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OT1 — An open timing information exchange format
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OT1 - The Timing Cloud

Goal: a unified data exchange format which is
used by all kinds of timing/tracing related tools

TIMING TOOL 4
E.G. SCHEDULING
ANALY SIS

TIMING TOOL S
E.G. SIMULATION
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OT1 - Key features

Data exchange format for
— System configuration (tasks, priorities, runnables, etc. or buses, messages, etc.)
— Traces (log of e.g. scheduling related events)

— Timing information (core execution time, response times, etc.), also referred to
as “timing guarantees”

— Timing requirements (e.g. max. allowed response times)
Any tool can provide/retrieve information
XML based

Open format
— free of charge

— As originally planned, some of the OT1 ideas have been integrated into
AUTOSAR, namely into ARTI, the AUTOSAR Run-Time Interface.

— Other OT1 concepts will probably become part of ASAM in 2019 (this is the
status as of November 2018).

Proven (used for years in several automaotive projects)



OT1 — Documents overview

The following documents/files are available in SVN (only most important listed)

File Description

OT1.xsd Format definition (XML schema)

*xml Examples

OT1.xsd.html Schema documentation (automatically generated)
OT1l.uml UML class diagram and use-cases for StarUML

(see staruml.sourceforge.net for free download)

OT1.jpg StarUML screen-shot of class diagram

OT1 Introduction.ppt This presentation




OT1 - License

“This specification is intended to define a data exchange format for timing and
tracing related information.

This specification id provided "as is". Gliwa GmbH makes no representations or
warranties, express, implied, or statutory, as

1) to the information in this specification, including any warranties of
merchantability, fitness for a particular purpose, non-infringement, or title;

2) that the contents of this specification are suitable for any purpose; nor

3) that the implementation of such contents will not infringe any third party
patents, copyrights, trademarks, or other rights.

Gliwa GmbH will not be liable for any direct, indirect, special, incidental, or
consequential damage arising out of or relating to any use or distribution of this
specification.

You may not alter or remove any copyright, trademark or other protective notices
or legends from any copy of the specification.”
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4 possible contents of an .ot1 file

Timing information

System Configuration

*

.okt1 File

ol

Timing requirements

ol

D..*

Traces




Use case ,request — response”

readremlstofxv
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Use case ,static analysis”

| timing tool
oT1
== A
timing tool




Use case ,tracing”

AUTOSAR timing requirements

target system

1import config / 4 export timing data




Further use cases

Many more use cases are
supported (previous examples
form an incomplete list only)



r 1 Scheduling Entity

* A Scheduling Entity

— Is unique

— Can be of type AutosarOsType, OsekOsType,
CanBusType, FlexRayBusType...

— Acts as a Base Element for all Child-Elements (Tasks,
Interrupts ...) and Traces

SchedulingEntity Type

+name
.=
OT1TracelLinkType
Hink to binary trace
0.* . 0.*
0.,
XmiTraceType SchedulingEntityElementType
“uuid: uint32
+start (optional) OsekDsType | | AutosarOsType FIELE
+tickduration (optional: overwrites SchedulingEntityType dock if exists)
I 1

CanBusType FlexRayBusType




Scheduling Entity Element

3 kinds of Element types that describe the system
— Application Elements

— Communication Elements

— Virtual Elements

Application Elements are executing Code, e.g.

— Tasks, Interrupts, Runnables...

Communication Elements are transporting Data
— Frames, PDUS...

Virtual Elements are

— Simple Time-Stamp-Elements/User-Events

— Event-Chains, needed for the AUTOSAR Timing
Constraints



Scheduling Entity Element

« Each Element may have an number of
— Timing Values/Information
— Timing Constraints (including AUTOSAR Timing
Constraints)
« Each Element can have Child-Elements (System-
Tree-View)
—>Task

- Runnable
- Function
- Code Block



CommunicationElementType

PduType

SignalType FrameType

il

MessageType

Scheduling Entity Element

0.*

SchedulingEntityElementType

TimingValueElementType

+name

ApplicationElementType

VirtualElementType

+reguest: boolean (allows request-response handling)

TimingConstraintElementType

TaskType ||InterruptType| | RunnableType

TimeStampElementType

TimeRangeElementType

T T
FunctionType | | CodeBlockType

T T
ProcessType | | ThreadType

}

L

EventReferenceElementType

EventChainElementType

+eventld

+eventChainld




Timing Values/Information

« All important Timing values can be stored in OT1
— CET,GET,RT ... ] E—

Task A I 1

IPT
'ET CET2
CETI PRE
GET
RT
DT

PER

ST

« Also Arbitrary Triggering can be stored to provide
an occurrence model for non periodical
tasks/interrupts

— Min occurrences of n instances
— Max occurrences of n instances



Timing Values/Information

CET: Core Execution Time L

GET: Gross Execution Time TimingValueElementType

DT: Delta Time -
AT: Response Time +request: boolean (allows requestresponse handling)
ST Slack Time

IPT: Inital Pending Time
PRE: Preemption Time
OFF: Offset

PER.: Period

CPU: CPU load

CAF: Code Access Frequency TimingInformationType
DAF: Data Access Frequency
TT: Transmission Time

EventTriggeringType

+value: TimeValueType +scope: EventDescriptionType

\

<<enumeration == <<enumeration= = I <<gnumeration ==
TimingInformationTypeEnum || TimingInformationSubTypeEnum | | TimingInformationSourceEnum
ArbitraryEventTriggeringType
+CET Hriin +configuration
+GET +max +simulation +minDistance
+oT +average +analysis +maxDistance
+HT Hnean +Hrace
+5T +stdDeviation +budget
+IPT +Hrequency +estimation
+RE
+OFF
+ER
+CPU
+CAF
+DAF
1T




Timing Constraints

« All important Timing values can be constrained in
OT1

— Min and max threshold for all Timing Information

 OT1 support the AUTOSAR Timing Constraints,
defined in the AUTOSAR Timing Extension of
release 4.0
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CET: Core Execution Time
GET: Gross Execution Time
DT: Delta Time

RT: Respanse Time

ST: Slack Time

IFT: Inital Pending Time

PRE: Preemption Time

OFF: Offset

PER: Period

CPU: CPU load

CAF: Code Access Frequency
DAF: Data Access Frequency
TT: Transmission Time

I,

< <enumeration >

TimingInformationTypeEnum

Timing Constraints

TimingConstraintElementType

TimingInformationConstraintType

+CET
+GET
+DT
+RT
+5T
+IPT
+PRE
+OFF
+PER
+CPU
+HCAF
+DAF
+TT

+threshold: TimeValueType

/

<<gnumeration =
ThresholdTypeEnum

+min
+max

< <enumeration>>
LatencyTypeEnum

+age
+reaction
+undefined

EventTriggeringConstraintType LatencyTimingConstraintType ExecutionOrderConstraintType

+scope: EventDescriptionType +scope: EventChainDescriptionType

SynchronizationConstraintType
OffsetTimingConst:aintType

“+source: E\tentDescripﬁanype
+target: EventDescriptionType

"

ArbitraryEventTriggeringConstraintType Peﬁnd’lcEventTﬁglji:ﬁngtnnstraintTvpe

HowerBound +period ‘~‘ ‘\
“HupperBound Hitter L
+minInterArrivalTime LY
ArbitraryEventTriggeringConstraints have to be checked LatencyConstraints and OffsetConstraints have
against ArbitraryEventTriggering types to be checked by Type GET or CET

v

PeriodicEventTriggeringConstraint have to check ﬁ

TimingInformations of Type DT of a event




Time Values

« All time values have the same format
— Nominator
— Denominator
— Unit

< <enumeration>=>
TimeValueType TimeUnitType
Hiominator +ns
+denominator +us
+unit: TimeUnitType +ms
+5




OT1-Trace-Format

« The OT1-Trace-Format is a binary format to unify
trace data

« The format contains
— OT1TraceHeader
— TraceData
« Trace Data Header followed by Trace Entries (Events)

— Comments

« 3 kinds of comments (time stamp comments, time range
comments and trace comments)

— CustomData

« Each user/company/tool is able to extend the trace with
custom binary data



OT1-Trace-Format

O0T1TraceFormat

OT1TraceHeader

+0T 1TraceHeader
+TraceData
+Comments
+CustomData

+otiVersion: byte
+uuid: uint32

+oustomDataSectionsCount: uint1s

+timestamplLength (bitdength): byte
+eventDescriptionLength (bitdength): byte
+ickdurationfmominator: uints4 (if =0 overwrites SchedulingEntity dock tickduration)

+Hickdurationfdenominator: uinta4

TraceData

+TraceDataHeader
+TraceEntry

TraceDataHeader

+raceEntryCount: uints4

Comments

T

TraceEntry
eventDescription:

+Himestamp: see timestamplLength —i= T = > > .
o . wpe + elementRefld packed in a 16bit, 32bit or 64bit value
Eriiesapuissessteapiangt) - - - The length is defined in the OTlTraceHeaderf

+datalenght: uintis o
+data: see datalength See EventDescriptionType.,

+CommentsHeader ——— | -«commentCount: uint64

+Comment \

0.* Comment
+starttimestamp: see timestamplLength
+endtimestamp: see timestamplLength
“+comment: string (asdii zero terminated)

0.

CustomData CustomDataHeader
+CustomDataHeader | | +companyMame: string (asdi zero terminated)
+CustomDataBlock 1 +toolMame: string (ascii zero terminated)

+version: string {asdi zero terminated)

_ | ordered timestamps Ij

- ascending without system time overflow

CommentsHeader

+datalenght: uinta4

CustomDataBlock| | dats formatis user defined Iﬁ
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| » 1 Examples

GLIWA
Simple AUTOSAR OS (2 Tasks/1 Interrupt)
<?xml version="1.8" encoding="utf-8"%>
<0T1 xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance” xsi:noMamespaceSchemalocation="..\0T1l.xsd" version="8.1">
<SchedulingEntity xsi:type="AutosarOsType" name="AutosarSystem" uuid="4828583229">
<Clock tickduration="1888" maxAbsTime="65535" />
<EventDescriptionContainer vendor="string" tool="string" version="string">
<Event elementRefId="1" eventType="start" value="1" id="168" />
<Event elementRefld="1" eventType="stop" value="2" id="11" />
<Event elementRefId="2" eventType="activation" wvalue="3" id="12" />
<Event elementRefId="2" eventType="start" value="4" id="13" />
<Event elementRefld="2" eventType="stop" value="5" id="14" />
<Event elementRefld="3" eventType="activation" value="6" id="15" />
<Event elementRefld="3" eventType="start" value="7" id="16" />
Schedu“ng <Event elementRefId="3" eventType="stop" value="8" id="17" />
<Event elementRefId="108" eventType="user" value="1888" description="this is user event 1" id="181" />
Entuy </EventDescriptionContainer>

<Element xsi:type="InterruptType"” name="Interruptl” id="1" type="category 2" priority="255" />
<Element xsi:type="TaskType" name="Taskl" id="2" type="preemptive" priority="28" />
<Element xsi:type="TaskType" name="Task2" id="3" type="nonPreemptive" priority="28" />
<Element xsi:type="TimeStampElementType” name="UserEventl" id="186" />
<Traces>
| <OT1Tracelink vendor="Company XYZ" tool="Tool XYZI">» . .
<link>. . \Traces\OT1ltrace.otl1</1link> Linkto a bmary OT1-Trace

: </OTﬂTPaceLink>
</Traces>

</SchedulingEntity>

</0T1>»

Elements



| » 1 Examples

GLIWA

A Task with Timing Values and Timing Constraints

<Element xsi:type="TaskType" name="Taskl" id="2" type="preemptive" priority="28">
<TimingValue xsi:type="TimingInformationElementType" type="CET" subType="max" source="trace"»
<Value nominator="180" denominator="1" unit="us" />

Timing _[ </TimingValue>
<TimingWalue xsi:type="TimingInformationElementType"” type="CET" subType="min" source="trace">»
Values <Value nominator="75%" denominator="1" unit="us" />

</TimingValue:>

o <TimingConstraint xsi:type="TimingInformationConstraintType" timingValueType="CET" thresholdType="max">»
Timing <Threshold nominator="95" denominator="1" unit="us" />
Constraint </TimingConstraint>

</Element:



ofl Examples

A Task with Runnables

<Element xsi:type="TaskType" name="Taskl" id="2" type="preemptive" priority="28">
r-<Element xsi:type="RunnableType" name="Runnablel" id="281" />
<Element xsi:type="RunnableType" name="Runnable2" id="282" />
<TimingValue xsi:type="TimingInformationElementType" type="CET" subType="max" source="trace":»
<Value nominator="108" denominator="1" unit="us" />
</TimingValue>

Runnables ==

<TimingValue xsi:type="TimingInformationElementType"” type="CET" subType="min" source="trace"»
<Value nominator="75%" denominator="1" unit="us" />

</TimingValue>»

<TimingConstraint xsi:type="TimingInformationConstraintType"” timingValueType="CET" thresholdType="max">»
<Threshold nominator="95%" denominator="1" unit="us" /»

</TimingConstraint>

</Element:
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A Task with an AUTOSAR Offset Constraint

<Event elementRefld="2081" eventType="start” value="181" id="18" /> Start of ,Runpable1”
4

<Event elementRefId="281" eventType="stop" walue="182" id="19" />
<Event elementRefId="282" eventType="start" wvalue="183" id="28" /> Startof ,Runhabl

Offset

Constraint

<Element xsi:type="RunnableType"” name="Runnablel™ id="281" />
<Element xsi:type="RunnableType"” name="Runnable2" id="282" />

<TimingValue xsi:type="TimingInformationElementType" type="CET" subTypef"

<Value nominator="188" denominator="1" unit="us" />

</TimingValue>»

<TimingValue xsi:type="TimingInformationElementType" type="CET" subType
<Value nominator="75%" denominator="1" unit="us" />

</TimingValue>»

<TimingConstraint xsi:type="TimingInformationConstraintType" timingValu
<Threshold nominator="95%" denominator="1" unit="us" />

<Element xsi:type="TaskType" name="Taskl" id="2" type="preemptive" priorify="28">

max" sourXe="trace">

="min" source=\trace":

EType="CET" thresholdType="max">»

</TimingConstraint>

<Minimum nominator="28" denominator="1" unit="us" />

{jﬂﬁmingCDnstraint xsi:type="0ffsetTimingConstraintType" sourceBEventId="18" targetEventId="28">

<Maximum nominator="68" denominator="1" unit="us" ”\min max threshold

</TimingConstraint>

</Element>



