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1.5 RTEMS

RTEMS 17 initialization , task clock ,timer
timer , semaphore , message |, event , signal ,
partition , region dual ported memory ,1/0, fatal

error rate monotonic , user extensions

multiprocessing
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RTEMS

RTEMS



ID  RTEMS

1D,

ID

Node

Index

6 Class
Node ,

rtems_unsigned32 rtems_get class( rtems_id );

rtems_unsigned32 rtems_get node( rtems_id );

rtems_unsigned32 rtems_get index( rtems_id );
object identification derectives

RTEMS

2.3

Data transfer between cooperating tasks
Data transfer between tasks and ISRs
Synchronization of cooperating tasks

Synchronization of tasks and ISRs

RTEMS
Semaphore
Message Queue
Event
Signal
2.4

tick
10  tick

RTEMS

deadline
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tick RTEMS

10 tick
rtems_interval



RTEMS

25
RTEMS
CPU
1/0 RTEMS
_ Region
_ Partition
_ Dual Ported Memory
Partition Region
Dual-ported
dual-ported RAM

3 RTEMS

_ rtems_address "void *"
_ rtems_asr RTEMS ASR

_ rtems_asr_entry  RTEMS ASR

_ rtems_attribute RTEMS

_ rtems_boolean  TRUE FALSE
_ rtems_context CPU

_ rtems_context_fp CPU

_ rtems_device_driver RTEMS
rtems_device_driver_entry RTEMS

_rtems_device_major_number RTEMS

rtems_device_minor_number RTEMS

rtems_double double float

rtems_event_set RTEMS

rtems_extension RTEMS

rtems_fatal _extension

_ rtems_id RTEMS ID

_rtems_interrupt_frame ISR

rtems_interrupt_level rtems_interrupt_disable,
rtems_interrupt_enable, rtems_interrupt_flash
CPU
_ rtems_interval tick

_ rtems_isr RTEMS ISR
_ rtems_isr_entry RTEMS ISR ISR
_rtems_mp_packet_classes



_ rtems_mode RTEMS

_ rtems_mpci_entry RTEMS MPCI

_ rtems_mpci_get packet_entry MPCI

_ rtems_mpci_initialization_entry MPCI
_ rtems_mpci_receive_packet_entry MPCI
_ rtems_mpci_return_packet_entry MPCI

_ rtems_mpci_send_packet_entry is the address of the entry point to the send packet
routine for an MPCI implementation.

_ rtems_mpci_table is the data structure containing the con_guration information
for an MPCI.

_ rtems_option is the data type used to specify which behavioral options the caller
desires. It is commonly used with potentially blocking directives to specify whether
the caller is willing to block or return immediately with an error indicating that
the

resource was not available.

_ rtems_packet_prefix is the data structure that de nes the _rst bytes in every
packet sent between nodes in an RTEMS multiprocessor system. It contains routing
information that is expected to be used by the MPCI layer.

_ rtems_signal_set is the data type used to manage and manipulate RTEMS signal
sets with the Signal Manager.

_ rtems_signed8 is the data type that corresponds to signed eight bit integers. This
data type is de_ned by RTEMS in a manner that ensures it is portable across
di_erent target processors.
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_ rtems_signedl16 is the data type that corresponds to signed sixteen bit integers.
This data type is de_ned by RTEMS in a manner that ensures it is portable across
di_erent target processors.

_ rtems_signed32 is the data type that corresponds to signed thirty-two bit integers.
This data type is de_ned by RTEMS in a manner that ensures it is portable across
di_erent target processors.

_ rtems_signed64 is the data type that corresponds to signed sixty-four bit integers.
This data type is de_ned by RTEMS in a manner that ensures it is portable across
di_erent target processors.

_ rtems_single is the RTEMS data type that corresponds to single precision oating
point on the target hardware.

_ rtems_status_codes is the

_ rtems_task is the return type for an RTEMS Task.

_ rtems_task argument is the data type for the argument passed to each RTEMS
task.

_ rtems_task begin_extension is the entry point for a task beginning execution
user extension handler routine.

_ rtems_task create_extension is the entry point for a task creation execution user
extension handler routine.



_ rtems_task delete_extension is the entry point for a task deletion user extension
handler routine.

_rtems_task_entry is the address of the entry point to an RTEMS ASR. It is equivalent
to the entry point of the function implementing the ASR.

_ rtems_task _exitted_extension is the entry point for a task exitted user extension
handler routine.

_rtems_task priority is the data type used to manage and manipulate task priorities.
_ rtems_task restart_extension is the entry point for a task restart user extension
handler routine.

_ rtems_task start_extension is the entry point for a task start user extension
handler routine.

_ rtems_task switch_extension is the entry point for a task context switch user
extension handler routine.

_ rtems_tcb is the data structure associated with each task in an RTEMS system.
_ rtems_time_of day is the data structure used to manage and manipulate calendar
time in RTEMS.

_ rtems_timer_service_routine is the return type for an RTEMS Timer Service
Routine.

_ rtems_timer_service_routine_entry is the address of the entry point to an
RTEMS TSR. It is equivalent to the entry point of the function implementing the
TSR.
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_ rtems_unsigned8 is the data type that corresponds to unsigned eight bit integers.
This data type is de_ned by RTEMS in a manner that ensures it is portable across
di_erent target processors.

_ rtems_unsignedl6 is the data type that corresponds to unsigned sixteen bit
integers.

This data type is de_ned by RTEMS in a manner that ensures it is portable
across di_erent target processors.

_ rtems_unsigned32 is the data type that corresponds to unsigned thirty-two bit
integers. This data type is de_ned by RTEMS in a manner that ensures it is portable
across di_erent target processors.

_ rtems_unsigned64 is the data type that corresponds to unsigned sixty-four bit
integers. This data type is de_ned by RTEMS in a manner that ensures it is portable
across di_erent target processors.

_ rtems_vector_number is the data type used to manage and manipulate interrupt
vector numbers.



4.1
RTEMS RTEMS

4
_ rtems_initialize_executive

_ rtems_initialize_executive_early
_ rtems_initialize_executive_late —
RTEMS

_ rtems_shutdown_executive

RTEMS

RTEMS

4.2.2

CPU

4.2.3

4.2.4

rtems_initialize_executive

CPU
RTEMS RAM

RTEMS

RTEMS

RTEMS

RTEMS

RTEMS

rtems_fatal _error_occurred

byte



RTEMS RAM

RTEMS
4.3
4.3.1 RTEMS
BSP rtems_initialize_executive

_Initializing internal RTEMS variables;

_ Allocating system resources;

_ Creating and starting the System Initialization Task;

_ Creating and starting the Idle Task;

_ Creating and starting the user initialization task(s); and.

_ Initiating multitasking
rtems_initialize_executive RTEMS
Configuration Table and CPU Dependent Information Table

BSP rtems_shutdown_executive
rtems_initialize_executive_early
rtems_initialize_executive late
4.3.2 RTEMS
rtems_shutdown_executive BSP
rtems_initialize_executive BSP

rtems_task create —
rtems_task ident — ID
rtems_task start —
rtems_task restart —
rtems_task delete —
rtems_task suspend —
rtems_task resume —
rtems_task is_suspended —
rtems_task set priority —
rtems_task mode —
rtems_task get note —
rtems_task set note —



_ rtems_task wake after —

_ rtems_task wake when —

_ rtems_task variable add —

_ rtems_task variable get —

_ rtems_task variable_delete —

5.2
5.2.1

RTEMS
TCB
5.2.2
TCB RTEMS
RTEMS
, TCB TCB, TCB

TCB  RTEMS TCB

1D, TCB

TCB.
TCB TCB

5.2.3

CPU
CPU
CPU

CPU RTEMS

5.2.4
-RTEMS 255
1 255 RTEMS rtems_task priority



5.2.5

_ preemption

_ ASR processing asynchronous signal processing
_ timeslicing

_ interrupt level

RTEMS rtems_task mode
preemption disabled (RTEMS_NO_PREEMPT),
preemption enabled (RTEMS_PREEMPT),
timeslicing ;
timeslicing enabled (RTEMS_TIMESLICE) , RTEMS ,
timeslicing disabled (RTEMS_NO_TIMERSLICE),
RTEMS_NO_PREEMPT timeslicing
enabled
(RTEMS_ASR), disabled
(RTEMS_NO_ASR),
Interrupt level RTEMS_INTERRUPT LEVEL(n)

RTEMS_PREEMPT - enable preemption (default)
RTEMS_NO_PREEMPT - disable preemption

RTEMS_NO_TIMESLICE - disable timeslicing (default)
RTEMS_TIMESLICE - enable timeslicing

RTEMS_ASR - enable ASR processing (default)

RTEMS_NO_ASR - disable ASR processing

RTEMS_INTERRUPT LEVEL(O) - enable all interrupts (default)
RTEMS_INTERRUPT LEVEL(n) - execute at interrupt level n

5.2.6
RTEMS

rtems_task user_task(
rtems_task_argument argument
);
5.2.7
RTEMS_FLOATING_POINT TCB



RTEMS_NO_FLOATING_POINT
RTEMS_FLOATING_POINT RTEMS_NO_FLOATING_POINT

RTEMS
RTEMS_FLOATING_POINT

RTEMS_FLOATING_POINT
RTEMS_FLOATING_POINT
RTEMS_NO_FLOATING_POINT
RTEMS_FLOATING_POINT

RTEMS_FLOATING_POINT
RTEMS
RTEMS_NO_FLOATING_POINT

RTEMS
RTEMS_FLOATING_POINT
5307
5307 5307 64
5307 8 64 FPO-FP7
FPCR EE MC
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Figure 1-4. Floating-Point Control Register (FPCR)
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Figure 1-5. Floating-Point Status Register (FPSR)
FPIAR
COLDFIRE PC
FPU FPU FPIAR PC
FPU FPIAR
5.2.8 Per task variables

Per task variables
private



rtems_task variable_add

5.2.9
OR
_ RTEMS_NO_FLOATING_POINT - does not use coprocessor (default)
_ RTEMS_FLOATING_POINT - uses numeric coprocessor
_ RTEMS_LOCAL - local task (default)
_ RTEMS_GLOBAL - global task
OR

RTEMS_DEFAULT_ATTRIBUTES

attribute_set
RTEMS_FLOATING_POINT or RTEMS_LOCAL | RTEMS_FLOATING_POINT.

attribute_set RTEMS_GLOBAL | RTEMS_FLOATING_POINT.
5.2.10
OR

_ RTEMS_PREEMPT is masked by RTEMS PREEMPT MASK and enables preemption

_ RTEMS_NO_PREEMPT is masked by RTEMS PREEMPT MASK and disables preemption

_ RTEMS_NO_TIMESLICE is masked by RTEMS TIMESLICE MASK and disables timeslicing
_ RTEMS_TIMESLICE is masked by RTEMS TIMESLICE MASK and enables timeslicing

_ RTEMS_ASR is masked by RTEMS _ASR_MASK and enables ASR processing

_ RTEMS_NO_ASR is masked by RTEMS ASR_MASK and disables ASR processing

_ RTEMS_INTERRUPT_LEVEL(0) is masked by RTEMS_INTERRUPT_MASK and enables all
interrupts

_ RTEMS_INTERRUPT LEVEL(n) is masked by RTEMS INTERRUPT MASK and sets interrupts
level n

OR
RTEMS_DEFAULT MODES
RTEMS_ALL_MODE_MASKS
3
RTEMS_INTERRUPT_LEVEL(3) | RTEMS_NO_PREEMPT
5.3
5.3.1

TCB



rtems_task create

5.3.2 IDs
RTEMS
1 rtems_task create
rtems_task ident
ID
5.3.3

rtems_task start

rtems_task start
RTEMS

5.3.4
rtems_task suspend rtems_task resume

rtems_task resume

rtems_task is_suspended

5.3.5
rtems_task wake_after
rtems_task wake_after
ticks

rtems_task wake when

5.3.6
rtems_task set priority

rtems_task restart
5.3.7
rtems_task mode
ASR

ID

rtems_task resume

RTEMS_YIELD_PROCESSOR

ID

ID



rtems_task restart

5.3.8
RTEMS 16 4
Rtems_task_set note
Rtems_task_get note 16
5.3.9
rtems_task delete
RTEMS,
restart, delete.

6
6.1

deadline RTEMS
_ rtems_interrupt_catch - Establish an ISR
_ rtems_interrupt_disable - Disable Interrupts
_ rtems_interrupt_enable - Enable Interrupts
_ rtems_interrupt_flash - Flash Interrupt
_ rtems_interrupt_is_in_progress - Is an ISR in Progress
6.2
6.2.1

RTEMS RTEMS
ISR ISR

rtems_interrupt_catch
rtems_vector_number

rtems_isr user_isr(
rtems_vector_number vector

);
RTEMS
ISR RTEMS RTEMS
6.2.2 RTEMS
RTEMS 256 , 0 255 ,
6.2.3

, RTEMS

RTEMS

ISR
ISR

NMI



6.3

6.3.1 ISR
rtems_interrupt_catch ISR ISR RTEMS
6.3.2 ISR
RTEMS ISR ISR
ISR ISR
ISR RTEMS
°

- task _get note, task set _note, task_suspend, task_resume

°
- clock_get, clock_tick
o
- message_queue_send, message_queue_urgent
- event_send
- signal_send
o
- semaphore_release
°
- port_external _to_interal, port_internal_to_external
® 1/0
- do_initialize, 1o _open, io_close, io_read, io_write, io_control
°
- fatal _error_occurred
°

multiprocessing_announce

7
7.1
3
1) rtems_clock set —
2) rtems_clock _get —
3) rtems_clock_tick — (tick)
7.2

7.2.1



RTEMS rtems_clock_tick
timer RTEMS tick tick

tick Tick
7.2.2

struct rtems_tod_control {
rtems_unsigned32 year; /* greater than 1987 */
rtems_unsigned32 month; /* 1 - 12 */
rtems_unsigned32 day; /* 1 - 31 */
rtems_unsigned32 hour; /* 0 - 23 */
rtems_unsigned32 minute; /* 0 - 59 */
rtems_unsigned32 second; /* 0 - 59 */
rtems_unsigned32 ticks; /* elapsed between seconds */

Y

typedef struct rtems_tod_control rtems_time_of day;
rtems_clock_get
UNIX rtems_clock_get

typedef struct {
rtems_unsigned32 seconds; /* seconds since RTEMS epoch*/
rtems_unsigned32 microseconds; /* since last second */

} rtems_clock _time_value;

7.2.3 tick

tick

rtems_clock_tick

7.2.4
timer
timer rtems_task wake after rtems_task wake when
RTEMS 1D timer

timer

7.2.5
rtems_message_queue_receive, rtems_event_receive, rtems_semaphore_obtain
rtems_region_get segment timer —
timer



7.3

7.3.1 tick
RTEMS rtems_clock tick ISR RTEMS
tick tick Tick
rtems_clock tick
rtems_clock tick 10 rtems_clock tick 2
rtems_clock_tick timer
7.3.2
rtems_clock_set RTEMS ISR
timer deadline timer
rtems_clock_set
7.3.3
rtems_clock_get ISR
UNIX
_ RTEMS_CLOCK_GET_TOD - obtain native style date and time
_ RTEMS_CLOCK_GET_TIME_VALUE - obtain UNIX-style date and time UNIX

_ RTEMS_CLOCK_GET_TICKS_SINCE_BOOT - obtain number of ticks since RTEMS was
initialized RTEMS tick
_ RTEMS_CLOCK_GET_SECONDS_SINCE_EPOCH - obtain number of seconds since RTEMS

epoch RTEMS
_ RTEMS_CLOCK_GET_TICKS_PER_SECOND - obtain number of clock ticks per second
tick
rtems_clock_set , rtems_clock _get ,
8
8.1
timer timer
1) rtems_timer_create — timer
2) rtems_timer_ident — timer 1D
3) rtems_timer_cancel — timer
4) rtems_timer_delete — timer
5) rtems_timer_fire_after — timer
6) rtems_timer_fire when — timer
7) rtems_timer_reset — timer
8.2
8.2.1

timer tick



8.2.2 Timer
timer RTEMS timer service routine
( timer ) TSR rtems_clock_tick

timer timer
Timer

timer

TSR

8.2.3 timer
timer TSR

timer timer

Timer timer \

8.2.4 timer

rtems_timer_service_routine user_routine(
rtems_id timer_id,
void *user_data

);
timer_id timer ID user_data TSR
NULL
8.3
8.3.1 timer
rtems_timer_create timer timer timer
TMCB timer timer timer
8.3.2 timer ID
timer RTEMS ID timer
ID:1. rtems_timer_ident timer ID, timer
2. rtems_timer_create ID
8.3.3 timer
rtems_timer_fire_after rtems_timer_server_fire_after
timer TSR TSR rtems_clock_tick
rtems_timer_fire_after timer

rtems_timer_server_fire_after

8.3.4 day timer timer
rtems_timer_fire_when rtems_timer_server_fire when
timer TSR TSR rtems_clock tick

rtems_timer_fire_when timer



rtems_timer_server_fire_when

8.3.5 timer

rtems_timer_cancel timer
timer

rtems_timer_fire_after, rtems_timer_fire_when

8.3.6 timer
rtems_timer_reset
rtems_timer_server_fire_after

timer
rtems_timer_server_fire_when

8.3.7 timer
rtems_timer_initiate_server
timer

timer ti

mer

rtems_timer_reset,

timer

rtems_timer_fire_after

timer

rtems_timer_fire_when

timer
TSR

rtems_timer_initiate_server

8.3.8 timer

rtems_timer_delete

TMCB
timer
9
9.1
Dijkstra
1) rtems_semaphore_create —
2) rtems_semaphore_ident —
3) rtems_semaphore_delete —
4) rtems_semaphore_obtain —
5) rtems_semaphore_release —
6) rtems_semaphore_flush —
9.2
RTEMS

TMCB

ID

timer



B, rtems_semaphore_obtain A

0 B
rtems_semaphore_release 1 A ,
9.2.1
RTEMS RTEMS
rtems_semaphore_obtain rtems_semaphore_release

rtems_semaphore_obtain  rtems_semaphore_release

0 1
9.2.2

’ ( ’
CPU ’ ’ 7
, )
9.2.3
s ; RTEMS

9.2.4
9.2.5

RTEMS_FIFO - tasks wait by FIFO (default)

RTEMS_PRIORITY - tasks wait by priority

RTEMS_BINARY_SEMAPHORE - restrict values to 0 and 1 (default)

_ RTEMS_COUNTING_SEMAPHORE - no restriction on values

_ RTEMS_SIMPLE_BINARY_SEMAPHORE - restrict values to 0 and 1, do not allow nested
access, allow deletion of locked semaphore.

_ RTEMS_NO_INHERIT_PRIORITY - do not use priority inheritance (default)

_ RTEMS_INHERIT_PRIORITY - use priority inheritance

_ RTEMS_PRIORITY_CEILING - use priority ceiling

_ RTEMS_NO_PRIORITY_CEILING - do not use priority ceiling (default)



_ RTEMS_LOCAL - local task (default)
_ RTEMS_GLOBAL - global task

OR

RTEMS_DEFAULT_ATTRIBUTES

RTEMS_PRIORITY RTEMS_LOCAL | RTEMS_PRIORITY.
9.2.6 SEMAPHORE_OBTAIN
rtems_semaphore_obtain
_ RTEMS_WAIT - task will wait for semaphore (default)
_ RTEMS_NO_WAIT - task should not wait

OR
RTEMS_DEFAULT_OPTIONS
9.3
9.3.1
rtems_semaphore_create
0
SMCB
9.3.2 ID
RTEMS ID
ID 1 rtems_semaphore_ident 1D,
2 rtems_semaphore_create

9.3.3
rtems_semaphore_obtain
if semaphore’ s count is greater than zero
then decrement semaphore’ s count
else wait for release of semaphore

return SUCCESSFUL

e RTEMS_NO_WAIT, error

FIFO
RTEMS

1D

error



FIFO

9.3.4
rtems_semaphore_release
if no tasks are waiting on this semaphore
then increment semaphore’ s count
else assign semaphore to a waiting task

return SUCCESSFUL

9.3.5

rtems_semaphore_delete SMCB

10
10.1
RTEMS

rtems_message_queue_create —
rtems_message_queue_ident — ID
rtems_message_queue_delete —
rtems_message_queue_send —
rtems_message_queue_urgent —
rtems_message_queue_broadcast —
rtems_message_queue_receive —
rtems_message_queue_get number_pending -
rtems_message_queue_flush —

10.2

10.2.1

10.2.2
ISR
FIFO



rtems_message_queue_urgent LIFO

10.2.3

_ RTEMS_FIFO - tasks wait by FIFO (default)
_ RTEMS_PRIORITY - tasks wait by priority

_ RTEMS_LOCAL - local message queue (default)
_ RTEMS_GLOBAL - global message queue

OR

RTEMS_DEFAULT_ATTRIBUTES

10.2.4 MESSAGE_QUEUE_RECEIVE
RTEMS WAIT - task will wait for a message (default)
RTEMS_NO_WAIT - task should not wait

OR
RTEMS_DEFAULT_OPTIONS
10.3
10.3.1
rtems_message_queue_create
FIFO,
RTEMS QCB
10.3.2 ID
ETEMS ID
ID 1 rtems_message_gqueue_ident
2 rtems_message_queue_create
10.3.3
rtems_message_queue_receive
3
[
® RTEMS_NO_WAIT, error
[

error

10.3.4

1D,

1D

FIFO



rtems_message_queue_send rtems_message_queue_urgent

10.3.5

rtems_message_queue_broadcast

10.3.6

rtems_message_queue_delete

11
11.1

1) rtems_event send —

2) rtems_event_receive —
11.2
11.2.1

ISR Event Flag
32

set rtems_event_set

D

2)

3)

4)

5)

6)

event set event set
posted pending

® RTEMS_EVENT_ANY, posted,

® RTEMS_EVENT_ALL, posted
11.2.2

OR

RTEMS_EVENT_31 OR

6 15 31

QCB

event

posted

RTEMS_EVENT O

RTEMS_EVENT 6 |



RTEMS_EVENT_15 | RTEMS_EVENT 31.
11.2.3
OR
_ RTEMS_WAIT - task will wait for event (default)
_ RTEMS_NO_WAIT - task should not wait
_ RTEMS_EVENT _ALL - return after all events (default)
_ RTEMS_EVENT_ANY - return after any events

OR
RTEMS_DEFAULT_OPTIONS
11.3
11.3.1
rtems_event_send ISR
A
pending
B
posted pending
11.3.2
rtems_event_receive
successful
3
[
o RTEMS_NO_WAIT, error
[
error
11.3.3 pending
rtems_event_receive RTEMS_PENDING_EVENTS
pending Pending
11.3.4 pending
rtems_event_receive RTEMS_ALL EVENTS
RTEMS_NO_WAIT | RTEMS_EVENT_ANY pending
Pending pending

RTEMS_UNSATISFIED



12
12.1

rtems_signal_catch — ASR

rtems_signal_send —

12.2
12.2.1
ASR(Asynchronous Signal Routine)
ISR ISR
ASRH ”
signal flag , 32
RTEMS_SINGNAL_O RTEMS_SINGNAL_31
signal set
signal set , posted signal set
pending
12.2.2 ASR ISR
ASR ISR , ,

® ISR ASR  RTEMS

® ISR ASR

® ISR ASR

® ASR ISR
12.2.3

OR RTEMS_EVENT_O
RTEMS_EVENT_31 OR
6 15 31 RTEMS_SIGNAL_6 |

RTEMS_SIGNAL_15 | RTEMS_SIGNAL_31.
12.2.4 ASR

OR ASR

_ RTEMS_PREEMPT is masked by RTEMS_PREEMPT_MASK and enables preemption

_ RTEMS_NO_PREEMPT 1is masked by RTEMS_PREEMPT_MASK and disables preemption

_ RTEMS_NO_TIMESLICE is masked by RTEMS_TIMESLICE_MASK and disables timeslicing
_ RTEMS_TIMESLICE is masked by RTEMS_TIMESLICE_MASK and enables timeslicing

_ RTEMS_ASR 1s masked by RTEMS_ASR_MASK and enables ASR processing

_ RTEMS_NO_ASR is masked by RTEMS ASR _MASK and disables ASR processing

_ RTEMS_INTERRUPT_LEVEL(0) is masked by RTEMS_INTERRUPT_MASK and enables all



interrupts
_ RTEMS_INTERRUPT_LEVEL(n) is
level n

12.3

12.3.1 ASR

rtems_signal_catch

masked by RTEMS_ INTERRUPT MASK and sets interrupts

OR

DEFAULT_MODES

ASR ASR

ASR rtems_signal_catch ASR
ASR
rtems_signal_catch ASR NULL ASR
pending ASR
RTEMS_NO_ASR ASR ASR
pending ASR
ASR ASR
rtems_signal_catch ASR
ASR ASR ASR
12.3.2
rtems_signal_send ISR
pending
ASR ISR, ASR
12.3.3 ASR
ASR ASR
rtems_asr user_routine(
rtems_signal_set signals
);
ASR RTEMS, , ASR
13
13.1
1) rtems_partition_create —
2) rtems_partition_ident — ID

3)

rtems_partition_delete —



4) rtems_partition_get buffer —

5) rtems _partition_return_buffer —

13.2
13.2.1
RTEMS 8
13.2.2
OR
RTEMS_LOCAL - local task (default)
RTEMS_GLOBAL - global task
OR

RTEMS_DEFAULT_ATTRIBUTES

13.3
13.3.1
rtems_partition_create
RTEMS
PTCB ,
13.3.2 ID
RTEMS ID ID
ID 1 rtems_partition_ident
ID 2 rtems_partition_create ID
13.3.3
rtems_partition_get buffer
successful unsuccessful
13.3.4

rtems_partition_return_buffer

error
13.3.5

rtems_partition_delete
PTCB PTCB

error

14
14.1



D
2)
3)
4)
5)
6)
)

14.2
14.2.1

14.2.2

rtems_region_create —
rtems_region_ident — ID
rtems_region_delete —
rtems_region_extend —
rtems_region_get_segment —
rtems_region_return_segment —

rtems_region_get_segment_size—

256 350 512

“ first-fit”

OR

RTEMS _FIFO - tasks wait by FIFO (default)
RTEMS_PRIORITY - tasks wait by priority

14.2.3

OR

RTEMS_DEFAULT_ATTRIBUTES

OR

RTEMS WAIT - task will wait for semaphore (default)
RTEMS_NO_WAIT - task should not wait

14.3
14.3.1

OR

RTEMS_DEFAULT_OPTIONS

rtems_region_create FIFO

RTEMS RNCB



14.3.2 ID
RTEMS

ID 2 rtems_region_create

14.3.3

rtems_region_extend

14.3.4

rtems_region_get_segment

([ J

° RTEMS_NO_WAIT
error

[ J
error

FIFO
14.3.5

rtems_region_return_segment

14.3.6

rtems_region_get segment_size
14.3.7

rtems_region_delete

RNCB RNCB

error
15 Dual-Ported Memory Manager
15.1

1) rtems_port_creat —
2) rtems_port_ident —
3) rtems port delete —

4) rtems_port_external_to_internal —

5) rtems_port_internal_to_external —

15.2
DPMA

ID
ID 1

RAM

1D

ID
rtems_region_ident

RAM



15.3
15.3.1

RAM
RTEMS

rtems_port_create

DPCB

15.3.2

15.3.3

RTEMS DPMA
RTEMS
ID
RTEMS
rtems_port_ident

ID

rtems_port_external_to_interna

rtems_port_internal_to_external

15.3.4

DPMA
DPMA

rtems_port_delete

DPCB
16 1/0
16.1
1/0
1) rtems_io_initialize —
2) rtems_io_register_name —
3) rtems_io_lookup_name —
4) rtems_io_open —
5) rtems_io _close —
6) rtems_io_read —
7) rtems_io write —
8) rtems_io_control —
16.2
16.2.1

RTEMS  1/0
RTEMS

DPMA

DPCB
DPMA

DPMA

ID

ID

rtems_port_create

DPCB



Initialization
Open

Close

Read

Write

Control

Configuration Table NULL
rtems /0

Confdef.h CONFIGURE_MAXIMUM_DRIVERS

16.2.2
170

rtems_device_major_number rtems_device_minor_number

16.2.3
170

16.2.4

° ISR

170

° RTEMS 170
RTEMS

16.2.5

BSP

° BSP

hot swap Compact PCI

16.2..6
170 RTEMS RTEMS

rtems_device_driver io_entry(



rtems_device_major_number major,
rtems_device_minor_number minor,
void *argument_block

);
16.2.7
RTEMS rtems_initialize_executive
RTEMS
major the major device number for this device driver.
minor zero.
argument_block will point to the Configuration Table.
RTEMS fatal error occurred
16.3
16.3.1
rtems_io_register major/minor number
rtems_io_lookup major/minor
number ( major number
Minor number )
16.3.2
1/0 rtems_io_initialize,

rtems_io_open rtems_io_close, rtems_io_read, rtems_io_write, rtems_io_control

17
17.1

1) rtems_fatal_error_occurred —
17.2
RTEMS
3
® the executive (RTEMS)
® user system code
® user application code

debugger  monitor

RTEMS



17.3

17.3.1
,rtems_fatal error_occurred
rtems_fatal _error_occurred
variable_Internal_errors_What_happened 3
[ ) AP1
[
[
API
AP1 RTEMS API
c/src/exec/rtems/headers/status.h POSIX API <errno.h>
rtems_fatal _error_occurred RTEMS
RTEMS
rtems_fatal error_occurred
RTEMS
18
18.1
RTEMS
RTEMS
18.2
RTEMS 4

® user-selectable task priority level
® task preemption control
® task timeslicing control
® manual round-robin selection
4
18.2.1

RTEMS 255



FIFO

RTEMS
18.2.2
RTEMS_PREEMPT_MASK
preemption disabled (RTEMS_NO_PREEMPT),
18.2.3
timeslicing
timeslicing enabled (RTEMS_TIMESLICE) , RTEMS
timeslicing disabled (RTEMS_NO TIMERSLICE),

RTEMS_NO_PREEMPT
timeslicing

18.2.4
rtems_task wake_after RTEMS_YIELD PROCESSOR
18.2.5
RTEMS
RTEMS
RTEMS_FLOATING_POINT
18.3
Mon-gxistant
lr_'p'e.:r.ng
O Dahp.ﬁj
Drarmant &
Dakating

F

riskding Raadyirg

Dipalching  Blookng

Blacking

Deleting

Man-existant

RTEMS 5



rtems_task start

o rtems_task_suspend
o rtems_message_gqueue_receive
o rtems_event_receive
o rtems_semaphore_obtain
o rtems_task wake_after
0
o rtems_task wake_when
o rtems_region_get_segment
o rtems_rate_monotonic_period

FIFO

rtems_task_resume

rtems_message_queue_send, rtems_message queue_
broadcast, rtems_message_gqueue_urgent

rtems_event_send

rtems_semaphore_release

rtems_task wake after
rtems_task wake when
rtems_region_return_segment

rtems_rate_monotonic_period
__ A timeout interval expires for a task which was blocked waiting on a message, event,
semaphore, or segment with a timeout speci_ed.
_ A running task issues a directive which deletes a message queue, a semaphore, or
a
region on which the blocked task is waiting.
_ A running task issues a rtems_task_restart directive for the blocked task.



_ The running task, with its preemption mode enabled, may be made ready by issuing
any of the directives that may unblock a task with a higher priority. This directive
may be issued from the running task itself or from an ISR.

A ready task occupies the executing state when it has control of the CPU. A task
enters the executing state due to any of the following conditions:

_ The task is the highest priority ready task in the system.

_ The running task blocks and the task is next in the scheduling queue. The task
may be of equal priority as in round-robin scheduling or the task may possess the
highest priority of the remaining ready tasks.

_ The running task may reenable its preemption mode and a task exists in the ready
queue that has a higher priority than the running task.

_ The running task lowers its own priority and another task is of higher priority
as a

result.

_ The running task raises the priority of a task above its own and the running task
is

in preemption mode.

19

19.1

deadline
1) rtems_rate_monotonic_create —
2) rtems_rate monotonic_ident — ID
3) rtems_rate monotonic_cancel —
4) rtems_rate_monotonic_delete —
5) rtems_rate _monotonic_period — /

6) rtems_rate monotonic_get status —

19.2
RMS deadline
RMS
19.2.1
tick
19.2.2
100 10

deadline



deadline

19.2.3
deadline
RMS  —

RMS
RMS
RMS

RMS

Task Period Priority
(in milliseconds)

1 100 Lomwr

2 50 Medivm

3 50 Medivm

El 25 High

RMS
RMS
19.2.4
RMS deadline
19.2.4.1
RMS
deadline
deadline
19.2.4.2
Time(index)

Utilization = 0

RMS

RMS

deadline

Period(index)



to maximum_tasks
Utilization + (Time(index)/Period(index))
deadline

for index = 1
Utilization =

Utilization = maximum_tasks * (2*(1/maximum_tasks) - 1)

Ln(2) 0.693 0.88
19.2.4.3
Task EMS Period Execution Processor
Priority Time Utilization
1 Hizh Lo 15 015
2 Medium 2010 50 0.25
3 Low 00 Lo .33
0.73<3 * (2~(1/3) - 1)=0.779
19.2.4.4 deadline
deadline deadline
deadline deadline
RTEMS
19.2.4.5 deadline
Task HMS Period Execution Processor
Priority Time Utilization
1 High 100 25 .25
2 Medinm 200 ] 0.25
a Low 00 L0 n.a3
0.83>3 * (2~(1/3) - 1)=0.779
RMS
deadline
[Deadline Task Task Task Tatal All Deadlines
Time 1 2 3 Fxecution Tihme Met?!
Lo 1 1 1 26 4+ 504 100 = 175 NO
201 2 1 1 S0 -+ 50+ 100 = 200 YES
timel00 1 deadline
25 3 3
time200 1 deadline 2
deadline 1 50 2 50 100
3 3 deadline time200
deadline deadline
19.2.4.6

RMS



170
RTEMS

RMS

19.2.4.7
19.3
19.3.1

rtems_rate_monotonic_create RTEMS

PCB RTEMS
19.3.2

rtems_rate_monotonic_period

o rtems_rate_monotonic_period

timeout
19.3.3
rtems_rate_monotonic_period RTEMS_PERIOD_STATUS

® RTEMS_SUCCESSFUL - period is running
® RTEMS _TIMEOUT - period has expired
® RTEMS_NOT_DEFINED - period has never been initiated

19.3.4
rtems_rate monotonic_cancel

rtmes_rate_monotonic_period
19.3.5

rtems_rate monotonic_delete

PCB PCB



19.3.6
19.3.7
100  tick
rtems_task Periodic_task(rtems_task_argument arg)
{
rtems_name name;
rtems_id period;
rtems_status_code status;
name = rtems_build name( "P", "E", "R", D" );
status = rtems_rate_monotonic_create( name, &period );
if ( status != RTEMS_STATUS_SUCCESSFUL ) {
printf( "rtems_monotonic_create failed with status of %d.\n", rc );
exit( 1);
}

while (1) {
if ( rtems_rate monotonic_period( period, 100 ) == RTEMS_TIMEOUT )
break;
/* Perform some periodic actions */

/* missed period so delete period and SELF */

status = rtems_rate_monotonic_delete( period );

if ( status != RTEMS_STATUS_SUCCESSFUL ) {

printf( "rtems_rate monotonic_delete failed with status of %d.\n", status );
exit( 1);

}

status = rtems_task delete( SELF ); /* should not return */

printf( "rtems_task delete returned with status of %d.\n", status );

exit( 1);

RMS
rtems_rate _monotonic_period 100ticks
rtems_rate_monotonic_period 100  ticks
100 ticks rtems_rate_monotonic_period RTEMS_TIMEOUT
deadline RMS



19.3.8
100ticks
100  ticks 40tick 40 70 ticks

tick
rtems_task Periodic_task(rtems_task argument arg)
{
rtems_name name_1, name_2;
rtems_id period_1, period 2;
rtems_status_code status;
name_1 = rtems_build_name( "P", "E", "R", "1" );
name_2 = rtems_build_name( "P", "E", "R", "2" );
(void ) rtems_rate _monotonic_create( name_1, é&period 1 );
(void ) rtems_rate _monotonic_create( name 2, &period 2 );
while (1) {
if ( rtems_rate monotonic_period( period_1, 100 ) == TIMEOUT )
break;
if ( rtems_rate monotonic_period( period 2, 40 ) == TIMEOUT )
break;
/*
* Perform first set of actions between clock
* ticks 0 and 39 of every 100 ticks.
*/
if ( rtems_rate monotonic_period( period 2, 30 ) == TIMEOUT )
break;
/*
* Perform second set of actions between clock 40 and 69
* of every 100 ticks. THEN ...

*

* Check to make sure we didn"t miss the period 2 period.

*/

if ( rtems_rate monotonic_period( period_2, STATUS ) == TIMEOUT )
break;

(void) rtems_rate_monotonic_cancel( period 2 );

}

/* missed period so delete period and SELF */

(void ) rtems_rate_monotonic_delete( period_1 );

(void ) rtems_rate _monotonic_delete( period 2 );

(void ) task delete( SELF );

}

2 RMS
rtems_rate _monotonic_period 100ticks 1
rtems_rate_monotonic_period 1 100  ticks

1 100 ticks

30



rtems_rate _monotonic_cancel 1 2
cancel rtems_rate monotonic_period( period_2, 40 )
RTEMS_TIMEOUT
deadline RMS

21
21.1
RTEMS

rtems_extension_create —
rtems_extension_ident — ID
rtems_extension_delete —

21.2

Task creation

Task initiation

Task reinitiation

Task deletion

Task context switch

Post task context switch
Task begin

Task exits

Fatal error detection

21.2.1

RTEMS

typedef struct {
rtems_task create_extension thread create;
rtems_task start extension thread_start;
rtems_task restart _extension thread restart;
rtems_task delete_extension thread delete;
rtems_task switch_extension thread switch;
rtems_task begin_extension thread_begin;
rtems_task exitted extension thread exitted;
rtems_fatal_extension fatal;

} rtems_extensions_table;

RTEMS

RTEMS
NULL
rtems_extension_create RTEMS
ID



RTEMS
RTEMS

21.2.2 TCB
RTEMS
TCB TCB

TCB TCB
index = rtems_get index(extension_id);

TCB TCB
TASK_SWITCH
TASK_CREATE
TCB TCB
TASK_DELETE
RTEMS
21.2.3
21.2.3.1
rtems_task create
boolean user_task create(
rtems_tcb *current_task,
rtems_tcb *new_task
);
current_task TCB new_task
rtems_task create new_task
21.2.3.2
rtems_task start

rtems_extension user_task start(

TASK_START

TCB
TASK_RESTART
TCB
TCB
RTEMS
TCB
new_task TCB
FALSE
RTEMS



rtems_tcb *current_task,

rtems_tcb *started_task
);
current_task TCB started task TCB

rtems_task start started_task
started_task TCB
21.2.3.3
task_restart
RTEMS

rtems_extension user_task restart(

rtems_tcb *current_task,

rtems_tcb *restarted task
);
current_task TCB restarted task TCB

task_restart restarted_task
restarted_task TCB
21.2.3.4
task_delete
RTEMS

rtems_extension user_task_delete(
rtems_tcb *current_task,
rtems_tcb *deleted_task
);
current_task TCB deleted task TCB
task_delete TCB TCB TCB
RTEMS
21.2.3.5

RTEMS

rtems_extension user_task_switch(
rtems_tcb *current_task,
rtems_tcb *heir_task
);
current_task TCB heir_task TCB
RTEMS current_task heir_task
RTEMS
21.2.3.6

rtems_extension user_task begin(
rtems_tcb *current_task



);
current_task
Start

21.2.3.7

23
23.1

RTEMS

RTEMS

21
21 1
RTEMS

rtems_extension_create —
rtems_extension_ident —
rtems_extension_delete —
21 2

Task creation

Task initiation

Task reinitiation

Task deletion

Task context switch
Post task context switch
Task begin

RTEMS

TCB

Begin

RTEMS

RTEMS



Task exits
Fatal error detection

21 2 1

RTEMS
typedef struct {

rtems task create extension thread create;
rtems task start_extension thread_start;
rtems task restart extension thread restart;
rtems task delete extension thread delete;
rtems _task switch_extension thread switch;
rtems _task begin extension thread begin;
rtems task exitted extension thread_exitted;
rtems fatal extension fatal;

} rtems_extensions_table;

RTEMS

RTEMS

NULL
rtems_extension_create
ID

RTEMS
RTEMS

21 2 2 TCB
RTEMS
TCB TCB

TCB TCB
index = rtems_get_index(extension_id);

TCB TCB
TASK_SWITCH

TASK_CREATE TASK_START
TCB TCB
TASK_RESTART TASK_DELETE

RTEMS

TCB

TCB



RTEMS
TCB

21 2 3

21 2 3 1
rtems task create
RTEMS

boolean user_task_create(
rtems_tcb *current_task,
rtems_tcb *new_task
);
current_task TCB new_task TCB
rtems task create new_task new task  TCB

FALSE

21 2 3 2
rtems_task_start
RTEMS
rtems_extension user_task start(
rtems_tcb *current_task,
rtems_tcb *started_task
);
current_task TCB started task TCB
rtems task_start started task
Started task  TCB
21 2 3 3
task_restart
RTEMS

rtems_extension user_task restart(

rtems_tcb *current_task,

rtems _tcb *restarted task
);
current_task TCB restarted task TCB

task_restart restarted_task
restarted_task TCB
21 2 3 4
task_delete
RTEMS

rtems_extension user_task delete(



rtems_tcb *current_task,
rtems _tcb *deleted task

);

current_task TCB deleted task
task_delete TCB TCB
21 2 3 5
RTEMS

rtems_extension user_task switch(
rtems_tcb *current_task,
rtems _tcb *heir_task
);
current_task TCB heir_task
RTEMS current_task
RTEMS
21 2 3 6

rtems_extension user_task begin(
rtems_tcb *current_task
);
current_task TCB
Start

21 2 3 7

rtems_extension user_task exitted(
rtems_tcb *current_task
);
current_task TCB

RTEMS TASK_EXITTED
21 2 3 8
fatal_error_occurred
fatal_error_occurred

rtems_extension user_fatal error(
Interna_errors_Source the source,
rtems_boolean is_internal,
rtems_unsigned32 the_error

);

the_error fatal_error_occurred

TCB
TCB
RTEMS

TCB
heir_task

Begin

fatal_error_occurred

RTEMS

fatal_error_occurred



RTEMS

21 2 4

_ Task creation

_ Task initiation

_ Task reinitiation

_ Task deletion

_ Task context switch

_ Post task context switch
_ Task beginsto execute

_ Task deletion
__ Fatal error detection

21
21

21

21

ID

23

23.

last “ ”
3
31
ESCB rtems_extension_create
ID
3 2 ID
RTEMS ID
ID rtems_extension_create
rtems_extension_ident ID
3 3

rtems_extension_delete

RTEMS

ID
1D

ESCB



RTEMS
RTEMS

RTEMS
RTEMS

RTEMS



