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Cell Cell

Payload
270 bytes

260 bytes

9

J1

B3

C2

G1

M1

H4

M2

Z4

Z5

H4: Offset Indicator

M1: Bus Identification

M2: MID Page Allocation

TOH
9 bytes

Figure 14: STS3 Fr ame

HOBA HOBB

Head of Bus A generates MID values
Other nodes observe & keep MID value

HOBB repeats MID values back on Bus B
    Other nodes reserve MID values

MID is a 10-bit field

There are 1023 MID values

1 to 511: reserved for SS

512 to 1023: to be used by CPEs

Fi gur e 15: MID Page All ocati on Pr ot ocol
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MAC A MAC B

Framer

(DS3 or STS-3c)

PLCP2PLCP1

Bus A Bus B Bus B Bus A

Fi gur e 12: PLCP Connect i ons

Transport
Overhead

3 bytes

Payload
Overhead

1 byte

Payload

53 bytes

Trailer
13-14
nibbles

L2_PDU

Z6

Z5

Z4

Z3

Z2

Z1

F1

B1

G1

M2

M1

C1

L2_PDU

L2_PDU

L2_PDU

L2_PDU

L2_PDU

L2_PDU

L2_PDU

L2_PDU

L2_PDU

L2_PDU

L2_PDU

Fi gur e 13: DS3 Fr ame
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Header Data Field Trailer

ACF NCI ST MID CSN PL CRC

44 bytes

2 bytes

4 bytes1byte 2 bits 10 bits 4 bits 4 bits 10 bits

5 bytes 2 bytes

Fi gur e 10: SMDS Cel l St r uct ur e

MAC_Request[31:0]

Control 
to SAR

To/From
Other MAC

Control
to SAR

PHY_Request[7:0] PHY_Indicate[7:0]

MAC_Indicate[31:0]

Shift Register

1k x 2 Static RAM

MID Lookup Table

MID Control

Buffer

TRANSMIT

Control

MONITOR

Control

RECEIVE

Control

QUEUE Control

BUSY/REQ
Control

S
hift R

egister

External
Address

Match

Counters

Fi gur e 11: Bl ock di agr am of DQDB MAC chi p. Des i gned us i ng Ber kel ey

VLSI des i gn t ool s \Oct t ool s " and \Lager ". Fabr i cat ed t hr ough MOSI S i n 2�m

CMOS.
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Message Table

Cell Buffer

MID Table
Ptr to Cell #1

Ptr to Message #2

Ptr to Cell #2

Ptr to Cell #3

Ptr to Cell #1
Ptr to Cell #2
Ptr to Cell #3

Ptr to Message #1

Message #1
Cell #4

Message #1
Cell #1

Message #1
Cell #2

Message #2
Cell #2

Message #2
Cell #1

Message #1
Cell #3

MID 
Value

Message #3:

Message #1:

Ptr to Cell #4

Message #2:

Fi gur e 8: Reas s embl y f or i nt er l eaved mes s ages wi t h mi s or der ed ce l l s . The MID

Tabl e , Mes s age Tabl e and Cel l Bu�er ar e i mpl ement ed as s epar at e RAMs .

DATA

Cells Received

MID Controller

SSM
BOM

COM
EOM

MID

New FIFO FIFO Controller

FIFO R/W

Address

Read FIFO #

R/W

List of FIFOs
currently unused

Shared
Single Port

RAM

Pointers

Fi gur e 9: Pr opos ed Reas s embl y des i gn
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Segmentation Reassembly

MAC A MAC B

Physical Layer Convergence

Protocol

Framer

(DS3 or STS-3c)

To/From Bridge Board

To/From Network

Fi gur e 6: SMDS I nt er f ace of The BayBridge

BOM

COM

COM

COM

COM

EOM

44 bytes 44 bytes44 bytes 44 bytes 44 bytes 30 bytes

header

trailer

53 byte cell

250 byte Message

Data Field

BOM: Beginning of Message

COM: Continuation of Message

EOM: End of Message

Fi gur e 7: Segment at i ng a 250-byt e mes s age
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Bridge
Protocol

Network
Mgmt

Bridge
Mgmt SUN 

SPARC
Station

DQDB
MAC A

DQDB
MAC B

PLCP
      SONET Framer
PHY & Clock Recovery

SBus

SMDS STS3 Interface

Segmentation Reassembly   SAR
Board

  SMDS
Layer 2
  Board

SBus DMA Board

Fi gur e 4: SMDS I nt er f ace as a di r ect connect i on

FC DA SA DATA CRC

FDDI

SMDS

SMDS
HDR

P
I=

01 LLC SNAP

SMDS
TRLR

38 bytes 4 bytes

Misc BA
Size DA SA

PI
+
PAD

Data
+
PAD Bytes

LengthCRC
(opt)

ENCAPSULATED FDDI

FDDI Frame

Fi gur e 5: Encaps ul at i ng FDDI PDU t o L3- PDU
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{ The opt i onal 32- bi t CRC adds t o t he l engt h of t he header . I t al s o

adds t o t he compl exi t y of t he Segment at i on &Reas s embl y des i gn.

Gi ven t he l owbi t er r or r at e and ot her phys i cal l ayer er r or checki ng

mechani sms ( e . g. Cel l CRC) , t he CRC i s not neces s ar y t o mai nt ai n

an oper at i onal networ k.

{ The Payl oad Lengt h i n each ce l l i s r edundant , as t he Lengt h of t he

Mes s age i s al r eady known.

{ The I nf ormat i on �el d i s padded t o be wor d- al i gned. Thi s means t he

l as t two bi t s of t he BASi ze �el d ar e al ways 0s . Thus , t he Paddi ng

Lengt h i ndi cat i on bi t s ar e r edundant .

{ The HLPI �el d was de�ned t o i ndi cat e t he Hi gher Layer Pr ot ocol

I dent i �er , t hi s �e l d coul d be us e t o i ndi cat e t hat t he mes s age i s a

FDDI encapsul at ed packet . The HLPI �el d i s al ways s et t o 1 f or

LLC, t hus t he i nf ormat i on about t he mes s age has t o be s t or ed i n t he

LLC Header and SNAP Header whi ch adds anot her 8 byt es t o t he

Mes s age Header .

� Cel l Del i neat i on Process: I f t he H4 Poi nter i s us ed t o i ndi cat e t he begi n-

ni ng of a ce l l , i t s i mpl ement at i on woul d onl y r equi r e a compar at or and

a 6- bi t count er . On t he ot her hand, t o i mpl ement t he Cel l Del i neat i on

pr ot ocol r equi r es a s t at e machi ne , a 3- bi t count er , and a 1ms t i mer . I n

addi t i on, t her e i s a pos s i bi l i t y of cont i nui ng t o mi s i nt er pr et a 5- byt e s t r i ng

as t he begi nni ng of a ce l l i f i t r epeat s ever y 53 byt es .
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node. Thi s i s onl y appl i cabl e i n t he Mul t i pl e - CPE con�gur at i on; i n t he Si ngl e-

CPE envi r onment , t her e i s l i t t l e t he CPE can do except t o not i f y t he SS.

Er r or s may al s o ar i s e f r om t he MI D Page Al l ocat i on pr ot ocol . As s t at ed i n

t he pr evi ous s ect i on, t he CPE cont i nues t o keep t he MI D val ue once i t has

r es er ved i t . I f t he MI D val ue has been r es er ved by t hi s CPE ar r i ves and i s

mar ked by anot her CPE ( ups t r eam) , t he CPE l ost i t s MI D. I t needs t o not i f y

i t s management and t o r es er ve anot her MI Dval ue. Thi s s cenar i o woul d occur

i n t he Mul t i pl e - CPE envi r onment but not i n Si ngl e- CPE.

I f t he PLCPs t ar t s t o r ece i ve i ncor r ect Cel l Header s , i t means t hat i t has become

out -of -sync wi t h t he ups t r eamnode. I n f act , i f t he PLCP r ece i ves 7 cons ecut i ve

ce l l s wi t h i ncor r ect header s , i t wi l l s t op al er t i ng t he MACof i ncomi ng ce l l s . I t

wi l l r et ur n t o t he Cel l Del i neat i on pr oces s t o s ear ch f or cor r ect Cel l Header s

agai n. I f t he s ear chi ng pr oces s goes on f or 1ms and cel l s ar e s t i l l not det ect ed,

t he PLCP wi l l r es et i t s e l f t o s t ar t t he i ni t i al i zat i on pr oces s agai n.

5 Concl usion

I n t hi s paper , a Si ngl e- CPE SMDS has been demons t r at ed at STS- 3c r at e f or

di r ect connect i on or as i nt er f ace t o a br i dge/r out er . Whi l e SMDS o�er s a com-

pr ehens i ve s er vi ce t o t he us er s at hi gh s peed and a pat h t owar ds ATM, i t i s

not wi t hout pr obl ems . I n t hi s s ect i on, s ome of t he dr awbacks of SMDS ar e

pr es ent ed: MI DPage Al l ocat i on Pr ot ocol , Redundancy i n SMDS Pr ot ocol , and

Cel l Del i neat i on Pr oces s .

� MIDPage Al l ocat i on Protocol : The pr ot ocol r equi r es t hat each CPE has

a 10- bi t count er t o keep t r ack of t he 1023 MID val ues t o be br oadcas t

on Bus A. I n addi t i on, each M2 byt e t r ansmi t t ed i nc l udes t he two l eas t

s i gni �cant bi t s of t he cur r ent MI Dt o ens ur e t hat al l CPEs i n t he networ k

ar e pr oces s i ng t he s ame MIDval ue. Thi s r equi r es a s t at e machi ne t o be

i mpl ement ed as a par t of t he Management l ogi c . I t woul d be s i mpl er , f or

exampl e , t o as s i gn each CPE a MID val ue bef or e i t i s connect ed t o t he

networ k - t he way addr es s es ar e as s i gned.

� Redundancy i n SMDS Protocol : SMDS i s des i gned t o i nt er oper at e wi t h as

many pr ot ocol s as pos s i bl e , as a r es ul t t her e i s a hi gh over head i n SMDS.

Ther e ar e 36 bytes i n t he Header and 4 to 8 bytes i n t he Tr ai l er ( opt i onal

32- bi t CRC) . I n addi t i on, t he LLCHeader and SNAP Header s r equi r e 8

byt es whi ch br i ngs t he Header t o 48 byt es [ 11] . Thus , a mi ni mumof 2

cel l s ar e r equi r ed t o t r ansmi t an I P packet or encaps ul at ed f r ame.

Some exampl es of t he over heads ar e :
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uni que MI Ds . I n t hi s cas e , t he CPE at t he f ur t hes t di s t ance f or t he Head

of Bus A (HOBA) wi l l be abl e t o r es er ve t he �r s t MI Dwhi l e t he CPE

cl os es t t o HOBAwi l l be t he l as t t o r es er ve i t s MI Dval ue ( s ee Fi gur e 15) .

5. Checki ng Li nk Status Si gnal : CPE can begi n t o t r ansmi t ce l l s t o t he SS

onl y af t er t he i ncomi ng Li nk St at us i ndi cat es t hat t he l i nk i s connected or

rx l i nk up.

6. Looki ng f or cel l s: Whi l e t he management l ogi c pr oces s e s t he Payl oadOver -

head, t he PLCP l ogi c s ear ch t hr ough t he payl oad f or ce l l s . Onl y af t er

r ece i vi ng 6 cons ecut i ve ce l l s wi t h cor r ect header s does t he PLCP cons i der

t o be i n sync and begi ns t o al er t t he MACof i ncomi ng ce l l s .

Af t er al l t he s t eps i n t he I ni t i al i zat i on pr oces s have been compl et ed, t he CPE i s

r eady t o t r ansmi t ce l l s t o t he SS. Not e t hat t he ear l i es t t i me t he CPE can begi n

dat a t r ansmi s s i on i s af t er r ece i vi ng near l y a f r ame or 125�s. I n f act , t he SMDS

Start -up Procedures r equi r e t hat t he CPE wai t s f or 7 seconds af t er r ece i vi ng

f r ames f r omt he SS bef or e t r ansmi t t i ng bus y ce l l s .

4.1. 1 Data Transmiss i on

Dur i ng t he dat a t r ansmi s s i on pr oces s , t he CPE r ece i ves ce l l s f r omt he SS i n t he

125�s f r ame payl oad. The CPE us es t he 125�s t i mi ng mar ks i n t he r ece i vi ng

di r ect i on t o gener at e i t s own f r ames whi ch car r y ce l l s back t o t he SS.

Cel l s ar e as s umed t o ar r i ve cons ecut i ve l y once t he Cel l Del i neat i on pr oces s has

been compl et ed dur i ng t he I ni t i al i zat i on pr oces s . I f t he ce l l s ar e not r ece i ved

cor r ect l y, t he PLCP i s r equi r ed t o s ear ch f or t he cor r ect Cel l Header agai n ( as

dur i ng t he I ni t i al i zat i on pr oces s ) . As s umi ng t hat no s er i ous er r or condi t i on

occur s , t he ce l l s wi l l be r ece i ved i n t he cor r ect s equence agai n. The MAC

t r ansmi t s and r ece i ves ce l l s as des cr i bed i n s ect i on 3. 1.

Once t he CPE has r es er ved i t s MI D, i t cont i nues t o check and keep t he MI Das

MI Dval ues ar e br oadcas t on t he networ k. Thi s wi l l ens ur e t hat t he MI Dus ed

by each CPE i s uni que.

4. 1. 2 Error Recovery

I f an er r or or al arms i gnal i s gener at ed by t he Fr amer , i t means t hat t he i ncomi ng

l i nk i s no l onger oper at i ng cor r ect l y. The CPE wi l l al er t t he ups t r eamnode of

t he condi t i on whi l e t r yi ng t o r econ�gur e t he networ k t o excl ude t he ups t r eam
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i ncomi ng l i nk i s cons i der ed as connected, rx l i nk up or rx l i nk down. Thes e l i nk

status i ndi cat or s det ermi ne whet her ce l l s ar e bei ng r ece i ved. The node can t hen

not i f y i t s ups t r eamnei ghbor of t he s t at us of t he l i nk by t r ansmi t t i ng i t s own

Li nk St at us on t he oppos i t e bus . The Li nk St at us Si gnal i s t r ansmi t t ed i n t he

l as t 3 bi t s of byt e G1 at DS3 r at e and t he l as t 6 bi t s of byt e H4 at STS- 3c r at e .

I n t he Si ngl e- CPE con�gur at i on, t he Li nk St at us s i gnal s det ermi ne when cel l s

ar e r ece i ved f r omSS and when cel l s can be t r ansmi t t ed t o SS. I n t he Mul t i pl e -

CPE con�gur at i on, i f t he Li nk St at us s i gnal s hows t hat t he r ece i ved l i nk i s

down, i t wi l l caus e t he CPE t o r econ�gur e t he networ k t o bl ock out t he f aul t y

node.

4 Operati on

I n t hi s s ect i on, t he oper at i on of a Si ngl e- CPE SMDS networ k at t he STS- 3c

r at e i s des cr i bed f r omt he i ni t i al i zat i on pr oces s t hr ough dat a t r ansmi s s i on and

er r or r ecover y.

4.1 Initialization

The i ni t i al i zat i on pr oces s at t he CPE can be di vi ded i nt o t he f ol l owi ng s t eps :

1. Looki ng f or Start of Frame: The begi nni ng of a f r ame i s i ndi cat ed by 3

A1 byt es ( 11110110) .

2. Looki ng f or Start of Payl oad Overhead: Sear chi ng f or t he �r s t byt e of

t he Payl oad Over head i s onl y neces s ar y at STS- 3 r at e , as t he Payl oad

Over head can s t ar t anywher e wi t hi n t he col umn. By r ecogni z i ng J1, t he

�r s t byt e of POH, ot her POHbyt es can be f ound i n t he s equence f ol l owi ng

J1 as s hown i n Fi g 14.

3. Checki ng Bus Ident i �cat i on: The cor r ect Bus I dent i �cat i on val ue ( byt e

M1) i ndi cat es t hat t he CPE i s connect ed cor r ect l y t o t he SS and/or ot her

CPEs . Bus I dent i �cat i on i s i mpor t ant onl y i n t he Mul t i pl e - CPE con�gu-

r at i on.

4. Checki ng MIDPage Al l ocat i on: CPE moni t or s byt e M2 i n each f r ame t o

det ermi ne t he MI Dval ue i t wi l l us e t o t r ansmi t ce l l s . The �r s t 511 MI D

val ues ( 1 t o 511) ar e r es er ved f or t he SS whi l e t he CPEs can us e t he r es t

of t he MI D�el d ( 512 t o 1023) . The MID Page Al l ocat i on i s i mpor t ant

i n t he Mul t i pl e - CPE envi r onment onl y wher e CPEs need t o obt ai n t hei r
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Li ne AlarmIndi cat i on Si gnal : The LAI S i s s ent downs t r eam t o i ndi cat e

t hat an er r or has been det ect ed i n t he Li ne ups t r eam.

Path Al armIndi cat i on Si gnal : The PAI S i s s ent downs t r eam t o i ndi cat e

t hat an er r or has been det ect ed i n t he Pat h downs t r eam.

Far End Recei ve Fai l ure/Path Yel l ow: The FRF s i gnal i s us ed t o i ndi cat e

ups t r eamt hat an er r or has been det ect ed downs t r eam.

3. 3. 3 Bus Ident i �cat i on

The Bus I dent i �cat i on Management Byt e (Byt e M1 i n t he POH) i s us ed t o

i ndi cat e whi ch Bus a node t r ansmi t s on. For exampl e , MACA r ece i ves and

t r ansmi t s on Bus Awhi l e MACB on Bus B. I n t he Si ngl e- CPE con�gur at i on,

t he SS needs t o t r ansmi t t he Bus I dent i �cat i on byt e t o ens ur e t hat t he CPE i s

r ece i vi ng on Bus A. However , t he CPE does not need t o s end back i t s own Bus

I dent i �cat i on t o i ndi cat e t hat i t t r ansmi t s on Bus B. On t he ot her hand, i n t he

Mul t i pl e - CPE con�gur at i on, al l CPEs need t o t r ansmi t t he i r Bus I dent i �cat i on

byt es .

3. 3. 4 Message Identi �er Page Al l ocat i on

As i ndi cat ed i n t he Segment at i on &Reas s embl y s ect i on, t he Mes s age I dent i �er

(MI D) i s us ed t o t r ansmi t and r ece i ve ce l l s i n conj unct i on wi t h t he Sour ce and

Des t i nat i on Addr es s es . Thus , each CPEmus t acqui r e at l eas t one MI Di n or der

t o t r ansmi t and r ece i ve i n an SMDS networ k. The MIDPage Al l ocat i on pr ot ocol

has been s pec i �ed as a di s t r i but ed pr ot ocol wher e t he SS cont i nuous l y announces

t he MI Dval ue ( one per f r ame) vi a t he MI DPage Al l ocat i on byt e ( byt e M2 i n t he

Payl oad Over head) . Abr i e f over vi ewof t he pr ot ocol i s r epr es ent ed i n Fi gur e 15.

I n t he Si ngl e- CPE con�gur at i on, t her e i s onl y one CPE t hat needs t o r es er ve

t he MI D, i t does not need t o not i f y t he SS whi ch MIDval ue i t wi l l us e . Thi s

means t hat t he CPE does not need t o s end out t he MI DPage Al l ocat i on byt e .

I n t he Mul t i pl e - CPE con�gur at i on, each CPE needs t o t r ansmi t i t s MI DPage

Al l ocat i on byt e t o ens ur e t hat t he MI Dval ue i t i s us i ng i s uni que and has not

been r es er ved by anot her node.

3. 3. 5 Li nk Status

A s t at e machi ne i n t he Management l ogi c i s us ed t o det ermi ne t he s t at us of

t he r ece i ved l i nk. Bas ed on t he cur r ent s t at e and t he i ncomi ng s i gnal s , t he
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t he ce l l . Thi s O�set Indi cator r epr es ent s t he number of byt es f r omt he

begi nni ng of t he r owwher e t he ce l l s t ar t s . Af t er t he �r s t ce l l i s r ece i ved

bas ed on t he O�s et I ndi cat or , s ubs equent cont i guous ce l l s can be det ect ed

as t hey ar e of t he �xed 53 byt es s i ze . I f t he PLCP l os t t r ack of ce l l s , i t can

be r e- s ynchr oni zed upon r ece i vi ng t he O�s et I ndi cat or i n t he next f r ame.

Usi ng Frami ng State Machi ne: Anot her way t o r ecogni ze t he begi nni ng of

a ce l l i s t o s ear ch f or t he cor r ect 5- byt e Cel l Header . To ens ur e t hat

t he PLCP i s det ect i ng ce l l s i ns t ead of mi s t aki ng a s t r i ng of dat a f or t he

begi nni ng of a ce l l , 6 cons ecut i ve ce l l s mus t be det ect ed bef or e t he PLCP

cons i der s t o be i n In-Sl ot -Del i neat i on.

Cur r ent l y, t he Fr ami ng St at e Machi ne i s r equi r ed t o r ecogni ze ce l l s whi l e t he

us e of t he O�s et I ndi cat or i s opt i onal . The STS- 3c of The Ba y Br i d g e PLCPonl y

i mpl ement s t he Fr ami ng St at e Machi ne .

3.3 Management

I n addi t i on t o car r yi ng ce l l s i n t he payl oad, each r ow i n t he 125�s f r ame al s o

car r i es one byt e of t he Payl oad Overhead. The Fr amer i s r es pons i bl e of al er t i ng

t he PLCPwhen t he �r s t byt e of t he Payl oad Over head i s det ect ed. The Payl oad

Over head i s us ed t o i ndi cat e a number of er r or s and al armcondi t i ons and t hr ee

management f unct i ons [ 9, 10] .

3. 3. 1 Error Indi cators

The Er r or I ndi cat or s ar e s et when an er r or condi t i on occur s whi ch pr event

oper at i on. Ther e ar e t hr ee er r or condi t i ons :

Loss of Si gnal : An al l - zer os pat t er n i s det ect ed on t he i ncomi ng s i gnal f or a

l ong per i od of t i me ( 100�s or l onger ) .

Loss of Frame: Abegi nni ng of a f r ame i s not det ect ed af t er 3ms .

Loss of Poi nter: A val i d poi nt er i s not det ect ed af t er 8 cons ecut i ve f r ames .

Thi s er r or condi t i on i s onl y appl i cabl e t o STS- 3c r at e .

3. 3. 2 Al armIndi cators

The Al arm I ndi cat or s ar e s et when an condi t i on occur s whi ch coul d pr event

oper at i on. Ther e ar e t hr ee al armcondi t i ons :

Revision: 1.0



Ba y Br i d g e 9

3.2 Physical Layer ConvergenceProtocol

The Phys i cal Layer Conver gence Pr ot ocol ( PLCP) i s r es pons i bl e f or pl ac i ng ce l l s

i n t he payl oad of t he 125�s f r ame at t he t r ansmi t t i ng s i de once t he begi nni ng

of t he f r ame has been det ect ed by t he Fr amer . Conver s e l y, i t i s al s o r es pons i bl e

f or ext r act i ng ce l l s f r omt he f r ame payl oad at t he r ece i vi ng s i de . Each PLCP i s

connect ed t o one di r ect i on of each bus ( s ee Fi gur e 12) . PLCP1 i s connect ed t o

t he r ece i ve s i de of Bus A and t he t r ansmi t s i de of Bus B. Si mi l ar l y, PLCP2 i s

connect ed t o t he r ece i ve s i de of Bus B and t he t r ansmi t s i de of Bus A. I n t he

Si ngl e- CPE con�gur at i on, t he CPE r ece i ves f r omBus Aand t r ansmi t s t o Bus

B, hence onl y one PLCP i s needed. I n addi t i on, t he PLCP pr ovi des t he byt e

c l ock ( 5. 592MHz f or t he DS3 r at e and 19. 44MHz f or t he STS- 3c r at e) t o t he r es t

of t he SMDS I nt er f ace . The byt e c l ock i s der i ved f r oml ocki ng t he t r ansmi t t i ng

( l ocal ) c l ock wi t h t he i ncomi ng cl ock f r omt he SS.

As t he f r ame s t r uct ur es of t he DS3 and STS- 3c r at es ar e di �er ent , t wo PLCPs

wer e des i gned, one oper at i ng at 45Mbps and t he ot her at 155Mbps .

3. 2. 1 DS3

As s hown i n Fi gur e 13, each ce l l i s pl aced i n one r ow maki ng t he pr oces s of

pl ac i ng and ext r act i ng ce l l s s i mpl e [ 8] . The payl oad i s as ynchr onous l y mapped

i nt o t he f r ame and a ni bbl e stu�ng t echni que i s us ed t o mai nt ai n t he 125�s

f r ame cycl e .

The ni bbl e s t u�ng pr ot ocol i nvol ves t he s i ze of t he t r ai l er . Dur i ng t he �r s t f r ame

of t he s t u�ng cycl e , 13 ni bbl es ar e t r ansmi t t ed. Dur i ng t he s econd f r ame, 14

ni bbl es ar e t r ansmi t t ed. Dur i ng t he t hi r d f r ame, e i t her 13 or 14 ni bbl es ar e

t r ansmi t t ed dependi ng on whet her t he f r ame has been s t u�ed. The cycl es ar e

r epeat ed ever y t hr ee f r ames .

3. 2. 2 STS-3c

As s hown i n Fi gur e 14, each STS- 3c r owhas 260 byt es of payl oad. Thi s means

t hat mor e t han one ce l l can be pl aced per r ow. Cel l s can s t ar t at any poi nt i n

t he payl oad and can s t r addl e acr os s r ow and f r ame boundar i es . Thi s oat i ng

payl oad s t r uct ur e makes t he pr oces s of ext r act i ng ce l l f r omt he payl oad di �cul t .

Ther e ar e two ways t o i ndi cat e t he begi nni ng of a ce l l i n t he payl oad

Poi nter: Abyt e i n t he Payl oad Overhead i s us ed t o i ndi cat e t he begi nni ng of
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3 SMDS Board

The SMDS Boar d i s compr i s ed of t hr ee l ogi c bl ocks : MAC, PLCP, and Man-

agement .

3.1 MediumAccess Control

The Medi umAcces s Cont r ol (MAC) i s r es pons i bl e f or t r ansmi t t i ng and r ece i vi ng

ce l l s ( L2- PDUs ) . The s t r uct ur e of a ce l l i s s hown i n Fi gur e 10.

The MACf unct i ons i nc l ude t r ansmi t t i ng out goi ng ce l l s and r ece i vi ng i ncomi ng

ce l l s . Each MACi s connect ed t o one bus ; t hus two MACs ar e r equi r ed per CPE.

An over vi ewof t he DQDBMACchi p i s s hown i n Fi gur e 11.

Outgoi ng cel l s :

Cel l s ar e handed t o t he SMDS Boar d by t he SARBoar d. When t he SARBoar d

r eques t s a t r ansmi s s i on, t he DQDB MACwi l l wai t f or an appr opr i at e empt y

ce l l . When acces s i s gr ant ed by t he MAC, t he SARBoar d pas s es a ce l l t o t he

SMDS boar d. The CRCchecks umi s cal cul at ed by t he MACand added t o t he

ce l l t r ai l er .

I n t he Si ngl e-CPE Con�gurat i on, t he MAC at t he CPE has f ul l us e of t he

bandwi dt h. Whenever an empt y ce l l i s r ece i ved, t he MACcan i mmedi at e l y us e

t he ce l l , t hus t he DQDB pr ot ocol i s not neces s ar y. On t he ot her hand, i n t he

Mul t i pl e-CPECon�gurat i on, t he f ul l DQDBpr ot ocol needs t o be i mpl ement ed

as a number of CPEs wi l l be compet i ng t o us e t he avai l abl e bandwi dt h.

Incomi ng cel l s :

The DQDBMACaccept s al l i ncomi ng BOM(Begi nni ng of Mes s age) ce l l s t hat

mat ch any ext er nal MACaddr es s or ce l l s wi t h Mes s age I dent i �er s (MI Ds ) cor -

r es pondi ng t o mes s ages i n pr ogr es s . The MAC mai nt ai ns a t abl e of cur r ent

MI Ds and al er t s t he Hos t of except i ons . The MAC does not check f or cor r ect

ce l l or der i ng as t hi s i s handl ed by t he SARBoar d. The MACchecks t he CRC

of al l i ncomi ng ce l l s and hands ce l l s di r ect l y t o t he SARBoar d f or r eas s embl y,

i ndi cat i ng i f t he ce l l has pas s ed t he CRC.
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� The cel l bu�er i s us ed e�ci ent l y. Thi s becomes mor e i mpor t ant as t he

ce l l bu�er s i ze i ncr eas es . Thi s s cheme i s mos t appr opr i at e f or a swi t ch or

f or a CPE s er vi ng a l ar ge number of us er s .

� Cal cul at i ng t he addr es s of t he next ce l l pos i t i on i n t he ce l l bu�er i s s i mpl e

| i t i s t he next l ocat i on r emoved f r omt he f r ee l i s t . As a r es ul t new cel l s

may be accept ed cont i nuous l y back- t o- back, unl es s t he Mes s age Tabl e or

Cel l Bu�er i s f ul l .

However , t hi s s cheme i s onl y wor t h us i ng i f t he s i ze of t he Mes s age Tabl e i s a

smal l pr opor t i on of t he s i ze of t he Cel l Bu�er . Thi s may not be t he cas e i n

s ome appl i cat i ons . The al gor i t hmus ed i n t he SMDS I nt er f ace of The Ba y Br i d g e

i s not wel l s ui t ed f or SS i mpl ement at i ons becaus e of t he over head of t he Mes age

Tabl e .

2. 2. 2 An al ternat i ve al gori thm

We now des cr i be an al t er nat i ve r eas s embl y des i gn wher e har dwar e i mpl emen-

t at i on i s neces s ar y (CPU i s not f as t enough) and wher e ce l l r e - or der i ng i s not

r equi r ed ( s ee Fi gur e 9) .

� Reas s embl y i s compr i s ed of t hr ee component s : MI D Cont r ol l er , FI FO

Cont r ol l er , and a s har ed RAM.

� When a cel l i s r ece i ved, t he Cel l Type i s checked. I f t he ce l l i s a SSMor

BOM, t he FI FOCont r ol l er al l ocat es a f r ee FI FO t o s t or e t he ce l l . The

addr es s of t he FI FO i s wr i t t en i n t he Regi s t er Fi l e as t he FI FOWr i t e

Poi nt er . Af t er t he �r s t ce l l of t he mes s age i s r ece i ved, t he f ol l owi ng COM

ce l l s wi l l be s t or ed i n t he s ame FI FO. The Wr i t e Poi nt er i s updat ed ever y

t i me a new cel l of a mes s age i s r ece i ved. Once t he EOMce l l i s r ece i ved,

t he FI FOi s r eady t o be r ead out .

� The Hos t wi l l r ead f r omt he FI FO, r et ur ni ng t he FI DOt o t he Free Li st .

� The MIDCont r ol l er i s us ed t o s t or e t he FI FONumber of t he FI FOs t hat

ar e cur r ent l y bei ng wr i t t en. The Next Expected Cel l Sequence i s al s o kept

i n t he MI DCont r ol l er .

� To ens ur e t hat t he FI FOs ar e e�ci ent l y us ed, FI FOs may be al l ocat ed i n a

smal l number of di �er ent s i zes , s ome capabl e of s t or i ng maxi mummes s age

s i ze ( 9188 byt es ) whi l e ot her ar e capabl e of hol di ng smal l er mes s ages .

Upon r ece i vi ng t he �r s t ce l l of t he mes s age, t he MI DCont r ol l er checks

t he BAsi ze t o det ermi ne whi ch FI FOi s bes t s ui t ed t o s t or e t he mes s age.
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2.2 Reassembly

Whi l e Segment at i on onl y deal s wi t h one mes s age at a t i me, t he Reas s embl y

l ogi c mus t be abl e t o handl e ce l l s f r omdi �er ent mes s ages ar r i vi ng i nt erl eaved.

The SMDS s t andar d cur r ent l y r equi r es t hat ce l l s be accept ed when up t o 16

i nt er l eaved mes s ages ar r i ve , but i s expect ed t o i ncr eas e t he r equi r ement t o 128

i n t he f ut ur e . The SAR Boar d was des i gned t o accept up t o 128 i nt er l eaved

mes s ages . I n addi t i on and as an exper i ment , t he SAR Boar d was des i gned

t o accept mi s-ordered ce l l s . Mi s - or der ed ce l l s ar e normal l y r e j ect ed i n SMDS,

t he Reas s embl y des i gn of The Ba y Br i d g e was i mpl ement ed as an exper i ment of

f as t r eas s embl y wi t h ce l l mi s - or der i ng. Ther e ar e two i s s ues i n des i gni ng t he

Reas s embl y l ogi c : e�ci ent bu�er management and t i mel y ce l l pr oces s i ng. The

s i mpl es t but l eas t e�ci ent Reas s embl y pr ot ocol i s t o al ways al l ocat e a bu�er

equal t o t he l engt h of a maxi mumSMDS mes s age when a BOMor SSMcel l

ar r i ves . The dr awback of t hi s pr ot ocol i s t he i ne�ci ent us e of bu�er s pace .

Whi l e 1. 2Mbyt es of memor y mus t be al l ocat ed f or 128 maxi mummes s ages , a

l ar ge por t i on of t he bu�er wi l l not be us ed as mos t mes s ages wi l l not be of t he

maxi mums i ze . Thi s means t hat smal l back- t o- back mes s ages wi l l qui ckl y c l og

t he r eas s embl y bu�er .

The mos t compl ex s cheme i s t o al l ocat e bu�er s of exact l y t he s i ze of t he SMDS

mes s age. The dr awback of t hi s s cheme i s t he abi l i t y t o make t i mel y ce l l pr o-

ces s i ng dec i s i on when cel l s ar r i ve ever y 2:8�s ( at STS- 3c r at e) .

2. 2. 1 Impl emented Al gori thm

The al gor i t hmus ed i n The Ba y Br i d g e i s bas ed on [ 7] and i s s ummar i zed i n

Fi gur e 8. E�ci ent us e of t he ce l l bu�er i s achi eved by al l ocat i ng bu�er s ce l l by

ce l l . When a BOMor SSMcel l ar r i ves , a new ent r y i s made i n t he MIDTabl e

and a newMessage Tabl e ent r y i s r emoved f r omt he f r ee l i s t . The ce l l i s pl aced

i n t he next f r ee l ocat i on i n t he Cel l Bu�er and i t s addr es s s t or ed i n t he Mes s age

Tabl e . When COMand EOMcel l s ar r i ve , t he MI D i s us ed t o i ndex i nt o t he

MI DTabl e t o �nd t he cor r ect Mes s age Tabl e ent r y f or t hi s MI Dval ue. The ce l l

i s pl aced i n t he next f r ee l ocat i on i n t he Cel l Bu�er and i t s addr es s s t or ed i n t he

Mes s age Tabl e . The pos i t i on of t he addr es s i n t he Mes s age Tabl e i s cal cul at ed

us i ng t he Cel l Sequence Number . Reas s embl ed mes s ages ar e r emoved f r omt he

ce l l bu�er by i ndexi ng t hr ough t he Mes s age Tabl e and r eadi ng f r omt he Cel l

Bu�er .

I n t hi s des i gn, compl et ed mes s ages may be r ead f r omt he ce l l bu�er at t he ce l l

ar r i val r at e . The advant ages of t hi s des i gn ar e :
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� Medi umAccess Protocol : The DQDB pr ot ocol i s us ed as t he met hod t o

gai n acces s t o t r ansmi t ce l l s . The pr ot ocol i s es pec i al l y i mpor t ant i n t he

Mul t i pl e - CPE con�gur at i on wher e a number of CPEs and t he SS f orma

DQDB subnetwor k. The DQDB pr ot ocol i s i mpl ement ed i n t he DQDB

MACChi p on t he SMDSBoard. On t he t r ansmi t s i de , t he MACt r ansmi t s

ce l l s f r omt he SAR Boar d when i t gai ns t he r i ght t o t r ansmi t . On t he

r ece i ve s i de , t he MAC copi es ce l l s i nt ended f or t he CPE and t r ansmi t s

t hemt o t he SARBoar d.

� Physi cal Layer Convergence Protocol (PLCP): The PLCP l ogi c on t he

SMDS Board i s r es pons i bl e f or pl ac i ng ce l l s i n t he payl oad of t he 125�s

f r ame. I n t he r ever s e di r ect i on, i t i s al s o r es pons i bl e f or ext r act i ng ce l l s

f r om t he f r ame on t he r ece i ve s i de . As i de f r ompl ac i ng and ext r act i ng

ce l l s , t he PLCP al s o pl aces and ext r act s t he Payl oad Overhead (POH)

bytes. The POHbyt es ar e us ed t o i mpl ement t he management f unct i ons .

The PLCP i s connect ed t o t he Fr amer [ 6] whi ch i s r es pons i bl e f or t ur ni ng

t he 125�s f r ame i nt o bi t s bef or e t r ansmi t t i ng t hemout t o t he networ k.

As t he Fr amer and t he opt i cal component s wer e not devel oped as par t of

The Ba y Br i d g e pr oj ect , t hey wi l l not be di s cus s ed i n t hi s paper .

� Management Protocol : The Management l ogi c on t he SMDS Board i s r e -

s pons i bl e f or t r ansmi t t i ng and r ece i vi ng t he POH byt es . Management

i nf ormat i on at t he SMDS I nt er f ace i nc l udes a number of Er r or and Al arm

I ndi cat i ons as wel l as t he Bus Ident i �cat i on Protocol and Message Ident i -

�er Page Al l ocat ion Protocol r equi r ed by t he DQDBpr ot ocol .

The maj or component s of t he SMDS I nt er f ace of The Ba y Br i d g e ar e s hown i n

Fi gur e 6.

2 Segmentati on & Reassembl y Board

The SAR Boar d oper at es s ynchr onous l y t o t he SMDS l i ne c l ock, s egment i ng

out goi ng mes s ages i nt o ce l l s and r eas s embl i ng i ncomi ng ce l l s i nt o mes s ages .

2.1 Segmentation

When t he Br i dge Boar d has an SMDS mes s age t o t r ansmi t over t he SMDS

networ k i t hands t he mes s age t o t he SARBoar d. Mes s ages ar e s egment ed i nt o

44- byt e ce l l s wi t h 9 byt es of header and t r ai l er i nf ormat i on added ( s ee Fi gur e 7) .

The s egment at i on pr oces s i s s t r ai ght f orwar d, as i t i nvol ves onl y one mes s age

at a t i me.
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t he dat a r at e bei ng us ed (DS1 or DS3) . Thus , t he met hod of pl ac i ng ce l l s

i n t he f r ame var i es wi t h each dat a r at e .

1.3 SMDSInterfaceof The BayBridge

The Ba y Br i d g e [ 2, 3] i s des i gned t o connect FDDI LANs vi a SMDS as an

i nt er networ ki ng br i dge and r out er . The mai n f eat ur es of t he SMDS I nt er f ace

ar e :

Data Rate: Al t hough SMDS i s onl y s pec i �ed t o oper at e at DS1 or DS3 at

t he cur r ent t i me, STS- 3c r at e [ 4] i s expect ed t o be o�er ed i n t he f ut ur e .

The SMDS I nt er f ace of The Ba y Br i d g e oper at es at t he SONET STS- 3c

l i ne r at e . A r epl acement boar d oper at i ng at t he DS3 r at e has al s o been

i mpl ement ed.

Si ngl e- CPE: Cur r ent l y SMDS i s onl y s pec i �ed i n t he Si ngl e- CPE con�gur a-

t i on. The SMDS I nt er f ace of The Ba y Br i d g e s uppor t s Si ngl e- CPE at -

t achment t o an SMDS networ k. Addi t i onal l ogi c has been des i gned t o

enabl e t he i nt er f ace t o oper at e i n t he Mul t i pl e - CPE envi r onment when i t

becomes avai l abl e .

DQDBMACChi p: The SMDS I nt er f ace of The Ba y Br i d g e us es t he DQDB

MACChi p devel oped as par t of t hi s pr oj ect [ 5] .

Throughput: The SMDS I nt er f ace oper at es at t he l i ne r at es and i s abl e t o

handl e back- t o- back ce l l s i n bot h t he t r ansmi t and r ece i ve di r ect i ons .

Di rect Connect i on: The SMDS I nt er f ace may be connect ed di r ect l y t o a hos t

wor ks t at i on wher e i t can oper at e as a networ k connect i on i ns t ead of be i ng

an i nt er f ace i n The Ba y Br i d g e ( s ee Fi gur e 4) .

FDDI packet s ar e encaps ul at ed i nt o mes s ages bef or e bei ng t r ansmi t t ed t o t he

SMDS I nt er f ace . Encaps ul at i on i s chos en over t r ans l at i on f or i t s eas e of i mpl e-

ment at i on. The dr awback of encaps ul at i on i s t hat s ome of t he mes s age payl oad

i s us ed t o s t or e t he FDDI packet header , t hus i nt r oduci ng anot her l eve l of over -

head. The encaps ul at i on pr oces s i s per f ormed by t he Protocol Convert er of t he

Bri dge Board des cr i bed i n [ 2] ( s ee Fi gur e 5) .

The SMDS I nt er f ace i s i mpl ement ed t o per f ormt he f ol l owi ng f unct i ons :

� Segmentat i on & Reassembl y: The pr oces s of s egment i ng a mes s age i nt o

mul t i pl e ce l l s and t he r ever s e pr oces s of r eas s embl i ng mul t i pl e ce l l s back

t o a mes s age ar e per f ormed by t he Segmentat i on &Reassembl y Board.
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Misc BA
Size DA SA

PI
+
PAD

Data
+
PAD Bytes

LengthCRC
(opt)

9188 bytes

Header
Data
  +
PAD Bytes

Payload 
Length CRC

53 bytes

Message (L3-PDU)

Cell (L2-PDU)

Cell Cell

STS-3c Frame (155Mbps)

Payload
270 bytes

260 bytes

9

Fi gur e 3: Mes s age, Cel l and 125�s Fr ame
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Mul t i pl e- CPE: Asmal l number of CPEs connect ed t o one SS. The CPEs and

SS wi l l oper at e as a DQDBnetwor k.

SS

CPE CPE CPE

Multi-CPE CPE

SS

SNI

CPE

SS

Single-CPE
SNI

Fi gur e 2: SMDS Con�gur at i on

1.2 Requirements tointerfacetoSMDS

The uni t s of t r ansmi s s i on i n SMDS ar e var i abl e l engt h mes s ages , L3 Protocol

Data Uni t (L3-PDU) of up t o 9188 byt es and �xed l engt h ce l l s , L2 Protocol

Data Uni t (L2-PDU) of 53 byt es . The ce l l s ar e t r ansmi t t ed on t o t he medi um

af t er bei ng ar r anged i n a 125�s f r ame at t he Phys i cal Layer . The r e l at i ons hi p

among mes s age, ce l l s and f r ames i s s hown i n Fi gur e 3.

� Layer 3: When SMDS i s us ed t o connect LANs acr os s t he met r opol i t an

or wi de- ar ea, t he packet s f r om t he LANs need t o be t ransf ormed i nt o

SMDS mes s age f ormat . The t r ans f ormat i on of LAN packet s i nt o SMDS

mes s ages can be i mpl ement ed i n two ways : encapsul at i on or t ransl at i on.

When encaps ul at i on i s be i ng us ed, t he ent i r e LANpacket i s pl aced i n t he

payl oad of t he SMDS mes s age. When t he LAN packet i s t r ans l at ed, i t s

header i s s t r i pped whi l e i t s payl oad i s pl aced i n t he SMDS mes s age. Not e

t hat when t r ans l at i on i s per f ormed, t he SMDS mes s age may need t o be

re-t ransl at ed back t o a LANpacket once i t r eaches t he des t i nat i on CPE,

unl es s t he CPE i s di r ect l y connect ed t o t he hos t .

� Layer 2: Af t er t he mes s age i s cons t r uct ed, i t needs t o be s egment ed i nt o

mul t i pl e ce l l s bef or e t he dat a i s t r ansmi t t ed on t o t he Phys i cal Layer .

Si mi l ar l y, at t he des t i nat i on CPE, ce l l s need t o be r eas s embl ed i nt o a

mes s age.

� Physi cal Layer: Cel l s ar e pl aced i n t he 125�s f r ame s t r uct ur e bef or e bei ng

s ent out t o t he networ k. The f r ame s t r uct ur e i s di �er ent dependi ng on
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Ba y Br i d g e 1

1 Overvi ew

1.1 What is SMDS?

Swi t ched Mul t i - megabi t Dat a Ser vi ce ( SMDS) i s pr opos ed by Bel l Communi -

cat i ons Research, Inc. (Bel l core) as a means t o connect Local Ar ea Networ ks

( LANs ) beyond t he cus t omer pr emi s es , acr os s a met r opol i t an or wi de ar ea [ 1] .

At ypi cal t opol ogy i s s how i n Fi gur e 1.

SMDS

Network

LAN1

LAN2

LAN3

Fi gur e 1: SMDS Topol ogy

The pr i nc i pal f eat ur es of SMDS ar e :

Hi gh Speed: DS1 ( 1. 5Mbps ) or DS3 ( 45Mbps ) .

Connect i onl ess : t r ansmi s s i on i s on a per - f r ame bas i s . No cal l s et up or r emoval

i s r equi r ed.

Publ i c: s er vi ces ar e o�er ed by t he Bel l Oper at i ng Compani es . Each s ub-

s cr i ber i s as s i gned a t en- di gi t addr es s f ol l owi ng t he pre�x of 1 accor di ng

t o CCI TT Recommendat i on E. 164 and t he Nor t h Amer i can Number i ng

Pl an (NANP) .

Customer Premi ses Equi pment (CPE) i s connect ed t o a l ocal SMDS Swi tchi ng

System(SS) ( us ual l y l ocat ed at t he l ocal t e l ephone o�ce) vi a t he Subscri ber-

Network Interf ace (SNI). The i nt er f ace pr ot ocol acr os s t he SNI i s bas ed on

t he Di s t r i but ed Queue Dual Bus (DQDB) Met r opol i t an Ar ea Networ k Medi um

Acces s Cont r ol (MAC) pr ot ocol des cr i bed i n t he I EEE 802. 6 St andar d.

Ther e ar e two ways t o connect CPEs t o SMDS, Si ngl e-CPEand Mul t i pl e-CPE

( s ee Fi gur e 2) .

Si ngl e- CPE: One CPE connect ed t o one SS.
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Abstract

This paper des cr i bes the des i gn of a hi gh per f ormance i nt er f ace t o t he
Swi t ched Mult i -megabi t Ser vi ce (SMDS). It was i mpl ement ed as a par t

of The BayBridge and oper at es at STS- 3c ( 155Mbps ) and DS3 ( 45Mbps )

r at es . The SMDS I nt er f ace cons i s t s of t wo ci r cui t - boar ds : t he Segment a-
t i on and Reas s embl y ( SAR) boar d and t he SMDS boar d.

We �r s t gi ve an over vi ewof SMDS and of i mpl ement at i on i s s ues . Af t er t he
over vi ew, we di s cus s t he ar chi t ect ur e of t he SMDS i nt er f ace , s t ar t i ng wi t h

t he Segmentat ion& Reassemblyboar d. The SMDS boar d i s des cr i bed next

i n t hr ee par t s : Medi umAccess Control , Physi cal Layer Convergence Pro-

tocol , and Management . To i l l us t r at e t he des i gn, we pr es ent an exampl e

s t ar t i ng f r omt he i ni t i al i zat i on pr oces s t hr ough t he oper at i onal and er r or

r ecover y pr ocedur es . Fi nal l y, we dr aw t he l es s ons f r omt he des i gn of t he
SMDS I nt er f ace .
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