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1. Introduction:
Objectives of MAST -2

UC
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DE CANTABRIA

Align names with MARTE

Partitioned scheduling

e support for ARINC 653 systems with
hierarchical scheduling

- fixed priorities on top of timed partitions
e support for TTP networks

Network switches
e support for AFDX deterministic ethernet

Resource reservations
 virtual resources as a new primary scheduler
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Objectives of MAST-2 (cont'd)

UC
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Enhance modelling capabilities
e support for thread locking from a transaction
- enable modelling synchronous RPC

 enhanced modelling of timers
- allow multiple timers

e new application requirements
- gueue size requirements
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UC

2. Partitioned scheduling

DE CANTABRIA

Support for ARINC 653 systems with hierarchical scheduling

- fixed priorities on top of timed partitions
- EDF?

Support for TTP networks
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UC

DE CANTABRIA

Partitioned scheduling

Scheduling_Policy

- Timetable_Driven Partition_Window
Partition_Table
MAF:Time=MAXIMUM It 1+ Partition_ld:Natural
Partition_Name:Identifier='
Zﬁ Start_Time:Time
Timetable_Driven_Packet_Based_Policy Length:Time
Timetable_Driven_Policy
—I

Worst_Context_Switch:Normalized_Execution_Time=0.0

Avg_Context_Switch:Normalized_Execution_Time=0.0

Best Context Switch:Normalized Execution_Time=0.0
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Partition-Based Scheduling
Parameters UC

DE CANTABRIA

pkg Model_Elements

Scheduling_Parameters

T

Timetable_Driven_Params

T

Partition_Params

Partition_ld:Natural

Partition_Name:ldentifier
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3. Network switches and routers

DE CANTABRIA

General-Purpose shared memory switches
e support for AFDX deterministic ethernet

General-purpose routers
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UC

Networks

DE CANTABRIA

Processing_Resource

Speed_Factor-Float=1.0 0.1 Synchronization_Source

Clock_Synchronization_Object

<<enumeration>:

Transmision_Type

SIMPLEX Network *
HALF_DUPLEX Throughput: Throughput=0 ]‘ Driver List priver
FULL_DUPLEX . Lﬁ Lﬁ —

‘ Packed_Based_Network AFDX_Link
Transmission_Kind:Transmision_Type=HALF_DUPLLE Max_Packet_Size:Bit Count=MAXIMUM
Max_Blocking:Normalized_Execution_Time=0.0 Min_Packet_Size:Bit_ Count=MAXIMUM
Max_Packet_Size:Bit Count=MAXIMUM Max_HW_Tx_Latency:Time=MAXIMUM
Min_Packet_Size:Bit Count=MAXIMUM Min_HW_Tx_Latency:Time=MAXIMUM

L% Avg HW_Tx_Latency:Time=MAXIMUM

Max_HW_Rx_Latency:Time=MAXIMUM

RTEP_Network ) )

- Min_HW_Rx_Latency:Time=MAXIMUM

Number_Of Stations:Positive=MAXIMUM Avg_HW_Rx_Latency:Time=MAXIMUM
Token_Delay:Time=0.0 Ethernet_Overhead:Bit_Count=160
Failure_Timeout:Time=MAXIMUM Protocol_Overhead:Bit_Count=376
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Scheduling Policy and Parameters

DE CANTABRIA

Scheduling_Policy [ pkg Model_Elements )

\ [\ Lﬁ L\ Scheduling_Parameters
AFDX_Policy

MAF: Time

AFDX_Virtual_Link

_Time=0.l :
Fime=0.0 ZF LMax:Bit_Count=0

Time=0.0 Timetable_Driven BAG:Time=MAXIMU

FP_Packet_Based_Policy

rcution_Time=0.! Max_ Priority:Priority=MAXIMUM
Jtion Time=0.0 Min Priority:Priority=MINIMUM
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DE CANTABRIA

New Computing Resources

| Model_Elements )

Processing _Resource

0..1 | Synchronization_Source

Speed_Factor:Float=1.0

1 1 7

Computing_Resource Network Network_Switch

Clock_Synchronization_Object
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UC

Network switches and routers P

Processing_Resource 0.1

Clock_Synchronization_Object

Speed_Factor: Float=1.C SynChronization_SOUrce

i

Network_Switch

< | Regular_Switch

Avg_Fixed_Fork_Latency:Normalized_Execution_Time=0.0 A

Max_Fixed_Fork_Latency:Normalized_Execution_Time=0.0

Min_Fixed_Fork_Latency:Normalized_Execution_Time=0.0

Max_Variable_Fork Latency:Normalized Execution_Time=0.0
Avg_Variable_Fork_Latency:Normalized_Execution_Time=0.0 AFDX_Switch

Min_Variable_Fork _Latency:Normalized_Execution_Time=0.0
Max_Delivery_Latency:Normalized_Execution_Time=0.0
Avg_Delivery_Latency:Normalized Execution_Time=0.0

Min_Delivery_Latency:Normalized_Execution_Time=0.0

i

Network_Router

' Regular_Router

Max_Fixed_Branch_Latency:Normalized_Execution_Time=0.0

Avg_Fixed_Branch_Latency:Normalized_Execution_Time=0.0

RAT . M0 M 0 AN Nt 4t Tt . AN
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Message Event Handlers for switches Pt

DE CANTABRIA

Event_Handler

Network_Switch Message_Event_Handler

Switch

- .

1

Message_Fork Event
<<enumeration>: Input_Event
Delivery_Policy_Type 1.7
Output_Event_List
SCAN
: 1
RANDOM Message_Delivery
- Input_Event
4 E \ 1
Output_Event
T 1 1 fenadafiman Ouiitala) : 1 1
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Message Event Handlers for routers e

DE CANTABRIA

/\ A
1
Message_Fork Event
<<enumeration>: Input_Event
Delivery_Policy Type 1.7
Output_Event_List
SCAN
M Delive 1
RANDOM essage_ ry
« Input_Event
’ E \ 1
Output_Event
. . i 1
Network_Router 1 {redefines Switch} Message_Branch
itch Input_Event
Delivery_Policy.Delivery Policy_Type=RANDOM 1 *
Output_Event_List
* Output_Weight_List
<<primitive>:
Float
(from Root::Component View::Primitive_Types
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Example of en end-to-end flow using
a switch UC

DE CANTABRIA

Ethernet
R M T B} Network
Teleoperated Robot

Status
Message
Remote Station Local Controller
50ms (*
5ms
1sec
Servo
GUI Control
Reporter Data
Sender
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Processing resources, schedulers, ucC
drivers, and timers

DE CANTABRIA

overheads Switch
Link1 ADFX_Switch Link2
AFDX_Link AFDX_Link
packet packet
driver driver
Linkl Link2
remote_station primary primary local_controller
- scheduler scheduler -
primary primary
scheduler scheduler

remote_station local_controller

regular
processor

regular
processor

timer timer
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Schedulable Resources: Threads and UcC
Communication Channels

DE CANTABRIA

trajectory command
planner manager

ethernet ethernet
driverl driver2
message Default
stream CommChan
remote_station l x local_controller
Link1 Link2
primary _ primary
scheduler primary primary scheduler
scheduler scheduler
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End-to-end flow: Command ucC
transaction in the example St

Step Step Message Delivery

el | »

Op: tr_planning Op: command
Srv: tr_planning Srv: msg_stream Switch: AFDX

event i

pattern

ed

l

O Op: Comm_Mngr [ | = ~ 1 Op: command
Srv: ComM_Mngr Srv: Default_Com

Step Step
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UC

4. Resource reservations

DE CANTABRIA

Virtual resources as a new primary scheduler

Double role with viewpoints:

 when seen from the application viewpoint:

- aportion of aprocessing resource with guaranteed bandwidth and
responsiveness

- specified through resource reservation parameters
- It is a contract between the application and the system,
iIndependent of the underlying implementation
« when seen from the processing resource viewpoint
- aconcrete workload that has to be scheduled

- specified through scheduling parameters of the periodic server
type (e.g., a sporadic server or a constant bandwidth server)
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Analysis of Resource Reservations

DE CANTABRIA

Two kinds of analysis

e schedulability of an application running on top of a virtual
resource
- independent of the rest of the system

e schedulability of a set of virtual schedulable resources running
In a particular physical platform

- Independent of the actual applications that will run on top of them

This separation of concerns helps in managing the complexity of
the modelling and analysis processes
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Virtual Schedulable resources

UC

UNIVERSIDAD
DE CANTABRIA

0..1

Model_Element

Name:ldentifier

Schedulable_Resource

Scheduler

Scheduling_Parameters

Scheduling_Parameters

Scheduler

1

Thread

Communication_Channel

Synchronization_Parameters

Synchronization_Parameters

0..1

Virtual_Schedulable_Resource

Virtual_Communication_Channel

1 Resource_Reservation_Params 1 | Resource Reservation Params

Virtual_Resource_Params

Virtual_Comm_Channel_Params

DEFAULT COMMUNICATION CHANNE: Communication Channel

=]
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Resource-Reservation Parameters

DE CANTABRIA

Scheduling_Parameters

1

Resource_Reservation_Params

Preassigned:Assertion=No

1 T

Virtual_Resource_Params Virtual_Comm_Channel_Params <]
Virtual_Periodic_Replenishment_Params Virtual_Periodic_Replenishment_Comm_Params
Budget:Normalized_Execution_Time=0.0 Budget:Bit_Count=0
Period:Time=MAXIMUM Period:Time=MAXIMUM
Deadline:Time=MAXIMUM Deadline:Time=MAXIMUM
Zﬁ Virtual_Sporadic_Server_Params Virtual_Sporadic_Comm_Params
Virtual_Token_Bucket_Comm_Params
Virtual_Deferrable_Server_Params | Virtual_Deferrable_Comm_Params Budget:Bit_ Count=0
Max_Throughput: Throughput=MAXIMUM
Virtual_Periodic_Server_Params | | Virtual_Periodic_Comm_Params
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5. Support for thread locking from a

transaction

UC

UNIVERSIDAD
DE CANTABRIA

pkg Model_Elements

Step_Schedulable Resource

Event_Handler

1

Step

1

Hold_Schedulable Resource:Assertion=NO

Input_Event, |, 1 1.| Output_Eveni

Schedulable_Resource Event

1

Step_Operation

Operation
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DE CANTABRIA

6. Enhanced modelling of timers

Model_Element

Name:ldentifier

7

Timing_Object

1 1

Timer Clock_Synchronization_Object

Max_Overhead:Normalized_Execution_Time=0. Precision:Time=0.0

Avg_Overhead:Normalized_Execution_Time=0.
Min_Overhead:Normalized_Execution_Time=0.!
Is_Locally_Synchronized:Assertion=NO

Precision: Time=0.0

[

Ticker Alarm_Clock

Period: Time=MAXIMU
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UC

Multiple timers

DE CANTABRIA

pkg Model_Elements )

Processing_Resource

Speed_Factor:Float=1.0

Z% Synchronization_Source, |, 0..1

Clock_Synchronization_Object

Computing_Resource

1

Regular_Processor

Worst_ISR_Switch:Normalized Execution_Time=0.

Avg_ISR_Switch:Normalized_Execution_Time=0.0 System_Timel

Timer
Best ISR_Switch:Normalized Execution_Time=0.0 0.1
Min_Interrupt_Priority:Interrupt_Priority=0
Max_Interrupt_Priority:Interrupt_Priority=0 Timer_List
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7. New Requirements
(Queue Size Observers)

DE CANTABRIA

UC

Observer 1.7
Observer_List
Queue_Size_Req Timing_Requirement Composite_Observer ®
Max_Events:Natural=(
Deadline_Req Max_Output_Jitter_Req Max_Miss_Ratio_Req
Deadline:Time=0. Max_Output_Jitter:Time=0. Deadline:Time=0.0
/\ Ratio:Percentage=5%
Local_Max_Miss_Ratio
Hard_Local_Deadline Soft_Local_Deadline
Hard_Global_Deadline Soft_Global_Deadline Global_Max_Miss_Ratio
Referenced_Event | 1 1 | Referenced_Event Referenced_Event 1 1 | Referenced_Event
I var  ax - o 1
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Further (lower priority) extensions

DE CANTABRIA

Interrupt scheduler

« Cannot model complex schemes, such as an interrupt controller
(PIC):
- configure preemption among levels
- configure scheduling: priority, scan, ...

Suspension inside protected operations (critical sections)
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Conclusions

DE CANTABRIA

MAST is evolving and will soon cover aspects such as:
e alignment with MARTE

partitioned scheduling

network switches

additional modelling capabilities

... results from this workshop?
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