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9. Connectivity Management

9.1 Overview

High Performance Serial Bus (Supplement)

This section specifies the port state machines, handshake protocol and communications used between ports. The port
abstraction is the primary interface inside the node between |EEE Std. 1394-1995 protocols and the P1394b gigabit pro-

tocols

The model for a port is shown below

1394B PHY
1394B arbitration state machines.
Repeater function.
A A
y v
Port Port
Beta mode || Connection DS mode Beta mode || Connection DS mode
functions management functions functions management functions
Low pgwe; o Low pgwe; o
signaling signaling
A A
v v
Short Glass Plastic Cat.5 Short Glass Plastic Cat.5
haul optical optical UTtpP haul optical optical uTtp
electrical |  |fiber fiber PMD electrical | | fiber fiber PMD
PMD PMD PMD PMD PMD PMD

The Connection Management function interacts with the PMD, Beta mode functions, DS mode functions and the repeater
function by a set of services in each case..
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Port characteristics

The port is the device that controls the flow of data bits onto and off of the 1394 wires. The port state machine must
detect the present or absence of its neighbor port, establish reliable communications with the other port in the most suit-
able mode of signaling, and must manage low-power modes of operation, i.e., sleep modes.

9.2.1 Definitions

Port and port state machine are interchangeable terms when the context make the choice clear

DS mode means the normal 1EEE Std. 1394-1995 form of electrical signaling and handshaking

Beta mode means the 8b/10b, full duplex form of binary encoded signaling

Connection means the cabled interconnect between two ports

Sleep-Connected is a very low power signaling mode indicating continuing connection between ports

Suspend means go into a low power mode of operation while maintaining the ability to process Sleep-Connected
signaling

Resume is a signal requiring the port to resume full speed, full power operation

Beta chirp (akatone) is alegal 8b/10b encoded signal (TBD) which indicates the maximum speed the port is capable
of sending and receiving. Desireable qualities are low power operation, low-duty cycle, no spectral peaks, detection
without phase locking to bit and quadlet boundaries, and sensing of the maximum port speed capability does not re-
quire bit and quadlet boundary phase locking.

Sleep-connected chirp and resume chirp are (TBD) with the same constaints as the beta chirp

9.2.2 Requirements

a)
b)
c)
d)
€)
f)

The port must start up in DS mode if either the port or the port to which it is connected is not beta capable
The port must start up in beta mode if both the ports are beta capable

The port must run (the “operational speed”) at the fastest speed of which both ports are capable

The port must support all speeds of packet at or below its maximum speed through the use of data padding
The port must support Suspend, Resume, and Sleep-Connected signaling

The port must detect and manage all connect/disconnect events on the connection

9.2.3 Port properties

A P1394b port

a)
b)
c)
d)

€)

f)
9)

9.3

may be capable of operating at any speed range from S100 upwards
may be capable of operating at any speed range from S800 upwards
shall be capable of operating in Beta mode

when capable of operating at S100, shall be capable of DS at S100-S400, may be capable of Beta mode at S100-
$400

shall not be brought out to a 1394-1995 connector unless capable of operating in DS mode
may be connected directly to a suitable transceiver for long haul connection (thus also providing DC isolation)
may use DC (e.g. capacitive or galvanic) isolation when operating in Beta mode

Connection Management Services

Connection management services are provided at the interface between the CM function and the repeater function. The
method by which these services are communicated is not defined by this standard.
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9.3.1 CM status indication (CM_STATUS.indication)

The CM function uses this service to indicate the status of the port to the repeater function. The following parameters are
communicated via this service:

a)

b)

Port mode. This parameter shall contain the mode of the port. The following values are defined for this parameter:
1) DS. The port is operating in DS mode.

2) BETA. The port is operating in beta mode.

Port speed. This parameter shall contain the operating speed of the port. The value of this parameter may be any
valid 1394B operating speed (see [thd]).

Port status. This parameter shall contain the status of the port. The following values are defined for this
parameter:

1) DISCONNECTED. The port is currently disconnected.

2) CONNECTED. The port is connected.

3) [FAULT. Something has gone wrong with this port. ]

4)

9.3.2 CM action request (CM_ACTION.request)

The repeater function uses this service to control the connection management function of the port. The CM function shall
service the request immediately upon receipt. The following parameters are communicated via this service:

a)

b)

<)

Action. This parameter shall indicate the action to be taken by the port connection management function. The
following values are defined for this parameter:

1) SUSPEND.

2) RESUME.

3) DISABLE.

4) ENABLE

5) NULL (no action)

Port mode. This parameter shall indicate the mode in which the port is permitted to operate. The following values
are defined for this parameter:

1) DS. Forces the port to attempt connection only in DS mode.

2) BETA. Forces the port to attempt connection only in Beta mode.

3) DEFAULT. The port may attempt to connect in any mode.

4) NULL (no change to port mode)

[others?]
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P2: Disconnected

9.4 Port State machine

P2:P6 con_status
-

g

7 I P6: Connect Debounce
disconnect actions() connect debounce actions()

P6:P5 con_status & & connected

P5: Resume

resume actiong )

P6:P2 !con_status ||
Iconnected

resume_all = TRUE

-

P8: Resume Failed
resume failed actions()

P8:P2 Icon_status

g

P4: Suspended
suspended_actions()

P5:P8 !port_status
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P7: Active

P5:P7 port_status & &
active_en

active = TRUE -

<t fault = TRUE

P8:P5 con_status & &
port_status

P8:P4 Ifaullt
-

-

P4.P5 con_status & & (initiate resume || port statusb

P4:P2 Icon_staty

P9: Disa
s disabled

g

P9:P4 | disable

bled

actiongi
< All:P9 disable

PO: Susp
suspend

P0:P4 !port_status

end Initiator
nitiator actions()
P

P3: Sus
suspen

ﬁi:m Iport_status || fault]

end Failed
failed actions()

PO:P3 port_status

P7:P0 suspend _initiator
active = FALSE

g

B fault = TRUE

P1: Susp

P1:P3 port_status

suspend_target_actions()

end Target

fault = TRUE

P1:P4 !port_status

P7:P1 suspend_target
active= FALSE

g

P7:P2 Iport_status
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active actiong )
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9.5 Port state actions

9.5.1 P2: Disconnect state

voi d di sconnected_actions () {

83

port_power = TRUE;
DS nmode = Beta_node = FALSE;
DSPORT_ACTI VATE. r equest (| NACTI VE) ;
BPORT_ACTI VATE. r equest (| NACTI VE) ;
CM STATUS. i ndi cati on( DI SCONNECTED); // tell the repeated nachine
PMD_CONTROL. r equest ( PMD_di sabl e);
/1 This sets TPA and TPB outputs to high inpedance, and turns off TpBias
/1 and responds with a status indication
wai t (port _functional);
active_en = FALSE;// prevents port from being active until bus reset
connection_in_progress = FALSE;
if (child)//parent still connected?
isbr = TRUE;// yes - arbitrate for short reset
el se
ibr = TRUE;// no - core transits to RO
if ((connected || fault) && chg_int_en)
PH_EVENT. i nd( | NTERRUPT) ;
connect ed = FALSE;
con_status = FALSE;
fault = FALSE;
port_power = FALSE;
wai t _event (PMD_CONTROL. i ndi cation (PMD_status)); // wait for status indication
PMD_CONTROL. request (toning);
/] Start to send a well-spaced (| ow power) pul se-toning on TPB (specification TBD).
/1 simultaneously, start to listen
while (!con_status) {
connection_timer = 0O;
action = node = NULL;
wai t _event (PMD_CONTROL. i ndi cati on (PMD_status) ||
connection_timer > CONNECT_DEBOUNCE/ 2 ||
CM_ACTI ON. r equest (acti on, node));
/1l wait for a change in status or a timeout
/] timeout nust be | ess than CONNECT_ DEBOUNCE,
/1 but must be long enough to give us a chance of detecting a tone
// to avoid prematurely going into DS node on a DC connection
if action = DI SABLE disable = TRUE; //and a sharp exit to P9: D sabl ed
el se {
if mode !'= NULL {
al |l oned_nmode = node;
if all owed_node = DS PMD_CONTROL. r equest (st op_t oni ng);

if (allowed_npde != DS) Beta_npde = PMD_status && tone_detected,;
if (!Beta_nmpode && (al | owed_node ! = BETA)) DS _node = PMD_st at us && PMD. con_st at us;
con_status = Beta_npde || DS_npde;

This is an unapproved standards draft, subject to change © 1997 IEEE
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9.5.2 P6:Connect Debounce

voi d connect _debounce_actions () {
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port_power = TRUE;
wai t (port_functional);
connection_in_progress = TRUE;
connect _timer = 0;
if (Beta_node) {
/1l Continue sending tones
wait (connect _tinmer >= CONNECT_TI MEQUT); // unlike DS node, we cannot see resets yet
PMD_CONTROL. r equest (stop_toning);
PMD_CONTROL. r equest (send_status);
wai t _event (PMD_CONTROL. i ndi cati on( PMD_st at us);
if (PVMD_status & tone_detected) {
/1 check that we have received a tone since entering this state
/'l Code to exchange timed tones to determ ne the operating speed (precise nethod TBD).
/1 result is left in port_operating_speed
// Note, by this tine the port is powered up, so we can use normal
/1 timers and signalling.
connect ed = TRUE;

}

}
else { // DS node
PMD_CONTROL. r equest (send_st at us) ;
wai t _event (PMD_CONTROL. i ndi cati on(PMD_st atus));
if (PVD_status & TpBias) {
wait (2 * BI AS_HOLD_NOTI FY);
PMD_CONTROL. r equest (send_st at us) ;
wai t _event (PMD_CONTROL. i ndi cati on( PMD_st at us);

}
if (PVMD_status & TpBias) {
// TpBi as handshake - need to wait to see TpBias at the far end first
PMD_CONTROL. request (TpGen);
wait ( connected ||
connect _tinmer >= (isolated_node) ? 2 * CONNECT_TI MEOUT: CONNECT_TI MEOUT) ;
PMD_CONTROL. r equest (send_st at us) ;
wai t _event (PMD_CONTROL. i ndi cati on( PMD_st at us);
con_status = PMD status & PMD.con_status
if (con_status) connected = TRUE;

if (isolated_node)
ibr = TRUE;
el se
i sbr = TRUE;
if (connected && chg_int_en)
PH- EVENT. i n( | NTERRUPT) ;
connection_in_progress = FALSE;
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9.5.3 Resume

void resunme_actions () {
port_power = TRUE;
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wai t

(port _functional);

if (Beta_node) {

el se

PMD_CONTROL. r equest (send_st at us) ;
wai t _event (PMD_CONTROL. i ndi cati on( PMD_st at us);
if (PVMD_status = resune_tone_detected)
resune_target = resune_all = TRUE;
PMD_CONTROL. r equest (resunme_tone);
if (fault && chg_int_en)
PH_EVENT. i nd (I NTERRUPT); // notify higher |ayers of !fault
fault = FALSE;
connect _timer = 0;
port_status = FALSE;
/] port_status is now a |ogical signal, not a physical copy of TpBias
/1 loosely, it means normal two way conmuni cations are established
/1 need to know if we are a resune target
while ((!port_status) && (connect_timer < DETECT_MN)) {
wait ( (connect_timer >= DETECT_MN) || PMD_CONTROL.i ndi cati on(PMD_status));
port_status = PMD_status & resune_tone_detected

}
PMD_CONTROL. request (PNMD_disable) //turn the toning off
if (port_status) { // train
BPORT_ACTI VATE. request (ACTI VE, port_operating_speed);
BPORT_TRAI N. request (TRAIN);
for (i=0; i < Training_time; i++) {
wai t _event (BPORT_CLOCK. i ndication());
BPORT_CONTROL_r equest (| DLE) ;

}
BPORT_TRAI N. r equest (LOCK) ;
port _synchroni zed = TRUE;

}

{ Il DS node
DSPORT_ACTI VATE. r equest ( ACTI VE)
PMD_CONTROL. r equest (send_st at us) ;
wai t _event (PMD_CONTROL. i ndi cati on( PMD_st at us);
port _status = PMD_status & TpBi as;
if (port_status)
resune_target = resune_all = TRUE;
/1 This port is a resunme target and resune all suspended ports
PMD_CONTROL. r equest (TpGen) // drive TpBias to resune target
if (fault && chg_int_en)
PH_EVENT. i nd (I NTERRUPT); // notify higher |ayers of !fault
fault = FALSE;
connect _timer = 0; // start tinmer
while ((!port_status) && (connect_timer < DETECT_MN)) {
wait ( (connect_timer >= DETECT_MN) || PMD_CONTROL.i ndicati on(PMD_status));
port_status = PMD_status & TpBi as

/1l wait for target to drive TpBias
// NB drop out to Resunme failed if it does not
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9.5.4 Active state

void active_actions () {

OCO~NOUIRRWNE

active = TRUE;
initiate_resume = resume_target = FALSE;

CM STATUS. i ndi cation (CONNECTED) // tell the repeater that all is now OK

if (chg_int_en)

PH_EVENT. i nd (I NTERRUPT); // notify higher |ayers of !suspend

action = NULL
control = IDLE
while (active && port_status && (action == NULL) && !(control ==
wai t _event (CM_ACTI ON. r equest (acti on, port_node) ||
PMD_CONTROL. i ndi cati on( PMD_st atus) ||
BPORT_ERROR. i ndi cati on(port_error) ||
BPORT_CONTROL. i ndi cation(control))
if (DS_npde) port_status = PMD_status & TpBi as;
suspend_initiator = action & suspend_acti on;
suspend_target = control == SUSPEND;
di sabl e = action & disable_action;

SUSPEND) ) {

if port_error & bad_link { // need to think through really what we should

// do on bad link - maybe sonme form of
/1 stop all activity
CM STATUS. i ndi cati on( DI SCONNECTED); // tell the repeater
/'l take control
BPORT_TRAI N. request (TRAIN);
for (i=0; i < Training_time; i++)
wai t _event (BPORT_CLOCK. i ndication());
BPORT_CONTROL_r equest (| DLE) ;

}
BPORT_TRAI N. r equest (LOCK) ;
port _synchroni zed = TRUE;

voi d di sabl ed_actions () {

port _power = TRUE; // Power up the port
wait (port_functional); // Clock is running
if (DS_npde) DSPORT_ACTI VATE. r equest (| NACTI VE) ;
if (Beta_npde) BPORT_ACTI VATE. r equest (| NACTI VE) ;
if (chg_int_en)
PH_EVENT. i nd (I NTERRUPT); // notify higher layers of disable
PMD_CONTROL. r equest ( PMD_di sabl e);
port_power = FALSE;
whil e (disable) {
action = node = NULL;
wai t _event (CM_ACTI ON. request(action, node));
if action = ENABLE disable = FALSE; //and exit P9: Di sabl ed
else if mode !'= NULL all owed node = node;

This is an unapproved standards draft, subject to change

l'ink reset??

machi ne so that we

wait _event (timeout || BPORT_ERROR.indication(port_error))
if (port_error & bad_link) port_status = FALSE// still bad
if (port_status) CM STATUS.indi cati on(CONNECTED)// ot herw se hand back over
}
}
9.5.5 Disabled
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9.5.6 Suspended

voi d suspended_actions () {
port_power = TRUE; // Power up the port
wait (port_functional); // Clock is running
if (chg_int_en)
PH_EVENT. i nd (I NTERRUPT); // notify higher |layers of !disable or !fault or suspend
fault = FALSE;
CM STATUS. i ndi cati on( DI SCONNECTED); // tell the repeater nmachine so that we can take
/Il control
if (Beta_node) {
handshake = FALSE
whi | e (!handshake) ({
control _word = NULL
wai t _event (BPORT_CLOCK. indication(), BPORT_CONTROL.i ndication(control_word));
if (control_word = NULL) BPORT_CONTROL_request ( SUSPEND) ;
el se handshake = control _word == SUSPEND;

}
BPORT_ACTI VATE. r equest (i nactive);
BPORT. CONTROL. r equest ( PMD_di sabl e) ;

}
else { // DS node
PMD_CONTROL. r equest (PMD_di sable) // drive TpBias |ow and then rel ease
con_status = FALSE
while (!con_status) { // wait to elinmnate fal se di sconnect
wai t _event (PMD_CONTROL. i ndi cation (PMD_status)); // wait for status indication
con_status = PMD status && PMD. con_st at us;
}
}
port _power = FALSE; // turn off bias generator

9.5.7 Resume fail

void resume_failed_actions () {

initiate_resume = FALSE;

if (chg_int_en)

PH_EVENT. i nd (I NTERRUPT); // notify higher layers of fault

if (Beta_node) ({
// TBD - but can we get here in Beta npde? - but at |east:-
BPORT_ACTI VATE. r equest (i nactive);
BPORT. CONTROL. r equest ( PMD_di sabl e) ;

}
else { // DS node
PMD_CONTROL. r equest (PMD_di sable) // drive TpBias |ow and then rel ease
con_status = FALSE
while (!con_status) { // wait to elinmnate fal se di sconnect
wai t _event (PMD_CONTROL. i ndi cation (PMD_status)); // wait for status indication
con_status = PMD status && PMD. con_st at us;
}
}

port _power = FALSE; // return to suspend state
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9.5.8 Suspend initialtor

voi d suspend_initiator_actions () {
connect _timer =0
suspend_initiator = FALSE; // clear the suspend request
if (DS_node) {
while !((connect_tiner >= NOTIFY_HOLD) || (!port_status)) {
wait (connect_tiner >= NOTIFY_HOLD || PMD_CONTROCL.i ndi cati on( PVMD_st at us)
if (connect_timer) < NOTIFY_HOLD) port_status = PMD_status & TpBi as

}
else {// Beta node - wait to get a SUSPEND handshake

handshake = FALSE

whi | e (!handshake) ({
control _word = NULL
wai t _event (BPORT_CLOCK. i ndi cation(),

BPORT_CONTROL. i ndi cation(control _word));

if (control_word = NULL) BPORT_CONTROL_request ( SUSPEND)
el se handshake = control _word == SUSPEND

if (!port_status) //TpBias driven |ow by target
PMD_CONTROL. request (di sable); // drive TpBias
}

}
9.5.9 Suspend failed

/1 can only get here in DS npde???
voi d suspend_failed_actions () { // |egacy target
if (chg_int_en)
PH_EVENT. i nd (I NTERRUPT); // notify higher layers of fault
port_power = FALSE;
}

9.5.10 Suspend target

voi d suspend_target_actions () {
suspend_t arget = FALSE
connect _timer = 0; // start the tinmer
if (Beta_node) {
/] TBD

}

else { // DS node
TpGen = LOW // drive TpBias low to Initiator
wait ((connect_timer >= BIAS HOLD) || (!port_status));
// wait for initiator to drive TpBias
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9.6 Node states

9.6.1 Portregister RX
9.6.2 Suspend Target
9.6.3 Core suspended
9.6.4 Coreresume

9.6.5 Disable received

9.7 Rationale (informative)

Debounce

P1394b Draft - upstarts v2
December 1st, 1997

We stay in this state until we detect a connection.We transmit a tone on TPB and listen on TPA. TPA is set to high

impedance.

A 1394-1995 node at the far end will assert TpBias on its TPA, but will not see TpBias on its TPB, and so will not think
it is connected. A P1394a node on the other end will sense con_status and start its debounce timeouts. We must ensure
that we move into the Debounce state in less time than a CONNECT_DEBOUNCE.

If we are a bilingual port, we monitor for Connect_status (on TPA)

The set of possible port connections that a bilingual port may be connected to are:-

Figure 9-1—Connect Status value in various connection scenarios

Connect_status tone exchange action
No connection No fails stay in P2
DC connection to P1394a Yes fals set DS
DC connection to bilingual Yes succeeds set Beta
DC connection to Beta only probably succeeds set Beta
AC connection to bilingual No succeeds set Beta
AC connection to Beta only No succeeds set Beta
DC connection to optical transceiver | No - must be biased so asnot |fails stay in P2
to trigger the Con detector
AC connection to optical transceiver |No fails stay in P2

In the case that the answer is yes, we go to the next state.

In the case that the answer is No (see above table for when this will happen) we start to ping. If we hear a ping or we see

connect status, then we go to the next state. This ping operation must consume very little power.
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