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Sequential scheduling
Network [Steiner@RTSS 10] [> Tasks [Craciunas@ETFA 4]

+ Tasks [> Network [Hanzalek@ECRTS09]
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Sequential scheduling
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Network moael

Pid
Pid
i d

44— physical link

.......... {> communication path

- multi-hop layer 2 switched network via full-duplex multi-speed links
- virtual links (ARINC 664 P-7)

- [ I-traffic class (RC [ Tamas-Selicean@CODESHISSS 2], BE)

» synchronised time (< | used precision)

- link delay for each link

- memory buffers on switches
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consumer [l (3, 3,8, 6)

o 4 3 1y 6
producer [l (5,4, 16, 6) Network
free Il (12,2, 16,3) Link
0 8 |6

+ periodic asynchronous T I-tasks (offset @, wcet C, period T, deadline D)

- static time-driven schedule with preemption

- 3 types of tasks (producer, consumer, free)

» macrotick on ES (usec - ms)

- communication at beginning/end of consumer/producer ([Derler@CIT [0])

- end-to-end latency, dependencies between tasks
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Networked system model

Network GV,L) LCVYxV
V|vg,vp| € L = [0y, 0] € L

Network links

(speed, link delay, macrotick, memory buffer)

CPU self-links

Virtual link - dataflow from one producer to one receiver

vl; = Vg, Val, [Va, V1], (U1, V2], . o o [Un_1, Unl, [Un, U], [Vb, UB]].

www.tttech.com Copyright © TTTech Computertechnik AG. All rights reserved.



F I/\a m e S Ensuring Reliable Networks TrreCh

www.tttech.com Copyright © TTTech Computertechnik AG. All rights reserved.



F I/\a m e S Ensuring Reliable Networks TrreCh

Communication Tasks

www.tttech.com Copyright © TTTech Computertechnik AG. All rights reserved.



F ra m e S Ensuring Reliable Networks TrreCh

Communication  [SISSAEalelASyiRelaRiigly Tasks

macrotick

Frames

—

Alirlghts reserved.

sht © TTTech Computertechni

Copyright © TTTech




F ra m e S Ensuring Reliable Networks TrreCh

Communication  [SISSAEalelASyiRelaRiigly Tasks

macrotick

Frames

Link |

Link 2 -

- Copyright ©TTTech Computertechni

ff"i:f,fi Co Pfﬂgh:t @73747; lech




Ensuring Reliable Networks l ‘ ‘ eCh

Frames
Communica-tion (offset, period, |€ﬂg’th on “nk)macrotick TaS|<S
Frames

Link | ; :
Hinke 2 Task | [N BB

Tas 2
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find offsets for the frames (on links and virtual task frames)
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find offsets for the frames (on links and virtual task frames)

reduces to finding a solution for a set of constraints
» frame constraints

* link constraints

- virtual link constraints

* memory constraints

- end-to-end latency constraints

* precedence constraints
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find offsets for the frames (on links and virtual task frames)

reduces to finding a solution for a set of constraints
» frame constraints

* link constraints

- virtual link constraints

* memory constraints

- end-to-end latency constraints

* precedence constraints

NP-complete
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oy o
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no two frames scheduled on the same link may overlap
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satistiability of logical formulas In first-order formulation
background theories LA(Z) BV

variables T1,L2y...,Tp

logical symbols V, A, ()

non-logical symbols +, =, %, <

quantifiers 3,V
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satistiability of logical formulas In first-order formulation
background theories LA(Z) BV

variables T1,L2y...,Tp

logical symbols V, A, ()

non-logical symbols +, =, %, <

quantifiers 3,V

A lot of solvers and a very active community
OpenSMT [Bruttomesso@ TACAS | 0] Yices [Dutertre@CAV | 4]
CVC4 [Barrett@CAV | ] /3 [de Moura@ TACASOS]
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background theories BY
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quantifiers 3,V

A lot of solvers and a very active community
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satisfiability of logical formulas in first-order formulation
background theories BY
variables L1,29,...,Tp

logical symbols V, A, ()

non-logical symbols +, =, %, <

quantifiers %

A lot of solvers and a very active community
OpenSMT [Bruttomesso@ TACAS | 0] Yices [Dutertre@CAV | 4]
CVC4 [Barrett@CAV | ] /3 [de Moura@ TACASOS]

www.tttech.com Copyright © TTTech Computertechnik AG. All rights reserved.



Satisfiability Modulo Theorigs s TIfeCh
satistiability of logical formulas In first-order formulation

background theories LA(Z) BV

variables  X1,Z92,...,Zp
logical symbols V, A, ()

non-logical symbols +, =, %, <

quantifiers %

A lot of solvers and a very active community
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where does the complexity come from?
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where does the complexity come from?

where do the frames come from?
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where does the complexity come from?
where do the frames come from?

consumer tasks
producer tasks
communication
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where does the complexity come from?
where do the frames come from?

consumer tasks
producer tasks free tasks
communication

<<

let’s treat them differently
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schedulability
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partial

solution

on-schedulable tasks

schedulability

test
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Demand-basec

SMT solution
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Demand-basec

SMT solution
0 8
EDF tasks
O, 1,8, 1)
(2, 1,8, 1)
(4, 1,8, 1)
(5,2,8,2)
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SMT solution
0 8
EDF tasks
(O.1.8,1) free tasks
2, 1,8, |
( ) o - (0,2,8,8)
(41,8, 1) - (0, 1,8, 8)
(5,2,8,2)
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SMT solution
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EDF tasks
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Demand-basec

SMT solution
0 8
EDF tasks
(O.1.8,1) free tasks
2, 1,8, |
( ) o - (0,2,8,8)
(41,8, 1) - (0, 1,8, 8)
(5,2,8,2)

0 3
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» transform scheduled frames on CPUs into asynchronous periodic tasks
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» transform scheduled frames on CPUs into asynchronous periodic tasks

- add free tasks and apply schedulability test [Pellizzoni@Real TimeSystO5]
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Demand-basec

» transform scheduled frames on CPUs into asynchronous periodic tasks
- add free tasks and apply schedulability test [Pellizzoni@Real TimeSystO5]

- If not schedulable, increment number of tasks that are solved with SMT
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» transform scheduled frames on CPUs into asynchronous periodic tasks
- add free tasks and apply schedulability test [Pellizzoni@Real TimeSystO5]
- If not schedulable, increment number of tasks that are solved with SMT
- If schedulable, generate final schedule by simulating EDF until HP

- Incremental algorithm so we don't lose schedulability
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» transform scheduled frames on CPUs into asynchronous periodic tasks
- add free tasks and apply schedulability test [Pellizzoni@Real TimeSystO5]
- If not schedulable, increment number of tasks that are solved with SMT
- If schedulable, generate final schedule by simulating EDF until HP

- Incremental algorithm so we don't lose schedulabllity

- we are still exponential but scale better for the average case
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time
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ink/CPU utilization
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periods macrotick
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size of network
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(a) (b) (c)

Periods {10,20,25,50,100}, {10,30,100}, {50,75} ms
| usec network link granularity

|O0Mbit/s and | Gbit/s

random message size and virtual links

different macrotick and utilization configurations
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co-synthesis of task and message schedules
preemptive tasks

switched multi-speed T TEthernet networks
satisfiability modulo theories

demand based approach

scales for medium to large industrial systems
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Thank you

I'Tlech

Ensuring Reliable Networks
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