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p /3%+�6$8�/3�VERSION�����CERTIFIED�/3

p 24/3�OVERHEAD�����BYTES�2!-������BYTES�2/-

p #ATEGORY���INTERRUPT�LATENCY�����#05�CYCLES

p !PPLICATIONS�INCLUDE��%NGINE�-ANAGEMENT��4RANSMISSION���
PHASE�MOTOR�CONTROL��ETC�

��������

24!
/3%+�PROVIDES�AN�APPLICATION�DESIGN�ENVIRONMENT�THAT�COM


BINES�THE�SMALLEST�AND�FASTEST�/3%+�24/3�WITH�A�UNIQUE�TIMING�

ANALYSIS�TOOL�

4HIS�PORT�DATA�SHEET�DISCUSSES�THE�2ENESAS�3(��FAMILY�PORT�OF�THE�

24!
/3%+�KERNEL�ALONE�AND�SHOULD�BE�READ�IN�CONJUNCTION�WITH�

THE�4ECHNICAL�0RODUCT�/VERVIEW�n$EVELOPING�%MBEDDED�2EAL


4IME�!PPLICATIONS�WITH�24!
/3%+o�AVAILABLE�FROM�,IVE$EVICES�

4HE�KERNEL�ELEMENT�OF�24!
/3%+�IS�A�FIXED�PRIORITY��PRE
EMPTIVE�

REAL
TIME�OPERATING�SYSTEM�THAT�IS�COMPLIANT�TO�THE�/3%+�6$8�/3�

STANDARD�VERSION�����FOR�ALL�FOUR�CONFORMANCE�CLASSES��"##���

"##���%##��AND�%##�	�AND�INTRA�PROCESSOR�COMMUNICATION�US


ING�/3%+�#/-�#ONFORMANCE�#LASSES�!�AND�"��###!�AND�###"	�

!LL�#05�OVERHEADS�OF�THE�KERNEL�HAVE�LOW�WORST�CASE�BOUNDS�AND�

LITTLE�VARIABILITY�IN�EXECUTION�TIME���4HE�KERNEL�IS�PARTICULARLY�SUITED�

TO�SYSTEMS�WITH�VERY�TIGHT�CONSTRAINTS�ON�HARDWARE�COSTS�AND�

WHERE�RUN
TIME�PERFORMANCE�MUST�BE�GUARANTEED

4HE�KERNEL�IS�CONFIGURED�USING�AN�OFFLINE�TOOL�PROVIDED�WITH�24!


/3%+���$ETERMINING�IN�ADVANCE�WHICH�FEATURES�ARE�USED�ALLOWS�

MEMORY�REQUIREMENTS�TO�BE�MINIMIZED�AND�!0)�CALLS�TO�BE�OPTI


MIZED�FOR�GREATEST�EFFICIENCY�

!LL�TASKS�AND�)32S�IN�24!
/3%+�RUN�ON�A�SINGLE�STACK�q�EVEN�EX


TENDED�TASKS���4HIS�ALLOWS�DRAMATIC�REDUCTIONS�IN�APPLICATION�STACK�

SPACE�REQUIREMENTS�

4HE�24!
/3%+�KERNEL�IS�DESIGNED�TO�BE�SCALABLE���7HEN�A�TASK�

USES�QUEUED�ACTIVATION�OR�WAITS�ON�EVENTS��THE�ADDITIONAL�24/3�

OVERHEAD�REQUIRED�TO�SUPPORT�THESE�FEATURES�IS�PAID�BY�THE�TASK�

RATHER�THAN�BY�THE�SYSTEM���4HIS�MEANS�THAT�A�BASIC�SINGLE�ACTIVA


TION�TASK�USES�THE�SAME�RESOURCES�IN�A�"##��SYSTEM�AS�IT�DOES�IN�

AN�%##��SYSTEM�

����
���������������


��
���������������������

4HE�LIBRARIES�CONTAINING�THE�CODE�FOR�THE�24!
/3%+�KERNEL�HAVE�

BEEN�BUILT�USING�THE�FOLLOWING�TOOLS��

p 2ENESAS��(ITACHI	�3(�3ERIES�#�#���#OMPILER�6ERSION�

����������

p 2ENESAS��(ITACHI	�3(�3ERIES�!SSEMBLER�6ERSION����

p 2ENESAS��(ITACHI	�(ITACHI�/PTIMISING�,INKAGE�%DITOR�6ERSION�

����������

4HESE�ARE�COMPONENTS�OF�(ITACHI�%MBEDDED�7ORKBENCK�6ERSION�



��2ELEASE���

������	�����

4HE�3(��ONLY�SUPPORTS�A�SINGLE�MEMORY�MODEL��FLAT���
BIT�ADDRESS�

SPACE	�WHICH�IS�USED�BY�24!
/3%+�

����	��������	��

���

/24)�IS�THE�/3%+�2UN
4IME�)NTERFACE���#URRENTLY�THERE�ARE�NO�/24)�

COMPATIBLE�DEBUGGERS�SUPPORTED�BY�24!
/3%+�FOR�THIS�TARGET�

����
���������������

24!
/3%+�SUPPORTS�ALL�VARIANTS�OF�THE�2ENESAS�3(��&AMILY��INCLUD


ING�THE�3(�����AND�3(�����

�������
�	�����

4HE�3(��SUPPORTS����LEVELS�OF�INTERRUPTS���24!
/3%+�PROVIDES�SUIT


ABLE�INITIALISATION�VALUES�FOR�THE�)NTERRUPT�0RIORITY�2EGISTERS���24!


/3%+�CAN�GENERATE�A�VECTOR�TABLE�IF�REQUIRED

 ��!����	"����	��

���

3(�E�#05S�CONTAIN�A�HARDWARE�FLOATING
POINT�ARITHMETIC�UNIT�THAT�

IS�NOT�PART�OF�A�STANDARD�3(��#05���4HE�2ENESAS�3(��PORT�OF�338��

SUPPORTS�THE�3(�E�HARDWARE�FLOATING
POINT��)N�ORDER�TO�ENSURE�

CORRECT�FUNCTIONALITY�OF�FLOATING
POINT�CODE�IN�24!
/3%+�TASKS�

AND�#ATEGORY���)32S��WRAPPERS��ARE�SUPPLIED�TO�SAVE�AND�RESTORE�

THE�ADDITIONAL�CONTEXT��4O�ENABLE�THIS�FUNCTIONALITY��ANY�TASKS�AND�

#ATEGORY���)32S�AS�FLOATING
POINT�USING�THE�24!
/3%+�

/N�A�STANDARD�3(��CPU��24!
/3%+�IS�DESIGNED�TO�WORK�WITH�THE�

FULLY�RE
ENTRANT�SOFTWARE�FLOATING
POINT�LIBRARIES�SUPPLIED�BY�2ENE


SAS��(ITACHI	��4HIS�ALLOWS�FLOATING
POINT�TO�BE�USED�IN�24!
/3%+�

TASKS�AND�)32S�WITHOUT�THE�NEED�TO�SAVE�AND�RESTORE�ANY�ADDITION


AL�CONTEXT�

�#!��!����	$�!��	��

���

4HIS�PORT�OF�24!
/3%+�CAN�BE�USED�WITH�ANY�3(��EVALUATION�

BOARD��!N�EXAMPLE�APPLICATION�IS�PROVIDED�TO�RUN�ON�THE�(ITACHI�

-3����#0�������EVALUATION�BOARD��4HIS�APPLICATION�CAN�BE�

ADAPTED�FOR�OTHER�TARGET�BOARDS�BY�ADJUSTING�THE�LINKER�COMMAND�

FILE��EG��TO�ALTER�THE�ALLOCATION�OF�PROGRAM�SECTIONS	�AND�ONE�

SOURCE�FILE��IF�ALTERNATIVE�OUTPUT�PINS�ARE�REQUIRED	

 ��%����!����

4HE�BELOW�TABLE�OUTLINES�THE�RESTRICTIONS�ON�THE�MAXIMUM�

NUMBER�OF�OPERATING�SYSTEM�OBJECTS�ALLOWED�BY�24!
/3%+�

.OTE�THAT�/3%+�SPECIFIES�THAT�QUEUED�ACTIVATIONS�IN�AN�%##��SYS


TEM�ARE�ONLY�POSSIBLE�FOR�BASIC�TASKS���7HERE�TASKS�SHARE�A�PRIORITY�

LEVEL��THE�MAXIMUM�NUMBER�OF�QUEUED�ACTIVATIONS�PER�PRIORITY�LEV


EL�IS�����

4HE�NUMBER�OF�ALARMS��TASKSETS��SCHEDULES�AND�SCHEDULE�ARRIVAL


POINTS�IS�ONLY�LIMITED�BY�AVAILABLE�HARDWARE�RESOURCES�

������	&�!��

4HE�MEMORY�OVERHEAD�OF�24!
/3%+�IS�

)N�ADDITION�TO�THE�24/3�OVERHEAD��EACH�OBJECT�USED�BY�AN�APPLI


CATION�HAS�THE�FOLLOWING�MEMORY�REQUIREMENTS��

)N�ADDITION�TO�THESE�STATIC�MEMORY�REQUIREMENTS�EACH�TASK�PRIORITY�

AND�#ATEGORY���INTERRUPT�HAS�A�STACK�OVERHEAD��IN�ADDITION�TO�AP


PLICATION�STACK�USAGE	���4HE�SINGLE�STACK�MODEL�MEANS�THAT�THIS�

OVERHEAD�APPLIES�TO�EACH�PRIORITY�LEVEL�RATHER�THAN�TO�EACH�TASK���

3IMILARLY��FOR�#ATEGORY���INTERRUPTS�THIS�OVERHEAD�APPLIES�FOR�EACH�

UNIQUE�INTERRUPT�PRIORITY��4HE�BELOW�TABLE�SHOWS�STACK�USAGE�FOR�

THESE�OBJECTS�

24!
/3%+�PROVIDES�AN�OPTIMIZATION�FOR�TASK�TERMINATION�IF�THE�

"##� "##� %##� %##�

-AX�NO�OF�TASKS ���PLUS�AN�IDLE�TASK

-AX�TASKS�PER�PRIORITY � �� � ��

-AX�QUEUED�ACTIVATIONS � ��� � ���

-AX�EVENTS�PER�TASK N�A N�A �� ��

-AX�NESTED�RESOURCES ���

-AX�ALARMS NOT�LIMITED�BY�24!
/3%+

-AX�STANDARD�RESOURCES ���

-AX�INTERNAL�RESOURCES NOT�LIMITED�BY�24!
/3%+

-AX�APPLICATION�MODES ����������

-EMORY�TYPE /VERHEAD��BYTES	

2!- ��

2/-�&LASH ���

/BJECT 2!-�"YTES 2/-�"YTES

"##��TASK � ��

"##��TASK �� ��

%##��TASK �� ��

%##��TASK �� ��

#ATEGORY���)32 � �

#ATEGORY���)32 � ��

2ESOURCE � ��

)NTERNAL�2ESOURCE � �

%VENT � �

!LARM � ��

#OUNTER � ��

4ASKSET��27	 � �

4ASKSET��2/	 � �

3CHEDULE �� ��

!RRIVALPOINT��27	 �� ��

!RRIVALPOINT��2/	 � ��

/BJECT 3TACK�"YTES

4ASK�PRIORITY�LEVEL ��

#ATEGORY���INTERRUPT ��



USER�CAN�GUARANTEE�THAT�TASKS�ONLY�TERMINATE�FROM�THEIR�ENTRY�

FUNCTION���4ASKS�THAT�TERMINATE�FROM�ELSEWHERE�ARE�NOT�ELIGIBLE�FOR�

THIS�OPTIMIZATION�AND�DULY�REQUIRE����MORE�STACK�BYTES�PER�PRIORITY�

LEVEL�THAN�INDICATED�IN�THE�TABLE�ABOVE�

"��'���!�%�

4HE�FOLLOWING�TABLE�GIVES�THE�KEY�KERNEL�TIMINGS�FOR�OPERATING�SYS


TEM�BEHAVIOR�IN�#05�CYCLES�

!LL�PERFORMANCE�FIGURES�ARE�FOR�THE�NON
OPTIMIZED�INTERFACE�TO�

24!
/3%+���5SING�THE�OPTIMIZED�INTERFACE�WILL�RESULT�IN�SHORTER�EX


ECUTION�TIMES�FOR�SOME�OPERATIONS��!LL�TASKS�USE�LIGHTWEIGHT�TER


MINATION�AND�NO�PRE�OR�POST�TASK�HOOKS�WERE�SPECIFIED�

4HE�EXECUTION�TIME�FOR�EVERY�KERNEL�!0)�CALL�IS�AVAILABLE�ON�REQUEST�

FROM�,IVE$EVICES�

4ASK�4YPE "ASIC %XTENDED 2EF

#ATEGORY���)32�,ATENCY �� �� +

#ATEGORY���)32�,ATENCY �� �� !

.ORMAL�4ERMINATION �� �� $

#HAIN4ASK �� ��� *

0RE
EMPTION �� ��� #

4RIGGERED�BY�ALARM ��� ��� &

3CHEDULE �� ��� 1

2ELEASE2ESOURCE �� ��� -

3ET%VENT N�A ��� 3

#ATEGORY���EXIT�SWITCH�LATENCY �� ��� %

&IGURE���
�#ATEGORY���INTERRUPT�WITH�RETURN�TO�INTERRUPTED�TASK

&IGURE���
�#ATEGORY���INTERRUPT�WITH�RETURN�TO�INTERRUPTED�TASK

� �
,QWHUUXSW�$VVHUWHG

�24!
/3%+�ACTIVITY

�#ATEGORY���)32

�4ASK

� $

�24!
/3%+�ACTIVITY

�#ATEGORY���)32

�4ASK
)NTERRUPT�! SSE RTED

&IGURE���
�#ATEGORY���INTERRUPT�ACTIVATES�A�HIGHER�PRIORITY�TASK

&IGURE���
�4ASK�ACTIVATES�A�HIGHER�PRIORITY�TASK

&IGURE���
�!LARM�ACTIVATES�TASK

&IGURE���
�4ASK�CHAINING

��

�24!
/3%+�ACTIVITY

�#ATEGORY���)32

�4ASK�4�

�4ASK�4�

4ERMINATE4ASK�	

)NTERRUPT�! SSERTED

4ASK�4��READY�TO�RUN

!CTIVATE4ASK �4�	


 �

�24!
/3%+�ACTIVITY

�4ASK�4�

�4ASK�4�

!CTIVATE4ASK�4�	

4ERMINATE4ASK�	

 

�24!
/3%+�ACTIVITY

�4ASK�4�

�4ASK�4�
! LARM�ACTIVATE S�4�

4ERMINATE4ASK�	

(

�24!
/3%+�ACTIVITY

�4ASK�4�

#HAIN4ASK�4�	

�4ASK�4�



����
�����

4HE�FOLLOWING�SECTIONS�SHOWS�BENCHMARKS�FOR�24!
/3%+�MEMORY�

USAGE�FOR�"##���"##���%##��AND�%##��CONFORMANT�APPLICA


TIONS���4HE�APPLICATIONS�HAVE�THE�FOLLOWING�FRAMEWORK�

p ��TASKS�PLUS�THE�IDLE�TASK

p !LL�BASIC�TASKS�ARE�LIGHTWEIGHT�TASKS

p ��#ATEGORY���)32�WITH�A���MS�MINIMUM�INTER
ARRIVAL�TIME

p ��#OUNTER

p ��OR���ALARMS��ALL�ATTACHED�TO�THE�SAME�COUNTER

p .O�RESOURCES�OR��INTERNAL�RESOURCES

p .O�HOOKS

p .O�SCHEDULES

p .O�TASKSETS

p "UILT�USING�STANDARD�STATUS

4HE�FOLLOWING�TABLE�SHOWS�THE�TASK�PRIORITY�CONFIGURATION�FOR�EACH�

BENCHMARK�APPLICATION�

4HE�OVERHEAD�FIGURES�GIVE�THE�2/-�AND�2!-�REQUIRED�FOR�24!


/3%+�IN�ADDITION�TO�THAT�REQUIRED�BY�THE�APPLICATION���4HE�2!-�

FIGURE�IS�SHOWN�SPLIT�INTO�2!-�DATA�AND�2!-�STACK��

$

)

4HE�"##��APPLICATION�USES���BASIC�TASKS�WITH�UNIQUE�PRIORITIES�

4HIS�APPLICATION�HAS�THE�FOLLOWING�OVERHEADS�

&IGURE���
�3CHEDULE�	�CALL

&IGURE���
�!CTIVATION�BY�3ET%VENT�	

&IGURE���
�2ELEASE2ESOURCE�	

*

�24!
/3%+�ACTIVITY

�4ASK�4�

�4ASK�4�

4ERMINATE4ASK�	

3CHEDULE�	

!CTIVATE4ASK�4�	

�

�24!
/3%+�ACTIVITY

�4ASK�4�

�4ASK�4�

7AIT%VENT�%�	

3E T%VENT�4��%�	

�

�24!
/3%+�ACTIVITY

�4ASK�4�
2ELEASE2ESOURCE�2�	

�4ASK�4�

5B
T
L
�*
4
3

4
UB
D
L
Ì	
C
Z
UF
T



1
F
SJ
P
E
Ì	
N
T



#
$
$
�

#
$
$
�

&
$
$
�

&
$
$
�

)32� �� �� )0,� )0,� )0,� )0,�

! �� �� � � � �

" �� �� � � � �

# �� �� � � � �

$ �� �� � � � �

% �� �� � � � �

& �� �� � � � �

' �� ��� � � � �

( �� ��� � � � �

)DLE �� 
 IDLE IDLE IDLE IDLE

-EMORY�USAGE "YTES

/3�2/- ����

/3�2!- ���

COMPRISING�2!-�DATA ��

COMPRISING�2!-�STACK ���



$

+

4HE�"##��APPLICATION�USES���BASIC�TASKS�WITH�UNIQUE�PRIORITIES�

4ASKS�!
'�ARE�ATTACHED�TO���ALARMS����4ASK�(�IS�ACTIVATED�MULTIPLE�

TIMES�FROM�4ASK�!�AND�HAS�MAXIMUM�QUEUED�ACTIVATION�COUNT�OF�

����

4HIS�APPLICATION�HAS�THE�FOLLOWING�OVERHEADS�

�

)

4HE�%##��APPLICATION�USES���BASIC�TASKS�AND���EXTENDED�TASK�WITH�

UNIQUE�PRIORITIES��4ASK�(�IS�THE�EXTENDED�TASK�AND�IT�WAITS�ON�A�SIN


GLE�EVENT�THAT�IS�SET�BY�BASIC�TASKS�!
'�

4HIS�APPLICATION�HAS�THE�FOLLOWING�OVERHEADS�

�

+

4HE�%##��APPLICATION�USES���BASIC�TASKS�AND���EXTENDED�TASKS���

4ASKS�'�AND�(�ARE�THE�EXTENDED�TASKS�AND�SHARE�A�PRIORITY����4HE�

EXTENDED�TASKS�WAIT�ON�A�SINGLE�EVENT�THAT�IS�SET�BY�TASKS�!
&�

4HIS�APPLICATION�HAS�THE�FOLLOWING�OVERHEADS�

��!%�	�
����,!����

5SING�STACK�OPTIMIZATION�WITH�THE�BENCHMARK�EXAMPLE�IDENTIFIES�

THAT�THE�FOLLOWING�TASKS�CAN�SHARE�INTERNAL�RESOURCES�

�4ASKS�!��"�AND�#

�4ASKS�$��%�AND�&

�4ASKS�'�AND�(

4HE�BENEFIT�OF�THIS�OPTIMIZATION�IS�SHOWN�IN�THE�FOLLOWING�TABLE�
-EMORY�USAGE "YTES

/3�2/- ����

/3�2!- ���

COMPRISING�2!-�DATA ��

COMPRISING�2!-�STACK ���

-EMORY�USAGE "YTES

/3�2/- ����

/3�2!- ����

COMPRISING�2!-�DATA ���

COMPRISING�2!-�STACK ���

-EMORY�USAGE "YTES

/3�2/- ����

/3�2!- ����

COMPRISING�2!-�DATA ���

COMPRISING�2!-�STACK ����

5PUBMÌ4UBDLÌ4QBDFÌ	CZUFT
 #$$� #$$� &$$� &$$�

.ON
OPTIMIZED ���� ���� ���� ����

/3�/VERHEAD ��� ��� ��� ����

!PPLICATION�/VERHEAD ��� ��� ��� ���

/PTIMIZED ��� ��� ��� ���

/3�/VERHEAD ��� ��� ��� ���

!PPLICATION�/VERHEAD ��� ��� ��� ���
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