
Bridging MAP to Ethernet

The Manufacturing Message Specification is the key to integrating various local area. network
systems based on the OSI model (Open Systems Interconnect). The European CNMA MAP
definition brings logether MAP token bus and carrierband systems, Ethernet. and X.25 wide
area networks, setting the stage for a single, all-encompassing networking scheme.
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(As slated in th. arlid. that ""gina M P 53: "MAP 8"8mmts
may i'<' bridg<d 10 Elh<m~l ..gm~nts, and diff.,..nl proto
col< .uch a.< OSI, DECn<t, and TeP!l? m~ "''en "";'1 on
1M ,arne bu. ,imultanwu.ly." Th. (ollmc-ing anid" Iooh
furrher inro 1M. txp,,,,ded u,. of MAP proloools running on
ElM-mel and suggest. 'hal in the (ulliF'<, MAP'. Manufac.
turing Me"age S{MCificalkm will "" o,'oiloUe on procticoJ_
Iy any nel"",rA ar'Chil~l«rtJ

•••••
The .tandordiz.tion ofindu.trial oommunicaliollil is bring
ing open, manufacturer independeot eOIllIllunicalion .Yi
terns within ,...ach, Driving tm. trend are the effofU o( nu
merous .tandards organization. "" weU 1lO projOCUl like the
development o( the l>,lanufacturing Auwmalien Protocol
(MAP) in the U,S" and its sibling in Europe, tho Commoni_
""lion. Network for Manufacturing Applicotiolli! (CNMA).
Both project.. uoe b...iCll1ly the 'ame fnmework-the B""ic
R..rerence ;)'1<><1eJ for Open Syotem. Interronno<tion (OSI).
1lO defined by the International Standards Organization
(130). The one difference i. that CNMA adds Ethernet t<l the
list of OSI .uppo,W n«wo,k. (rig. IJ.

Conojdoring the (act that m!lI\Y of the instaUed propri_
et.ary commuuication••yow",," today are EtheTIlOt based
erni"" DECne~ or TCPIlP protocol.). thi. one difference i.
very oignificant, l~ mean. that lEU; SOH ltoken p..ojng)
MAP_based system. must communicote with exi_ting
Ethem« network. through a gateway-which inere""e_
the ooot of the .y.tem due to edded "ystems inwwation
work and .pecialized ooftware and hardwa,.... CN~tA. on the
other hand, ..,lv," till" problem bj' adding Ethemet and
X.25 oupport down at the network l""el, and by bringing in
MAP'. Manufacturing Me;sagn Specification (MMS) to tho
application laye' (sa Fig. 1),

Many, though, believe thaHw" too, will e\'<mtually ~dd

Ethernet oupporl _with the help or oomparlle. such"" AEG,
Digital Equipmont Co,!", Hewlett.Packatd, and the like
who have '~MU~C<'d oupport of MMS protocol. on 1EE~

802.3 Ethernet. The addition of Ethornet .upport to MAP
would allow U.S- manufactu",,.. to odopt MAP networking
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wodually through the Wle o( leos e..peMi,.., bridges and
'oute'" I"" opposed to gatewoy.l.

Thi. article detaib the role MMS play. in networking
BOheme., and di.cu..c. the adventa~. o( MAP/CNMA
networking ;mplemcntation._u.ing pilot project3 in Eu_
rope !IS example.,
MAP, MMS, and Ethemel
M~lS (or ISO 9MS, al"" known !IS EIA 1lS-5t1);. the moot

imf>Ortant part ofMA!' io term. o( teduci~gtho in.....'mont
needed to build homogeneou. automation system, with
hctC'ogenoou. devices.•'or mQ.t Wleto, this in_tment in_

Fig. J: The CNMA ~.."hi'«lunbring.E'h<m<1IEEE81)2.3 'Q
Ih. MAFiOSI ,p<I;i(",a/ion, Th~ I-LCl (Wgkal link cantrol)
portion of layer 2 hIde. /~ application from /h~ ca""""'. of
"'/mhO' 'h~ phy.ict>1 ....,u.<>Nt u... 'ek<n pas<io" or roIl",on
..n.iog (E,h'm<'). Th, Iron,port laY" (4) elso hi<k. MAP.
CNMIl, end TOP ns'u.<>,1u from 'h. applicalioo.- fIo'--.,
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FiE, Hlop): Miimlion ofon"" proprklary;J;#'''''wward> OSI
ond MMS ba<<d i/t<01a I>ml'" thal:ti iealum. I/xm" COr<
",/tnt 1M: nel/L<)rk oyer is. Tht:f'1I1>< 1.10 r<c<i.,. ond "nd
Jala '" though they won locaud in tlul sam< roch.

Fig, 3 (lXJl1om): Th4 pilot plo,,' combine. IEEE 802.4 MAP
broad""nd, cnm<rbo'td, and two IEEE 802.3 Eth,rn<t LlI}.'$,
Cnri=t<d '''fINh" a... Sk"",,.. and GEC PU)., ond ",rio••
romPU"T>, rou!<,.., gal<w<>y., and NC, from "....",/ ,..ndo",.

Why this technology will catclt on
Providing a range of networks (not restri<le<lto token

huo) .upporling MAP', MMS allow" ",.,..to ""Ieel the net--
work that best suiu. theit application and Implementation
considerations. Such ron.iderations might include:
• The topology to implement,
• Whether "M""" oltould share the ""me cable,
• The geographical area to be covered,
• The inslalled bue (often broadband in the U.S., M'
mosU CSl4AlCD Elher""t in Euro l.

elude. engin~ng elTorts, ded,ion making, implements·
tion, training, and the maintaining of plant-wide oommuni·
cation system.,

What i. MAP without ~C>lS? Hardly anything, really. MMS
i. the primary application wmdard of MAP. It .~ifie.

more than 80 ,ervice. that "'e inde~ndentnf the network.
What thi. me8m to.n .pplication ill that tho network itself
i. actunlly hidden or tranap.,.ent. Thua, to a PLC th.t r'"
eeive. a downloaded program from a hoot device On the net·
work, neither the PLC nor the hoot care about the physical
oonnedion between them 0' the underlying network !!Oft.
ware proloOOllJ. Whether if. toun bu. or Ethernet, the
PLC reoeiv"" the .ame program.
A closer look allhe OSI model

The OSI modo! form. e framework for the development of
communication protoool atsndard. (Fig. I). Specifica\ioM
for laye", 1 to 4 define reliable data tran,mi""ion with error
delecl,ion and correction, Loyer. 5, 6 and 7 define .tandard
lanfrU"ll"" protocols between deviroo exchanging application
information (e.g., our downloaded PLC program). (Figu ... I
.how. the MAP, TOP [Ttchn;cal and Offi'" Protocol) a~d
CNMA arehitecture.J
OSI allows for more than token bus

The OSI arthiteetute allow. for mOre than One local area
network (LAN) defInition below byer 2, One, .nd only one,
orth_, LLCl (lICOOtding to ISO 8802/2), hide. both the to·
ken bus (8802/4) and Ethernet (8802}a). Tho .ervi""" provid·
ed to the ntlUXlrk layer (1ayor 3) are the sam~ for both, And
abo" all ofthis, the lrallSporllayor Uayer 4) hide. the dif·
ferent networks. That i.. token bu., Ethernet, .nd X.2iJ
wide are. nelworks all use the .ame llO",iooo, OSI, then,
make. it po..ible to cornmunioa~ among nelwork type,
without loling functionality. All lDy",. abovo 4 are abso·
lutely independent of tho transport·oriented laye" one
through four.

A3 we've ...n, MMSdoea not .pocifoo...111 require a tnken
bu. ndwork. 1t can run tran.parently 00 Ethernet or olher
ndworks. In addition, the """,e MMS inletfaoo must be able
to ,uPl'Ort dilTerent .pplications. The migration phil"",.
phy, as shown in Fig. 2, ia one mean, of doing thi._.
means that is being adopted by ,,"voralautometion ,...nrlo..,
includiog Siemens. It'a very itnportsnt that applications
can acce•• a remole eyalem independently of the network
used, and this conllgun>tion provide. it.
Putting OSI, MAP, and CNMA together

A eu"""",,Cul MAPlCNMA pilot plant at the Univ....ity of
Stuttgart ISW is .hown in Fig. 3. Tho plant u"",, the follow.
in~ LA."I. to link devices:
I. IEEE S02,3_Carrier Sense Multiple A"",,", with Colli·
lion Detection (cs.\!A/CD, ll.ka Ethernet), operating 01 !OM
bit/. with 'I.·mile cable ..gments.
2. IEEE 802.4_Token Rn. Broadband, operating at 10,),1
bit/., modulated onto. broadband cable ay'lem that can be
.hored with other technolQiiea such as cable TV, terminal
multiplexera, ele. This technology provide. the backboue
for media cable o)..terns up to and beyond oil: miles in
length.
3. IEEE 802.4-Token Bu. Carrierband, operating at 5M
bit/•. :Typical carrierband ,y,tems may u"" cable lengths be·
tween 55 and BOO yda depending on the number ofettached
.tations and I",nJ< cabl. type. In addition, a""esa to remole
.i1<>. i. necessary vie Wid. Area Networks. CNMA, there.
fore, works with X.25 lin4 "" well.



f'iI. 4: TIlt Mc.rMti MeRlli pil'" pian'
com6inl' MAl' C<lrri.>'6G~d. Ethe",.t
~,andSi...., Ll MI_ undu
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ou!>net in lenu of adminiltl"Mion of
ouolioM on tbe inlermn'*1ed IA""
Routers .....,. !lave t_ .". IIIO<'e porta,
".,. .... -" ..bDM.. RautiD.i ill I'"""
fomoecl br I"OCIiviI>c .w.. "" Ia,e<- S
C...... _ ..boowt...k aDd. tranxmit
tu., it til anothH. Routers ~ Ulotd
withina.~ to p..............nectioN to
~ .iI. Y\a X.25 publi< podet_......
CNMA Implementatlon at
Magnetl Mar.lll plantPet. 1M ...- important MAPI
CNMA pilot proK'.'" II ?>bgDeti
~Iaffili'. (1I<to<y in s.n Salvo. ltaIy_
n.. plant beIonp to the EIectn>1ne'
chanical dhilion of Mqneti M......lli,
whkh produ_ IWi..., oJl.emawn.,
o",,,n "'OIon. and b/ltteri... On,oft""
"'ClOt modem or lhe divioion, the San
Salvo plant hu been p,aolicing com·
putor.inlejrratod manuf""lunnj( (CL\1)
.in~ th. be,ilnninll nf tha eo..

Th. CNMA oy.W!m !.Fill. 4) i. in·
.tall"", in tha Cinal _tion ofan actuo!
alternat.or production line. Nineteen
different kinds of alternaton CIUl be
manuf.....urod 01 a very high level of
productlvit,.. On It.. _mbl,.line, n>-

toe••", automatically .upplied from tho Rotor Line.
Staton """ plhered in bout. ((Iminli; from the Stator Line.
n.e line ;" rompoMd of 24 .tatioono. Multi""ndo.- oonlJ'<>l
Iolli< and diITccen. kmda of oontrolano implemented in III;"
hillhJr pn><!utIive, highly Ilaxible Ii.... Three main fune
Uono ..... parforn>ed:
I. n.e lOOIUtori",ayMem oolIatta data on machi... pcoduc.
tim,. and behoviot;
Z. A tnl<:kin&-roum u-- all ......k In ptogJ'" OJ> .beahop
"'-;
3. A di.....;. I)'StftIl colIooeu cItl..u.d intormatioD. on ma_--T1>a .,.-rm iDch>doo both OSland ptop; -0'"'-7 oommuni-
caUono~ C<lI>DIl<ted by pI.....,. oianoeo. u-abr
~Iini:miv&tJr>n 1(1 OSJ and NAP.
System benelits end conoid_ion.

A. ohown in FIg- 4. Lbara are 1_ diITereni _worb in
tho Son Solvo pIon.-nna an 802.4 ca:rial"t.nd. the other
lID 802.3 I>roadbu>d. Thoup. only 0"* oftl- io RqUired,
tho r'OdundaD<:y will cnata am~ c:omplaw t.I of the .....
ta<hnoiogy.

Summ<d bl"ie/ly, .hen ...... '"_ "'*"" of ooncem
in inlllgl'llting lhe woti", .ytlam wllh the n CsMA envi_
ronment:
I. Updaling the electroni", of "'illin, PLCo and 1'0(4 both
10 make the connection 10 a nelwork IX'"lbla, arullo mon_
~ the communication oonware baaida lha .xi.ting aulo
mation application;
2. InW!rfoeing old mechanical ",IOYI with dillital devi""" 10
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• Coou and J>l"Or.......... of _ek oya_ typM.
• Tho OO'pUtIto <XIrnpuliDi and automallon environmlonte.

MAP/CNMA all""", any ofihl ..lected LAN. to tit eomblned
to rorm a tlna-I.logical network. Thio mnno tbfot" dtvlot
on .... LAN can <l>mmunialle with adevi<:o on ""other LAN.
l.'.N••<e inler«>nnected vi" bridg<lO or ~ulel'l.Bridge. per'
fo,m the Inler«>nneclion of the LAN. on ~r 2, .bov. the
modill aooell control (MAC), They al.o form ono logical
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m.ab dat.o .vaIlabM fro", the It.o.t>on IUldn their ooMroI;
3. Adcllnidat.o~ unit.o toODnooct VOUJlll '"daYicu
topthifr. To be ........ or-ifie, PLCohaft beeIl oon:w«ed to
......pJ. of...- PLCo l.hn>u&h • IJfOPriewy UN (8...
_ ... S11."ECR LIl• .oDd two robot oonb'oIa .... _ manapcI
by • PC equipped with nsc~.
Conc:lu.lon

.... the loW'!C:'.~pilot~ have obown, the intro
duction and aa:epWa '" loUJ'.'loOfS into the ....net ....
penda main!)' upoa tho wiI1ing:neM on the pM olbotll Yft>.

den and ...... tolnoat in<Olnmu.....llon ........ (F'iI. 6).
We _ tbe loW';l.o.1S ..uv;ty .. bein&' dMckd lnto three
diotinct phaML In ph-. ..... (up to about 1990) IW>dardt
~ opeciI'ied and validat.ed. PhMe two 0aalinI" 10 about
1993) can be «IIIIidered .. the implemectt.ol.io<L, marllet
promollon. and lumina: phue. AI\« 1993, w.P.1004S In·
woIla~ ahould be ~read, and P'Op' ieW)' l)'lte....

iotevated into loW' optemL

Beco.UM1 '" the ",..ol~~ eorn"'u .....·
tion l)'Ite"" aN>un<! the woeld-man, booM On EthtrnK
and llandard oommunieation ",nware (oclayen 1 through
4 atld 7 (MMS)_""d the ""mplexit, of OSI ruondarda,
MAPMMS will be in.lJ'Oduoed by mMt vendo,.. via a mlll'a.
lion p~th. F\ltUl'l netwOI'Q will be oompooed of pcoprltW)'
IUbnltwOrkI integu\ed into MAP!MMS. and all appliefltion,
will uoe tile ...mo MM3 opplieo.tion layer interf""" indepen·
dont of tho notwork.

Yot, Iho walt for MAP ill o,er, bUI tho learning prooo.. h...
jun 008Un, A lot oft;me will be required for uso,.. to saln

experience in applyina: and maint.oinina: 1olAI'/MMS oo"''''u·
nication~ At. recenl oympooium in Fcankfun...
,"",_,t.otn-. ofMercedea ileAl ...... the <nmmerlllhat
~theN ill no al_ti<te to loW'~"H . be im",.
dialeIr qualifoed thlo It.o.lellIeIIt by inJiHinC thaI loDIS 011
EtherDK must he .on~ """'po l.

II the poptlar Ethernet aupport.od u lolAP? No, <>Ol
,.... H".......... oompan>oe lib AEG, BuD, DiPal Equip.
..,..,.. He.n.n Pa:brd, ReUs, and SOt-.. .... aIroady or·
f""lll: YloIS~Eu-- .. an to<tentloo> to lLU'. Thua,
tbe wai, for loO.IS on EI.hontot .. -.. it hM arri....d.
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