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1- The Problem: Traffic Scheduling in CAN

heF

[-CAN protocol

» Support of flexible time-triggered communication on CAN
» Discretetime- multiples of an elementary cycle (EC)
» Centralised scheduling with distributed arbitration

id bytesperiod type time
1 : U

Elementary Cycle (EC

CAN bus ™ SM1 ||sm2|f sm4 [[sm13 || T™
N EC Trigger Synchronous messages
— Message
Periodic messages desc. table
— / _
NV EC Time 1to 10ms
Master Node
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1- The Problem: Traffic Scheduling in CAN

he Scheduler

» Must meet time constraints and support some level of
oper ational flexibility

» Invoking the Scheduler every EC interval
=> Great run-time overhead for alow hp nC

=> Prevents efficient utilization of bus bandwidth

» A solution: The Planning Scheduler
> Limitations. Response time, Schedulability analysis
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2- The Solution: A Custom Copr ocessor

Scheduling Copr ocessor

Main Goals:
=
o » Scheduling on an EC-basis
AN: CAN » Allow on-line changesin the
Magter Node | Controller message set

s » Execute schedulability analysis

Node | [ Node
AN k

N‘ide Ngi? Nslob
S homt t 5
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2- The Solution: A Custom Copr ocessor

Coprocessor |Interface

M essage' s Parameter s Register Slots (R/W)

MPT, MPT, MPTz;
PriReg0 PriRegl | PriReg31
PhaReg0 PhaRegl PhaReg31
PerReg0 PerRegl | PerReg31
DeaReg0 DeaRegl DeaReg3l
DurReg0 DurRegl DurReg31

0 7 0 7 0
EC-Schedule Register (R)
31 0
Control / Status Register
RW _ RW R R/W R RW RW R/W
S| sA | NS | AS | INT | nu. | sPL | sPo

7

0

>

>

>

>

>

32 messages

5, 8-bit parameter ssmessage
Scheduling:

» Rate Monotonic;

» Deadline M onotonic;

> Priority-based.

32-bit EC-Schedule output
Standard interrupt-driven I /F
Scheduler / Analyser Modes
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2- The Solution: A Custom Copr ocessor

Coprocessor Interface

EC-Schedule Register

00010001| 00100000 00000110 | 00000100

Byte 3 Byte 2 Byte 1 Byte O

EC-Schedule Output

» FTT-CAN Trigger Message
format to minimize dispatching

N
& over head
ToT afied
Elementary Cycle (EC)
A —
N
CAN bus ™ SM2 [[SMa|| sm21]|SM24 |[Sm28 || SM10 | TM
/ — M
——
EC Trigger Message Six scheduled messages:

2,9,10, 21, 24 and 28
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2- The Solution: A Custom Copr ocessor

Coprocessor Architecture

ECSB
(EC-Schedule Builder):

- Allocatestransactionsin the ECs;
- Controls schedulability analysis.

ECSB

t

MPT

(M essage Production Timer):

- Keepstrack of each messagerelease
time;

- Monitorstime-to-deadline during
schedulability analysis.

MPT,

MPT]_ MPT31

:

I

nC Port =P

Coprocessor Internal Bus T

nC
Interface

e
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2- The Solution: A Custom Copr ocessor

Scheduling operation

Scheduling

Message Winning parameter
duration MPT id and MPT id
table
~— . < ] M PT]_
ECSB Arbiter
Update ‘
EC-Schedule ‘ Mo
|\/|| ||V| ||M k i ............ M P-I-Sl

EC-Schedule
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2- The Solution: A Custom Copr ocessor

Schedulability analysis

A set of messages (Di=Fi,

— >Timeline analysis:
(ms) (ms)
1| oz 1 > Construction of the actual schedule
> | oz ) from thecritical instant (t=0) on;
3| 02 2 > Verification if, for all messages,
4 | o2 2 Response Time £ Deadline.
5 0.2 2
6 02 4 n=1 n=2 n=3 n=4
7 0.2 4
{a]2]3]4] [1]5]6]7i8[1]2]3]4] |1]5]9
8 0.14 4 ;

<
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2- The Solution: A Custom Copr ocessor

Coprocessor internal architecture

MPT- Message Production Timer ECSB - EC-Schedule Builder
VPT Private Bus DurReg0 | | MDLut
— T Y l l l — DurRegl ECSB
| | | | | - _| Control Unit
AC DC ASR : -
IDReg A
PriReg L F} A © DurReg31 5 o
ACR S l
;::Z l TC ACH TC_Dj—|-> ArbCU N J c | Add‘L‘atch | | Decoder |
AllCcuU a= (S
I | e ]
— —
Coprocessor Internal Bus —— —
Coprocessor Internal Bus A
nC Port I/F LOgIC |«
nmC Port <= @:
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2- The Solution: A Custom Copr ocessor

Perfor mance assessment

Requirements:

Deter minism — Scheduling and Schedulability
Analysis (SA) made within EC time.

Speed — Scheduling: Maximum availability for SA.

SA: Maximum number of SA tests
(flexibility).
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2- The Solution: A Custom Copr ocessor

Perfor mance assessment using SAE

Scheduling:

SAE Benchmark message set
) > Schedulingtime: Ty, =3+ 16. Nv

Type P (ms) D (ms) N° of Msgs
A 5 5 8 :
B 10 10 2 » Wor st-case scenario: All 32 messages
C 50 5 1 '
D o " - allocated in thesame EC
E 100 100 6
F 1000 1000 6 > tsch = 2615 (@ 20M HZ)

EC time set to 5ms

» Scheduling donein 0,5% of EC time
=> 99,5 % availablefor SA
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2- The Solution: A Custom Copr ocessor

Perfor mance assessment using SAE
Scheduling:

» For a 1Ims EC and assuming we could schedule all 53
SAE messages:

>t = 42ms (@ 20MHz) => 4,2% of EC time

» 80C592 vs Coprocessor (9-message set, @ 11M H2z)

» 80C592: 7800 ns
» Coprocessor: 13,4 ns
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2- The Solution: A Custom Copr ocessor

Perfor mance assessment using SAE
Schedulability Analysis (SA):

k=1 k=2 k=3 k=4 _ _
SA execution time:
112(3[4] [1]5]|6(78)1|2[3|4] [1[5]9 !, i k
= — = <=5k +16.8 Nv(EC, )

> Worst te,: Coprocessor generates largest number of fully populated ECs

=> |t happensif wetry to add a 1000ms-deadline message with all
ECsfully occupied (set becomes non-schedulable)

> ten = 1,65ms (@ 20M Hz)

» Coprocessor can do at least 3 SAsper EC
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Conclusions

» Custom scheduling coprocessor supporting operational
flexibility with low response time.

» Dynamic EC-based scheduler; on-line changes in the
message set; timeline-based schedulability analysis.

» Additional features. 32 messages, 3 scheduling policies,
universal CPU interface, can be used in other centralised-
scheduling fieldbuses.

» Fast scheduling: utilisation lessthan 5%

» SA: analysisusing SAE guarantees 3 tests per EC.
Determinism: CPU can determineapriori WCET of SA
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