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Foreword X

ASAM MCD-2 MC describes a data model for ECU Measurement and Calibration via a non
XML format. Such data resides inside the memory of the ECU. The format definition makes
the data accessible through application systems for tuning real-time testing. The description
contains information about data types, dimensions, record layouts and memory locations of
ECU variables. Further information describes how the variable values shall be converted into
human-readable quantities and displayed in an MC-system.

In addition to the data description, the standard allows to describe the device interface between
the MC-system and the ECU for read- and write access. As a result, the ASAM MCD-2 MC
description contains all information in one place that is needed to access, modify, interpret and
display ECU-internal variables.

ASAM MCD-2 MC (&, 3E XML 2R 2k % ECU BIE B LVBEEDADT—FETILERDRT S,
ZOT—43IE ECU DAEVICELTLS, OB ITA—TvME, 7TV r—2av o AT LEEL
THEBLVITIVEALTACDT =TI RAEAREICT 5, CORBICIET—2E, Rt. L3
—RLAT7IrEELY ECU REMEDARIMEZEL , SOLAFEMEL T, EAE DFRICAREIZ#E
ARG HIECREEES Y AT LATRRINDBIZTEBREIN SN ERERL TS,
T—ADERBRIZENT, COBREFREBEE AT LE ECU BDU—FELUSANTIERADT
INARALB—TIAREEREATREICT D, CDHFER . ASAM MCD-2 MC FEii [ ECU REMED T -
TR EE  ERELUVRRICHELGFERE—DICFEH TS,

The format definition describes the following content:

A2L description file keywords
AML format description

AML template

A2L and AML example

ZDITA—IVENERIIUTOARABEILEHT 5.
o A2 FEHMTFAILDF—T—F
e AML J#—< kit
e AMLTYTL—Fk
o AL BXU AML DI

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 5
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1 Introduction [ZLU&®IZ

1.1 Overview B=

ASAM MCD-2 MC defines a description format for internal ECU variables used for
measurement and calibration purposes.

Calibration means the adaption of characteristics (scalars, curves and maps) within the
functional code of ECUs to achieve and optimize an appropriate system behavior. These
calibration operations are either performed manually by a calibration engineer or are executed
by external client applications, such as optimization programs or test bed automation systems.
This adaption requires a WRITE-access to the ECU to set a new value or a READ-access to
retrieve the current one.

Whether this calibration already produces the intended effect or not will normally be checked
by inspection of other ECU variables by MEASUREMENT access. Therefore, the host tool
configures so-called measurement tasks, transmits them to the ECU and henceforth takes the
values which are automatically sent by the ECU.

The description is typically used by measurement & calibration systems (MC-systems) for
tuning scalar constants, curves and maps of the ECU software and to record the system's
response via measurement variables during real-time testing. The description contains
information about data types, dimensions, record layouts and memory locations of ECU
variables. Further information describes how the variable values shall be converted into
human-readable quantities and displayed in an MC-system. Furthermore, it describes the HW
interface of the ECU for device driver configuration of the application system. The standard is
also known as "ASAP2".

ASAM MCD-2 MC [, BIEB SU#EE BHIIZERASN S ECU ARERDREREXEEET S,
BEEF. BUGELRTLOEEDRRERZELZEITI ECU DRBREI—FIZHHEY 45 (RHS
— =T V) DERAEZEKRT D, CNSDBESEEX. BEIV TR FHTIT>ARE
TR SLFELETRAMYRFOBEHILL AT LEEDNEISATUNT TV r—230I2koT
EiTSNhd,

COBEEF. TTICTERLIEZHREAEAEHLTLANED ., 1D ECU ZHDBRIEIZLETIEX
[C&oTFIVIENDG, LIz > THRARGSY—ILIE BIEZRVEFIEN D DEFEZERTEL.
BIETHEHZ ECU [CL-TRICEBMICEST-HDEREEHZ ECU ~NE S,
RBEDIERA2L)E, ECU VIR ITTDRAAT—-A—T-IvTEHDEE . BLULITILEA L
TAPDEHAEIZKDA VAT LDIGEDEFHREITIAE - EE L AT L (MC-System) [T&>T
HMARMIZERAIND, A2L (2, T—2DREXVRIT, La—KLAT7VhE ECU ZHD AT
BICBEYTABEHmMNEENTLS, FHEL T, ZHDOEZAFLFEDHHIEICEDFRICEHBEN,
MC-System TEDHRIZRTEINDMA RIS, EHIZIF ECU DN—FIITFT A 5—T1—
ADBDT IV r—2av AT LDTINA ARTANEREMN TR END . FIFEILTASAP2]ELT
LELN TS,

1.2  Motivation Eh##

An essential part of ECU software development is the calibration of control strategy's
parameters. This means the adaption of scalars, curves and maps to achieve an optimized
and appropriate system behavior. Internal variables need to be read from the ECU to evaluate
the effectiveness of the calibrated software. Such operations are carried out by tools which
need a detailed description of the calibration parameters and internal variables. They
furthermore need to have a description of the device interface to the ECU for read and write

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 6
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access. This description is typically produced by function developers, software engineers, tool
& instrumentation experts, and is used by calibration engineers.

The standard allows the connection of software development tools, calibration tools and ECU
calibration interfaces with a neutral description format (A2L). Tools that support the description
format are able to exchange and process the included information. Hence, no vendor-specific
or technology-specific dependencies are required between tools of an ASAM-compliant
calibration tool-chain.

ECU VIrI TR DEELGE D (E. ECU AMER/NIA—EDBEETHD, CNIFANS—. 5B
—J OV TDENRBELSN, BUESRTLBMEERE T HEEELT D,

NEERIE. BESNVILIT7OENMZFTE T S0, ECU NoFmAMBBLELH S,
COBEF. BENFA—EAEIVNEEROFMGEFTEAH KLY —ILIZE>TEITENS, O
DY—ILIE, EBIZECU NDRAEET IV EADODTINARAVBZ—T A REFHF D KIEHE
DFEIR(A2L)(E. BEMICIE, EHOREE. VI 7IOO=7  Y—IL-FEEMRICEST
AREh BEIVOZTICE>TERAIND,

AIZETIE, PIAMAERRIA— Y (A2L) TYIR I 7RAEY—IL, BEY—ILE ECU BEEA
UA—TIAREDERETREIZT D, A2L SR EHR—FT 5 Y—ILIE. EFENTLSIERD
I TN ATEETH D, LTz > T, ASAM EHDBEEY—ILFz—2DY—ILEITIE. FEAN
U —F-IIXEETY /00 —IZIHKTELLLY, ASAM MCD-2 MC 3R EHATAZET. av/v—
BEDBEELET (T —ERBERREICL, TP 7O TSA VLB ICHABELGERORBRER
SIZLFET (http://www.asam.net/ &Y F| ),

1.3 Scope Ra—7

The ASAM MCD-2 MC standard (market name ASAP2 / A2L) was developed to take into
consideration the needs of all groups involved in the calibration process. The standard defines
a description format that describes the calibration parameters (called CHARACTERISTIC) and
internal variables (called MEASUREMENT) of ECU software. The description includes
elementary information like addresses, data types, dimensions, identifiers and much more. To
convert the ECU internal characteristic and measurement implementation values into physical
values, ASAM MCD-2 MC describes computation methods for their conversion between both
representations. Calibration engineers can work with the ECU data in a familiar format without
having to understand ECU-internal data formats. Software engineers can provide this data to
them or even get the description files automatically generated from code generators. An
include mechanism ensures that description files can originate from different sources.

The ECU normally stores the measurement and calibration quantities internally in an
implementation optimized format. This format is very often a fixed-point format. Outside the
ECU physical models are used. The ASAM MCD-2 MC standard describes by so-called record
layouts how data are stored inside the ECU and which computation methods are needed to
transform the ECU internal data representation into the physical one and vice versa.

The ASAM MCD-2 MC standard also allows to describe and configure the ECU interfaces or
vendor specific extensions by a meta description language (AML). For ASAM standardized
ECU interfaces, such as CCP and XCP the content of these AML parts are also standardized.
But there are also a lot of vendor specific instantiations in the market which use this mechanism.
Measurement and calibration tools are normally only used during development phase of ECUs.
They allow a direct, address-oriented write- and read-access but also a synchronous,
continuous measurement access to ECU internal variables.

MC tools also offer features for flashing of new software versions comprising of new code
and/or new parameter sets using the relevant ASAM MCD-1 interfaces. For calibration and

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 7
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flashing purposes the ASAM MCD-2 MC standard describes the memory segment
configuration to rebuild code and data externally.

Address-oriented information of ASAM MCD-2 MC files may become obsolete with a new ECU
software version running a new compiler/linker run because variables may be relocated in the
memory. Therefore, code generator tools but also other utilities very often generate or update
ASAM MCD-2 MC files.

The ASAM MCD-2 MC standard is widely used in the automotive industry and supported by
every major calibration tool on the market.

It is used by many code generators, calibration and diagnostics tools, rapid control prototyping
tools, data loggers, measurement systems, automation systems, etc.

The standard is aligned with other ASAM standards like ASAM MCD-1 XCP/CCP, ASAM CDF
and ASAM MCD-3 MC/ASAP3.

ASAM MCD-2 MC #Z#£ (GEFF ASAP2 / A2L) (F. BETALXICEER T HLTOEREN=—X
[Zx ST 5 &ICEFESINT, KIFLEIL, ECUVILIIT DEE /37 A—SR(CHARACTERISTIC &I
[Fh ) ENEBEE(MEASUREMENT &FE[EN D) 8T 574 — T UbEEHTEY ., TDEERT
FAIIE FRLR 738 Ta4A Ay  BAFRESDERBFREEST .

ECU NERDE B /AR ERNERE B DEITIEZYEIBICEIL T 5712, ASAM MCD-2 MC T
FZEDERICDOVTORARMDEMRETLRT 5, BEIVUZTIL ECU REDT—4T74+4—<y
PEEAELIGCED, BEADPT NI A—T v TRl SNz ECU T—2&FEALTEEEITITEN
TEDVIMNIIT IV ZTNIDT—REBEEIVOZTARETHIEL. - DR —
A= BEEREN-RRIFMILEFICANDIELTES T 1L —F OEEAIZK
Y ARRIEY—ADEDRBBI7AILDIERD ATEETH S

ECU [FBE. AIEELESEEETICRBILEIN 74—V THEIZEEBL TS, COTH—
TUME. FEAEDBEEELERT+—T Vb THS, ECU DA TIEIMEETIL HWERK, ¥iE
EOHA) HMEASNSH, ASAM MCD-2 MC 1RZTIX. ECU RE T —2DEERAEICEATH LD
W3 “La—FLAF7IL & Z0 ECU RERDT—ARENSMEBE~DEHR, TOHDYEE
NoRNET —IRENDERICHELHEAEERLRTED,

ASAM MCD-2 MC #Z2# (&, AZFRMMEEE (AML) [Z&Y ., ECU A A—T1—RARERU A —HHD
MR AR, MR T HIEFFARLTLVS, CCP 4 XCP M &5%: ASAM THZE#{LSh = ECU
A=D1 —RAITIZEND AML B DHRBBFEILIN TS, LALEAS, THICEID
THAEFERALIAV T —HEHEOEHLEHEET S,

BEBEEY—IL(MCY—)L)ITEH . ECU DR T—XTOA#ERENSD, MC Y—)LIF ECU
NEEHRI T IEENGETFLAEEICLDHRAEE ., N OERMLERILRIEZEREIZT 5,
Ff=. MC Y—)LIE, BEET S ASAM MCD-1 A2 A—Jx—RZEFEAL T, HLLI—FOFHLLWA
FA—BEYNTHEBRESNIFH-BY IR T - IN\—23o~T5ya-TRT S35 355D
LR 9%, ASAM MCD-2 MC 12 T(E, #BELTZ Y a-TAYIIVITETSEM T, SHEHS
O—RET—REBHEETIEDAT) T AV MERETRRT 5,

ASAM MCD-2 MC Z74ILDT7RLRIBEIFBRIE. Fi=iEa/R145/) o hERTLTULSHLL
ECU YIhDx7 - N—230TIEEGE>TOS M ELNEWN, BELSEHIIATNTHEES
NBABEMED HEIMNDTH D, LIzh> T I—FERY—IL PO I—TFT 1) T 1-Y—ILIE ASAM
MCD-2 MC 7 VZHEFRIZERR. F-IXEHT 5,

ASAM MCD-2 MC BREFLBEFEEEXTHERINTEY. MEDHoWAIETELEEY—ILT
HR—kLTLVS,

ThiE. ZLOA—R oz RL—43— #EE-ZEY—IL. SEYETOM(EL T Y—)L T—42—0
A= B AT L A—bA—23V V R T LIGETHERASIND,

ZDIZ# (X, ASAM MCD-1 XCP/CCP 4> ASAM CDF, ASAM MCD-3 MC/ASAP3 X574 thd
ASAM IRELEENRLN TS,

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 8
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1.4  History EH

First versions of the standard were developed already before foundation of ASAM e.V. in 1998.
These versions were named ASAP-2. They have been part of a 3-layer base architecture,

which is described in chapter 2.2.
ASAP-2 was renamed to ASAM MCD-2 MC. MCD stands for Measurement, Calibration and

Diagnostics.

COBEDMHA/N—2av(E, 1998 FD ASAM e V.ORITHTIZEEIZBARIN TV =, FR5DN
—2avIE ASAP-2 L& LTz, ENn(E 22 ETRREIN TS 3 LAV —DAR—R7—FTUF
Y—N—HTHo1=,

ASAP-2 [& ASAM MCD-2 MC [Z&FiEZE A -, MCD &I, BIE . BEZLTEMODILETHD,

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 9
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2  Relations to Other Standards {hi84& &) RgE

21  Backward Compatibility to Earlier Releases BIJ!)—XREDT
L B s

The version ASAM MCD-2 MC V1.7.0 is in general downward compatible to the former version
ASAM MCD-2 MC V1.6.1. This means that the keywords and keyword combinations used to
describe ECU software are in the same way supported as in the former version.

The ASAM MCD-2 MC reuses the same notation format of the former ASAP2 standards to
ensure a downward compatibility. This is necessary as a wide set of existing ASAP2 tools is
in the market and a switch to a different language format (e.g. XML) leads to high efforts to
modify these tools.

Because of the maintenance some details are no longer downward compatible. This chapter
lists the critical ones.

ASAM MCD-2 MC V1.7.0 [, BT/ N\—23> D V161 2L T, B TR E#MENH D, DFEY. ECU
VI 7DERBAIZERTIF—T—ROF—TJ—FDHAEHED, §iNN—2avnEneERC
{HR—FEN TLVS, ASAM MCD-2 MC &, TR E#MEFRIET H=HIC, BRI/ N—23>D
ASAP2 HKREFULREI+—<vbEFERAT 5, ASAP2 YIRSV —ILITHO D THELFIAESh
THY. BLGESEEIA—TYFXMLIGE) [CEE T HE BTV ILOBUEICEZ KGF hEBEL
I5,

LAOLERS, AT FUADESOICEMELTIE TRERENAGZVLDEH S, RETIE, EXL
HDEBRRD,

2.1.1  Incompatibility of Keyword FORMULA XD ¥ —7—K D IEF g

The former definition of the keyword was not compatible to ANSI-C notation. The ANSI-C
compatibility is important to convert formula descriptions easily between different systems
engineering system (compiler) and software description systems.

In detail these are the logical operators:

Since ASAM MCD-2 MC V1.6.0 (ANSI-C) the meaning of some operators differs from ASAM
MCD-2 MC V1.5.

LURTID/N—2aV (2B ITDHXDEEIL. ANSI-C REBEHBRMENEMN 1=, ANSI-C ZEHLE, OV
IMSBEDIVCZTIUTY—ILEY TR TR T DR T LB T, XD R Enif B
[ZIT5LTEETHS,

HMICIX. RIEEEFTHD, EARBIZIZ. ASAM MCD-2 MC V1.6.0 (ANSI-C)Tl. HIEEEF
D EK%E ASAM MCD-2 MC V1.5 Mo ZEELTWSEDHH 5,

Table 1 formula operator compatibility H;BEFH 4

Operator ASAM MCD-2 MC V1.5.1 ASAM MCD-2 MC V1.6.0 (ANSI-C)
& logical AND bitwise AND

| logical OR bitwise OR

XOR exclusive OR not supported

~ logical NOT bitwise NOT

A Power bitwise exclusive OR

&& not supported logical AND

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 10
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Operator ASAM MCD-2 MC V1.5.1 ASAM MCD-2 MC V1.6.0 (ANSI-C)
I not supported logical OR
! not supported logical NOT
In(x) supported, but not specified not supported
log(x) supported, but not specified natural logarithm
log10(x) not supported decimal logarithm
HETF ASAM MCD-2 MC V1.5.1 ASAM MCD-2 MC V1.6.0 (ANSI-C)
& mIRTR Ewvhig
| SRR E kA
XOR HEfth R IEFN (HR—bx5R 5]
~ BE EvtERE
A 3 Befth B9 E v D
&& [HR—bkxt54}] W
I (HR—rxtR4H] IR
! [HR—bkxt55}] BE
In(x) (HR—rRRED, FHMIEEDS | [HR—rxtR}]
NTLVELY]
log(x) [(HR—FREREN. EHEEDS | BATH
NTLVELY]
log10(x) (S R—bxt5R 5] BRI

Since ASAM MCD-2 MC V1.6.0 (ANSI-C) the notation of some operators differs from ASAM
MCD-2 MC V1.5.

ASAM MCD-2 MC V1.6.0 (ANSI-C) LIf&. EEFDFKEE;EFASAM MCD-2 MC VISMLEBLTULVSED
N&Hbd,

Table 2 formula operator notiation X;EH FRLE

ASAM MCD-2 MC V1.5.1 ASAM MCD-2 MC V1.6.0 (ANSI-C)
arcsin(x) asin(x)
arcos(x) acos(x)
arctan(x) atan(x)

Note: If the keyword ASAP2_VERSION is missing (former ASAM MCD-2 MC version) or
states a version smaller than V1.6.0 tools shall use the formula interpretation of ASAM
MCD-2 MC V1.5.1.

Fid: ¥—7—FK ASAP2 VERSION AL MBI ASAM MCD-2 MC /\—23Y), =%, V1.6.0 LU
INSWN—U3 U FREHEDEBES . Y—ILIE ASAM MCD-2 MC V1.5.1 QX fRIREFHRT A
EET 5,

onji

2.1.2 Restriction for Brackets $EiLD %5

Since ASAM MCD-2 MC V1.6.0 always brackets of the form '/begin’' ‘/end' are requested. Curly
brackets '{' '} are no longer supported.

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 11
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ASAM MCD-2 MC V1.6.0 LAB&. B2 /begin’ '/end DIBFEDIFIMMNEREIN D, RFEM T [T HR
_Féhtﬂtb\o

2.1.3  Win32 APIs for Seed&Key and Checksum Calculation Seed&Key &F w94 Lkt
H A Win32 APIs

The definition of Win32 APIs for Seed&Key and checksum calculation which was formerly part
of the ASAM MCD-2 MC V1.5.1 specification is no longer part of this specifiation. These
definitions are now found at ASAM Seed&Key.

LIAT ASAM MCD-2 MC V1.5.1 {14k D —EBTH o7z Seed&Key EF TV LEHE D Win32 APIs
DEZRIFLIEORLEERD—EBTIFLL, ChoDERIFITE ASAM Seed@Key [7TITHLN S,

2.1.4  Optional numbers for MATRIX_DIM MATRIX DIM QEEDEF

ASAM MCD-2 MC V1.7 defines the dimensions as optional numbers. This allows to add only
the dimensions used.

In earlier versions (<= V1.6.1) always 3 dimensions are given. To describe objects with less
than 3 dimensions ASAM MCD-2 MC V1.6.1 defined a rule that not used dimensions are stated
as ‘1.

This leads to inconsistency in case of usage of MATRIX_DIM for 1 or two dimensions. E.g.
MATRIX_DIM 4 2 1 describes in V1.7 a 3-dimensional object (z-dimension = 1) and in V1.6.1
a 2-dimensional object.

To avoid conflicts MATRIX_DIM must be handled version dependent.

ASAM MCD-2 MC V1.7 [FRTEEBEDHFLERL TS, CNICKYERT HRITDAEEM
TEHIEMNTED,

FME/N—23> (K= V1B TIIEIC I RENEZ NS, 3 RIELYVB/NENRITTYARERRS
B1=51Z, ASAMMCD-2 MC V1.6.1 TIE, ERASNGENRITIEM IEEHEINDENIIIL—ILEED
1=

CHIE 1 RLFES 2 RITIZ MATRIXDIM 2ERTHBE. FEEXL5T,

{5 :MATRIXDIM 4 2 1 [£, V1.7 TIX 3 RTTDA TP UM (Z Rt=1).V16.1 TIL 2 RTDATY
TYhERRRT S,

F[EE BT S22, MATRIX DIM [F/A—CaARBFETHROAZ T RIEE SRR,

2.2 References to Other Standards #tig&RNSE

2.2.1 ASAM MCD-2 MC within the ASAM AE Overall Context ASAM AE £{kIZH(T5
ASAM MCD-2 MC

The MCD standards of ASAM Automotive Electronics are structured in a 3 layer system as
follows:

LTDELSIZASAM BEFEILSZFAZ=SZAMD MCD R#&(E. 3 BUATLTHERIN TS,

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 12



7\ Relations to Other Standards
© ASAM e s

Client 0
Application =&t
inthe past: I
ASAP3 ASAM MCD 3 (MC) ASAM MCD 3 (D)
X
M 6‘0{\ D o
@ O
’b‘b\) © S 06\}
& Q@ & )
g N
(ASAP2) > Q
Database Database
i No ASAM Standard I
ASAM Hw HW t
MCD-1MC Interface Interface| 11509141, 15014229,
15014230, 1S015765
CCP, XCP ’
( ) Bus
ECU
Figure 1 Structure of the MCD standards of ASAM AE

222 ASAM MCD-1

This summarizing term today denotes a set of standards to define the data interface primarily
of ECUs. As shown in Figure 1 the ASAM defined interfaces are used only for measurement
and calibration tasks.

Diagnostic protocols and interfaces are not standardized by ASAM but by ISO (ISO 9141 [8],
14229 [9], 14230 [10], 15765 [11] or the PDU-API in ISO/DIS 22900-2 [13]).

The most import standard in this sector, implemented in many ECUs worldwide, is the so-
called CAN Calibration Prototocol. All market relevant calibration tools support this protocol as
a base feature. But also specific measurement equipment, such as data loggers are able to
connect to ECUs directly via the CAN bus.

Based on several years of experience with this CAN bus limited protocol ASAM developed the
XCP standard, which in contrast to CCP is defined independently from the specific transport
layer. Today several layers are available, such as CAN, USB, Ethernet, Flexray and SxI.
Very important for the success of XCP was the functional extension. As CCP was restricted to
measurement and calibration, XCP also added a standardized option to write values back to
the ECU in a synchronous manner (stimulation).

CCP as well as XCP allow to flash ECUs during development phase. This flashing access will
normally be eliminated when the ECU is given to production and therefore is not available
during service phase. Here the corresponding diagnostics services are applied.
COENRERL. SBOECUDERT MU 3—J1—REERT H-HDOREDEEERT .
1ITRT KIIT ASAM EED AU F—TA RIF, BIE LB EFIRVICFERAIN TS, ZHT0
FLEADBTT—R([E, ASAM TIE7%< ISO IT&>THEIEESN S (ISO 9141 [ISO 9141], 14229
[ISO 14229]. 14230 [ISO 14230]. 15765 [ISO 15765]% =1L ISO / DIS 22900-2 PDU-API [ISO
22900-2]),

HEFDZLD ECU [ZEEINDIDBHF DI R—MREIL. LoD CAN Fv)TL—3>T0
FILTHD, BEY—IVICEET L2 TOMIGIE. EREiELLTIOTArILEYR—T 5,
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LAL. T—E2AH—D L5 TEDRTEHES(L. CAN NRZNLTEE.,ECU ITEHTHIEN
TZ=5,

Z) CAN NRIZE[FATORILOEEDRERIZEDULVNT, ASAM (£ CCP LIExTEBEIIZ. $FFED
FSURFR—FEISHIELTEZINTLNS XCP HREZMKL-. $B. L\ DM DEIL. CAN,
USB. 4/ —H vk, FlexRay. SxI ELTHIBTE 5,

XCP DD T=HIZEE [CEBELRERENLIRA o1, CCP (X, BIESLIVERICREINTLY
HM . XCP L. BIEARIIZ ECU ITEZEZEEZ AT O DIZ#EL I T=4 T3> (Stimulation) ZBH0L
1=

CCP EREI#EIZ XCP (&, FAREKRBETOD ECU #7759 3eENTES, H—ERX-T7—XTlE
FATEETHTEH . ECUNEEINBIES. COTIVI T T7HERITEBE. Hilkahbd, CORF
BT, /G RZHY—EANERINS,

2.2.3 ASAM MCD-2

The different ASAM MCD-2 formats build the data basis of an MCD system. ASAM MCD-2 MC
describes the necessary data for an MC oriented access, ASAM MCD-2 D ODX [6] for a
service-oriented diagnostics access and ASAM MCD-2 NET [3] for an access via the different
bus systems.

% ASAM MCD-2 M 74— vkl MCD S RTLDT—2EBE#EFET 5, ASAM MCD-2 MC [F
MC g7 XIZDLV T, ASAM MCD-2 D ODX [H—E RIERIDEZEH7 I XIZDWNT, ZLT
ASAM MCD-2 NET [FE4EN\RRTLBDTIERIZDWT, TENENBELT—3% 50l
%,

2.2.3.1 ASAM MCD-2 D ODX

ASAM MCD-2 D ODX in its versions since 2.0 is a unique, open XML exchange format for
diagnostics data. The seamless data exchange between different partners along the process
chain (suppliers, OEMs or service partners) is a very important process improvement.
Diagnostic tools like service testers or more development oriented tools can be parameterized
via this format. The ODX standard defines an object-oriented data model, which is described
in UML (Unified Modeling language). Inheritance and associations help to avoid data
redundancies.

In contrast to the ASAM MCD-2 MC standard, ODX data describe the parameters and access
information for a diagnostic service oriented ECU access.

The ODX standard is also available as 1ISO 22901-1 [12].

ASAM MCD-2 D ODX [F/3—232 2.0 &Y, BT —2DT=OD1=—ITH—T % XML [ &
BT —AXBI+—IINTH D, TALRITH TR R IG/IA—rF—(HT54¥ OEM, H—EX
N—hrF—) DT —LLRGT—ARBEITITLIE. TOLRDHBEICFEICEETH S,
Y—ERTRE—DLIEZETY—ILORAREER Y —ILIEZDT+—TYMILoT/ATA—42{LE
NET . ODX FZEEMHRIL UML (Unified Modeling Language) Titib s f=A T IMERID T—4
ETIVEERT . MALEELT 2 ROEEIZEZID,

ASAM MCD-2 MC 1R# & (EXRRIIZ, ODX T—RIFEZE Y —ERIEMOD ECU 7V ERITHEL
TORRBERAO/NTA—E2ETLBT D,

ODX 1Z#E4EHRIE 1SO 22901-1 ELTHAFTES,

2.2.3.2 ASAM MCD-2 NET

ASAM MCD-2 NET is also an XML format. It is capable to describe the entire vehicle
communication network. All relevant bus technologies, such as CAN, MOST, LIN or Flexray
are supported. Information exchange between tools of different suppliers is a standard ASAM
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MCD-2 NET use case. Partial information can be completed step by step along the
development progress.

ASAM MCD-2 NET £ XML 74— YhTHY ., BEFBER VLT —IV2AKDIFEHZ LR TE, CAN,
MOST. LIN, FlexRay %4 & D2 THEFHBERME Y R—FT 5,

BB T4V DY—ILEIZHITHIEHRK L. ASAM MCD-2 NET DIZEMLFERBITHY.
R DETITR>TEREMICE S EREMTTED,

2.24 ASAM MCD-3

ASAM MCD-3 specifies an object-oriented programming resp. remote-control interface to an
MCD-server system.

This standard comprises of a base standard which is coded as a technology independent UML
model with corresponding interface implementations for (D)COM, Java and C++.

The functional columns M (measurement), C (calibration) and D(diagnostics) can be applied
independently of each other, but also in combined manner as M, MD, MC or entire MCD
systems. Common parts, such as project or hardware setup, are defined as single source.
There is a clear market trend that more and more combined and integrated MCD systems will
become available.

The diagnostics part of ASAM MCD-3 [4] is available as 22900-3 [14].

It is important to mention the well-established remote-control interface ASAP-3 MC [5]. This
standard was developed in the early nineties for RS232 and TCP/IP based communication
between test bed automation systems and calibration tools. It is still in usage in many
applications until today.

ASAM MCD-3 [ZA TPz IMERTRY ST (2H(T5. MCD H—/\ O XAT LAD)E—RHIH
AUB—DIARERET %, COEEHHRIL COM/DCOM, Java, CHTERESN (2 B—TxA
Rz LIz, T2/B0—IZRFLAL UML BT /L Ta—R{ESh - EXFE TRASh TL
%, HEEHS L M (measurement) . C(calibration) . D (diagnostics) [FFNF NI L TERATES
A%, M, MD, MC F7=13 MCD £ LLTHA AL E-AETHLRARIRETH S, TAD IS
(FN—F O 7HRELGEDHBEANEL VT ILY—RELTERSIND, TIHGDORMELGERIELT,
FUZL DA EDLE L FEESNT= MCD VAT LMK HAIREICEHIENEITO NS, ASAM
MCD-3 DB/ \—k I ISO/DIS 22900-3 ELTAF A RETH S,

T+ ZHESL SN T= ASAP-3 MC EZfREIEIA LV 2—DJ A RICEETHEITEETHD, CDIZHE
ERIZEBTANMUFORTLEEEY—ILEE RS232 15 TCP/IP RA—XDBEIETHEMRT 51=
HIZ, 90 ERWEBICHFE SNz, SHICEDETEZLDTI)r—arTHRINTIVS,

2.25 More ASAM Standards with an ASAM MCD-2 MC relation ASAM MCD-2 MC (ZP§
ELT=hd ASAM A%

Beside the MCD standards additional standards either have been developed from scratch or
have been modified and adapted based on pre-developments on MSR side.

The ASAM CDF [1] standard specifies an XML format to store calibration data, their level of
maturity and other development process related data.

The ASAM MDF [2] standard allows to store measurement data in a very efficient binary format.
MCD #R#& L2, Bt —AoEFESNI=Y ., MSR BIOFERIORAFEICE DV TELE. #EibEh
=YL T %,

ASAM CDF 124 4RIE. BET —FEIEMT 5D D XML T+—TvbERET 5, BEIKEDL
RNILOZDMDERTOLRBEET—2REEND,
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ASAM MDF 1R#EMLHRIE. BIE T —2DEMESNIERB ISR LNAFTUT+r—TINERTET B
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The definition of the ASAM MCD-2 MC interface and hence the specification of the ASAM
MCD-2 MC data base is aimed at defining a database independently of a computer or an
operating system in such a way that a transparent and manufacturer-independent standard is
established. As exchange format for such ECU descriptions *.a2l files are used.

From the calibration point of view the database in accordance with the ASAM MCD-2 MC
interface contains the complete description of all control unit relevant data in a project. A project
consists of project specific header, which is typically created by the project manager, data and
one or more control unit specific descriptions. These control unit descriptions (= description of
an ECU) include all conversion formulas and explanations about the applicable (adjustable)
and measurable (non-adjustable) quantities and present a format description of the interface
specific parameters. The measurement and calibration system needs only to evaluate the
guantities (and their conversion etc.), but not the interface specific parameters. The latter are
only passed on to the structures of the driver. To make sure that these structures are correctly
filled the MCD must know the parameter type. The type is communicated with the ASAM MCD-
2 MC metalanguage. As exchange format for such ECU IF Data descriptions *.aml files are
used.

A project may include the control unit descriptions of various control units from different
suppliers. The descriptions differ in terms of content, but use a common information storage
methodology to allow for a global management of the project components. An INCLUDE
mechanism allows to summarize the various control unit descriptions of various projects
(Single-Source-Concept).

The ASAM MCD-2 MC database thus consists of a number of different subcomponents
structured in accordance with the following diagram. The MODULE keyword denotes an
independent ECU or device.

ASAM MCD-2 MC f>A#—Jx AR, DFEY ASAM MCD-2 MC T—AR—ZAMNE#E (L. BB TA
— A= IR FLGRVMEENFEIL SN S LG A ETIAVE 2 —3F = [EARL—TAV T AT L
DI LI=T—IR—RELTERT HELBREL TV, CD K57 ECU 2RI H-HDK
WO+ —<yhELT* a2l T7AILAMEREN TN, BBEDE R H D ASAM MCD-2 MC A2 42—
TIA RIS FT—ER—RE. TAD VAN TR TOFIEHI=Y N ET -2 DL R
NEFENTWNS, TAVIIMNE BE. TOD VNI R —Vr— T—2 . BXU 1 DL EDOHIHEH
AZYrDEEDSERICEH>THEREIN-TADCINEFEDAYT —THERIN TS, Chbd
FlfE 1=y DERR (= ECU DERMR) (T, TARTOEBMKLBEAATEEE FAEAIRE) LBIEE GAE
RAEE) I BRBNEENTHEY. AV F—TA REHD/NGA—EZDNTA—T VDB F1R
TT 2. IESFIVBERVATLIX, BE(ELVEOEBEE) LT THE AVF—T(ABEEHD
INTGA—BEF AT EIDELH D, BE (AVF—TzAREFD/INTA—2) (L. FSA/\DERKIC
DHEIND, CNEDEENE LR SINTINDIEEMHERT H1=6HIZMCD (&, /A TA—2DH
EHRIDEFNIEESEN, ZDOE[E, ASAM MCD-2 MC DABSETEZRINTLVD, ZD LS4
ECU DAV A—TIART—EDERDI=O DRI+ — v ELT* aml T7 A ILAERSA T
60

TRV IME BIGB Y TZA VAL DBHRALGHIEHI=Y O FIEHBOHRAZEL LN TES,
ZORRIE. NEMNICELZSIN TS /R aVR—R D7 A— NV EBEREEICT 512012
— IR IEREEIE A RS AL TLVET , INCLUDE #HE(E, #2700 /DR GHIHIL=
YRDRBBEFLEDHDHIEMNTES (B—Y—X-avtTH),

ASAMMCD-2 MC T—4R—Z[&, CO XS, ROBIHFE->THEEDELGLSY TaAvR—RUbD
TSNS, MODULE F—7—R(&, ST LT ECU F=[EXT /1R THD,
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/begin PROJECT
/begin HEADER
/* Project description */
/end HEADER

/begin MODULE /* Specific Device description*/
/begin MOD PAR
/* Control unit management data */
/end  MOD PAR

/begin MOD COMMON
/* Module-wide (ECU specific) definitions */
/end  MOD COMMON

/begin CHARACTERISTIC
/* Adjustable objects */
/end CHARACTERISTIC

/begin CHARACTERISTIC
/end CHARACTERISTIC

/begin AXIS PTS
/* Bxis points objects */
/end AXIS PTS

/begin AXIS PTS
/end AXIS PTS

/begin MEASUREMENT
/* Measurement objects */
/end MEASUREMENT

/begin MEASUREMENT
/end MEASUREMENT

/begin COMPU METHOD
/* Conversion method */
/end COMPU METHOD

/begin COMPU METHOD

/end COMPU METHOD
/begin COMPU TAB

/* Conversion tables */
/end COMPU_TAB

/begin COMPU TAB
/end COMPU_TAB

/begin FUNCTION
/* Function allocations */
/end FUNCTION
/begin FUNCTION
/end FUNCTION
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/begin GROUP
/* Groups */
/end GROUP

/begin GROUP
/end GROUP

/begin RECORD LAYOUT
/* Record layouts of adjustable objects */
/end RECORD LAYOUT

/begin RECORD LAYOUT
/end RECORD LAYOUT
/end MODULE
... /* further device descriptions can follow */
/end PROJECT /* END OF PROJECT */

The following rules apply for a valid a2l file:

The ASAP2_VERSION keyword is mandatory and expected before the keyword PROJECT.
The file must contain exactly one PROJECT. The PROJECT must contain at least one
MODULE.

The keywords defined in the ASAM MCD-2 MC database are described in the following chapter.
LT QMBIMAEL A2L T7AILICEREINS,

ASAP2_VERSION F—7—k 3478 T PROJECT F—T—FDHIIZHE,

a2l 7 )LIE 1 DD PROJECT BNEFENTWDLEMNHY . €D PROJECT IZ(F, D&t —
DM MODULE NEENTWSRLENH S,
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4  Format of the description file S 771 IILERK

41 Encoding of the A2L file A2L 27/ DI aA—T4%5

ASAM MCD-2 MC files are used in different language areas. To support the different character
sets used in the different language areas it is necessary to add to the ASAM MCD-2 MC file
the information about the used character set.

The ASCII and 1ISO-8859-x character sets, defined for several language areas are not sufficient.
The ASAM MCD-2 MC files needs to be exchangeable world wide.

ASAM MCD-2 MC J74)LIE. BGHEET 7 THEASh TS, BELGHEFE T 7 TEASI
TWAERLDF VSV 2—tybEHR—FF 5102, ASAM MCD-2 MCT7A JLIEERIN TS
EHEDERZTEMT 2LENDHD.

LDEDEEI 7 TEESNTLVDASCIEISO-8859-xDF ¥ 54—t yk(E, FHRLEDT
(F720LYs ASAM MCD-2 MCT7A)LI&E, T—ILRJARICRRBAIBETHAZLE L EET D,

4.1.1 Unicode Transformation Format

World wide exchange is supported by "Unicode Transformation Format" (UTF). Currently there
are 3 relevant versions of UTF available: UTF -8, UTF-16, UTF-32.

UTF-8 is compact and supports nearly every possible character world wide. Therefore UTF-8
is the preferred encoding for ASAM MCD-2 MC files.

Note:  Tools shall support at least UTF-8.

J— LR AKR723c#ald . “Unicode Transformation Format”(UTF)IZ& > THHR—hENhTLVS, 1]
. 3D DUTFD/A—T 3> UTF-8, UTF-16, UTF-32h3FI A RTBE T 5.6

UTF-8(Xar /U THY . R P THERL TS X593 — (XF) # XX R—FL TS, L=
M5 T, UTF-8[ZASAM MCD-2 MCT7A)LIZE->THIFHELWLWIYO—FTH D,

EER: YU —ILIEAEKEBUTF-8E Y R—MLESTIFES ALY,

4.1.2 Byte-Order Mark

The encoding that is used for the ASAM MCD-2 MC file is defined in a Byte-Order Mark (BOM).
The BOM is a byte sequence at the beginning of the ASAM MCD-2 MC file.

ASAM MCD-2 MC 774 /LDf=BIfERAINI=T>a—T 127 [L. Byte-Order Mark(BOM)IZ &>
TWWAEZHRINTLVS, BOM [F, ASAM MCD-2 MC file D H#MdFERASINTULVD/ A+ (Byte) ¥
—lT A Th,

Currently defined BOM sequences:

WMAEDBOMS—T U REE:

Table 3 byte-order mark coding

Bytes Encoding Form
00 00 FE FF UTF-32, big-endian
FF FE 00 00 UTF-32, little-endian
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FE FF UTF-16, big-endian
FF FE UTF-16, little-endian
EF BB BF UTF-8

If no encoding can be detected, 1ISO-8859-1 (Latin-1) encoding is used.
HLIVO—FHARETELMGE . 1S0-8859-1(Latin-1) T a—T 42 F HMEHAIN S,

Note: For data type "ident" the restrictions listed in chapter 3.2 "Predefined data types" are
valid.

Note: For user defined tags and enum values in AML the restrictions defined in chapter 5.2
"Format of the ASAM MCD-2 MC Meta Language" are valid.

SEEE: 44FE“Predefined datatypes EEREFAHT —FEIZREIN TS T—224 7 ident”
HIRRIE. B,

;EEE: 5.2E“Format of the ASAM MCD-2 MC metalanguage ASAM MCD-2 A2 iR K"
TEEINTWLWAAMLAIRIZE T 51— —F&EHY Lenum ValuelEBZ,
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4.2  Hierarchic division of the keywords
Table 4 Hierarchic division of the keywords
Keyword Multiple | Meaning
ASAP2_VERSION ASAM MCD-2 MC version identification
A2ML_VERSION Version number of ASAM MCD-2 MC
Meta Language
PROJECT Project description
HEADER Project header description
PROJECT_NO Project number
VERSION Project version number
MODULE X Description of the ECU
AZ2ML ASAM MCD-2 MC Meta-Language
(interface-specific description data)
AXIS _PTS X Axis points distribution
ANNOTATION X Set of notes
ANNOTATION_LABEL Title of annotation
ANNOTATION_ORIGIN Creator of annotation
ANNOTATION_TEXT Text of annotation
BYTE_ORDER Byte order of axis points
CALIBRATION_ACCESS Access for calibration
DEPOSIT Absolute or difference axis points
DISPLAY_IDENTIFIER Optional display hame
ECU_ADDRESS EXTENSION Address extension of the ECU address
EXTENDED_LIMITS Extended range of values
FORMAT Display format of axis points
FUNCTION_LIST Function orientation
GUARD_RAILS Indicates the use of guardrails
IF_DATA X Interface-specific description data
MAX_REFRESH Maximum refresh rate
MODEL_LINK Parameter name in the software model
MONOTONY Monotony with respect to this axis
PHYS_UNIT Physical unit of the axis points
READ_ONLY 'Read Only' attribute
REF_MEMORY_SEGMENT Reference to memory segment
STEP_SIZE Delta value
SYMBOL_LINK Reference to symbol of linker map file
BLOB X Binary blob object
ADDRESS_TYPE Address type
ANNOTATION X Description
ANNOTATION_LABEL Title of annotation

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0
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Keyword

Multiple

Meaning

ANNOTATION_ORIGIN

Creator of annotation

ANNOTATION_TEXT

Text of annotation

CALIBRATION_ACCESS

Access for calibration

DISPLAY_IDENTIFIER

Optional display name

ECU_ADDRESS

Address extension of the ECU address

_EXTENSION
IF_DATA X Interface-specific description data
MAX_REFRESH Maximum refresh rate
MODEL_LINK Parameter name in the software model
SYMBOL_LINK Reference to symbol of linker map file
CHARACTERISTIC X Adjustable objects
ANNOTATION X Description
ANNOTATION_LABEL Title of annotation
ANNOTATION_ORIGIN Creator of annotation
ANNOTATION_TEXT Text of annotation
AXIS_DESCR X Axis description
ANNOTATION X Set of notes

ANNOTATION_LABEL

Title of annotation

ANNOTATION_ORIGIN

Creator of annotation

ANNOTATION_TEXT

Text of annotation

AXIS_PTS_REF

Reference to axis point distribution

BYTE_ORDER Byte order of axis points
CURVE_AXIS_REF Used to normalize or scale an axis
DEPOSIT Absolute or difference axis points
EXTENDED_LIMITS Extended limits, e.g. hard limits
FIX_AXIS_PAR Fixed axis parameters

FIX_AXIS_PAR_DIST

Fixed axis parameters (variant)

FIX_AXIS_PAR_LIST

Fixed axis values

FORMAT Display format of axis points
MAX_GRAD Ma}ximum gradient with respect to this
axis

MONOTONY Monotony with respect to this axis
PHYS UNIT Physical unit of the axis points
READ_ONLY ‘Read Only' attribute
STEP_SIZE Delta value

BIT_MASK Bit mask

BYTE_ORDER Byte order

CALIBRATION_ACCESS

Access for calibration

COMPARISON_QUANTITY

Comparison quantity

DEPENDENT_CHARACTERIST
IC

References to characteristics

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0
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Keyword Multiple | Meaning
DISCRETE Attribute for discrete object values
DISPLAY_IDENTIFIER Optional display name
ECU_ADDRESS_EXTENSION Address extension of the ECU address
ENCODING Encoding for string interpretation
EXTENDED_LIMITS Extended limits, e.g. hard limits
FORMAT Display format of values
FUNCTION_LIST Function orientation
GUARD_RAILS Indicates the use of guardrails
IF_DATA X Interface-specific description data
MAP_LIST For cuboids: comprising maps
MATRIX_DIM Dimensions of multi-dimensional arrays
MAX_REFRESH Maximum refresh rate
MODEL_LINK Parameter name in the software model
NUMBER Number of ASCII characters or fixed
values
PHYS _UNIT Physical unit of the characteristic values
READ_ONLY ‘Read Only' attribute
REF_MEMORY_SEGMENT Reference to memory segment
STEP_SIZE Delta value
SYMBOL_LINK Reference to symbol of linker map file
VIRTUAL_CHARACTERISTIC Mark for being virtual
COMPU_METHOD X Conversion method
COEFFS Coefficients for fractional rational function
COEFFS_LINEAR Coefficients for linear function
COMPU_TAB_REF Reference to conversion table
FORMULA Conversion formula
FORMULA_INV Inverse conversion formula
REF_UNIT Reference to a measurement unit
STATUS_STRING_REF Reference to an additional conversion
table with status strings
COMPU_TAB X Conversion table
DEFAULT_VALUE Default output string
DEFAULT_VALUE_NUMERIC Default value
COMPU_VTAB X Verbal conversion table
DEFAULT_VALUE Default output string
COMPU_VTAB_RANGE X Description of range based verbal
conversion tables
DEFAULT_VALUE Default output string
FRAME X Frame
FRAME_MEASUREMENT Frame measurement objects
IF_DATA X Interface-specific description data
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Keyword Multiple | Meaning
FUNCTION X Function description
ANNOTATION X Set of notes
ANNOTATION_LABEL Title of annotation
ANNOTATION_ORIGIN Creator of annotation
ANNOTATION_TEXT Text of annotation
DEF_CHARACTERISTIC Defined adjustable objects
FUNCTION_VERSION Version of the function
IF_DATA X Interface-specific description data
IN_MEASUREMENT Input quantity
LOC_MEASUREMENT Local quantity
OUT_MEASUREMENT Output quantity
REF_CHARACTERISTIC Referenced adjustable objects
SUB_FUNCTION Sub function of respective function
GROUP X Declaration of groups
ANNOTATION X Set of notes
ANNOTATION_LABEL Title of annotation
ANNOTATION_ORIGIN Creator of annotation
ANNOTATION_TEXT Text of annotation
FUNCTION_LIST Function list
IF_DATA X Interface-specific description data
REF_CHARACTERISTIC Reference to characteristic objects
REF_MEASUREMENT Reference to measurement objects
ROOT Flag for root node
SUB_GROUP Sub group
IF_DATA X Interface-specific description data
INSTANCE X Instance of a measure or adjustable object
ANNOTATION X Description
ANNOTATION_LABEL Title of annotation
ANNOTATION_ORIGIN Creator of annotation
ANNOTATION_TEXT Text of annotation
CALIBRATION_ACCESS Access for calibration
DISPLAY_IDENTIFIER Optional display name
ECU_ADDRESS EXTENSION Address extension of the ECU address
IF_DATA X Interface-specific description data
LAYOUT Layout of multi-dimensional arrays
MATRIX_DIM Dimensions of multi-dimensional arrays
MAX_REFRESH Maximum refresh rate
MODEL_LINK Parameter name in the software model
OVERWRITE X Overwrite properties of typedef
CONVERSION Overwrite conversion method
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Keyword Multiple | Meaning
EXTENDED_LIMITS Overwrite extended physical limits
FORMAT Overwrite format
INPUT_QUANTITY Overwrite input quantity
LIMITS Overwrite physical limits
MONOTONY Overwrite monotony
PHYS_UNIT Overwrite physical unit
READ WRITE Marks the instance as writable
SYMBOL_LINK Reference to symbol of linker map file
MEASUREMENT X Measurement object
ADDRESS_TYPE Address type
ANNOTATION X Set of notes
ANNOTATION_LABEL Title of annotation
ANNOTATION_ORIGIN Creator of annotation
ANNOTATION_TEXT Text of annotation
ARRAY_SIZE Array size of measurement objects
BIT_MASK Bit mask to decode single-bit values
BIT_OPERATION Bit operation
LEFT_SHIFT Number of bit positions to shift left
RIGHT_SHIFT Number of bit positions to shift right
SIGN_EXTEND Sign extension for measurement data
BYTE_ORDER Byte order of measurement object
DISCRETE Attribute for discrete object values
DISPLAY_IDENTIFIER Optional display hame
ECU_ADDRESS Address
ECU_ADDRESS EXTENSION Address extension of the ECU address
ERROR_MASK Mask error bits
FORMAT Display format of measurement object
FUNCTION_LIST Function orientation
IF_DATA X Interface-specific description data
LAYOUT Layout of multi-dimensional arrays
MATRIX_DIM Dimensions of multi-dimensional arrays
MAX_REFRESH Refresh rate in the control unit
MODEL_LINK Parameter name in the software model
PHYS_UNIT Physical unit of the measurement values
READ_WRITE "Writeable'
REF_MEMORY_SEGMENT Reference to memory segment
SYMBOL_LINK Reference to symbol of linker map file
VIRTUAL Virtual measurement

MOD_COMMON

Module-wide (ECU specific) valid
definitions
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Keyword

Multiple

Meaning

ALIGNMENT_BYTE

Alignment border for byte values

ALIGNMENT_FLOAT32_IEEE

Alignment border for float32 values

ALIGNMENT_FLOAT64_IEEE

Alignment border for float64 values

ALIGNMENT_INT64

Alignment border for int64 values

ALIGNMENT_LONG

Alignment border for long values

ALIGNMENT_WORD

Alignment border for word values

BYTE_ORDER Byte order
DATA SIZE Data size in bits
DEPOSIT Standard deposit mode for axis
MOD_PAR Control unit management data
ADDR_EPK X Address of EPROM identifier
CALIBRATION_METHOD X Access method
CALIBRATION_HANDLE X Handle for calibration method
CALIBRATION_HANDLE Additional Text for caibration method
_TEXT
CPU_TYPE CPU
CUSTOMER Firm or customer
CUSTOMER_NO Customer number
ECU Control unit
ECU_CALIBRATION_OFFSET Address offset
EPK EPROM identifier
MEMORY_LAYOUT X Memory layout
IF_DATA X Interface-specific description data
MEMORY_SEGMENT X Memory segment
IF_DATA X Interface-specific description data
NO_OF_INTERFACES Number of interfaces
PHONE_NO Phone number of calibration engineer
responsible
SUPPLIER Manufacturer or supplier
SYSTEM_CONSTANT X System-defined constants
USER User
VERSION Module-specific version identifier
RECORD_LAYOUT X Description of the record layout

ALIGNMENT_BYTE

Alignment border for byte values

ALIGNMENT_FLOAT32_IEEE

Alignment border for float32 values

ALIGNMENT_FLOAT64_IEEE

Alignment border for float64 values

ALIGNMENT_INT64

Alignment border for int64 values

ALIGNMENT_LONG

Alignment border for long values

ALIGNMENT_WORD

Alignment border for word values

AXIS_PTS X/ Y/ Z/ 4/ 5

Axis points
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Keyword

Multiple

Meaning

AXIS_RESCALE_X

Rescaling axis points

DIST OP_X/ Y/ _ZI 4/ 5

Parameter ‘distance’ for fixed

characteristics
FIX_NO_AXIS PTS X/ Y/ _Z Fixed number of axis points
/| 4/ 5
FNC_VALUES Table values

IDENTIFICATION

Identification

NO AXIS PTS X/ Y/ Z/ 4
/ 5

Number of X axis points

NO_RESCALE_X

Number of rescale pairs for axis

OFFSET X/ Y/ Z/ 4/ 5

Parameter 'offset’ for fixed characteristics

RESERVED X Parameter is skipped (not interpreted)
RIP_ADDR_W Table value: Address 'result of
interpolation’
RIP_ADDR X/ Y/ _ZI/ 4/ 5 Address 'result of interpolation’
SHIFT_OP_X/ Y/ Z/ 4/ 5 Parameter 'shift' for fixed characteristics
SRC_ADDR_X/_Y/_zZ/|_4/ Address of input quantity
5
STATIC_ADDRESS OFFSETS Static addresses for non-compact data
used, FNC Values handled dynamically
STATIC_RECORD_LAYOUT Static addresses for non-compact data
used, FNC Values handled statically
TRANSFORMER X Transformation of ECU calibration BLOBs
TRANSFORMER_IN _ Transformer Input Object List
OBJECTS
TRANSFORMER_OUT_ Transformer Output Object List
OBJECTS
TYPEDEF_AXIS X Type definition for axis points
BYTE_ORDER Byte order of axis points
DEPOSIT Absolute or difference axis points
EXTENDED_LIMITS Extended range of values
FORMAT Display format of axis points
MONOTONY Monotony with respect to this axis
PHYS_UNIT Physical unit of the axis points
STEP_SIZE Delta value
TYPEDEF_BLOB X Type definition for blob objects
ADDRESS_TYPE Address type
TYPEDEF_CHARACTERISTIC X Type definition for an adjustable object
AXIS_DESCR X Axis description
ANNOTATION X Set of notes

ANNOTATION_LABEL

Title of annotation

ANNOTATION_ORIGIN

Creator of annotation
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Keyword Multiple | Meaning
ANNOTATION_TEXT Text of annotation

AXIS PTS REF Reference to axis point distribution
BYTE_ORDER Byte order of axis points
CURVE_AXIS_REF Used to normalize or scale an axis
DEPOSIT Absolute or difference axis points
ENCODING Encoding for string interpretation
EXTENDED_LIMITS Extended limits, e.g. hard limits
FIX_AXIS_PAR Fixed axis parameters
FIX_AXIS _PAR_DIST Fixed axis parameters (variant)
FIX_AXIS_PAR_LIST Fixed axis values
FORMAT Display format of axis points
MAX_GRAD Maximum gradient with respect to this axis
MONOTONY Monotony with respect to this axis
PHYS_UNIT Physical unit of the axis points
READ_ONLY ‘Read Only' attribute
STEP_SIZE Delta value

BIT_MASK Bit mask

BYTE_ORDER Byte order

DISCRETE Attribute for discrete object values

EXTENDED_LIMITS Extended limits, e.g. hard limits

FORMAT Display format of values

MATRIX_DIM Dimensions of multi-dimensional arrays

NUMBER Number of ASCIlI characters or fixed

values
PHYS_UNIT Physical unit of the characteristic values
STEP_SIZE Delta value

TYPEDEF_MEASUREMENT

Type definition for measurement object

ADDRESS_TYPE

Address Type

BIT_MASK Bit mask to decode single-bit values
BIT_OPERATION Bit operation
LEFT_SHIFT Number of bit positions to shift left
RIGHT_SHIFT Number of bit positions to shift right
SIGN_EXTEND Sign extension for measurement data
BYTE_ORDER Byte order of measurement object
DISCRETE Attribute for discrete object values
ERROR_MASK Mask error bits
FORMAT Display format of measurement object
LAYOUT Layout of multi-dimensional arrays
MATRIX_DIM Dimensions of multi-dimensional arrays
PHYS_UNIT Physical unit of the measurement values
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Keyword

Multiple

Meaning

TYPEDEF_STRUCTURE

X

Structure definition

ADDRESS_TYPE

Address type

CONSISTENT_EXCHANGE

Ensures consistent access to the structure

STRUCTURE_COMPONENT X Definition of a structure component
LAYOUT Layout of multi-dimensional arrays
MATRIX_DIM Dimensions of multi-dimensional arrays

UNIT X Measurement unit

REF_UNIT Reference to another unit

SI_EXPONENTS Exponential of base dimensions

UNIT_CONVERSION Specifies relationship between two units

USER_RIGHTS X Groups with constitute access rights

READ_ONLY Read only

REF_GROUP X List of referenced groups

VARIANT_CODING Variant coding
VAR_CHARACTERISTIC X Definition of variant coded adjustable
objects
VAR_ADDRESS Adjustable objects address list (start
address of variants)

VAR_CRITERION X Definition of variant criterion

VAR_MEASUREMENT Measurement object which indicates
criterion value
VAR_SELECTION_ Characteristic object which modifies
CHARACTERISTIC criterion value
VAR_FORBIDDEN_COMB X Forbidden combinations of different

variants

VAR_NAMING

Naming of variant coded adjustable
objects

VAR_SEPERATOR

Separator of adjustable objects names

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0

30




f¢\ Format of the description file
7 ASAM RLIR 7 7 A LIE

4.3 Name Spaces R—LAR—X

In an ASAP?2 file, there are different object types which can be referenced via their object
names. To be able to resolve these references it is hecessary to have unigue identifiers. The
unambiguousness of identifiers is not required in the whole ASAP?2 file, but within special name
spaces. This chapter defines the name spaces for different keywords.

ASAP2 J7AJUIZIE. AT OB D LS B TEDRABBEDA IO B D, DA T
CIVMNDSBERRTBICIK. AT HMRIEAZ—IREBAFTHILELH D, LHALEN
5. EADR—LAR—REFEZIE, A2L T7MILERIZENWTAZ—ILEANFEBHEELLLEL,
ZHDETIER—LAR—ZADEEREZF—T—FEIZEREAL TS,

4.3.1 Functions PBI%¥

Within one MODULE, each FUNCTION identifier must be unique. It is not allowed to have two
functions with the same identifier.

1 DM MODULE HIZFHLVT, & FUNCTION D#EAFITA=—UTH5H &, 2 DOBEEHARILHE
AFEFHFDOEIIHBRINTLVALY,

43.2 Groups N—7

Within one MODULE, each GROUP identifier must be unique. It is not allowed to have two
groups with the same identifier.

1 D0 MODULE RIZHLVT, & GROUP DEAIFIFA=—UTHDZE. 2 DDY IL—THRELH
BlFEFDOILFHFARSNTULVEL,

4.3.3 Variants /Y72 R

Within one VARIANT _CRITERION, each variant identifier must be unique. It is not allowed to
have two variants with the same identifier.

1 D@ VARIANT_CRITERION RIZEWT, &N T U rDBAFIFA=—ITHAHZE 2 DDV
TURDRICHAN FEFDOILIEHFRINTLVEL,

4.3.4 Measure and adjustable objects BIEEF ¥ RET LA TSIk

Within one MODULE, each measure and adjustable object identifier must be unique. It is not
allowed to have two objects with the same identifier. Relevant keywords for measure and
adjustable objects are MEASUREMENT, AXIS_PTS, CHARACTERISTIC, BLOB and
INSTANCE.

Furthermore, the full identifiers of structure components belong to this name space. They are
built by adding the component name(s) to the instance name separated by dot(s). See keyword
INSTANCE. So itis also not allowed to have e.g. a measure object and a structure component
with same identifier (see also Keyword INSTANCE).

1 DM MODULE RIZHEWNT, BRI ET OXRAT VAT Oz IMDHEFNFIE, A=—9THDHT &,
BEETONYREATNAT OV ENRSHHF — T —F & . MEASUREMENT, AXISPTS,
CHARACTERISTIC, BLOB, INSTANCE T#h %,

B2, 2 TORBERDEAFIX. COR—LRAR—XIZBLTWS, ChoD#ERIFIE. FYFTR
Yo fzaV R—R R EAV RV ZGITIEBMLTLNETHEEIN S, ¥—7—F INSTANCE
F—I—FESRBOIL, TOEOH . BIZAFRCHMNFEEELLAEF T OO BERTHT
TEHUL(F—T—F® INSTANCE NIZ#H 5 Note HESBD L),
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435 Transformer FSURI7+—<—

Within one MODULE, each TRANSFORMER identifier must be unique. It is not allowed to
have two transformers with the same identifier.

1 D0 MODULE R[ZFHLVT, & TRANSFORMER DAl FlE1=——0UTHABE, 2 DDV RT
A== RECHEAFEFOILILHEBTINTLVERLY,

4.3.6 Conversion methods Z#iRA|

Within one MODULE, each COMPU_METHOD identifier must be unique. It is not allowed to
have two conversion methods with the same identifier.

1 DM MODULE HIZFH VT, & COMPU_METHOD DAl FIEA1=—ITHBHIE 2 DDEHAY
YRMNEICEANFEFDOELIIFRINTLVALY,

4.3.7 Conversion tables ZT#5F—7J)L

Within one MODULE, each conversion table identifier must be unique. Relevant keywords for
conversion tables are COMPU_TAB, COMPU_VTAB and COMPU_VTAB_RANGE.

It is not allowed to have two conversion tables with the same identifier.
1DMOMODULERIZEWNWT, HEEBMT—T L OB FIE1I=——UTHH L EfT—TILERDF
—J)—K(%. COMPU_TAB, COMPU_VTAB, COMPU_VTAB_RANGE T#%, 20D E#HT—T LA
BICE A FEFDOEIFHFBRINTULVEL,

43.8 Memory segments H*EJ—EF AVE

Within one MODULE, each MEMORY_SEGMENT identifier must be unique. It is not allowed
to have two memory segments with the same identifier.

1DMOMODULERIZH T, HMEMORY SEGMENTDH A FIE1=—UTHAHZ &, 2 DD AE!) —
T AU RILERFEFH DO LIFHFBTINTLVEL,

4.3.9 Record layouts La—KFLAF79k

Within one MODULE, each RECORD_LAYOQOUT identifier must be unique. It is not allowed to
have two record layouts with the same identifier.

1 20 MODULE RIZ#HLVT, & RECORD_LAYOUT DAl FIE1=——ITHAHZE, 2 DDLa—FK
LAT7 IO REICEAFERFDOILIEFHRINTLVARL,

4.3.10 Type definitions HEH

Within one MODULE, each type definition identifier must be unique. Relevant keywords for
type definitions are TYPEDEF_MEASUREMENT, TYPEDEF_AXIS,
TYPEDEF _CHARACTERISTIC, TYPEDEF STRUCTURE and TYPEDEF_BLOB.

It is not allowed to have two type definitions with the same identifier.

1 DM MODULE RIZENT, EREROHINFIEIL=—ITHEH L RERLLGDHF—T—F
[&. TYPEDEF_MEASUREMENT, TYPEDEF_AXIS, TYPEDEF_CHARACTERISTIC,
TYPEDEF_STRUCTURE, TYPEDEF_BLOB T# %,

2 DDEFEBRMNRELHEAFERDEFIFHFRSNTIVELY,

4.3.11 Structure components &i&E&

Within one structure definition, each STRUCTURE_COMPONENT identifier must be unique.
It is not allowed to have two components with the same identifier.

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 32



f¢\ Format of the description file
7 ASAM RLIR 7 7 A LIE

1 DOBEREZANIZHS VT, & STRUCTURE_.COMPONENT DERIFIZ1=—— THDL, 2
DNAVKR—R UMD BILHEH AN FEEFDZEIIHFBREINTULVEL,

4.4  Predefined datatypes EEFAT—HE

Table 5 Predefined data types

Pre- Description

defined Ho: |

data type

EREH

F—5H

ident typedef char String with MAX IDENT (at present = 1024) alphanumerical

[MAX_IDENT + 1] ident characters including points and brackets, interpreted as
hierarchical concatenation of partial strings separated by
points. Every partial string may not exceed

MAX PARTIAL_IDENT (at present = 128) characters,
including the length of an optional array index (numeric or as
a symbolic string) in brackets at the end of the partial string.
One string without a point in between is also possible, in this
case MAXIDENT = MAX_PARTIAL_DENT. The number of
partial strings within ident is not limited. The character chain
must correspond with the identifier laws defined in
programming language C. Identifiers can represent instances
of array elements or instances of elements of complex C
types or nested combinations of these. An instance of the
element of a struct type would be represented by the
concatenation of the instance name, a point and the element
name. An instance of an array element would be represented
by an instance name followed by a pair of brackets which
contain either a humeric value or a symbolic string which is
defined as an enumerator of an ENUM definition of the C
program. Identifiers are random names which may contain
characters A through Z, a through z, underscore (), numerals
0 through 9, points (*.”) and brackets ( ‘[ ‘] ). However,
the following limitations apply: the first character must be a
letter or an underscore, brackets must occur in pairs at the
end of a partial string and must contain a number or an
alphabetic string (description of the index of an array
element).

MAX_IDENT (BR7E(E= 1024) [, mOEMLEEEZ ST EHTF
DXFFIT, ATRUILnT=, MR XFIDERBHIEREL
TIN5,

TRTOBAXFINE. A XFIDOREZEDIEMETDA
T DRI TIVIRADRSIEEAT(BIEFITES
XF3). MAX_PARTIAL IDENT (=3RBf S Tl 128) %X T
Ay AN

. MEMICEERD. | DOXEIETETHS.
ZDIZAEIZIX, D MAXIDENT =MAX_PARTIAL_IDENT &73
%,
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ident D& XFHDEIZRE S,
XFDFIFEETOTFIVYELE C OHEAFOEXCHEW
TEDLELHD, HAlFE. BINBEBRODIRIVA, F=(&
BHLECHAMTERDAVRIVA FzlE. ThoDEE
LD BEEDERDAVARIVRIE AV REVREDE
. B ILAVRBIZETRSENS BRI TL AV DDA
VRAVR(E.CTATSLDFIEETHD ENUM ERTE
BINTWD AVRIVREG, — I DIEN. BUEF-(TERS
XFH WD, #BAFIE.XFANLZ. adb 2z ET. TV
A—Z2a7 Q) FF oMo 9, m()EFEMCT. TIMNEE
NTOTEEWTUF LIBRRITHD, 1L, LT OFIEA
FET S,

RUDXFIXFFEToA—RO7 ., BEEPTILIFA

YEDXFI (BRI BERDAUTYIADRER) ST EH X

FIDREFTO—RDFIMTRITNIEESEL,

Note: Identifiers consisting of partial identifiers separated
by points (concatenation of instance name and
element name) may be presented by the MCD
system in a hierarchical manner (show instance
name first, then allow access to an element of the
instance). This allows existing MCD systems to
restrict the display length of the identifier to
MAX_PARTIAL_IDENT.

Note: Identifiers generally must not match to the following
defined ASAM MCD-2 MC

keywords and enum values. All keyword and enum
values are listed in the Index of Keywords and Enum
Values.

Note: A lower case “x” and a upper case “X” can be
used as unique identifiers. In other words, variables
are case sensitive so that x and X are different
identifiers.

FEE:  HMAMEAFISLLIRTHEISNBAFIUR
BURBZEER L DER) (T, MCD AT LREER
K (EAAVREVRE WV TT VR ETREGA
DARBVADILAVR IZKYIR#END, L,
FEALTLVS MCD S RT LA
MAX_PARTIALIDENT TEZRIN TS RTRET
Yl e

SEER:  BAIFIE. RAIMICRIZEZR SN T ASAM MCD-2
MC F—TJ—RF&EFIBEIC—BHL TIEESEL, T
TOF—T—REFIERDEF. F—T—FD1>
TYHYRE enum fBIZEEHIN TS,

FEE:  IINXFD X ERXFO X ERDEMNFELTHE
RALFET . EWMEZSHE EFAXFENXFHAR
AMENFET DT x BEU X (FBRGEDHANFLEED,

string

typedef char
[MAX_STRING + 1]
string

ANSI C compliant ‘C type’ string with maximum
MAX_STRING (at present = 255) characters. Begin and
end of the string are indicated by a double inverted
comma.
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The following escape sequences are allowed:

\" inverted comma

\” quotation mark

\\  backslash

\n new line

\r carriage return

\t horizontal tab
Additionally, for compatibility with ASAP2 V1.2 and prior,
the following is allowed:

quotation mark

Examples:
"hello \"world\" how are you ?"
"hello "'world™" how are you ?"

MCD systems may ignore the carriage return sequence
and/or apply wrapping or scrolling of strings when
displayed.
Please note that new line can only be inserted with the
shown escape sequence.
RAT—4K MAX_STRING (BRBFR TI&2553XF) & D
ANSI CEEH#LD ‘C type’ XFFIZETY . XFINDRAEZRIE
BINIA—T—3avI—ITHEHE L,
UTDIRT—TL = Ra—FDFERIFRDHLNS:

¥ UM —T—ay

¥ BINYA—T—av

W N\yYRFvia

¥n HITXF (Za—34V)

¥r  BIRXF (FvUyPlys—r)

¥ KEST
MZT.ASAP2 VI2LIBTEDE#EZBHIEL T LTOR
RbRHLNS:

BTN F—T—arw—7
Eipu Ik

“hello ¥ world¥” how are you ?”

“hello ““world”” how are you ?”
MCD Y AT LTEXFIDHYBRLPRIO—ILEERT S
BRTOEFBXF (Fv)yD)s—2) DERZIZIFTERT
%, WITXF(Za—FAV) DIRT—TL—H U ZADHX
FHFEATESILITEE,

float

8-byte floating point
number (IEEE format)
8 NANFENI IR
(IEEE 74—=<vk)

The character for a decimal point is fixed as a dot “.”. A
comma “,” is not allowed for use as a decimal point.
Alternatively the exponential representation can be used,
e.g. 12E-2.

Numbers without dot are accepted as well.

I RERTXFELTRYN &2 ERALET, (BN TIE—
RRHI) AV IR ERT XFELTRDEREA F
T-¥EHREC (Bl12E-2) LER T HFEMN KD MNIRXF
ZABRLI-RELEDOND,
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int 2-byte signed integer The notation of hexadecimal values is fixed, e.g. OxEO,
2 INA B R R OxFF, etc.
BEE{LSNhT- 16 ERKRFTLERT . #:0xEO, OxFF, &
uint 2-byte unsigned integer
2NA RS ELEKE
uint64 8- byte unsigned integer
8NA REELHE
long 4-byte signed integer
4N F B R
ulong 4-byte unsigned integer
4 NAFFEELBHE
datatype typedef enum datatype Enumeration for description of the basic data types in the
{ UBYTE, ECU program (format of FLOAT32/64 |EEE).
SBYTE, Note: If ECU values of type integer 64 are converted in
UWORD, physical values depending on the computation
SWORD formula a higher precision in the physical area is
ULONG ’ necessary. The currently used float 64 format
' supports less precision than int 64. Therefore the
SLONG, precision of the physical representation is reduced
A_UINT64, to the precision of float 64. This is relevant for
A_INT64, ASAM MCD-3 standards [4] where data transfer
FLOAT32_IEEE, is defined as physical. This is additionally relevant
FLOAT64 IEEE for all tools working on PCs / Operating systems
} - that do not support higher precision than float 64.
Here the representation is rounded for physical
and maybe also for internal representation.
ECUTZRI S LANTERATHEART—H2EEFHIZELTLD,
(FLOAT32/64_IEEED#—< vk =D TIFAppendix: ASHR
DE).
R 64EVREHED ECU T—AMLEEXEZALTY
BEICET H5E . MEEMTIYSVEEN D
BLRHMN 64 EVNFE/NEARIT 64 EVNBHA L
YET7—2DFRBEITHEVSH ., ERSNDMIBMEIL
64 EVNER/N R DEEFETEDT 5,
CDERIE ASAM MCD-3 H#RIZH 1T 5 BT —42
EAICHREET S, £z 64 EVE UL DFEN NS
ZHHR—FLTULVELPCHO OS [CHBEET 5. CDY
ATLHGERICEYMEBERBESALOONSE
nHb,
datasize typedef enum datasize Enumeration for description of the word lengths in the
{ BYTE, ECU program
WORD, ECU RIS LRNTERTSIT—EREFIZELTLS,
LONG
}
addrtype typedef enum addrtype Enumeration for description of the addressing:

{PBYTE

TRLYL DT EREFIEL TV,

The object address is interpreted as a 1 byte pointer to
the object data.
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PWORD

PLONG

PLONGLONG

DIRECT }

AITOTORDTRLRIF L NALDRAR2ELTEIREN
%o

The object address is interpreted as a 2 byte pointer to

the object data.

FITOOMDTRLRIE 2 AL DRAAELTHERSA
%

The object address is interpreted as a 4 byte pointer to

the object data.

FITOIORDTRLRIE 4 AL DRAAELTHERSA
%

The object address is interpreted as an 8 byte pointer to
the object data.

FITOIOMDTRLRIE 8 NALDRAAELTHERSA
%o

The object address is interpreted as object data.

AT IOMDTRLARIE AT OMT —RE T DEERIR
EED

byteorder | typedef enum byteorder Enumeration for description of the byte order in the
{ LITTLE_ENDIAN, control unit program.
BIG ENDIAN, Note: Use of LITTLE_ENDIAN and BIG_ENDIAN
MSB LAST, defined with keyword BYTE_ORDER leads to
- mistakes because it is in contradiction to general
MSB_FIRST, use of terms little endian® and ,big endiag“. The
MSB_FIRST_MSW_ keywords LITTLE_ENDIAN and BIG_ENDIAN
LAST, should no longer be used, they should be
MSB_LAST _MSW _F replaced by MSB_LAST and MSB_FIRST which
IRST are equivalent (definition of MSB_LAST and
} MSB_FIRST: see keyword BYTE_ORDER).
ECUZOY S LTHERT /M —5F—D 5%,
s¥50: BYTE_ORDER OF—T—RELTYMLIVTATY
(LITTLE_ENDIAN)EEYT ToTAT Y
(BIG_ENDIAN)DfEFHIFEHELLGL BHEL
T"little endian”&"big endian” M —fi&BY7%: FREED
BEREERICFEIHY. FENERILPIGD
=TH5,
HKHYIZ MSB_LAST &1 MSB__FIRST D ¥F—"7
—rZEFERY 5,
(MSB_LAST & MSB_FIRST M EZIZDULVTIE
BYTE_ORDER +—7J—FrZZRBNDIL)
indexorder | typedef enum indexorder | Enumeration for description of the axis point sequence in

{ INDEX_INCR,
INDEX_DECR

}

the memory.

Increasing index with increasing address

decreasing index with increasing address

ECUAEYRD YT - h—TERAVADIEF DERIZDLT
DHIEE,

TRLRRAADEMIZE ST, 84> T I XAEM,
TRLRRAVAEEMIZE> T, #AV T RMELD
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4.5 Mapping of predefined data Types to ASAM data types T
—AF L ASAM T—2E DR

The following table shows, how the ASAM data types are mapped to predefined data types.
ASAM T—A2RILFHT—2BEDRERIE. LTEZSRBDIL,

Table 6 Map ASAM data types to predefined data types

ASAM data type predefined data type
A INT16 int

A UINT16 uint

A INT32 long

A UINT32 ulong

A FLOAT64 float

4.6 Comments ZAAVb

Single line and multi line comments may be added everywhere in an aml and a2l file.

Single line comments start with the character string "//" and end at the end of the same line.
Multi line comments start with the character string "/*" and end with the character string "*/".
Nested multi line comments are not allowed.

B—1T. RUEHRITOAAVNE, aml/a2l Z7 A ILDIEEDSEFRAAEATETH S,
B—1TOar XL/ & FREIT. ZBITORIFE THS EBITOIAVMXIE /" Z K EEIZ.
IR XX F*/"ETH BREITORAMIFFRSLEL,
Example for a single line comment:

// This is a single line comment
Example for a multi line comment

/*

This is a

multi line comment

*/
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47  Alphabetical list of keywords F—T—FD7ILI77RYKIREYR
+

47.1 General ¥E

Some individual elements of the database are delimited by ‘/begin’ and ‘/end’ keywords. The
delimiters are applied to those elements that contain an optional part, to prevent ambiguous
expressions. The delimiters following defined with the ASAM MCD-2 MC keywords are
mandatory, i.e. the delimiters have to be used if defined and mustn’t be used if not defined.
Optional keywords are shown with help of square brackets, which include an arrow followed
by the keyword. If the keyword can be used multiple times this is shown with help of asterisk
after the closing bracket, e.g. [-> keyword]*.

The description of the parameters of the keyword you find at the keyword description itself.
The parameter description consists of the type and the identifier. If the parameters of a keyword
can be used multiple times they are defined inside parenthesis followed by asterisk or plus, i.e.
(parameter_type parameter_identifier )* or (parameter_type parameter_identifier )*.
Multiple times means for asterix that an expression can appear 0 till n times, for plus 1 till n
times.

T—AR—=ZXADKDIOHNDERIL. /begin&/end ¥ —T—KRIZRYIEN TS, EBERGRITEE
(T571=8. TUIHEBARELGA T avEEO)INBERNEREINS, ASAM MCD-2 MC ¥—1
—FIZEONTERSNATVASTIIZI, AR TELELD, RADTIIAEERETHBRITIIERT
LLENHY. ERELLGVRIIERALTIGESL, AREAIREGF— T —F I REMBEL T, &
fEAOTEL., O FIZF—T—R~ARIT=XKENZF 59 5[ -> Keyword]), B EIEHTE
LEDX—TJ—FTHNIE. BIENMEFACHERIZT A2 RI+% 459 5[ -> Keyword]*),
F—D—RDNFA=FIIDNTIE ZBF—T—FZHALTVSEEZSRDI L, /13TA—42D
SBAFREHRNFNOHS, NFA—ENEHREIFEATED LGS, AFIMOTEL. FEIMD IS~
TARYRG*MNTSREE+EMFE T 5, \FA—FEFERATHEEBM 0~N BEGES, ATA—4F
INTGA=BHRIF*x INFGA—FZFATHEBD 1~N BIES, USTA—FE NFA—FHHIF)+
EENThEBRLTLS,

ASAM MCD-2 MC Data Model for ECU MC Version 1.7.0 39



© ASAM

LBORF1AVMRETEBRESN TS, BIRESHE=ECDOLTIE, EFEFROZTY
:)T)LP#:L)P/}‘&?E%@;O

Content of the original standard document has been removed from hereon. Please
refer to the original standard document for the missing chapters.
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