFIED� EXAMPLE� OF� SUB
PAGE� 'ENERATE� 2EQUESTS�� )N� SUB
PAGE
'ENERATE�2EQUESTS��AN�USER�MAY�SEND�A�REQUEST�TO�THE�SYSTEM�IN�EVERY��BASED�ON�A�PROBABILITY
DISTRIBUTION� X?DISTRIBUTION�P	 ��4HE�DISTRIBUTION�FUNCTION�AND�THE�VALUE�OF� 5SER2EQ4IME �IS
DECIDED�BY�THE�EXPERIENCE�AND�SOME�STATISTICAL�ANALYSIS�ON�OUR�CURRENT�PRODUCTS��!N�AVAILABLE
CLIENT�WILL�SEND�A�SERVICE�REQUEST�TO�A�SERVER�WHEN�AN�USER�REQUEST�COMES��4HE�SERVICE�REQUEST
IS�TAKEN�FROM�THE�USE�CASES�PREDEFINED�IN�THE�INITIAL�MARKING�OF�PLACE�4HE�INITIAL�MARKING�OF
PLACE�#LIENT5SE#ASE� DESCRIBES� THE� FOLLOWING� USE� CASES�� A� CLIENT� ON� A� 0#� � 0C#LIENT 	�WILL
SEND�S�SHORT�MESSAGE�AND�THEN�ADD�A�NEW�ITEM�INTO�THE�PHONE�NUMBER�BOOK�IN�THE�HANDSET��A
CLIENT�IN�THE�HANDSET�� (ANDSET#LIENT 	�WILL�GET�A�NUMBER�FROM�THE�PHONE�NUMBER�BOOK��MAKE
A� CALL� BY� THAT� NUMBER�� AND� FINALLY� RELEASE� THE� CALL�� 4HE� SERVICE� REQUEST� IS� CONVERTED� INTO� A
MESSAGE�AND�IS�SEND�TO�THE�CORRESPONDING�SERVER��-ESSAGE�ROUTING�AND�TRANSMISSION�IS�CARRIED
OUT�IN�SUB
PAGE�4RANSMIT�-SG��!FTER�THE�SERVER�RECEIVES�THE�REQUEST�MESSAGE��IT�WILL�PERFORM
THE�REQUEST�AND�SEND�A�RESPONSE�MESSAGE�TO�THE�CLIENT��7HILE�THE�SERVER�PROCESSING�THE�SERVICE
REQUEST�� IT� MAY� EXCHANGE� AND� A� FEW� MORE� MESSAGES� WITH� THE� CLIENT�� 4HESE� CLIENT
SERVER
INTERACTIONS�ARE�MODELED�IN�SUB
PAGE�/BJECT�)NTERACTION�

3IMILAR�METHODS�ARE�USED�FOR�DESCRIBING�AND�GENERATING�5SECASE?3�TYPE�OF�USE�CASES
�IN�SUB
PAGE�'ENERATE�%VENTS	�AND�HARDWARE�SIGNALS��IN�SUB
PAGE�7AIT�3IGNAL	�

5SER2EQ0ERIOD

2EQ#HECK

5SER2EQ#OMING

!VALIABLE#LIENTS

'ET2EQ

#LIENT5SE#ASE

3ERVICE2EQ

3END2EQ

7AITING�-SG

��9%3 �5SER2EQ4IME

4OKEN

#LIENT

5SECASE?#

#LIENT83ERVICE2EQ

4OKEN

-ESSAGE

��9%3

��9%3 �

5SER2EQ4IME

IF�X?DISTRIBUTION�P	��

THEN���9%3�ELSE�EMPTY

��9%3

CLIENT �CLIENT��REQLIST	

�CLIENT��REQLIST>>;�RESOURCE��SERVICE	=

�CLIENT���RESOURCE��SERVICE		

�CLIENT���RESOURCE��SERVICE		

�2OUTING/BJ��[RES�RESOURCE��MSG?FUN�SERVICE�

MSG?TYPE�2%1]��CLIENT��EMPTY?SB��LEN	

;�LEN�LEN?FUN�SERVICE	�=

�
�INITIAL�MARKING�OF�#LIENT5SE#ASE�
	

�@�0C#LIENT��;��3-3��3END?3-	���0."��7RITE?0.	�=�	�

�@�(ANDSET#LIENT��;��0."��2EAD?0.	���#!,,��#REATE?#ALL	�

���������������������������������#!,,��2ELEASE?#ALL	�=�	

0 /UT

0 )�/

&IGURE���%XAMPLE�OF�USE�CASE�DESCRIPTION�AND�INITIATION

)N� SUB
PAGE�/BJECT� )NTERACTION�� IN� ORDER� TO� FOCUS� ON� ARCHITECTURE� PROPERTIES��WE� ONLY
MODELED�SOME�MOST�IMPORTANT�INTERACTIONS��SUCH�AS�CALL�HANDLING�AND�SHORT�MESSAGE�HANDLING
INTERACTIONS�� TO� A� REASONABLE� DETAIL� LEVEL�� AND� ABSTRACTED� OTHER� INTERACTIONS� JUST� AS� REQUEST

RESPONSE�OR�INDICATION
CONFIRMATION�PAIRS�

4HE� MODEL� IS� HIERARCHICAL� AS� SHOWN� IN� &IGURE� ��� 3UB
PAGES� �SUB
MODELS	� IN� THE
HIERARCHY�CAN�BE�REPLACED�OR�RECONFIGURED��4HE�MODEL�BUILDING�ON�-AC�PLATFORM�TOOK�ABOUT
ONE�PERSON�MONTH��4HE�FIRST�MODEL�HAS�BEEN�CHANGED�GREATLY�THROUGH�SIMULATION�TO�THE�CURRENT
MODEL�



%XE!RCH

'ENERATE�2EQUESTS

4RANSMIT�-SG

4ASK�3CHEDULE

#ONFIGURE�/BJECTS

'ENERATE�%VENTS

/BJECT�)NTERACTION

%VENT�2EG�2EL

%VENT�)NDICATE

7AIT�3IGNAL

-SG�2OUT

2EMOTE�4RANSMIT

$ELAY�#OUNT

!DD�/BJECTS

2EMOVE�/BJECTS

%VENT�(ANDLE

&IGURE����(IERARCHY�OF�THE�#0.�MODEL

���� 3IMULATION

$EEP�UNDERSTANDING�OF�THE�SYSTEM�STRUCTURE�AND�EXPERIENCE�IN�#0.�IS�REQUIRED�TO�DEVELOP�A
CORRECT�MODEL��!S�A�STARTING�POINT��WE�USED�THE�COMPONENT�ARCHITECTURE�MODEL�THAT�SHOWS�ALL
COMPONENTS�AND�THEIR�INTERFACES��7E�STRUCTURED�THE�EXECUTION�ARCHITECTURE�MODEL�BY�GROUPING
THESE� COMPONENTS� INTO� SUB
PAGES�� %ACH� SUB
PAGE� CORRESPONDS� TO� A� CERTAIN� CLASS� OF� ACTIONS
�INTERACTIONS�BETWEEN�COMPONENTS	�AND�A�GROUP�OF�ACTORS��COMPONENTS	�DEFINED�IN�THE�MODULE
ARCHITECTURE��4HIS�STRUCTURAL�CORRESPONDENCE�HELPS�IN�VALIDATING�THE�MODEL�

/NCE�THE�KERNEL�PART�OF�THE�MODEL�WAS�READY��WE�RAN�SEVERAL�USE�CASES��"ASED�ON�THE
SYSTEM�SPECIFICATION�WE�KNOW�HOW�THE�SYSTEM�SHOULD�BEHAVE�IN�EACH�USE�CASE�AND�WE�COULD
DEBUG�OUR�MODEL��$ESIGN�#0.�SIMULATOR�PROVIDES� INTERACTIVE� SIMULATION�� SO�WE�CAN�RUN� THE
MODEL�STEP�BY�STEP�WATCHING�THE�STATE�CHANGE�AND�TOKEN�FLOW�FOR�EVERY�STEP��$URING�THIS�EARLY
STAGE�OF�SIMULATION��WE�FOUND�MANY�INCONSISTENCIES��"ECAUSE�THIS�IS�OUR�FIRST�REAL�APPLICATION
OF� #0.�� MOST� OF� THE� INCONSISTENCIES� WERE� ERRORS� IN� THE� MODEL�� BUT� WE� ALSO� FOUND� SEVERAL
PROBLEMS�IN�THE�ORIGINAL�ARCHITECTURE�

!FTER� THE�MODEL�WAS�STABLE��WE� ADDED� TIME� PARAMETERS�� INCLUDING�MESSAGE�DELAYS� ON
DIFFERENT�MESSAGE� LINKS�� TASK
SWITCHING� TIME� OF� THE� OPERATION� SYSTEM�� AND� EVENT� PROCESSING
TIME��7E�ALSO�DEFINED�NECESSARY�STATISTICAL�VARIABLES�AND�COMPUTATIONS�TO�UPDATE�THEM�TO�GET
QUANTITATIVE� RESULTS��7E� CREATED� THE� INPUT� PARTS� �SUB
PAGE�'ENERATE� 2EQUESTS� AND�'ENERATE
%VENTS	� OF� THE� MODEL� TO� AUTOMATICALLY� GENERATE� THE� STREAMS� OF� USER� REQUESTS�� EVENTS� AND
NETWORK� SIGNALS� ACCORDING� TO� DIFFERENT� PROBABILITY� DISTRIBUTIONS�� 5SING� THESE� ESTIMATES� WE
COULD�COMPUTE

•� THE�MESSAGE�BUFFER�USAGE�IN�THE�WORST�CASE

•� MINIMUM��AVERAGE�AND�MAXIMUM�MESSAGE�DELAYS��TOTAL�VALUES	

•� AND�NUMBER�OF�TASK�SWITCHES�NEEDED�FOR�EACH�TRANSACTION
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&IGURE����,INE�CHART�OF�MESSAGE�BUFFER�USAGE
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-ESSAGE�$ELAY

-IN��DELAY

!VERAGE�DELAY

-AX��DELAY

DELAY

&IGURE����(ISTORY�CHART�OF�MESSAGE�DELAYS

3IMULATION� ALLOWS� US� TO� COMPARE� THE� PERFORMANCE� AND� TIMING� PROPERTIES� OF� DIFFERENT
COMMUNICATION�MECHANISM�AND�CONTROL�POLICIES��&IGURE���AND���SHOW�THE�STATISTIC�RESULTS�OF�A
SIMPLE�USE�CASE�SIMULATION�DISPLAYED�BY�CHART� FACILITIES�OF�THE�$ESIGN�#0.�TOOL��&IGURE��� IS
THE�LINE�CHART�OF�MESSAGES�IN�THREE�MESSAGE�BUFFERS�OF�THE�SYSTEM�AT�DIFFERENT�TIME��AND�&IGURE
��IS�A�HISTORY�CHART�OF�MESSAGE�DELAYS�DURING�THE�SIMULATION�OF�THE�SAME�USE�CASE��IT�IS�UPDATED
EVERY�����TIME�UNITS��&ROM�THIS�HISTORY�CHART�OF�MESSAGE�DELAYS�WE�CAN�SEE�THE�MAXIMUM�AND
MINIMUM� MESSAGE� DELAYS� SO� FAR�� $URING� OR� AFTER� THE� SIMULATION�� WE� CAN� ACCUMULATE� AND
ACCESS� STATISTICS�ABOUT� THE� VALUES� OF� STATISTIC� VARIABLES� GENERATED�DURING� THE� SIMULATION�� AND
SHOW�THE�RESULTS�BY�CHARTS�OR�STORE�THEM�IN�DATA�FILES�



"Y�SIMULATING�A�LOT�OF�TYPICAL�USE�CASES�AND�SOME�EXTREME�USE�CASES��WE�ESTIMATED�THE
MAXIMUM� SIZE� OF�MESSAGE� BUFFERS� AND� THE� AVERAGE� TRANSACTION� PROCESSING� TIME�� %STIMATED
RESULTS�ARE�BASED�ON�THE�ACTUAL�TIMING�PROPERTIES�OF� THE�EXISTING�SYSTEM�COMPONENTS�AND�THE
ASSUMPTION�OF�THE�TIMING�PROPERTIES�OF�NEW�COMPONENTS�TO�BE�DEVELOPED�

3OMETIMES� IT� IS� NECESSARY� TO� WORK� THE� OTHER� WAY� AROUND�� )N� ANOTHER� PROJECT� FOR� )0
ACCESS� SYSTEMS�� THE� TOTAL� SIZE� OF� PACKET� BUFFERS�WAS�DETERMINED�BY�HARDWARE� CONFIGURATION�
"ASED�ON�THE�FIXED�SPACE�REQUIREMENTS��WE�ESTIMATED�THE�TIMING�PARAMETERS�AND�USED�THEM�AS
TIMING�REQUIREMENTS�TO�THE�COMPONENT�DESIGN�AND�IMPLEMENTATION�

7E� HAVE� FOUND� SOME� POTENTIAL� PROBLEMS� OF� THE� NEW� MODULE� ARCHITECTURE� THROUGH
SIMULATION��4HE�COMMUNICATION�MECHANISM�MAY�BE�THE�BOTTLENECK�OF�THE�SYSTEM��OVERALL�THERE
ARE�TOO�MANY� TASK�SWITCHES��AND�TOO�MANY�STEPS� IN� EVENT�HANDLING��$ESCRIPTION�OF�POTENTIAL
PROBLEMS� TOGETHER� WITH� QUANTITATIVE� ANALYSIS� OF� THEIR� IMPACT� IS� VALUABLE� FEEDBACK� FOR� THE
SYSTEM�ARCHITECT��)F�THESE�PROBLEMS�EMERGE�IN�THE�LATER�PHASES�OF�IMPLEMENTATION��THE�COST�TO
HANDLE�THEM�IS�NOT�PREDICTABLE�

���� &ORMAL�ANALYSIS

7E�DID�SOME�CASE�STUDIES�OF�FORMAL�ANALYSIS�ON�THE�-AC�PLATFORM��"ECAUSE�OF�THE�LIMITATION
OF�PROCESSING�POWER�AND�MEMORY�RESTRICTIONS�OF�THE�PLATFORM��WE�CANNOT�ANALYZE�THE�MODEL�AS
A�WHOLE��7E�HAVE� ANALYZED� SEVERAL� IMPORTANT� SUB
MODELS� ONE� BY� ONE�WITH� THE� OCCURRENCE
GRAPH��STATE�SPACE	�TOOL�;�=��4HE�TOOL�PROVIDES�A�SET�OF�STANDARD�QUERIES�INVESTIGATING�DYNAMIC
PROPERTIES� OF� THE� #0.� MODEL�� SUCH� AS� BOUNDEDNESS�� LIVENESS�� AND� HOME� PROPERTY�
5NFORTUNATELY��WE�HAD�TO�GREATLY�SIMPLIFY�THE�SUB
MODELS�IN�ORDER�TO�GET�RESULTS��7E�HAVE�NOT
DONE�ANY�OCCURRENCE�GRAPH�ANALYSIS�AFTER�WE�MOVED�TO�THE�35.�PLATFORM��BUT�WE�ARE�PLANNING
TO�DO�IT�SOON�

.OW�WE�PRESENT�AN�EXAMPLE�OF�OCCURRENCE�GRAPH�ANALYSIS��)N�THE�INITIAL�MARKING��STATE	
THERE�IS�ONE�#REATE?#ALL�REQUEST��AND�ONE�#ALL?#OMGING�EVENT��4HAT�MEANS�THESE�TWO�THINGS
MAY� HAPPEN� IN� ANY� ORDER� OR� EVEN� AT� THE� SAME� TIME�� /NE� TYPICAL� SCENARIO� OF� THE� USE� CASE
IMPLIED�BY�THIS�INITIAL�MARKING�IS�THE�CALL�COLLISION�CASE��THE�USER�IS�MAKING�A�CALL�AND�AT�THE
SAME�TIME��A�CALL�COMES�FROM�THE�NETWORK��4HE�OCCURRENCE�GRAPH�TOOL�SUCCESSFULLY�GENERATED
THE�FULL�STATE�SPACE�AFTER�WE�REVISED�AND�SIMPLIFIED�THE�MODEL�FOR�SEVERAL�TIMES��4HE�STANDARD
ANALYSIS�REPORT�OF�THE�FULL�STATE�SPACE�IS�GIVEN�IN�!PPENDIX��AND�PART�OF�THE�OCCURRENCE�GRAPH�IS
SHOWN�IN�FIGURE���

)N�THE�ANALYSIS�REPORT��THE�DEAD�MARKING�IS�ALSO�THE�HOME�MARKING��)T�MEANS�THAT�ALL�OF
THE�INTERACTIONS�WILL�END�AT�THE�SAME�STATE��MARKING�;����=	��7E�CHECKED�THIS�MARKING�IN�THE
SIMULATOR�AND�FOUND�IT�CORRESPONDS�TO�A�STATE�WHERE�ALL�THE�SERVICE�REQUESTS�AND�EVENTS�HAVE
BEEN�PROCESSED�AND�THE�SYSTEM�IS�READY�TO�ACCEPT�NEW�REQUEST�AND�EVENT��3O�WE�CAN�SAY�THAT
UNDER�THIS�INITIAL�MARKING�THE�INTERACTION�PROTOCOLS�OF�CALL�CONTROL�IS�CORRECT��NO�DEADLOCK�AND
SAFELY�ENDED	��4HE�ANALYSIS�REPORT�ALSO�GIVES�THE�BOUNDEDNESS�PROPERTIES�OF�EVERY�PLACE�IN�THE
#0.�MODEL��&OR� EXAMPLE��UNDER� THE�GIVEN� INITIAL�MARKING�� THE�MAXIMUM�NUMBER� OF� ACTIVE
TASKS�IS����THE�UPPER�BOUND�OF�PLACE�!CTIVE/BJECTS	�AND�THE�UPPER�BOUND�OF�THE�MESSAGE�BUFFER
-SG4O"E3ENT�IS����4HE�CYCLIC�OCCURRENCE�SEQUENCES�IN�THOSE�STRONGLY�CONNECTED�COMPONENTS
ARE�CAUSED�BY�PROCESSING�THE�NETWORK�SIGNALS�GENERATED�BY�ONE�TRANSITIONS�WHICH�SIMULATES�THE
RADIO�INTERFACE�TO�THE�MOBILE�NETWORK�

3TATE� SPACE� ANALYSIS� IS� ALSO� AN� EFFICIENT� WAY� TO� DEBUG� #0.� MODEL�� 7E� HAVE� FOUND
SEVERAL� NON
TRIVIAL� ERRORS� IN� THE�MODEL� DURING� OCCURRENCE� GRAPH� ANALYSIS��7E� FOUND� THAT� IN
MOST�OF�THE�TIME�WHEN�WE�COULD�NOT�GENERATE�THE�OCCURRENCE�GRAPH�OR�3##��THERE�WERE�SOME
PROBLEMS� IN� THE�MODEL�� FOR� EXAMPLE�UNNECESSARY� LOOPS� OR� PROBLEMATIC� ARC� INSCRIPTIONS��7E
HAVE�NOT�GAIN�MANY�EXPERIENCE�OF�FORMAL�ANALYSIS�SO�FAR�BY�JUST�DOING�SMALL�CASE�STUDIES��7E
ARE�PLANNING�TO�ANALYZE�THE�WHOLE�MODEL�ON�THE�NEW�PLATFORM�IN�THE�NEAR�FUTURE�



&IGURE����0ART�OF�THE�OCCURRENCE�GRAPH

�� #/.#,53)/.

-ODELING� HAS� BEEN� SUCCESSFUL�� 4HE� REQUIREMENTS� PLACED� ON� THE� SYSTEM� EXECUTION
ARCHITECTURE�HAVE�BEEN�CHECKED�USING�THE�#0.�MODEL��!LTERNATIVE�MECHANISMS�AND�POLICIES
HAVE�BEEN�EVALUATED�USING�THE�MODEL��7E�HAVE�ALSO�FOUND�SOME�POTENTIAL�PROBLEMS��-ODELING
PROVIDES� VALUABLE� FEEDBACK� TO� THE� DEVELOPMENT� OF� THE� ARCHITECTURE�� $ESIGN�#0.� TOOL� HAS
GREATLY�SUPPORTED�OUR�WORK�IN�DESIGNING�THE�NEW�ARCHITECTURE��#0.�AND�$ESIGN�#0.�TOOL�ARE
FIT�FOR�THIS�APPLICATION�AREA�QUITE�WELL�IF�WE�USE�THEM�PROPERLY�

7E�HAVE�DEMONSTRATED�THAT�ARCHITECTURAL�MODELS�CAN�BE�BUILT�FOR�INDUSTRIAL�SYSTEMS�AND
GENERAL
PURPOSE� FORMAL� MODELING� TECHNIQUES� CAN� BE� APPLIED� TO� ARCHITECTURAL� MODELING�
-ODELING� CAN� PROVIDE� QUANTITATIVE� RESULTS� TO� BE� USED� AS� A� GUIDE� IN� DEVELOPING� THE� SYSTEM
FURTHER�� %XISTING� TOOLS� HAVE� LIMITED� ANALYTICAL� POWER� BUT� SIMULATION� CAN� BE� USED� TO
COMPENSATE�� 4HE� EXECUTION� ARCHITECTURE� MODEL� ALSO� DEMONSTRATES� THE� IMPORTANT� BENEFIT� OF
ARCHITECTURAL�MODELING��STRUCTURAL�SIMILARITY�HELPS�IN�KEEPING�THE�DESIGN�AND�MODEL�COHERENT�

/UR� MAIN� PROBLEM� WAS� THE� LACK� OF� DOCUMENTATION� ON� HOW� TO� MODEL� SOFTWARE
ARCHITECTURES�USING�THESE�TECHNIQUES��7E�HAD�TO�FIGURE�OUT�HOW�TO�MODEL�DIFFERENT�CONSTRUCTS�
WHERE�TO�APPROXIMATE��HOW�TO�MODEL�THE�INPUT�TO�THE�SYSTEM�AND�HOW�TO�MONITOR�THE�BEHAVIOR�
7E�HAVE�NOW�APPLIED�THE�SAME�TECHNIQUE�ALSO�IN�MODELING�ANOTHER�SYSTEM�AND�IT�TURNED�OUT�TO
BE�A�LOT�EASIER�AND�MUCH�MORE�EFFECTIVE�THAN�IN�THE�FIRST�CASE��7E�HOPE�THAT�THE�DOCUMENTATION
OF�OUR�POSITIVE�EXPERIENCES�WILL�MAKE�ARCHITECTURAL�MODELING�A�MORE�WIDE�SPREAD�ACTIVITY�

�� !#+./7,%$'%-%.43

7E�WOULD�LIKE�TO�THANK�THE�ORGANIZER�OF�THIS�WORKSHOP�FOR�SUCH�A�GOOD�LEARNING�OPPORTUNITY�
7E�ARE�VERY�GRATEFUL�TO�ALL�THE�REVIEWERS�FOR�THEIR�CONSTRUCTIVE�COMMENTS�TO�OUR�PAPER�
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%XAMPLE�OF�STATE�SPACE�ANALYSIS�REPORT
---------------------------------------------------------------------
              Occurrence Graph
                Nodes:  4614
                Arcs:   16732
                Secs:   1795
                Status: Full

              Scc Graph
                Nodes:  3912
                Arcs:   11202
                Secs:   35

              Boundedness Properties
---------------------------------------------------------------------
              Best Integers Bounds    Upper      Lower
              CallTrans’ActiveObjects 1 5          0
              CallTrans’CallComing 1  1          1
              CallTrans’CallCreated 1 2          0
              CallTrans’CallMsgForApp 1 5          0
              CallTrans’CallMsgForServer 1 2          0
              CallTrans’MO_S1_Finished 1 1          0
              CallTrans’MsgDelivered 1 3          3
              CallTrans’MsgToBeSent 1 5          0
              EventIndicate’ActiveObjects 1 5          0
              EventIndicate’CallComing 1 1          1
              EventIndicate’EventonGoing 1 1          0
              EventIndicate’EventsHappend 1 1          0
              EventIndicate’EventsSubscribed 1 1          0
              EventIndicate’MsgDelivered 1 3          3
              EventIndicate’MsgToBeSent 1 5          0
              Exec’ActiveObjects 1 5          0
              Exec’AvailableServers 1 3          3
              Exec’EventsHappend 1 1          0
              Exec’EventsSubscribed 1 1          0
              Exec’MsgDelivered 1  3          3
              Exec’MsgToBeSent 1   5          0
              Exec’WantedServices 1 1          0
              MsgTransmit’ActiveObjects 1 5          0
              MsgTransmit’AvailableServers1 3          3
              MsgTransmit’MsgDelivered 1 3          3
              MsgTransmit’MsgToBeSent 1 5          0

...

             Home Properties
---------------------------------------------------------------------
              Home Markings:  [3659]

             Liveness Properties
---------------------------------------------------------------------
              Dead Markings:  [3659]
              Dead Transitions Instances: All
              Live Transitions Instances: None


