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ASYNCHRONOUS TRANSFER MODE SEGVENTATI ON AND REASSEMBLY BACKGROUND OF f 002
| NVENTI ON Field of the Invention The present invention relates to a

comuni cati on system Mrre 5 particularly, the present invention relates to
an asynchronous transfer node segnentation and reassenbly interface ("ATM
interface"} which can be easily nodified to accommpdate diff es of

wor kst ati ons and/ or networks. Description of the Prior Art MM”WQWWHMI

two decades, conputer manufacturers generally are 10 manufacturin

resources conpatible with decentralized, shared networks (e.g., 1P9®al area
networ ks). These decentralized networks allow information, typically

restrict edITEE f:0h rSCADABIFE ARGHITECTURE! FoRata&vintRenod® TREnGRANRPEDEet ween
resources. Wt h dtmeriiae N emokeAdimry"edi @ comuni cations, however,

networks are now being required to support nultiple data types. As a

result, network 15 manuf desly B OQUUND 4] INVEDNdENNr ate their efforts
toward asynchronous transfer node ("ATM') networking systens. Referring to
Figures 1 and 2, a conventional ATM networking systens 100 conprises a
workstati%g JQOS; @oug ed .to a network 110 (e.g., fiber optics, tw sted pair

or any ot I % %Thedi un) through a conventional ATMinterface 20

115 and a physical device 120. The conventional ATMinterface 115 and the
phystcal devi cerpd20-Rker HRANBBHGHIN QAR Rim UL Rldh AN b Of

unidirectional co nication l'1nmes 125 configured in“accordance with a

vel | - kgowpargbaREB, thé\pMsebt fientiohtbREdsae@nladynchrdhoddtkmiié@motRst i Ng
Qperation’Interface for ATM). J ~,~~ ~~i~>"Thi s guarant ees

conpat i bi Isegynenes tivexe antl reasiéMbiln ietefface(“KIBManckrtdve” piwsiicedn Heeasity 120.
One inportant function of the conventional ATMinterface 115 and the

physi cal deedifedlZOadcommodaieudiffierdny typesaf wiorkstatiaimt angt/Arinegfvarks.or mat i on
froma 5 first data type supported by the workstation 105 into a standard
format (e.g., an ATMcell) which can be transferred subsequently to other

data type Thr qu ho tt t he. present application, a "datagram' is generally
def i ned h?—%ﬁ%%—%ré&é—gﬂw 0 %52 15f information bits in series. Typically, as
shown in Figure 2, the workstation 105 internally processes 10 data as a

dat agram havi nghgpy ﬂ{eqiagtr@‘;cydle@ﬂﬁ%,heorﬁﬁum@%%Jf@ét%rr&%%etn‘érzﬁﬁy greService Data
Unit ("SDU') 190. Thereafter, in order to transmt the SDU to a renotely

| ocat ed demhRefaceuithgdeddurtdiecorapaisl wmde&mrmassm&dmelt%rlag(ef.%tms
operations on the SDU 190 to produce a protocol data unit ("PDU') 191
t her ef r omloddlarPbde®drksy. Thdst depeamaliaed ngtveonkarallalt mfbimatiengtypisdlyas t o

15 include at |east the SDU 190 and bytes of information such as paddi ng
192 used restricted in form to one particular data type, to be shared between resources.

With the emergence of multi-media communications, however, networks are
now being required to support multiple data types. As a result, network
15 manufacturers are tending to concentrate their efforts toward asynchronous

transfer mode (“ATM") networking systems.

Referring to Figures 1and 2, a conventional ATM networking systems 100
comprises a workstation 105 coupled to a network 110 (e.g., fiber optics, twisted
pair or any other conventional medium) through a conventional ATM interface

20  115and a physical device 120. The conventional ATM interface 115 and ti1e
physical device 120 are connected together through a plurality of unidirectional
communication lines 125 configured in accordance with a well-known, standard

ATM "Utopia" interface 130 (i.e. Universal Testing Operation Interface for ATM ).
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for conmpletely "filling" the PDU 191, control 193 and a Cyclic Redund‘%lrfr’-ciﬁcfT sl
Checkword 194 which is used to check that no errors occur in transm ssion,
generally referred to as "PAD' information, "CNTL" information and "CRC',
respectively. 20 The conventional ATMinterface 115 converts the PDU 191

into at | east one ATM cell 195 depending on the size of the PDU 191. If the
PDU 191 has a maxi num of forty (40) bytes of data, the conventional ATM

interface 115 produces one ATMcell. O herw se, the conventional ATM
interface 115 produces a sequence of ATMcells wherein only the |ast of the
sequence of ATM 2 ~ Cl ~ ~i ?~~n~ cells include the CNTL information 193

and CRC 1%higgdasdntaestorhpetibdisy betwoedl tHecATM intasfacet] Listed BADphpéieslmat i on
192. Still referring to Figure 2, each ATMcell 195 includes a four (4)
byt e headelevi@6lImr indicating a designated "target" location of its
corresponding 5 ATMcell 195 and a one (1 ) error byte 197 which is used to
monitor for errors in transmtting the header. The error byte 197 is

provi ded by a phpeimppriaay&inagion efthgicpsyentionad Tl irterfgeti Edarsbthebel ow) .
Moreover, each of the ATMcells 195 includes a forty-eight (48) byte
"payl oad" PHysicahdenicedraIy tq aequigiely anslakt a {' datagpuni of wﬁﬂrmatmf\fmsq few
ATM cell s ,as di scussed above. 10 Referring k to Figure 1, the physical
devi ce 12@réb‘ggﬁastﬁ’geéflpﬁobtﬁastiyc&e we Fatr%fs?ﬁa‘taa&ﬁ %&Iéﬁ’é‘&f‘ ge-EeBEndency

n ' | 1 | I b h i d i ’
o propagdt DY S DFTRE St st iriiienhd SRerinaetri6 RE 1h8 9@Pkstat s on 105
Wth | ] o} [ | AT i f
115 ser; aroP PRI AR RaPRE ScbRBhrnTr ANy e plelg T 7

physi cal Iaax%(lgrral GRS ot BESH &ekidscel I's into a bit streamwhich is
input into ‘the PVD 140. The PMD 140 tormats the bit stream according a

particul ar data type used by the network 110. The physical device 120

operates in an W@ﬁi},@s@ﬁﬂwmfﬂﬁuf&@@, hRGRbMISRL QP IR &hal WS B cesses
specifically, the conventional ATMinterface 115 provides a reception

si gnallQ patdatd 46aaadagrairt BAGINgSH| MibighgNRNgIRIDMMSnlPRGred tyak alSerpiebudi ng
in series a pair of state machines working in conbination with a storage
queue (e. datadJriit (*“SDUMH) 190. r Bhereufter, i bl erpoctug)smitohe D& tes egrnbtaly si gnal
path 146, a receiver ("RX") state machine 150 receives an ATMcell fromthe
physi cal lesaéed deSiceToapled trettROaiwark 1i6.chieneodsat{dn) 105pefesns he header
25 portion of the ATMcell, (ii) performs CRC cal cul ati ons on the payl oad
of the  ®peratignson theSHY WiMogeiodugad prptare! datmenitd KB @APbrs, (iii)
transfers the payload into a first storage queue a First-1In,

Fi rst-Qut ﬂaﬁrslér@m-lgbef’é?l%l@m? Sajegrany la@,wg@pwiéffﬁégitaﬁ?]@fh SR wgr i ate i

i , i 155 tr,
2"252?%”?ﬁéﬁﬁ%e@ﬁq%&é{%@#@r%?ﬂ%ﬂ“?ﬁa%mr%&?ﬂ%e%ﬁ%aﬁv d?%%b%%pﬁéf e
nter face 1t SrRPTeH fH1580 Mo bR 19fisPnlion1e: B e CHARRLERENY Gnal  pac h
147, the g B%o?hel@g%hﬂ:ﬁasP%@&?@ﬁ}\%%m{)gpmggb&ﬁm rfé(ﬁstﬁ? pys 165

addr essed e transferre roug e systembus I nterface and into a
second st gEAGRIRURLETIS®h aNHRAD LAERREEG, “@NTHE iSRERREIONHR] fere st at e
machi ne 175, thé second storage queue 180 outputs the infornmation into a
transm tt egs "C{I;iiéj)y,state machi ne 185 for transm ssion through the U opia
interface 130 and’into the physical device 120. This inplenmentation for the
ATM i nterface has a nunber of disadvantages. One disadvantage is that the
converlidi onal ATHe dorerhaoaal ATMintéfaea$ld yornmdtiss theT@U(1i91dnto stclehstbl €) to
accommodate for different capabilities of the workstation and/or the

sel ect ed neewsIK cdtolS5edergriding ioh thhsizepdrthe PANAI19% p&atthedDUNO 1dwtswor k i s
increased from 616 nega-bits-per-second ("Mps") to 1.2 giga
bi t s- per - seROMHM G ferty (4@)Hey temof d@taathﬂﬁqré/@mpeabATMem@bﬁ%vefm onal ATM
interface would likely be required to be conpletely re-designed to all ow
for the 20TPREFESLEIAT seﬂéyhfqaﬁbt?rmﬁ%tthéFOP@%W%ISX%M%%H@Wi onal

ATM I nter E)?ggucl:ess ansoéque%%g %?Blﬁ\/l cells wherein only the last of the sequence of ATM
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i.e., the architecture does not support a wide variety of workstati o?‘n"a(n{d" 2002

networ k configurations. Yet another disadvantage is that the conventi onal
ATMinterface arbitrates 25 for ownership of the system bus of the

wor kst ation rather than using scheduling "~ Cl ~j k~~~~? techniques.
This may | ead possible arbitration probl ens between transm ssion and
reception elenments. Thus, it would be desirous to provide an ATMinterface
t hat overcones the above-identified advantages. r GJ1.1L ~ ~ ~~
SUMVARY OF THE | NVENTI ON The p sent invention relates to a scal abl e,
asynchronous transfer node ("ATM') interface used for generating at |east

one ATM el [T ATHJ(Wet B {92P5n @ CA4108 5h G BhGHRAL JasPrIBITO! Y

el enent and ce generati ng el enent . essli ng enment 1s used to

initiate ggw%ilgﬁl@h{chﬁieﬁﬁmﬂ%ﬁamntwg_nsm’ tting at | east one nenory
addresses) to the nerrory elenent. It is contenplated that the addressing

el enrent may include a schedul er and an address generator. The nenory

el ement, accessbhlleeftrinfeo Fighiess ieach @ BviRiel], 1954ntiseilds baod? (Htyte at | east
one datagram corresponding to the nenory addresses) and subsequently

out put t i nghedddrel@stfoo ivedidatiag n alesigmatdtb megdt” decmiat ofigs ebreespindihg
addition, the cell generating elenent is coupled to the nenory elenent in
order tio réaddivelldP5lapdst omm@ ) @atcadrydenl Ahevpclo dhesed tvemAfiloc ébil €r$91s in

i ncluding a header and a payl oad, including at |east one datagram It is
cont enpl at @énﬁm&tlnmé\ed@hﬂet-5T@%ﬁ@pabytfgl%7P@rPEﬁV1dewbbwaepshyaiq@ layeaof the

generator for generating the pay|lopad and a header generator for qenerati ng
t he headerPhﬁlﬁ%tllql%y,‘cealfgbﬁﬁjt‘?%ﬁsﬁ‘? Bg@l‘@néﬂPrQ%’eédiﬁﬁgéﬁ the A led@asi ng

el enmrent and the cell generati el,enent i, rder.to, control, the operations
of “the. adaPiLafergt forsy Ba AUy S rEmEEre” doRar gy Shuntes de e

col l ecti vetﬁngﬁﬂggfeﬁ%tn%w %9;5}_1"8&?5[{5 gggugs%ldlab%%régratl ng el enents

produce th

10 Referring back to Figure 1, the physical device 120 consists of a physical
layer 135 and a physical media dependency ("PMD") 140, collectively operating
as both a transmitter and a receiver, to propagate information between the
network 110 and the workstation 105. With respect to the transmitting
operations, the conventional ATM interface 115 serially transmits the ATM cells

15 tothe physical layer 135. The physical layer 135 converts these ATM cells into a
bit stream which is input into the PMD 140. The PMD 140 formats the bit stream
according a particular data type used by the network 110. The physical device

120 operates in an opposite manner for the receiving operation.

More specifically, the conventional ATM interface 115 provides a
20  reception signal path 146 and a transmission signal path 147, both of which
including in series a pair of state machines working in combination with a
storage queue (e.g., a First-In, First-Out “FIFO” queue). For the reception signal
path 146, a receiver (“RX") state machine 150 receives an ATM cell from the
physical layer 135. Then, the RX state machine 150 (i) removes the header

25  portion of the ATM cell, (ii) performs CRC calculations on the payload of the
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BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advant ages of the
present invention will becone apparent fromthe follow ng detail ed
description of the present invention in which: 5 Figure 1 is a block
di agram of a conventional ATMinterface. Figure 2 is a bl ock diagramof the
data structure of the SDU and PDU datagranms and ATMcells. Figure 3 is a
bl ock diagramof an illustrative enbodi nent of an ATM comruni cati on system
conprising a workstation coupled to a network through 10 a network nodul e
i ncluding an ATM interface and a physicél device. Figure 4 is a block
diagram of an illustrative enbodi mrent of the ATMinterface. Figure 5is a

bl ock di agparmMalellaihd if ndstrdminhi4sioardestis "B trehsfeRetheGhiBlod € intfa filke ATM
interface of Figure 4 including multiple schedul er el'efrents having 15

di fferent prorage hueli@epsa Frisgdin Fifsh-Oat quéke) a5 doagnapoiry eftgagebugionent

of one of the nultiple - scheduler elenents of Figure bel ng a const ant
bit rate scéeipt efrapproguiate 6Bitral sigimlsche dirsigstamgefquenet 156riramfedithent  of
one of the multiple scheduler elenments of Figure 5 being a variable bit
rate schedphploaddbhrenghypesystens bus biterfrcell Ayradnooto asystemibus 465 far

enbodi nent of the address generator cqQupled to the allgcated host nenory as
shown ih FRPRFepuate storpge in the memrony; eleneng14% Bhigiteansteragpaireled &y a
illustratiye enbodi ment of the | oad generator of Figure 4. "t" a- y 9
DETAI LED DES®RMEFfask septe FRECTIRY/ERFFI ON I n the fol | owi ng detail ed
description, the present invention describes an ATM segnentati on and

mbly i f bl ATM. i i K b | abl
e oS R D e T B SPREN DE B a1
det ai | t . t i fi j h | ,
detal |5 Setyd lAbe HER AR EEIALS SRR aRLon A seedd o

to one ski [ i J ragt |
wht hout 1 ninESEnth ¥s@p bul Bbrn(e1 R SR o YEOHUOoriBY cARBIBE! LRREEr

that 1fh t hes rEK6 StheSBEENd HtbAREEStathBaBh MR 175K R CBhA Giage @ub o i ke
are not set forth in detail in order to avoid unnecessarily obscuring the
present 1 nygtPutgRhe information into a transmitter (”"_['X”) state machine 185 for

transmission through the Utopia interface 130 and into the physical device 120.

This implementation for the ATM interface has a number of
disadvantages. One disadvantage is that the conventional ATM interface is not
15  easily modifiable (i.e., scalable) to accommodate for different capabilities of the
workstation and /or the seiected network. For example, if the operational speed
of the network is increased f-r_om 616 mega-bits-per-second (“Mbps”) to 1.2 giga-
bits-per-second(“Gbps”), the entire architecture of the conventional ATM
interface would likely be required to be completely re-designed to allow for the

20  increased throughput. — -

Another reason is that the conventional ATM interface is not “reusable”
i.e., the architecture does not support a wide variety of workstation and network

configurations.

Yet another disadvantage is that the conventional ATM interface arbitrates

25  for ownership of the system bus of the workstation rather than using scheduling



In the detailed description, a nunber of terns are frequently used 2& 08T 2000
describe certain control circuits and signal representations which are
defined herein. A "state nmachine" is a conbination of conventional |ogic,
typically 15 synchronous in nature, which receives inputs that are conbi ned
with its self contained state information in order to "intelligently”
produce at |east one output. A "selector"” is defined as one or nore
conventional multiplexing |logic gates arganged to selectively output one of
a plurality of inputs. An "event" is an operation predeterm ned to occur at
a specific tinme. A"line" is an electrical and 20 nechani cal connection or
nul tiple i tetbmégqoentThicmay tdadnsossitlaatsitiationgreblentnberveleareatsnisRefner ri ng
to Figure 3, an enbodi ment of a workstation 200 utilizing the present

i nventi on asdiretepgtioraelemernthe Torskstaouldrb0esigrneaogirbyidoapAdsnterfacat em
bus 205 including address, data and cenatrol bus lines for comunicating 25
i nf or mat i othasavesermes phairbove-ideptifiedadusatages210. The plurality of bus
agents ~) ~~~~"~) fly 10 210, including but not limted to a host
processor 215, host nenory 220, a plurality of input/output ("I/0O") devices
225 and a network nodul e 230, all of which are coupl ed together through the
system bus 205. These bus agents 215230 are those typically found in nost
general purpose workstations, including 5 those manufactured by Sun

M crosystens, Inc. of Mountain View, California. Most relevant to this
application is the network nodul e 230 which includes an ATM segnent ati on
and reassenbly interface ("ATMinterface") 300 and a physical device 400.
The ATMinterface 300 and the physical device 400 are used collectively to
enabl e the workstation 200 to transfer information to and 10 receive
information froma network 250 having nedi um such as fiber optics, tw sted
pair and the |like. Although the ATMinterface 300 supports data transfers
to and fromthe physical device 400, for clarity sake, only the operations
concerning the data transm ssion path are described. Referring now to
Figure 4, the ATMinterface 300 conprises a schedul er 15 310, an address
generator 330, an allocated portion of host nenory ("all ocated host
menory") 340, a payl oad generator 350, a header generator 370 and a
controller 380. The controller 380 is coupled to the schedul er 310, address
generator 33D, payl oad generator 350 and the header generator 370 via
control |ines 381-384, respectively. The controller 380 receives control
information from 20 the host processor (not shown) executing system

sof tware and propagates such control information through these control
lines 381-384 to maintain tables, registers and |ocal nmenories within the
schedul er 310, the address generator 330, the payl oad generator 350 and the
header generator 370. The schedul er 310, coupled to an address generator
330 and a delay 25 elenent 345 via comruni cation lines 301 and 302. These
conmmuni cation |ines J ~v a~JO- 11 301 and 302, whose construction is
dependent fromthe nunber of data bus lines, transmts data (preferably a
byte in size) into both the address generator 330 and the del ay el enent

345. The data is used as a channel nunber operating as a table index
ranging in value from"0" and "255". It is contenplated that the channel 5
nunber coul d have any range of val ues dependi ng on the nunber of data bits
al l ocated to the channel nunber. The address generator 330 receives the
channel nunber fromthe scheduler 310 and transl ates that channel nunber
into an address. Preferably, the address represents a uni que address for a
presel ected anount of nenory 10 (i.e., an entry) within a |imted address
space formng the all ocated host nmenory 340. The address generator 330,
coupled to the allocated host nmenory 340 via a conmunication |ine 303,
transmts the address acconpani ed by an appropriate "READ' control signal
into the allocated host nenory 340. Furthernore, the address generator 330
internally generates a nunber of control signals, 15 transferred to the

payl oad generator 350 via a control |line 304, for use in reassenbling one
or a sequence of ATMcells if needed. For conveni ence, the renaining
description will focus on the situation where only one ATMcell is

necessary. Upon recei pt of an address fromthe address generator 330, the
al l ocated 20 host nmenory 340 retrieves a datagram corresponding to the
address and transmts the datagraminto the payl oad generator 350 through a
comuni cation |line 305. The manner in which this datagramis stored
corresponds to how the address generator 330 updates its read address. In
synchronismw th the transm ssion of the datagraminto the payl oad
generator 350 the del ay el enment 25 345 also |nputs t he channel nunber |nto

b 1. I Y 1 T 7~ N ——y S ' e 1 I T I Y - M 4"



2 5 G- | ~~~? 12 345 to substantially correspond to the propagation €idhdlT 2002
for information fromthe address generator 330 to energe as retrieved data
fromthe allocated host nmenory 340. Thereafter, the payl oad generator 350
formats the datagramfromthe 5 allocated host nenory 340 into an ATM cel |
with CNTL information and CRC as well as PAD information, if necessary,
appended to the datagramto formthe payload of the ATMcell. Thereafter,

t he payl oad generator 350 outputs the payload into a main sel ector el enent
365 t hrough a payl oad comuni cation |ine 366. 10 The header of the ATM cell
is stored in a header generator 370. The header generator 370 is |ocal
menory mai ntai ned by systemsoftware. This local nenory is separated into a
nunber of entries accordi NEUMMARYODETHRINMENW®Nei n one of the entries
is selected by the channel nunber transmtted through a conmunication |ine
306. Upon the respopse, the header generator 370 outputs 15 the header
stored in the sBiepisedt entanyidntwedatghtca salable aisynchtonteis3ténsfedmionteo t he
mai n sel ector el ement 365. The header and payl oad are conbi ned by the

sel ect or df' AddAT) issgfagedeseddongeneratingtdidegsh pne Al Mesedlr SEher ATB0 invtierfacent r ol
line 367 to producenthe ATMcel |. {Referring to Figur €75, the schedul er 310
is used fSPORIHESAN a@gr@ﬁsw@%@msmzqnam@én@l@wt@mde%ﬂ! BERQFatiAgt i ate the

380 ok MaShedh PhASORRRGE R er bl SRETBIFFbheCaperani BT 5 o
schedul er ,el enent s{ .311ag-131im g m' bei ng,arbjt ar%%; as illu trattec} .each
capabl e oPYJEHTRIERE a1 leqstgn ’B‘Fmafiéa‘g%‘%ﬁé SHio D6 aRERory, elireRt dbisor onpt
th i I . EFach of th h I t 1la-311m 25
0% oor] ShfiinBleed M e bk ST R S M s R Sd 28 o

control trabfls senerater. o+ ~1 ~~ 13 according to a selected al gorithm and
under a pri orlt)ﬁ aseg protocol. For exanple, the schedul er elenents may

i nclude a constant bit rate scheduler elenent ("CBR scheduler"), a variable
bit rate schedufff mehfileteMBR-EGERIMbE MY a@8redBihoQllbRenyaS Liséd ey
schedulers. It is appreCiated that the 5 scheduler 310 is scal abl e, thereby
al oMy attentldt onb datd@dul esrredpiiRIihg td ehdRieniGiyeiRiteaegrhdconf i gur ed
as required by the ATM neﬁ\grki ng systerr{g The schedul er efsgnsgnts 31lla-311m
are corr espbsetjuegitly cwtppltid taol}aspbi\@dhtagrmgedhscélleguhén‘agingrélém&ina [e.g.,
round-robin scheduling unit) via transm ssion |ines 312a-312m whi ch out puts
a channel addntiar, the orll geseditingeei@ns chaoiylled tetlemensry klemdhiin eiddr t he
hi ghest priority. The priority associated with each of the schedul er

el ement s 3 1ecedvel af legstoynreadategram amid; proslvice thé A lreB@) tinahelingarheader
illustrative pur posssd Ehcg schedul er el enent 311a may be a CBR schedul er
havi ng a BPA& P¥iPad; ingludng atdeash o8¢ fatagdarye He iA@Y empdaed thahthe selly 15 be

a VBR,schedul er. havin .secqnd priprity "P2" where "P2" s assignhed, a

rior 17y BESEtingFlement ingugftn RgY Pad feneRaobi Bedting Spaxond and
operation, it hannel nunber is.al S._qutput fromthe priority-based
schedul i na %ﬁ?ﬂg?g?@gramr {Jqﬁegeegﬁst%%\@%}eggeglla is not in operation, the
priority-based scheduling unit 313 checks whether the VBR schedul er 311b is

in operation a%@y’%ﬁmn@fﬁlﬂﬂg%ﬁrﬂ&ﬁg CSH?fé'aetlo thd %?ﬂg?ﬁtﬁ?gélgg‘rﬁégg‘&ﬁg@htehe

VBR schedul er € sane pProcess occurs for a

el ement s 3&11%{313&%%4%5@1&&9%'1& B?dé‘rglb cBhtBI '{He)/cg}ké‘r‘éﬁbﬁs of theSitl¥essiighi gure 6A,

the CBR schedul er 3Ila is preferably a nenory | ookup table storifig a

pl ur ati tyelim&itaiibthe tellbgdrferatifg Blentdrt@odhat €diRRACEly] the2bddedagimge! 5" for
exanpl e, in unique address entries 315-319 as shown. "' The host 1i'.1t
~s, ~'30t iderpoocasd eell gentrairgy stbirehtchaahek thel®Idvi deH(sput put to the
priority-based scheduling unit 313 by selection of one of the address
entries through control line 381. Alternatively, the CBR schedul er 31la may
include a circular buffer including a plurality of registers for storing
the channel nunber. 5 As further shown in Figure 6B, the VBR scheduler 311b
includes a timer nodule (e.g., counter) 320 and a token storage nodul e 325
operating in conjunction to control ATMcell traffic propagating through
communi cation line 301. In this application, a "token" represents an
abstract neasurenent val ue used by the VBR schedul er 311b to indicate that
an ATM cell requests 10 transm ssion.




25 0¢C
The token nodul e 320 is progranmable to generate a sequence of tokens

representing of the desired transmssion rate (i.e., "drip rate") of ATM
cells through the ATM comuni cation network. The drip rate is achi eved by
configuring the activation and deactivation of a signal line 321 such that

the 15 "drip" rate is equal to the desired speed of the ATM network divi ded
by 48 bytes (i.e., size of an ATMcell). The activation and deactivation of
the signal line 321 is controlled by the control line 381. For exanple, if
the desired speed of the ATM network is %22 negabits per second ("MB/s"),
the drip rate is equivalent to the follow ng: 20 48 bytes x 8 bits/byte 384
sec. = 617 nanoseconds 622 MB s 622, 000, 000 The token storage nodul e 325
is a queue for storing BREEETESCRIPEIDNUORErHEDRARINISdg om the ti ner

nodul e 320. This predeterm ned nunber (i.e., queue size) is |oaded via
signal line 326, based on control line 3Rl, to indicate the nunber of ATM
cells that can 'Dhefdaaﬂﬁa‘seiﬁcbﬁﬂ¢dhtalg1@xﬂf&he@reﬁant ive@itidrowid degomeéhe . ' ~
;a~lt~~ 15 tokens are input fromthe tinmer nodul e 320 through signal line
322 causi nppdrenyfreuvethefolloming.debrites] descaiptonedflthapsesdratimdentidrhirone of

t he tokens stored in the token storage nodule 325 is output fromthe ATM

i nt erface,whidhoken decrement |ine 327 is asserted causing the token storage
size to be decrenented by one. If 5 the nunber of tokens exceed the queue
size, the tokens, are discarded resulting in the @M net wor ki ng system
failing to achi Bigaire g5 phlesky smlagonventipgahdy Mantepafect ed” by
re-programm ng the queue size to be larger than the predeterm ned nunber.

Referring to Figure 7, th ata transnj ssion undertaken he ess 10
generat or 330 iS85 ?a"gﬁ 8%1{]1@5@%@ Oggh%?‘af%?tr%%ﬁr%ﬁ%ﬁ@ﬁﬁ?#?ﬁiﬁ | ocal
storage el nt. 331 0 | ocal storage el ement 332, an increnental
counter 35%?ggra&3%?%ﬂ2hﬁg‘lcceigum er 334 and a state machine 335. Both the
first and second | ocal storage elenents 331 and 332 include a predeterm ned

amount of menory;.ak. $hi giki6al Jg]lfag}@éed%ni Ausirgfld Egﬂ{bg'i%eh?éﬁ ah he

nmenory size of st nmenory. T SO Menory 1's usel ~support a table
having an c%&xbxhh&ﬁéa&ﬁdﬁ’é?%%m%%n?ﬁﬁﬁh%%wéﬂ@ﬂaﬁﬁn M\!;ﬂ@d'té aS{@AWR tRrAHRIr am

of a predeterm ned bit-length. "For Clarity, -these local storage el ements
331 angd 3¥FnémorkepbaatninethdiaghinoatMelrreiatsandalpidisial devical | east one
i nput labeled "I" for receiving a channel nunber; (ii) an update input

| abel ed "U' for receiving an increnmented address or a decrenented payl oad
byte 20 count fFigoré Ads b bdodndiagsdmadantidusB38veembedimemnbithecAliMer 334,
respectively; and (iii) an output labeled "O' for transmtting a nenory
addr ess t dnteréacal | ocat ed host nenmory or the decrenented payl oad byte count
to the state machine 335 (see Figure 4). Mre specifically, the schedul er

i nputs the channel nunber thr(iiugh t he 25 conmmuni cation line 301 into. the
"1™ inputs of HUBHIE fds fplegk Giagrare &R Husptive embgdimehphthe ssheduley 332,

The channel. pu r..is used an |ndex,by the., ., ~~ i(5'7,. JL~, 16 first
Foear o ot sBe B BlhRerta G R stk A T mE iinls Saheddler Hedie Seuita 1 o
dat agr,am Sqtiﬁr ed tWithi.n thelﬁal | ocat ed host nenory which is needed to form
the ATM c&lifeTetRIiQIiIeVelRe” sacond | ocal storage el ement 332 is a

predet erm ned anount of nmenory. However, that nenory is used in naintaining

t he nunber 5 ofFig?ﬁg%ﬁr ?Sngigw'ecﬂgja%gra?ﬁof BHé'éfrﬁJord%glgB?of BhELE e %‘Q@%{hﬂ&? ?;nOf

a current ATM ce nce t ess generat or contains 1 on
what dat a seRedfle? BRerRéfts 0f B fe@%ih?%&drﬂ@arﬁ'ﬂi?ﬁa@é 8chdrfbr.menMOry, the
address generator 330 nmust generate the addressing sequence required to
read data fromthe all ocated host nenory necessary and to appropriately
construct the "Higut®eB'is ablddk diagrahMfadbther Brisodigtbrasgiong sfahgence is
acconplished by the first |local storage elenent 331 transferring a first
addr ess agssoltipde echedilhr eleenastianhEiguradiiminga veorablmbit abfecsthedner303. The
first address is used by the allocated host nenory to supply a nunber of
bytes associated with the first address _ﬁ"suppl y bytes"). The second | ocal
st or age el ementFig8pe 7 iha bickalingrarn ghan i B%fﬁa*tl‘hﬁée@%Qﬁﬁ@Pnt of the address

generator coupled to the allocated host memory as shown in Figure 4.

T
H

Zu
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15 nunber to decrenent the nunber of supply bytes fromthe nunber ofzb§§g§ 002
to be transferred thereby cal culating the renai ning bytes to-be
transferred. This nunber is stored back into the second | ocal storage
el ement 332 while the first address is incremented and returned to the
first local storage elenent. The state nmachine 335 controls the generation
of READ, END and PAD 20 control signals propagating through control |ines
337-339. ThP READ control signal indicatgs a read frommenory is requested
and signals the allocated host menory 340 should respond with the current
menory address. Mreover, the END control signal indicates that the
transm ssion of Figaira 845 adtoel eiagramboftareilllpantioadmbydiiieat ST 'thé payloatis
conpl et ed. J ~~~ 117 The PAD control signal indicates that padding is
needed i n gerdeatorofddgnmcs.ly fill the ATMcell. The payl oad generator (see
Figure 4 and 8) perforns the actual padding by nonitoring the nunber of
bytes of data form ng the datagram The payl oad generator does not need to
per form paddi ng operations 5 of the ATMcells) if the datagramis equal in
size to forty plus forty-eight times "k" bytes (40 + 48 x "k" bytes, where
"k" is a whole nunber). O herw se, the datagram requires paddi ng.
Typically, padding is needed only in the |last ATMcell. The exception is
that padding may be required in the last two ATMcells of a seqguence,
provi ded 10 after insertion of the payload, there is insufficient space
remaining in the ATMcell to append the CRC in the last four bytes of
the-ATM cell. In such case, the address generator will generate another ATM
cell for transm ssion of the CRC and reall ocate data as needed in both ATM
cell s acconpani ed by padding. Referring to Figure 8, the payl oad generat or
350 conprises a third local 15 storage elenment 351, a first and second
sel ector 352 and 353, a state machine 354, a pad val ue storage el enment 355
(set to any whol e nunber including zero) and a CRC generator 356. The
al l ocated host nmenory inputs the datagramvia data line 305 into the first
sel ector 352. Synchronously, the delay elenment (see Figure 4) inputs the
channel nunber via communication line 306 into the third | ocal 20 storage
el ement 351 and the address generator inputs the PAD and END contr ol
signals via control lines 338 and 339 into the state machi ne 354. The
channel nunber operates as an index for the third | ocal storage el enent 351
to selectively output CNTL information into the first selector 352 via
signal line 357. The PAD and END signals, however, are used by the state 25
machi ne 354 to appropriately assert and deassert the select lines 358 to
control ri~(~~,il;) 18



the first selector 352 to output the datagram along with the CNTL 25 per
information and correctly padded by the pad val ue storage el ement 355~ % “'f
(e.qg., register), if appropriate, through a signal |ine 359. This datagram
is transferred into the CRC generator 356 and the second selector 353. 5
Accordi ngly, the CRC generator 356 receives the datagram and produces a CRC
nunmber which is input into the second selector 353 through signal |ine 360.
Based on the value of the PAD and END signals, the state nachine 354 will
determ ne whether the CRC generator 3569 s to append the CRC checkword by
appropriately asserting a control |line 361 of the second selector 353. 10
Thereafter, as shown in Figure 4, the payload is input into the main

sel ector 365 al ong tH§E¥QX¥ g@ﬂmﬂ@jmmﬁﬁlﬁ%mﬁb@the header
generator 370 inserts er via comunication Iine based on the
channel nunber. The payl oad generator 350 selects the main selector 365 to
out put an ATMcell, mnus the error byte provided by the physical device,
15 through conmuni cation |line 369. The present invention described herein
may be desi gnedin thelfallgwdhg detfled deictipdsnatit prebargt inmeytioh idieseréipds an
configurations. Wile the present invention has been described in terns of
various erd®M segrhentadiomendrdaoskmblyt intenfgcecommbling am ATM cotnmoseicskon| ed in
the art without departing fromthe spirit and 20 scope of the present

i nvent bon.nefworkrivdetscalabihand deusabte: dhdhe presentrepplicatdon thera ane of t he
clainms which foll ows. 19 CLAIM5 Wat is clainmed is: 5 1. A scal able,
asynchr onousmereusspacifimdetails satoyth, suehk puthe spesifis sanistrpction afdbe essi ng

el enent including a _scheduler configured to initi aée ,%gn?r_ati on of an ATM
cel I, and sshedulfreaddissn 8pRELON, paplosd genesars andiBa liker 1t s apPageRty ess

generator jis configured to receive at |east one. channel nunber fromsaid 10
schedul er ,NOWEY§T 1¢ PRASkIled iBdhe arh ﬁ?%ég? p(g??gnip{b\fﬁ{g]orh@ﬁ%g%% I?rﬁ’fé | east

Cai . meror g BpBRaorPa T et SaFTe BRRTRT Mifolks I BdY kI oo
cor 1 e380ndh e Laspalle Ho 8RS 008 JIEHDLY AU SRR arl® e H6L brelfRL 1 NG

el ement c 0 sard nmenory sald c generating elenent is
configure ecal j qltm.% é{“@r&@t bl ATM
cell incl &8?%‘9’{1%&%2132?’?2%@;‘1&% oa e‘?\sﬁgﬁﬁ%g said H§3) rlféégrgtl ﬁgﬁéﬁ%lgt agram
and a controlling el enent coupled to said schedul er and address generator
of 20 said addrpsgicngetsll€dBRécrafttbrsaithiBél oePREalé RgqekAPRised 381 d
controlling elenment is configured to control the operat’ions of said

addr essi ngd@kcgibertertatitcsatrel drlditsgaiiedighalngpedsentanionsdvhithearABdfinetler f ace
according to claim1l1, wherein said address generator is 25 configured to
transmt skdrdirat Al'esége noadhinghisraycabinesiontas conivennemarlggisl tmdeally 3. The
ATM interface according to claim2, wherein said scheduler includes a

pri or ilby- bysebrendeshn natgreinvhichsatdiyes wpuinthpl ave cembines Wituis selfre
channel nunber and to appropriately output T,ai d af |east or’ie channel nunber
to sai d ad@ndaimed state information in order to “intelligently” produce at least one

output. A “selector” is defined as one or more conventional multiplexing logic

gates arranged to selectively output one of a plurality of inputs. An “event” is an

operation predetermined to occur at a specific time. A “line” is an electrical and
20  mechanical connection or multiple independent connections between two

electronic elements.

Referring to Figure 3, an embodiment of a workstation 200 utilizing the
present invention is illustrated. The workstation 200 generally comprises a
system bus 205 including address, data and control bus lines for communicating

25  information between a plurality of bus agents 210. The plurality of bus agents

200



30 generator; and |l~~ 20 a plurality of schedul er elenents coupIZ@ {67 2002
said priority-based scheduling unit, in which one of said plurality of
schedul er elenents transmits the at | east one channel nunber to said
priority-based scheduling unit. 5 4. The ATMinterface according to claim
3, wherein said priority-based scheduling unit operates under a round-robin
arbitration protocol. 10 5. The ATMinterface according to claim 3, wherein
said plurality of schedul er el enments inﬁéude at | east one constant bit rate
schedul er elenent. 6. The ATMinterface according to claim3, wherein said
plurality of schedul er elenments include at |east one variable bit rate
schedul er 2&0,dneluding buthet Amitddtosa hegtepracessod2hl, hast orexneryl220paer ei n sai d
cell generating el enent 15 includes a payload(generator confl%ured to
produce tpiugedyy ehinpit/onepwTilLQl) devises22nandia retwpdastodite 23atalbebm a
header generator configured to produce the header of _the ATM cell based on
the at | exdic ﬁée EPRHPIE |toa€ﬁ%éﬁhr the systear But 28-cfbete Ruggeads 2Ssai d

payl oad g r at and sa hea enerator, said select elene
Dot gur od58 B¢ st Ce Al FothN S PTbSB Rt Pusae v O Fe U TR HEERG

wher o seraagrBRET IR b Nistoplen SanE %ﬁ%éaévﬁﬁ?%?%ﬁmﬂr ed to

sel ecti veI y output a second datagram i ncl udl ng at |east said at |east one

dat agram and cqtsqbidvabeldalit aPolieich I heRSLACHRY dl@%b(?'wmgha first

input to receive sa east atagram a SECOI’] I nput to I'ECE,‘I ve

paddi ng i p{QhaRS wmn% gn{ ithiGor Qﬂél”reés%eﬁ\%(}f‘h‘(t@rﬁs?@ frotM ftéS&rGf 300, 2

second sel ector couple sald first selector, sald secon

confi gur egndQ ;Bwy@@mmetwéef@opm{eo,aqumbmc&m £8d the PR Jﬁcﬁwée &@d ect or

including a first input to receive said second datagram and a second i nput
to recei veréiied cdliuce®elyoid enable thef Workstation 260 kd raddfer information to and

10 receive information from a network 250 having medium such as fiber optics,
twisted pair and the like. Although the ATM interface 300 supports data
transfers to and from the physical device 400, for clarity sake, only the operations

concerning the data transmission path are described.

Referring now to Figure 4, the ATM interface 300 comprises a scheduler
15 310, an address generator 330, an allocated portion of host memory (“allocated
host memory”) 340, a payload generator 350, a header generator 370 and a
controller 380. The controller 380 is coupled to the scheduler 310, address
generator 330, payload generator 350 and the header generator 370 via control
lines 381-384, respectively. The controller 380 receives control information from
20  the host processor (not shown) executing system software and propagates such
control information through these control lines 381-384 to maintain tables,
registers and local memories within the scheduler 310, the address generator 330,

the payload generator 350 and the header generator 370.

The scheduler 310, coupled to an address generator 330 and a delay

25  element 345 via communication lines 301 and 302. These communication lines
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a CRC generator coupled to said second input of said second sel ect or7; Jsgl"dl =002
CRC generator is configured to provide said CRC information; and a state
machi ne coupled to said first selector and said second selector, said state
machine is configured to select inputs of the first selector and the second
selector to 5 produce the payload of the ATMcell. 10 9. The ATMinterface
according to claim7, wherein said header generator includes |ocal nenory
separated into a plurality of entries of which one of said plurality of
entries is selected by the at | east one 1¢hannel nunber. 10. A conput er
system coupled to a network, conprising: a host processor; a system bus
coupl ed t 038kand B62twhoscesstryctiands dependen ifromcheenuonbgl efdddta bsailthesy st em
bus and said network, said network 15 nodule is configured to enable an ATM
cell to betranamstsetate(preferahly a byts Wweizd)intn bethdhaeddoeds, gesmraton 88ent
modul e including a scal abl e, asynchronous transfer node ("ATM') interface
coupl ed t othendelay lasnemt 345. {The c%altmw Heed a2 ehamrel nimbereperating asiartgble
el ement configured to initi ?t e generatjon of the 20 ATMcel |, said
addr essi ngtEleXFBRgINgB Yalus frpm c Al apde 29ehe s epnicmplptpd that the channele at

| east e channel n er, and an address generator coupled to said,
scheduler , NEHRgT aawgggvegmm&ﬁoi%alee%#g@m%agw %‘Fdﬂﬁﬁgera‘?f $¥ég’t‘tsone
menory addr]zsst%? bgqse&}jlon Zai d.,at | east one channel nunber, a nmenory

el enent acReQEted &0 M DATRELRYPEE | ng el enent, said menory el ement is
configured to contain at | east one datagram corresponding to said at |east

ddr ¢ss, I ' | .
one menory a rgﬁg SF?“%% eng?ansg]@ﬁ p&eﬁje%qﬁgtch%?z:\’tg ﬁﬁgﬁﬁé}oﬁ@ggﬁ%mry

el enent, said 30 cC rati ng elenent i s con e said at

| east one dAAMEB10 #hd trhhslatds th%a@%e@ﬂgn{%r%mﬁ&@sg BldYbLRllY,

i ncluding a header and a payl oad including said at | east one datagram and

a contr ol | {H{ata &l @EBRIpresimt gahrk éaﬂﬂre%%@ld#k:?éseﬁé&%cﬁﬂﬂb%?ogﬁ{&ﬁ@i}m on
sai d addressing el enent and said cell generating elenment, 5 said

controld i ng.eglagn@itty) withah ligaitetiad reeoBpad forfen@pies alléed Bbstsakthory
addressing el enent ‘and said cell generating el enent; and a physical device
coupl ed t o34Aai TheéAddéirass gehamator=d38D, tbepledttadhk alloedtdd plogsmeatoryeddlodaias
configured to convert the ATMcell into a bit streamand to place said bit
stream i nt coranfwrinationubne 309, transmmigs therdddregs a&ompanied by an appropriate

“READ” control signal into the allocated host memory 340. Furthermore, the

address generator 330 internally generates a number of control signals,

15  transferred to the payload generator 350 via a control line 304, for use in
reassembling one or a sequence of ATM cells if needed. For convenience, the

remaining description will focus on the situation where only one ATM cell is

necessary.

Upon receipt of an address from the address generator 330, the allocated
20 host memory-340 retrieves a datagram corresponding to the address and
transmits the datagram into the payload generator 350 through a communication
line 305. The manner in which this datagram is stored corresponds to how the
address generator 330 updates its read address. In synchronism with the
transmission of the datagram into the payload generator 350, the delay element
25 345 also inputs the channel number into the payload generator 350. This can be

accomplished by configuring the time delay associated with the delay element



11. The conputer system according to claim 10, wherein said address 5 00T 20
generator of the ATMinterface is configured to use said at |east ong o ULT 2t
channel nunber as an index in order to translate said at | east one channel
nunber into said at | east one nmenory address and to output said at |east

one nenory address to said nenory elenent. 12. The conputer system

according to claim1ll, wherein said scheduler of the ATMinterface incl udes

a priority-based scheduling unit configured to queue said at |east one

channel nunber and to appropriately outp said at | east one channel nunber

to said address 20 generator; and a plurality of schedul er el enments coupl ed

to said pBitdrs bybhrantsllpebadspportytaittie propaghhios fined fordhfSraatidd froad they of
schedul er elenents transmits the at | east one channel number to said

priority- bddeesspenedatbr 380 tmémergibad Retriéhed datwpfader theydloeateaicliostdi ng t o
claim12, wherein each of said plurality of scheduler elenents is assigned

a uni que, mumadet 340vi ned priority. 14. The conputer system according to

claim 12, wherein said cell generating elenment of the ATMinterface

i ncl udes 30 a payl oad generator configured to produce the payl oad of the

ATM cel | based 1dgreaftar. the padeed grremieapldermatythe datagram from the 23 a

header_ gengerator. _configured to produce the header_of the ATM cel | based on
the. at5 | oA0PCRiid RORAAIRIORLHIGRIO Sk IV gt NI Lrip ERAI L CIs 2

| oad t id head t [ | ect el t ]
D o S Ao oot Bl B50s B Rhaed i RE S oAb
foll d id I . 1 h t t ' t | ai m 14,
AP B e el SR B e et

| ect ' : ' ' udi t 10
P SOt O CADIALE LR SERRIL Bl SR8 SROOAAM gk DSKLGG o
sel ector ppggluding a first input to receive said at | east one datagram a

second input to receive padding information and a third input to receive
control information; a second selector coupled to said first selector, said

seconth sel ect oTheheadRf bPtHeATMV cAUIYtbrddid PRYARAGeRbrdtbe3pAIMEel |, said
second selector including a first input to 15 receive said second datagram
ATM cel | hesder gareoawridnp i ldcal ineasdryembitaineti ynsistean software. This local

memory is separated into a number of entries according to a “table” format,

wherein one of the entries is selected by the channel number transmitted through

a communication line 306. Upon the response, the header generator 370 outputs

15  the header stored in the selected entry through communication line 368 and into
the main selector element 365. The header and payload are combined by the

selector element 365 under control by the payload generator 350 via control line

367 to produce the ATM cell.

Referring to Figure 5, the scheduler 310 is used for generating an event or
20  asequence of ever:ts to initiate the generation of a corresponding one or sequence
of ATM cells. The scheduler 310 comprises at least one scheduler element, but
preferably a plurality of scheduler elements 311a-311m (“m” being arbitrary) as
illustrated, each capable of generating a single or a sequence of events in order to
prompt the generation of ATM cell(s). Each of the scheduler elements 311a-311m

25 s a collection of asynchronous logic gates, which are configured to control traffic
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a CRC generator coupled to said second i nput of said second selector, said =~
CRC generator is configured to provide said CRC information; and a state
machi ne coupled to said first selector and said second selector, said state
machine is configured to select inputs of the first selector and the second
selector to 20 produce the payload of the ATMcell. 25 16. The conputer
system according to claim 14, wherein said header generator includes |ocal
menory separated into a plurality of enghi es of which one of said plurality
of entries is selected by the at |east e channel nunber. 17. In a
scal abl e, asynchronous transfer node ("ATM') interface for generating an

ATM cel | i peddidinPtca belagiet ApskithnRantaatiera pROABHADALIA PFAGLS 1t he ATM
cell conprising the steps of generating at |east one channel nunber by a

scal abl e sek@dplethe scheeliloneementemad§ indiildecddistamtedit fate seheduler~ ~, ~

; ~~~z 24 generating a nenory address and a plurality of control signals
based on t blenwrar{i€BRuchibdnlerf ot nMaeiablgbia ratetsabedmnies etereent (VBRenor y

| ocation addressabl e by the nmenory address; 5 producing the payl oad of the
ATM cel | bachediuder”) loe adsitcdhernawelltknovph sctedulgrsoflt isappretiatddythal shend t he
channel number; producing the header of the ATM cell based on the channel
nunber ;9 anschgshderdMhistspalapley thragby sllowing anpaunker ofrsehedulenpigraents to 10

18. A scal abl e, ;asynchronous transfer rm,dqu'ATM' interface for generating
an ATM cel Pe ippigipeRiedpndepnfigired ssigqeireddntthe del Manety kg sesterar
configured to produce a channel nunber, and an address generator coupled to

Sal L SEhed o o3 h R AT SR SO ST RSFUET e ana
(80U BB PRRL 50y R TRAR Y, SRR ACRRRRLILS o ek
transmission lines 312a-312m which outputs a channel number from one of the
10 scheduler elements 311a-311m with the highest priority. The priority associated
with each of the scheduler elements 311a-311m is dynamically alterable through

software.

For illustrative purposes, the scheduler element 311a may be a CBR
scheduler having a first priority “P1” (highest) and scheduler element 311b may
15  be a VBR scheduler having a second priority “P2”, where “P2” is assigned a
priority less than “P1”. Accordingly, if the- CBR scheduler 311a is in operation,
its channel number is always output from the priority-based scheduling unit 313.
If the CBR scheduler 311a is not in operation, the priority-based scheduling unit
313 checks whether the VBR scheduler 311b is in operation and if so, outputs the
20  channel number generated from the VBR schedulcr 311b. The same process
occurs for all of the scheduler elements 311a-311m having different priority

levels.

As shown in Figure 64, the CBR scheduler 311a is preferably a memory
lookup table storing a plurality of channel numbers, identified as “channel 1” -

25 “channel 5” for example, in unique address entries 315-319 as shown. The host
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configured to contain at |east one datagram corresponding to said nén’or‘“‘gf! (002
address and to subsequently output said at | east one datagram 20 a cell
generating el enent coupled to said nenory el enent, said cell generating
elenment is configured to receive said at | east one datagram and to produce
the ATM cell including a header and a payl oad including said at | east one
datagram and a controlling el enment coupled to said addressing el enent and
said cell generating elenment, said controlling elenment is configured to
control the operations of said 25 addreggi ng el enent and said cell
generating elenent. 19. A conputer system coupled to a network,
conpri si ng; ; pk €6l tHOpSatitypasdd pr ocessor
and I J%IEQT%QBI?EQ@{EB%EVE% Cﬁ@%ﬁ%@@%dﬁuﬁgﬁcoupl ed to g)é.i d system bus
and the ngLMEdling ainst 31BtHPEHe ARG ForieSofabBlidaiesibritfies Raliughadordddllzel | to
be transferred to and recé€ived fromthe network, said network nodul e
i ncl udi ng 38M. adyereatios shd CBRched aled811(4 Al includeer Eiaceacbuffeed to said
system 5 bus, said ATMinterface including an addressing el enment including
a schedul grcluditg aplacklitess regiverafarstotng teechanredindnslodredul er, sai d
address generator configured to receive a channel nunber 10 from said
schedul er, to translate said channel nunber into a nmenory address, and to
out put 5sai d nends jurblelr desyn in FigrneypBetheBR schedslrsildbapclygdes adyaeessi ng
el enment, said nenory elenent is configured to éb:(gnt ain at | east one datagram

cor r espondnaguledesi epunsan 320 aadr xtokersiorage MPLRIGAZAORPTBIRBIR said at 15
oot | SBPHTIRHON (g ERli AV E D EAic OB BRR o LD UEh PavapurTr g

oy 0ad | AORuG KBl cafoRcaafoERe TRiche S ahrrash e A R ROl
control 11 diseaitsndin VR ¥chia et STl iEMARRe S ST EE st o0y ¢

addr ezgi ngrel enent and said cell generating elenent; and a physical device
t

coupl YEYEAP i nterface and the network, 25 said physi cal device is
configured to convert the ATMcell into a bit streamand to place said bit
streaminto a fpripfnSREd0Ye 3218is pRbpRikmable to generate a sequence of tokens

CAYCA(L A A ATH2 ACA AYA A(y. ALB27AAF L A(LALL Ay A~ AH A2 ATY. Ane.A'RA
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line 327 is asserted causing the token storage size to be decremented by one. If
5 the number of tokens exceed the queue size, the tokens are discarded resulting in
the ATM networking system failing to achieve its intended drip rate. This may
be corrected by re-programming the queue size to be larger than the

predetermined number.

Referring to Figure 7, the data transmission undertaken by the address

10 generator 330 is shown. The address generator 330 comprises a first local storage
element 331, a second local storage element 332, an incremental counter 333, a
decremental counter 334 and a state machine 335. Both the first and second local
storage elements 331 and 332 include a predetermined amount of memory of
which collectively is significantly less than the memory size of host memory. This

15 memory is used to support a table having an arbitrary number of entries, each of
which is storing a datagram of a predetermined bit-length. For clarity, these local
storage elements 331 and 332 are represented as block elements including (i) at
least one input labeled “1” for receiving a ci\amel number; (ii) an update input
labeled “U” for receiving an incremented address or a decremented payload byte

20 count from the incremental counter 333 or decremental counter 334, respectively;
and (iii) an output labeled “O” for transmitting a memory ad—dress to the
allocated host memory or the decremented payload byte count to the state

machine 335 (see Figure 4).

More specifically, the scheduler inputs the channel number through the
25 communication line 301 into the “I” inputs of both the first and second local

storage elements 331 and 332. The channel number is used as an index by the



SOAarT oYy
" 10988 ()- 5567dE:/ 10B 10B::$109B& ()- Y 9Z109B& ()- 25 0BT 262
126" 109B&' ()- 114! 1098& ()- Y 2109%8& ()-/1098& ()- 781 uSE7 10 10 10! 11

z109%&' ()-11 z10%& ()-3"10%& ()- | M10%& ()- ! "'10%& ()- 10B,E s uV77 10
109& ()- ,$109& ()- 109 ()- 10%&' ()-m' 109%&' ()- (109& ()- 10
11 11"SHIE77 10 ' $109%& () - "10% ()-M 10% ()- z10% ()- F10% ()-
fYLIO%R' ()- >#l ##SUSSSSSAYNC 10 10 10 10110%&' ()- /F" 10%&' () -

16

first local storage element 331 for obtaining a memory address used to obtain a
datagram stored within the allocated host memory which is needed to form the
ATM cell. Similarly, the second local storage element 332 is a predetermined
amount of memory. However, that memory is used in maintaining the number

5  of bytes remaining to be transferred to form the “payload” of a current ATM cell.

Since the address generator 330 contains information on what data

locations are to be read from the allocated host memory, the address generator
330 must generate the addressing sequence required to read data from the
allocated host memory necessary and to appropriately construct the “payload” of

10 the ATM cell. This addressing sequence is accomplished by the first local storage
element 331 transferring a first address associated with the channel number on
communication line 303. The first address is used by the allocated host memory
to supply a number of bytes associated with the first address (“supply bytes”).
The second local storage element 332, on the other hand, uses the channel

15 number to decrement the number of supply bytes from the number of bytes to be
transferred thereby calculating the remaining bytes to-be transferred. This
number is stored back into the second local storage element 332 while the first

address is incremented and returned to the first local storage element.

The state machine 335 controls the generation of READ, END and PAD

20  control signals propagating through control lines 337-339. The READ control
signal indicates a read from memory is requested and signals the allocated host
memory 340 should respond with the current memory address. Moreover, the

END control signal indicates that the transmission of data associated with the

“payload” of the ATM cell is completed.
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The PAD control signal indicates that padding is needed in order to
correctly fill the ATM cell. The payload generator (see Figure 4 and 8) performs
the actual padding by monitoring the number of bytes of data forming the
datagram. The payload generator does not need to perform padding operations

5  of the ATM cell(s) if the datagram is equal in size to forty plus forty-eight times
“k” bytes (40 + 48 x “k” bytes, where “k” is a whole number). Otherwise, the

datagram requires padding.

Typically, padding is needed only in the last ATM cell. The exception is
that padding may be required in the last two ATM cells of a sequence, provided
10  after insertion of the payload, there is insufficient space remaining in the ATM
cell to append the CRC in the last four bytes of the’ATM cell. In such case, the
address generator will generate another ATM cell for transmission of the CRC

and reallocate data as needed in both ATM cells accompanied by padding.

Referring to Figure 8, the payload generator 350 comprises a third local
15 storage element 351, a first and second selector 352 and 353, a state machine 354,
a pad value storage element 355 (set to any whole number-including zero) and a
CRC generator 356. The allocated host memory inputs the datagram via data line
305 into the first selector 352. Synchronously, the delay element (see Figure 4)
inputs the channel number via communication line 306 into the third local
20 storage element 351 and the address generator inputs the PAD and END control

signals via control lines 338 and 339 into the state machine 354.

The channel number operates as an index for the third local storage
element 351 to selectively output CNTL information into the first selector 352 via
signal line 357. The PAD and END signals, however, are used by the state

25  machine 354 to appropriately assert and deassert the select lines 358 to control
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appropriate, through a signal line 359. This datagram is transferred into the CRC

generator 356 and the second selector 353.

5 Accordingly, the CRC generator 356 receives the datagram and produces a
CRC number which is input into the second selector 353 through signal line 360.
Based on the value of the PAD and END signals, the state machine 354 will
determine whether the CRC generator 356 is to append the CRC checkword by

appropriately asserting a control line 361 of the second selector 353.

10 Thereafter, as shown in Figure 4, the payload is input into the main
selector 365 along the payload communication line 366 while the header
generator 370 inserts the header via communication line 367 based on the
channel number. The payload generator 350 selects the main selector 365 to
output an ATM cell, minus the error byte provided by the physical device,

15  through communication line 369.

The present invention described herein may be designed in many different
methods and using many different configurations. While the present invention
has been described in terms of various embodiments, other embodiments may
come to mind to those skilled in the art without departing from the spirit and

20  scope of the present invention. The invention should, therefore, be measured in

terms of the claims which follows.
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CLAIMS
What is claimed is:

5 1 A scalable, asynchronous transfer mode (“ATM”) interface, comprising:
an addressing element including
a scheduler configured to initiate generation of an ATM cell, and
an address generator coupled to said scheduler, said address
generator is configured to receive at least one channel number from said

10 scheduler, and to translate said at least one channel number into at least

one memory address;

a memory element accessible by said addressing element, said memory
element is configured to contain at least one datagram corresponding to said at
least one memory address;

15 a cell generating element coupled to said memory element, said cell
generating element is configured to receive said at least one datagram and to
produce said ATM cell including a header and a payload including said at least
one datagram; and

a controlling element coupled to said scheduler and address generator of

20 said addressing element and said cell generating element, said controlling element
is configured to control the operations of said addressing element and said cell

generating element.

2. The ATM interface according to claim 1, wherein said address generator is

25  configured to transmit said at least one memory address to said memory element.

3. The ATM interface according to claim 2, wherein said scheduler includes
a priority-based scheduling unit configured to queue said at least one channel
number and to appropriately output said at least one channel number to said address

30  generator; and
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a plurality of scheduler elements coupled to said priority-based scheduling unit, in
which one of said plurality of scheduler elements transmits the at least one channel

number to said priority-based scheduling unit.

5 4 The ATM interface according to claim 3, wherein said priority-based scheduling

unit operates under a round-robin arbitration protocol.

5. The ATM interface according to claim 3, wherein said plurality of scheduler
elements include at least one constant bit rate scheduler element.

10
6. The ATM interface according to claim 3, wherein said plurality of scheduler

elements include at least one variable bit rate scheduler element.

7. The ATM interface according to claim 1, wherein said cell generating element
15  includes
a payload generator configured to produce the payload of the ATM cell based on
the at least one datagram,;
a header generator configured to produce the header of the ATM cell based on the
at least one channel number; and
20 a select element coupled to said payload generator and said header generator, said
select element is configured to produce said ATM cell by first outputting said header

followed by said payload.

8. The ATM interface according to claim 7, wherein said payload generator includes

25 a first selector configured to selectively output a second datagram including at

least said at least one datagram and control information, said first selector including a

first input to receive said at least one datagram, a second input to receive padding
information and a third input to receive control information;

a second selector coupled to said first selector, said second selector is configured

30 to output the payload of the ATM cell, said second selector including a first input to

receive said second datagram and a second input to receive CRC information;
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a CRC generator coupled to said second input of said second selector, said CRC
generator is configured to provide said CRC information; and

a state machine coupled to said first selector and said second selector, said state
machine is configured to select inputs of the first selector and the second selector to

5  produce the payload of the ATM cell.

9. The ATM interface according to claim 7, wherein said header generator includes
local memory separated into a plurality of entries of which one of said plurality of entries
is selected by the at least one channel number.

10
10. A computer system, coupled to a network, comprising:

a host processor;
a system bus coupled to said host processor; and
a network module coupled to said system bus and said network, said network
15  module is configured to enable an ATM cell to be transferred to and received from said
network, said network module including
a scalable, asynchronous transfer mode (“ATM”) interface coupled to the
system bus, the ATM interface including
an addressing element configured to initiate generation of the
20 ATM cell, said addressing element includes
a scalable scheduler configured to produce at least one
channel number, and
an address generator coupled to said scheduler, said address
generator is configured to produce at least one memory address
25 based on said at least one channel number,

a memory element accessible by said addressing element, said
memory element is configured to contain at least one datagram
corresponding to said at least one memory address,

a cell generating element coupled to said memory element, said

30 cell generating element is configured to receive said at least one datagram
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generator on said addressing element and said cell generating element,
5 said controlling element is configured to control the operations of said
addressing element and said cell generating element; and
a physical device coupled to said ATM interface and the network,
said physical device is configured to convert the ATM cell into a bit
stream and to place said bit stream into a format used by the network.

10
11.  The computer system according to claim 10, wherein said address generator of the

ATM interface is configured to use said at least one channel number as an index in order
to translate said at least one channel number into said at least one memory address and to
output said at least one memory address to said memory element.

15
12.  The computer system according to claim 11, wherein said scheduler of the ATM

interface includes
a priority-based scheduling unit configured to queue said at least one channel
number and to appropriately output said at least one channel number to said address
20  generator; and
a plurality of scheduler elements coupled to said priority-based scheduling unit, in
which one of said plurality of scheduler elements transmits the at least one channel

number to said priority-based scheduling unit.

25 13.  The computer system according to claim 12, wherein each of said plurality of

scheduler elements is assigned a unique, predetermined priority.

14.  The computer system according to claim 12, wherein said cell generating element
of the ATM interface includes
30 a payload generator configured to produce the payload of the ATM cell based on

said at least one datagram,;
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a select element coupled to said payload generator and said header generator, said
select element is configured to produce said ATM cell by first outputting said header

followed by said payload.

15.  The computer system according to claim 14, wherein said payload generator of
the ATM interface includes

a first selector configured to selectively output a second datagram including at
least said at least one datagram and control information, said first selector including a
first input to receive said at least one datagram, a second input to receive padding
information and a third input to receive control information;

a second selector coupled to said first selector, said second selector is configured
to output the payload of the ATM cell, said second selector including a first input to
receive said second datagram ATM cell and a second input to receive CRC information;

a CRC generator coupled to said second input of said second selector, said CRC
generator is configured to provide said CRC information; and

a state machine coupled to said first selector and said second selector, said state
machine is configured to select inputs of the first selector and the second selector to

produce the payload of the ATM cell.

16. The computer system according to claim 14, wherein said header generator
includes local memory separated into a plurality of entries of which one of said plurality

of entries is selected by the at least one channel number.

17.  In a scalable, asynchronous transfer mode (“ATM”) interface for generating an
ATM cell including a header and a payload, a method for producing the ATM cell
comprising the steps of:

generating at least one channel number by a scalable scheduler in response to a

particular event;
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address;
producing the payload of the ATM cell based on the datagram, the plurality of
control signals and the channel number;
producing the header of the ATM cell based on the channel number; and
appending the payload to the header to form the ATM cell.

18. A scalable, asynchronous transfer mode (“ATM”) interface for generating an
ATM cell, comprising:
an addressing element including
a scheduler configured to produce a channel number, and
an address generator coupled to said scheduler, said address generator

configured to receive said channel number, to translate said channel number into a

memory address, and to output said memory address;

a memory element accessible by said addressing element, said memory element is
configured to contain at least one datagram corresponding to said memory address and to
subsequently output said at least one datagram;

a cell generating element coupled to said memory element, said cell generating
element is configured to receive said at least one datagram and to produce the ATM cell
including a header and a payload including said at least one datagram; and

a controlling element coupled to said addressing element and said cell generating
element, said controlling element is configured to control the operations of said

addressing element and said cell generating element.

19. A computer system, coupled to a network, comprising:
a host processor;

a system bus coupled to said host processor; and
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a network module coupled to said system bus and the network,
module is configured to enable an ATM cell to be transferred to and received from the
network, said network module including
an asynchronous transfer mode (“ATM”) interface coupled to said system
bus, said ATM interface including

an addressing element including

a scheduler, and

an address generator coupled to said scheduler, said
address generator configured to receive a channel number
from said scheduler, to translate said channel number into a
memory address, and to output said memory address,

a memory element accessible by said addressing element, said
memory element is configured to contain at least one datagram
corresponding to said memory address and to subsequently output said at
least one datagram,

a cell generating element coupled to said memory element, said
cell generating element is configured to receive said at least one datagram
and to produce the ATM cell including a header and a payload including
said at least one datagram; and

a controlling element coupled to said addressing element and said
cell generating element, said controlling element is configured to control
the operations of said addressing element and said cell generating element;
and

a physical device coupled to said ATM interface and the network,
said physical device is configured to convert the ATM cell into a bit

stream and to place said bit stream into a format used by the network.
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