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The following tBxt is taken from Draft 70 of the 
IECIISA F/eldbus Data Link Protocol Specification. 
It is submitted as background to assist in the treat
ment of similsr issues in IEEE 802. 7 7. 

5.4 Service Issumed from the PhysiCiI Layer 

Thi. clau.e define. the auumed Physical Service (PhS) 
primitiva and their conatraints on u.e by the DLPM. 

NOTE - Proper Ilyering requir .. thlt In (N+1'-llver entity 
not be concerned with, and that In IN)'llIO'ice intertle. not 
overly conlttlln, the meln. bv which In IN I-laver prOYid .. 
itl (N'-Af'Yic... Thu. the Ph .. ervia. interlace do .. not re
quire OLE, to be awlra of internal dellils of the PhE (e.g., 
preamble, pO .. lmble Ind trame delimiter ,ignll plttern., 
number of bit. per baudl, Ina .hould not prevent the PhE 
from uling Ipproprilte eyolying tlchnologi ... 

5 .•• 1 Auumed primitiv •• of the PhS 

The granularity of tran.mi .. ion in the Fieldbu. protocol 
i. one octet. Thl. i. the granularity of PhS-uHr data ex
changed at the PhL - DLL interlace. 

5.'.1.1 PhS characteristics reponing service 

Th. PhS I •• .,umed to provide the following service 
primitive to repon essential PhS characteristic. uud in 
DLL tran.miuion, reception, and 8cheduling activitiee: 

Ph-CHARACTERISTICS indication (minimum-data.,ate, 
framing-overhead) 

whera 

mlnimum-data-rate - apecifi •• the effective mini
mum rata of dats conveyance in bitl/.econd. includ
ing any timing tolerances. 

NOTE 1 - A PhE with. nominal dati rite 0' 1 Mbit/s :t 
0,01% would specify I minimum data rate of 0.9999 Mbit/ •. 

framlng-overheMt - specifies the maximum num

ber of bit periods ( where period os data' rate ) used 
in Iny trlnamisaion for PhPDU. which do not directly 
convey data (e.g., PhPDUs conveying preamble, 
frame delimiters, poslamble, inter-frame" silence", 
etc.) 

NOTE 2 - If the framing overhead is F and two DL mil
IIga lenglhs are L, Ind LZ' then the time 10 nnd on. me.
saga of length L, + F + L2 will be It le .. t •• great .1 the 
time required to send two immediately consecutive me.
seg •• of lenglhs L, and L2' 

5 ••. 1.2 PhS transmission and reception sorvices 

Tha PhS is assumed to provide the tollowing service 
primitives for transmission and raception: 

Ph-DATA reque,t (class, data) 

Ph-DATA indication (class, data) 

Ph-DATA confirm (status) 
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where 

d ... - 8pecifie. tha Ph-Interface-oontrol-informa
tion (PhICI) compon.nt of the Ph-interfRe-dat.-unit 
(PhIDU). For a Ph-DATA requeat, its poaiWe valu •• 
are: 

.,..urr~ACTMrY - traMmiNion of the PhPOUe 
whioh precede Ph-uNr data ehould commence; 

DATA - the .ingle-octet v.lua of the .uociated 
d.ta p.rametar .hould be tr.nemittad .. part of. 
continuous correctly-form ad tranamiaion: .nd 

IND-OP-OATA-AND-ACrMn' - the PhPOU. which 
terminate Ph-u.ar data .hould be transmitted 
.ttar the I .. t preceding octet of Ph-u.er d.t., 
culminating in the c .... don of acdve tran.mi.
lion. 

For. Ph-DATA indication, its po .. ibl. valu ••• re: 

START-oP·ACTtVITY - reaeption of .n apparent 
tr.n.misaion from one or more PhE. ha. com
me~d: 

DATA - the .NOOi.t.d date p .... meter w •• re· 
c,ived •• part of • contlnuoUi correctly-formed 
reception: 

IND-OP-DATA - the ongOing continuoue correctly
formed raception of Ph-Uler data h., concluded 
with correct reception of PhPOU. Implying IND· 
OfI-DATA; 

IND-OP-ACTMTY - the ongoing recepaon (of an 
.pparent transmission from on. or more PhEs) 
h .. concluded, with no funher evidence of PhE 
tr.n.misaion; and 

!J\DoOPoOATA-AllD-ACTMn' - .imultaneoua occur
rence of END-Of'oOATA and INDo()I'-MmVIrY. 

data - spacifie. the Ph-Interfloe·data (PhID) com· 
ponent of the PhIDU. It con.i ... of on. octet of Ph· 
u •• r.data to be tran.mitted {Ph-DATA raque.d or 
which wa. received .uoce.efully (Ph..tJATA indica· 
tion). 

atatu. - Ipecifie8 .ither .ucce •• or the locally-de
tected re.aon for inf.rrlng failure. 

The Ph-DATA confirm primitive provide. the critical 
physical timing feedback nece.aery to inhibit the OLE 
from staning a second tranaml.aion before the first is 
complete. The finel Ph-DATA confirm of a tr.namiaaion 
should not be isaued until the PhE hu completed the 
current transmi .. ion. 

&.4.2 Notification of PhS char.rteriatlce 

The PhE has ,h. responsibility for notitving the OLE of 
those charactoristiC8 of the PhS which are relevant to 
OLE operation. Thi. notification i. eccompllahed by the 
PhE by Issuing. eingl. Ph-CHARACT12RlaTIC. Indication 
primitive at each of the PhE'. PhSAPa at PhE "."Up. 
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The PhE determines the timing of .11 transmissions. 

Whe •• a OLE hal a oLPoU to tr.n.mit, and the DL-proto

col givea that OLE the right to transmit, then the OLE 

shall sand the OLPOU, Including a coneatenated FeS. by 

making a well-formed aequence of Ph-OATA requesta, 

eonaialing of •• ingle requeat .pecifying 8TAJn'~AC

Trmv; followed by three to 300 consecutive requam, in

elu.lvl, .peelfylng DATA; and concluded by a .ingle r.

qu ••• pecifylng lND-oN)ATA-AN~. 

The PhE algnal. ita completion of ellCh Ph-DATA r.que., 

and its re.dine .. to .ccept • n.w Ph·oATA requ .. t. with 

a Ph-OATA confirm primitive; the Ratu. parameter of the 

Ph-DATA confinn primitive conveya the .UCC4I .. or failure 

of the ... cciat.d Ph-DATA requaat. A .e<lond Ph-DATA 

requeat should not be i .. ued until after the Ph-DATA con

firm oorrespondlng to the tlntt requelt has been receiv

ad from the PhE. 

S.'.' Reception of Ph-user-detll 

The PhE report •• reoaived transmission with a well
formed lI8quence of Ph-DATA Indications, which shall 

consi8t of aither 

at a single indloatlon apecifylng .TMT-o'-ACTlVrrY: 
followed by consecutive Indications .pacifying DATA: 

followed by a single Indloation .peclfying !NOoO'

DATA; and concludod by • aingle indication specifying 

END-o"ACTMrV; or 

b) •• ingle indication apecifying .TARToQP·ACTIVrrY; 

followed by consaoutive indications specifying DATA: 

followed by a aingle indication .pacifying END-OF
DATA-AND-ACTtVrn'; or 

Q a single indication speoifylng 8TAR'T-CJ'-ACTlVrrV; 

optionally followed by one or more consecutive indi

cations apeeifying DATA; and concluded by 8 sinole 
indication specifying ENo-or-ACTMTY. 

NOTE - Thll Isst ,aquenee i, indic.tiv. of .n incomplote 
or incorrect reception. Oeteetion of an error in the Ie
quanoe of reo,ived PhPOUI, or in the PhE', receptIon pro
ce ... dill8bl .. funhar Ph-QATA indle.tion. with a cl ... pa
ramet.r .peeifying DATA, IND..()I'·DATA, or IND-oF-DATA
AND-ACT1VTI"Y until after both the and of the current pariod 
of activity .nd the .tart of • lub.eQuant pariod of ,cliY/tv 

have belln reported bv Ph·OATA Indications spucifying tHO

O'-ACTMTY and STAAToOf'-ACTTVrrv, respectively. 

In the first two cases, the OLE concatenates the received 

data and then attempts to pa~e it into a OlPOU fol· 
lowed by a concatenated FCS. In the last case the OLE 

s imply discards all reponed data. 

6.1 PhlOU structure and encoding 

Each PhlDU consists of Ph-interfaoe-control-information 

(PhICIl and in some ouea one octet of Ph-Interface·data 

(see 5.4). When the OLE transmits 8 oLPOU. It oom

putes 8 frame check sequenca tor the DLPOU as speci

fied in 7.1,1, concatenates the OLPOU and frame check 
sequence, snd transmits the concatenated pair as a 3e

quence of PhlDUs as followe: 
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a) The OLE i.au .... ingle Ph-DATA request primi

tive with PhlCI .pecifying ITAIIT.OF-ACTIVITY, and 
awaita the cOnlilquent Ph-DATA confirm primitive. 

b) The OLE ' .. UI •• sequence of Ph·D.fl'!'A r.que": 
primitives with PhlO apacifylng DATA, esch aocom

psnied bV one octet of the OLPOU I. Ph.fnterfaoe
dati, from Urn to I ... octet of the OLPDU. and after 

•• ah Ph-DATA reque" primitive .wett. the con •• • 
quent Ph-DATA confirm primitive. 

d The OLE Ia,ue. a aequence of two Ph-DATA re
que .. primitive. with PhICiapeoifying DATA. e.ch ec

complnied by one octet 01 the FCS II Ph~nt.rface

da .. , from fim to fiR octet of the FCS, ud .fter each 
Ph-DATA requn1 primitive awalta the oonMqUant Ph
DATA confirm primitive. 

d) The OLE ISlu.s. aingl. Ph-DATA ,equelt primi

tiv. with PhlCfspeoifylng aNDoOP-OATA...u.D-AC'TMIY, 

and await. the con.equant Ph-DATA confirm primi
tive. 

The OLE for.". I received OLPDU bV concaten.ting the 
sequence of octet. rec.lved •• Ph-Interfecl-control-in

formation of con.eoutlve Ph-DATA Indication., comput

Ing • frame cheoic .. quence for tho.e reoelved octe~ •• 

apeoified In 7. ,. " Ind check.8 the syndrome of tha com
puted FCS for oorrectne .... follows: 

• Th. OLE recelvH • ,ingle Ph-DATA Indication 

primitive with PhlCI specifying "'MI'~, Ind 

Inltlalizel itl computation of an FCS for th. raoeived 
DLPOU. 

" The OLE receive. a .equanca of Ph-OATA indioa· 
tlon primltlvel with PhlCI apecifylng DATA, .Ioh ac

companied by one octet of the r~ived OLPOU 81 

Ph-Interface~.ta, incrementally compuc .. an FCS on 

the received octet, and concatenat •• IU but the last 

two of chose rec.ived octetl to form the received DL· 

POU. 

g) The OLE receives s single Ph-DATA indic.tion 
primitive with PhlCI .peoifying either IND-o,-oATA, 

IIND-o,-oATA-AND-ACTIVfTY or INDoQII·ACTMTY, and 

checko the 8vndrome of the oomputed FCS for cor

rectne .. : 

1) If the PhlCI specified I!ND·OF-DATA or IND-Ol" 

DATA-AND-ACTlVrrY, end the computed FCS avn· 
drome we. oorrect, then the OLE reports the re
con.tructed OLPOU and the two octeta of ra
celved FCS 88 a oorrectly-receivltd OLPDU suit
able for further analYlis. 

2) Otherwiae, the OLE increment. ita manags
ment statistics to reflect the erroneou.ly·received 

DLPOU. 
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6.1.1 Frame check sequence 

NOTE - The gen ... ator polynomial for thil FCS i •• ~cified 
In Eq. 6. The polynomial for the receiver'. expected relidue 
i •• pacified in Eq, 10. EXlmplary implamentationl are dil
cUI •• d in NOTES. and .,. •• hown in Annex e. 

In thl. p.rt of thl. International Stand.rd. I. in other 
Int.rnational St.ndard. 'e.g., ISO 330g. ISO 8802), OL· 
POU-I.v.1 .rror detection I. provid.d by calculating and 
• pp.nding a multi-bit Framle Cheok Sequenca (FCS) to 
the other OLPOU field. during tran.mi •• ion to form • 
·syatematlc cod. word-1 of length n cori'ilting of k OL
POU m .... g. bite followed by n • k redundant bit ••• nd 
by calcul.tlng during reception th.t the m •••• g •• nd 
concat.n.t.d FCS form a legal (n.kl code word. The 
valu. of n • k for thl. p.rt of thi. Int.rn.tional Standard 
i. 16. The mechaniam for thi. checking i ... followl: 

8.1.1.1 At the I.nding OLE 

Th. original m .... g. (I .•.• the OLPOU without an FeSt. 
the FCS. and the compolit. m .... g. cod. word (th. 
concatenated OLPOU and FCS, ahaU be reg.rd.d aa vec
tOri! M(X), F(X' •• nd O(X,. of dlm.ntlon k. n· k. and n. 
r •• pectively, in .n ext.nlion fi.ld ov.r GF(2,. It the 
m •• sag. bit. ar. m, ... mk .nd the FCS bits are 
fn.k-1 ... fOr where m, ... ma form the fir.t oetat •• nt, 
mSN·7 ... meN form the Nth octet .ent. and f7 ... fo form 
the last octet lent. then the mesaage vector M(X) thall 
b. r.garded to be 

M(X) • m,Xk.1 + m2Xk·2 + ... + mk_,X' + mk (Eq. 1) 

and the FCS vector F(X' shall be regarded to be 

F(X) • fn.k.,Xn.Jc-' + ... + fo (Eq. 2) 

• f1SX1& + ... + fo 

and so the composite vector O(X), for the complet. OL
POUr shall be conl1ruet.d as the concat.nation of the 
message and FCS vectors 

O(X, • M(X) Xn.k + F(X) (Eq.3' 
• m,xn.1 + m2xn•2 + .•• + mkxn.k 

+ fn-lc.,xn.k-1 + ... + fa 

- m,X!'I·1 + m2xn.2 + ... + mkX'S + f16X'6 + '" + fo 

The OLPOU presented to the PhL shall consist of an 
octet sequence in the sp.cified order. 

The redundant check bits fn.k.' ... fo of the FCS shall be 
the remainder, after divilion by G(XI. of 

F(X) = L(Xt (Xk + 1) + M(X) xn·k (modulo G(X)) (Eq. 4) 

W. W. Patarlon and E. J. Weldon. Jr .• Error Correcting 
Code. (2nd edition I. MIT Press. Cambridge. 1972 
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where G(X' Is the degree "-k generator polynomial for 
the code word. 

G(X) • Xn.Jc + gn_k.,Xn.k-1 + ... + 1 (Eq.5 

• X1l1 + X12 + X" + X10 + X8 + X7 + Xl + X3 + X2 + X + 1 

.nd LOC) I. the maximal weight (all on ... polvnomial 0 

d.gr.e nek-1 

L()() xn-k + 1 X"-"-1 Xn-\c-:Z X 1 (E 6 • X + 1· + + ... + + q • 

• X11 + X14+ X13 + X'2 + ... + X2 + )( + 1 

NOTES-

1 The L(x) t.rm • .,.. Included In the computation to de
ted Initia' or .... minal m .... g. truncation or _an.ion. 

2 Thla G(XI polynomial i. rala.lvllv prim. to all. and is 
thu. not camproml.ad by anv. of tha polynomi.l. com
manly uHd 'n oce. (modem.l: the differentia' enooding 
polynomial 1 + X-1 and primitive actambflng polynomial, 
of the form 1 + X1 + X"'. 

3 Code wordl O(XI canetructed from tid. O(XI polyno· 
mial have Hamming dletanee , for lenaml" 3.U octetl and 
Hamming distance" for lengtha S '6 octata. 

, A. a typical implementation •• t a tran.mltter. the initial 
r.m.inder of the divi.lon i. pra.et to all on... The tranl' 
mitted mlluge bit elre.m i. multiplied by )(1' and divided 
(modulo 2) bV the gen.rator polynomial O()(I. Ip.ciried in 
Eq. 6; the onll complement of the rHulang ram.inder is 
,ran.mined •• the 1t·bit FCS. 

'.1.1.2 At the receiving OLE 

The oatet .equence indicated by the PhE .h.1I b. con
catenated into the receiv.d OLPOU and FCS, end re
garded II • vector V(X) of dlmen.ion u 

V(X) • v,Xu-1 + V2XU·2 + ... + vu_'X + Vu (Eq.7) 

NOTE 1 - Becau .. of errora u can be differ.nt than n. the 
dim.nlion of the tranlmitted code vector. 

A remainder R(X' ahall be computed for vex'. the re
ceived OLPOU and FCS. by • method .Imil.r to that 
used by the •• nding OLE (in 7.1.1.1) In computing F(X) 

R(X' • leX' Xu + V(X, xn." (modulo G(Xl) (Eq. 8) 

so rn.k_1xn.k-1 + ... + ro 

Define E(X) to be the error code vector of the additive 
(moduI0-2' difference. between the tran.mitted code 
veetor O(Xt and the rec.ived vector vex, r.lUlting from 
errors encountered (in the PhS provider end in bridges) 
between sending and receiving OLE •. 

E(X) = O(X) + vex) (Eq.9) 

If no .rror ha. occurr.d, '0 th.t e(X) .0, th.n R(X) will 
equal e non-z.ro co natant remaind.r polynomial 

Rok(X) • L(X) Xn.k (modulo G(X» (Eq.10) 

• X'S + X" + X13 + X9 + X8 + X7 + X. + X2 
who •• valu. i. ind.pend.nt of O(X,. Unfortunately R(X) 
will also .qu.1 Rok(X) In tho .. c .... where E(X) i. an 
exact non-zero multipl. of G(X). in which cae. there are 
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·undetectable" error.. In.U other c ..... R(X) will not 
equal Rok(X); such DLPDU •• re .rron.ou. and .hall be 
discarded without furth.r analyaia. 

NOTE 2 - A. • typical Implamentlltion, at a recaiver, the 
Initill ramainder of the divilion il prn .. to ell onel. The 
received bit Itraem I. multipll.d by Xli and divided 
(modulo 21 by the genarator polynomiel GCX" Ip.:iHed in 
Eq. 6; the r •• ulting 1S·blt r.mainder Ihould be 
',10001, 1001 0100 (Xli through XO, r •• pectiYely, in the 
.b.enee of ."ora. 

6.1.1.3 Modification within bridge. 

When forwarding a DLPDU, it i •• om.tim •• nece ... ry 
for a bridge to alter one or more subfielda of a DLPDU'. 
frame control field. When making these modifloationa. 
the bridge shall modify the reoeived FCS to compensate 
for changee in the frame control octet: the bridge .hall 
not discard the rec.ived FCS end recompute e new FCS 
after the DLPDU'. frame control field ha. bean altered1• 

When the received DLPDU's length, plu. that of It. FCS 
field, is N octat., then the bridge can campensata for a 
change in bit K (the bit whose weight in a ona-octat un
signad integer is 2K) in the first octet by computing the 
residual of the polynomial 

(modulo G(X)) (Eq.11 

and then updating the DLPDU'. FCS field by exclusiva
ORlng the computed r.sidual into that fi.ld. 

Implementltion NOTE - The bridge can precompUle the 
residual. for III permillibl. DLPDU langth. and bit po.i
tlons potentially neading alterllion when it Inltilliz .. - for 
veluel of N between 3 and 270, and vllue. of K of 0, 1 and 
3. Than for any OI.POU It nead only epply to the OI.POU'I 
FCS thOle residuel. which corrnpond to the change. eccu
ally made In the OI.POU'I frame control octet. 

D. R. Irvin, Pruerving the integrity of oyc/ic·",dundenc;y 
checks when protected text i. intention.lly .'t.red, IBM 
Journal of Research end Development, Vol. 33, No.6, 
November 1989, pp. 618-628 
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