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| sochronous timing

¢ Calculatetimingsfor isochronous
packets, and its effect on PCI
requirement

¢ Bandwidth reguirementsfor some
example applications
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Cycle Structure

isochronous (short) asynchronous (long)

S
gaps gap
CyC| e #m-]> < Z i S CyCI e#m / @:ﬂ e#m-1
packet cycle start packet packet cycle start
A l] data= x chJ||chk chN B l] C l] data=y chJ
] < cycle#m+1
start delay =y
—
nominal cycle period = 125 psec + 100 ppm
cycle synch cycle synch
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Time Components of
High Efficiency

| sochr onous Packet

Timing parameter time (Us)
speed _signal with data prefix 10
post_speed signal data prefix 04
| so packet @400M bps 83.58

max size of (4096B Data+12B Header)
Min packet separation 34
| so packet @400M bps

size of (758B Data+12B Header) 15.67
data end time 24
Total ~100.00
Peak bandwidth 50MB/s

Average bandwidth 48.7TM B/s
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PCl FIFO Size Test Case #1

second
packet
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¢ with 2.5usec arbitration latency and
burst size of 32
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PCl FIFO Size Test Case #2

second
packet
y data prefix first packet data prefix |/ data end
< 100usec 7 7
/ / /[ [/
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¢ with 1.6usec arbitration latency and
burst size of 32
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Relationship between
Burst size, Latency
and FIFO length

FIFO size
(DWORD)

600 ]
1

500 | 510

— 422

400

3007 — | 315

13 19
200 | 2

31 37 i

64 bursts

100 {73

0

32 bursts
1.0us 1.5us

2us 2.5us

PCI Latengy, 3.0us 3 5us
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PCIl Arbiter

¢ |Implementation reflectsthetimeto
assert the GNT# signal line of a PCI
bus master that asserted its REQ#
signal lineto request bus ownership

¢ Arbitration algorithm of the central
arbiter and the priority of the PCI
I esour ces requesting bus ownersnip
affect the FIFO requirement

¢ Predictability and low latency are
Important
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REQO#

| mplementation
of PCI Arbiter

CPUREQ#

REQl#
REQ2#
REQ3#
REQ4#
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PCI
Bank

PCI_winner =

| SA
Bank

Arbiter

Rounc

-robin mode
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| mplementation of
PCI bank priority scheme

¢ Incontrolled environment, REQO# can win every other PCI
arbitration. Thisgivespriority to performance-hungry application
like 1394 with 50% of total PCl bandwidth
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| mplementation
of PCI Arbiter

CPUREQ#
REQO#
REQL#
REQ2# : PCI PCI_winner
REQ3#
reow Bank
|SA |
Bank

Round-robin mode with 50% chance of

National Semiconductor  9/17/96

Arbiter

winning the arbitration
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Other Implementation
of PCI Arbiter

CPUREQ# .
REQO#
REQ# F)C I PCI_winnerl
REQ2# i
REQ3# PCI_winner2 -
REQ4# ; Bank 'Arb|ter

| SA
Bank

PCI high priority mode
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One of North Bridge
| mplementatations

&
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National Semiconductor

PCIl Features Needed

¢ FIFO requirement dependson

e long bursdts

e fastest possible TRDY asatarget

e continuous|
e fast back-to-
gdiminatesid

RDY # asinitiator
nack

ecyclefollowing awrite

e memory write and invalidate
eliminates system cache snoop

e memory read line multiple
optimize system memory pre-fetching
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Some Example Applications

¢ DVCR-SD
e Compressed video 4M B/s

¢ Video conferencing
e uncompressed video 2.3M B/s

¢ Digital Audio
e uncompressed audio .2MB/s
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PCIl Implementations

FIFO => Link H=—>
Link-PHY
| nter face
DBDMA
1394-OpentHost
Raq;fg Rej;ﬁ? * Controller
PCI
¢ Response should be given with higher
priority than request to minimize 1394
Outbound| |Outbound bustraffic by complying retry timeout
Request Response constraint
_Queue };| Queue ¢ Non-blocking FIFO should be

L_ Host Memory

/
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Implemented. A busied request should
give way to outbound response
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PCIl Implementations

FIFO B e

FIFO Link-PHY
F’ | nter face
DBDMA
1394-OpentHost
Request Response
Unit Unit Controller
PCI _
¢ Independent FIFOshelp lighten PCI
bandwidth requirement
Outbound| |Outbound ¢ Non-blocking FIFO should be
Request Response Implemented for multiple pending
transaction
Queue Queue
L_ Host Memory j
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PCIl Implementations

FIFO B e

Link-PHY
[ FIFO F’ | nterface

| sochr onous 1394-OpenHost

Trg&in't ReaﬁteSp Controller

PCI
¢ Independent FIFOsare needed for
high latency environment

Isochronqus Outbound

Transmit Queues
Queue |
J L Host Memory j
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High Latency Problem

¢ |f host buslatency can not catchup in the middle of
packet in outbound async transmit,

FIFO underrun flagisraised
The DBDMA stopsfetching the queue.

Link proceedswith partial packet. But make surethat the
packet is“wrong".

Link sends 2 IDLE cycleson link-PHY interface
PHY sendsDATA_ END toindicatethe end of the packet
Thereceive sideresponds back with ACK DATA ERROR

DBDMA program detected theerror and restarted to fetch
thedata
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PCIl Implementations

FIFO < Link ———

Link-PHY

| nterface

Isochronous | General 1394-Opentost
Receive Receive Controller
DMA Unit
PCI
One FIFO isneeded for receive
oper ation since isochronous and
| sochr oNous asynchronous packets comein at
Receive | | /MPound different time
Oueues Queue
J L Host M emory
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PCIl Implementations

1394-OpentHost
ARDMA Controller

Physical request unit (= FIFO <

Automatic response unit ' D S
u icresp UI:j — Link ——

General receive unit | nterface

PCI ¢ High performance implementations may
have different FIFOsin handling incoming
packets

¢ Thisimplementation ensures multiple
physical request packetswill be handled

¢ Physical request unit should use
concatenated subaction when it can

Host Memory
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DBDMA Implementations

¢ |f interrupt, branch and wait are all used
and their conditionsareall truein asingle
command descriptor, the sequence of
execution IS

e processesthe command, updatesthe status bits

e the DBDM A engine waits until the condition is
false,

e Interrupt sendsto the host, and DBDMA engine
jumpsto the specified branch address
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National Sem

Retry Protocol

Only retry X issupported on outbound to
minimize cost on a generic host controller
since context per transmit hasto be saved

Retry X and Retry A/B may both be
Implemented for inbound.

L eaf node may want to implement retry
A/B on both inbound and outbound.
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Bus M anagement CSR
Register Operation

¢ Toupdatethe Bus Management CSR
registers.
e updates csrData with the desired value
e updates csr Comparewith thecurrent value
e updates csrSeal with proper offset

e the csrData should havetheold content asthe
one updated in the csr Compar e value if
compar e-swap operation is successful when
csrDone s set.
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Bus M anagement CSR
Register Operation
¢ ToreadtheBusManagement CSR
registers

e updatesthe csrData and csr Compare
with the same arbitrary values

e updatesthe csr Sal with proper offset

e thevalueisreturned on the csrData if
csrDonels seat
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Open HCI Compliant
P1394A Reguirements

¢ Disable control per port

Thisensuresthe Open HCI systems
Is safe from the external
environment by running only on the
Internal nodes
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Open HCI Compliant
P1394A Reguirements

¢ During self-1D process, the maximum
physical ID remainsat 63 if morethan 63
nodes areon thelocal bus. No roll over of
physical |ID isallowed.

¢ Any PHY of physical ID of 63 will ignore
Ink-on and PHY -configuration packet.

¢ Link of physical ID of 63 will not send any
nacket
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Open HCI Compliant
P1394A Reguirements

¢ Busmanager algorithm must support 3 bit
speed code.

¢ |f LK _EVENT.Ind(cycle too long) Is set,
CONTROL .cyclemaster iscleared.

Thecycle too longisdefined assincethe
last cycle start packet wasrecelved, an
125usec has passed, and a subaction gap
was not yet detected.
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Open HCI Compliant
P1394A Reguirements

¢ A timeout interrupt for PHY register
read shall be implemented.

¢ Responsein first try need not to follow
thefairness protocol
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BUSINFO BLOCK
| mplementations

¢ BUSINFO BLOCK isloaded by:

e Hardware - |oaded after chip reset by
serial or parallel ROM.

e Software - loaded during execution of
boot code
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BUSINFO BLOCK

| mplementations
irmc | cmc | isc | bmc | reserved cyc clk acc max_rec reserved
node vendor ID chip id hi
chip_ID_lo

¢ Info length specifieslength of info block up to chip ID

¢ CRC length and CRC value specify area of the config
ROM are CRC protected.

¢ Busidentification contains“ 1394

¢ BusOption containsirmec, cmc, isc, bmc, cyc clk acc,
and max_rec

¢ Global Unigue D containsvendor |D and chip ID.
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BUSINFO BLOCK
| mplementations

¢ Only Busldentification register ishardwired

¢ Info length may bewritten with O to indicate
that the BUSINFO BLOCK Isnot ready

¢ BusOption, CRC length and ROM CRC value
register isread/write-able. But shall be
programmed first beforethelink on is set.
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BUSINFO BLOCK
| mplementations

¢ Global Unique D may only bewritten
once either by hardware or software and
snall be write-protected afterward

¢ Nolink on isallowed beforethe Global
Unique D iswritten
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Sourcenode'sBUSID In
Response Packet

¢ TwoBUSIDsmay beused from reguesters
to identify the node

3FFH (local-bus) or SpecificBUSID
assigned from bus manager

¢ Same D shall beused for read response
packet aswasused In therequest packet
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Sourcenode'sBUSID In
Response Packet

¢ Bit 23 SrcBuslD of thefirst quadlet
Isprovided to tell thelink layer
which BUSID to beused in the

I esponse packets
e 0- 10h3FF isused
e 1 - BusNumber.Node ID isused
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Other Implementation Detalls

¢ Any complete packet resided in the FIFO
snhould not be dropped, iIf an ACK of
COMPLETE and PENDING has been sent
back to therequester. Any incoming packet will
beresponded with ACK of BUSY if theFIFO
IS not available.

¢ |f non-header stripped modeisused, timestamp
IS put In the buffer. Thevalue shall be copied
fromthel SO CYCLE TIMER at thetime when
thelink sends back the ACK, or when thelink
recelvesthe end of 1so packet.
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Ot
¢ O
B

B

her Implementation Details

nenHCI implementsonly CSR registers of
USMANAGEMENT CSR, and BUSINFO
_OCK In hardware. All other request

packets shall be sent to GRU and PRQU
accor dingly for softwar e processing.

¢ O

nly quadlet read/write within HCI

Implemented CSR registers are allowed.

O

therwise, typeerror in response codelis

retur ned.
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