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INFORMATION TECHNOLOGY -
HIGH-PERFORMANCE PARALLEL INTERFACE -

Part 6: Physical Switch Control (HIPPI-SC)

FOREWORD

1) ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form

specialized—system—for—wordwide—standardization—National—bodies—that—are—members—ofI1SO or |IEC
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Interpational Standard ISO/IEC 11518-6 was prepared by subcommittee 25: Interconng

of in
techr

This

iaison with ISO and IEC, also take part in the work.

he field of information technology, ISO and IEC have established a joint technical committee; ISO/IEC]
hft International Standards adopted by the joint technical committee are circulated to ‘national bod
ting a vote.

ention is drawn to the possibility that some of the elements of this InternationatStandard may be the §
batent rights. ISO and IEC shall not be held responsible for identifying any or all.such patent rights.

ormation technology equipment, of ISO/IEC joint technical committee 1: Inforn
ology.

second edition cancels and replaces the first edjtion published in 1996. The changsd

ticipate in the development of International Standards through technical committees established, py the
pective organization to deal with particular fields of technical activity. ISO and IEC technical Committees
laborate in fields of mutual interest. Other international organizations, governmental and non-gove€rnmental,

JTC1.
es for

ing. Publication as an International Standard requires approval by at least 75 %{of the national podies
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upward compatible and consist mainly of a localiaddress self-discovery method detailed in
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This
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bublication has been drafted in accordance with the ISO/IEC Directives, Part 3.
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High{Performance Parallel Interface:
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C 11518 consists of the following*parts, under the general title Information techno

rt 1: Mechanical, electricaly'and signalling protocol specification (HIPPI-PH)
rt 2: Framing Protocol\(HIPPI-FP)

Ogy —

rt 3: Encapsulatien,of ISO/IEC 8802-2 (IEEE Std 802.2) Logical Link Control Pr¢tocol

ta Units (HIPPI-LE)

rt 4: Mapping of HIPPI to IPI device generic command sets (HIPPI-IPI)
rt 5: Memory Interface (HIPPI-MI)

rt 6: Physical Switch Control (HIPPI-SC)

¥’ 8=Mapping to Asynchronous Transfer Mode (HIPPI-ATM)
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|
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xes A and B are for information only.
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INTRODUCTION

This part of ISO/IEC 11518 defines the control for HIPPI physical layer switches. HIPPI by
itself is an efficient simplex high-performance point-to-point interface. The physical switch
control allows the interconnection of multiple HIPPI based equipments with HIPPI physical
layer switches.

Characteristics of this HIPPI physical switch control protocol include:

— support for both source routing and destination addresses;
— L-Ei . : .

— when a Destination end-point receives a packet, it can easily manipulate the\JiField
rgceived to return a reply packet to the Source;

— suipport for physical layer switches with differing numbers of ports, all within the pame
fqbric;

— specified reserved addresses to aid address self-discovery, switch¢management]| and
syitch control.
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INFORMATION TECHNOLOGY -
HIGH-PERFORMANCE PARALLEL INTERFACE -

Part 6: Physical Switch Control (HIPPI-SC)

1 Scope

Perfdrmance Parallel Interface (HIPPI), a high-performance point-to-point interface(he
data-processing equipment. This part of ISO/IEC 11518 does not protect against
introquced by intermediate devices interconnecting multiple HIPPI-PHs.

This [part of ISO/IEC 11518 specifies a control for physical layer switches using the fvigh-
r

The purpose of this part of ISO/IEC 11518 is to facilitate the development and use ¢
HIPP| in computer systems by providing common physical switch control.“It provides S
contrpl structures for physical layer switches interconnecting computers, high-perforn
displ
ISO/IEC 11518 also applies to point-to-point HIPPI topologies.

ormative references

The following normative documents contain provisions )which, through reference in thig
conslitute provisions of this part of ISO/IEC 11518. For dated references, subse
amerldments to, or revisions of, any of these publications do not apply. However, part

een
rors

f the
witch
ance

y systems, and high-performance, intelligent block-transfer peripherals. This part of

text,
uent
es to

agregéments based on this part of ISO/IEC 11518 are encouraged to investigate the posgibility

of applying the most recent edition of the nermative documents indicated below. For un
nces, the latest edition of the normative document referred to applies. Members 0
and IO maintain registers of currently. valid International Standards.

ISO/IEC 11518-1:1995, Information- technology — High-Performance Parallel Interfg
Part || : Mechanical, electrical, and-signalling protocol specification (HIPPI-PH)

3 Definitions and conventions

3.1 |Definitions

For the purpos€s.of this part of ISO/IEC 11518, the following definitions apply.

Hated
f IEC

ce -—

conditior f
point are possible

3.1.2
connection control information (CCI)

a parameter sent as part of the sequence of operations establishing a connection from a

Source to a Destination

3.1.3
end-point
the equipment at either end of the fabric for a particular connection

3.1.4
destination
the equipment at the end of the interface that receives the data
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nation end-point

the equipment at the end of the fabric that receives the data

3.1.6

fabric

a gro

3.1.7
I-Fiel

up of one or more physical layer switches that can be traversed with one I-Field

d

a 32-bit field that is sent as part of the sequence of the physical layer operations establishing

a cor

3.1.8
inter
the s
by HI
Withi
switc

3.1.9
Logig
an ag
point

3.1.1

nibble

a 4-b

3.1.1]

optiag
featu
defin
this p

3.1.1
pack
a dat

one gqr more bursts

rrectionm fromma Source toa Destimation
ace
bt of protocols and control signals used to connect a Source and Destination, as dg

PPI-PH

n a fabric, an interface connects an end-point to a switch or a switch to a neighbd
n.

tal Address
dress stored in an I-Field that uniquely identifies a Destination end-point or set of

o

D

t entity

nal
res that are not required by this-part of ISO/IEC 11518. However, if any optional f€

bd by this part of ISO/IEC 11518 is implemented, it shall be implemented accordi
art of ISO/IEC 11518

D

pt

h set, as defined/by-HIPPI-PH, sent from Source to Destination. A packet is compos

3.1.1
phys

a device which allows a single HIPPI physical layer interface to switch between multiple
physical layer interfaces without involving protocols above the HIPPI Mechanical, Elec

and

3.1.1

B
cal layer’switch

fined

uring

end-

ature

ng to

ed of

HIPPI
rical,

ignalling Protocol Specification (HIPPI physical layer)

4

source

the e

3.1.1

quipment at the end of the interface that transmits the data

5

source Address
an address stored in an I-Field that uniquely identifies a Source end-point or set of end-points

3.1.1

6

source end-point

the e

quipment at the end of the fabric that transmits the data
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3.1.17

source routing

a means of packet routing whereby the Source end-point specifies the action of each switch
on the way to the Destination

3.2 Editorial conventions

In this part of ISO/IEC 11518, certain terms that are proper names of signals, state
mnemonics, or similar terms are printed in uppercase to avoid possible confusion with other
uses of the same words (for example, REQUEST). Any lowercase uses of these words have
the normal technical English meaning.

A number of conditions, sequences, parameters, events, states, or similar terms are~pfinted
with the first letter of each word in uppercase and the rest lowercase (for example,\Sotrce).
Any Ipwercase uses of these words have the normal technical English meaning.

4 (CCIl and I-Field formats

4.1 |Format

The g¢onnection control information (CCI) shall be used for controlling HIPPI physical |layer
switches. Within ISO/IEC 11518-1 (HIPPI-PH) the CCI is used.@s the I-Field, and is asderted
on thie HIPPI-PH Data Bus during a connection sequence. The format of the CCI (I-Fidld) is
showh in figure 1. Examples of CCIl and I-Field usage for rotting are contained in annex A.

L = Lpcally Administered (bit 31) = 0 designates that _the I|-Field is defined by this part of
ISO/IEC 11518. L =1 designates that the rest “of the I-Field, bits 30 -0, are Ipcally
admipistered and are not defined by this part of ISO/IEC 11518.

VU =[Vendor_Unique (bits 30,29). The contents of the Vendor_Unique bits are not defined in
this gart of ISO/IEC 11518. Switches shallpass these bits unmodified to the Destination.

NOTE|1 These bits are available for providing 'signals to Destinations. Such signals can be used to modify the
Destinption's behaviour or supply it with additional information on the purpose of the attempted connection.

W = Double-wide (bit 28) = 0 . désignates that the Source is using the 800 Mbit/s datg rate
optiop (DATA BUS is 32 bits wide as defined in HIPPI-PH); the switch shall connect thfough
Cablg-A. W = 1 designates that the Source is using the 1 600 Mbit/s data rate option (PATA
BUS |s 64 bits wide); the-switch shall connect through both Cable-A and Cable-B.

NOTE|2 The W bit is lused in conjunction with the INTERCONNECT signals on Cable-A and Cable-B. The
INTERCONNECT signals, as defined in HIPPI-PH, tell a switch or end-point that the cable is physically attaghed to
an act|ve HIPPI port."\The W bit is used to tell the switch, or Destination end-point, whether or not Cable-B if being
used in particular~connection.

D = Direction (bit 27) = 0, designates that the right-hand end (least significant bits) qf the
Routing.Control field shall be the current sub-field. D = 1 designates that the Ieft-han(f end
(mos Qignifir‘anf hife) of the le'fing Control field shall be the current sub-field

NOTE 3 When a reverse path exists, a Destination end-point may return a reply to a received packet by simply
using the same I-Field that it received with the D bit complemented. For this to work correctly with source routing
(PS = 00) the return path must be symmetrical with the forward path.

PS = Path Selection (bits 26, 25). Used to select either (1) a source route (i.e., a specific
route through the switches, with output port numbers specified for each switch) or (2) to
specify the Logical Address.

00 = source routing: Source selects the route through the switches.

01 = Logical address: Switches select the first route from a list of possible routes.
10 = reserved
11 = logical address: Switches select a route.
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C = Camp-on (bit 24) = 0 specifies that the switch shall reply with a connection reject
sequence if unable to complete the connection. C = 1 specifies that the switch shall attempt to
establish a connection until either the connection is completed or the Source aborts the
connection request.

Camp-on is used by the Source to tell a switch to wait for the selected path (or paths) to
become available, i.e., the switch should not generate a rejected connection sequence
because the selected path is busy. The algorithm used by a switch to select among multiple
Sources camped-on to a single Destination is implementation-specific and is not specified in
this part of ISO/IEC 11518.

NOTE 4 A HIPPI rejected connection has a different set of meanings depending on whether or not the Camp-on

feature-is-beirgtsed—See-elause-Bfordetas-

4.2 (Source routing

When PS = 00 (i.e., source routing) the Routing Control field shall be split inte-multipleg sub-
fieldg, with the size of each sub-field dependent upon the size of the switchi>that is using it.
The pumber of bits in the sub-field is described as [Log,N] where N is the‘switch sizg. For

example, a 16 by 16 switch would use a 4-bit sub-field.

When D = 0, a switch shall use the current sub-field (right most.bits of the Routing Cpntrol
field)|to select the switch output port. The switch shall right shiftythe Routing Control figld by
the number of bits in the sub-field, and shall insert the swit€h-input port number in thle left
most|bits of the Routing Control field. See figure 2.

When D = 1, the same actions occur except that the €urrent sub-field shall be at the left end
of the¢ Routing Control field. The Routing Control fiéld 'shall be shifted left, and the inpuf port
numier shall be inserted at the right end of the Rauting Control field. See figure 3.

A swijtch shall not alter the I-Field except when PS=00, and then, only the Routing Cpntrol
field ghall be modified.

4.3 |Logical address

When PS =01 or 11 (i.e., logicdal-address) the Routing Control field shall be split intp two
12-bif fields. One 12-bit field-specifies the address of the Destination end-point(s), the |other
specifies the address of the_Source end-point. When the direction D bit = 0, the rightthand
12 bifs shall specify the Destination end-points Logical Address and the left-hand 12 bits|shall
specify the Source epd-points Logical Address (see figure 4). When D =1, the opposite is
true (see figure 5).

4.4 |(Reserved/Logical Addresses

Part pf thecrange of logical addresses is reserved to designate the addresses of nefwork
services ‘whose location in the network may vary, and for other network managgment
functjons? All others are available for assignment to specific Destinations. The I¢gical
addresses assigned at the time this part of ISO/IEC 11518 was approved include the following
(shown in hexadecimal notation).

NOTE 5 Later registrations will be added as an addendum to this part of ISO/IEC 11518.

F90 — FBF Trial self-discovery addresses. These addresses are reserved for an iterative
address self-discovery algorithm. F9x tests the low-order 4-bit nibble, FAx tests
the middle 4-bit nibble, and FBx tests the high-order 4-bit nibble, of the switch
port's logical address. If the low-order 4-bit nibble of the trial self-discovery
address (i.e., the "x" in Fnx) matches the selected nibble in the switch port's
logical address, then the switch shall establish a connection back to a HIPPI
Destination that is paired with the HIPPI port requesting the connection, i.e., a
loopback. If the trial self-discovery nibble values are not equal, the switch shall
reject the connection. For example, if the logical address for port "J" is "xyz"
where "x", "y", and "z" are 4-bit nibbles, then loopback connections shall be made
when trial logical addresses F9"z", FA"y", and FB"x" are used. (See B.3.3 and
B.3.5.) Support of this feature is optional.
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Bit|31I | 23 15 7 0

Ll VU (W|D| PS |C Routing Control

Figure 1 — CCI and I-Field format

— LogoN —
1 2 1 7
I3IIIIIIII3IIIIIIII5IIIlIIIIIIIII||0|
Ipit TG0 Twp| ps [c Dest
to the 0 ol 00 Other routing information Port
switgh XX | X X or
Output
fromhe |L| VYU [W|D| PS |C | Source Other routing infermation
L 0| xx [x]0| 00 [x Port
switch
Figure 2 — I-Field with source routing, D = 0, and 16.by.16 switch
— Lpbg2N —
31 23 15 7 0
e e e e O O I e I A I e
et T Tvu [wlp] ps [c Dest
to the es Other routing information
A1 0| xx [x|[1] 00 [x Port
switch
Output
fromthe | L| YU [W[D| PS |C Other routing information Spurce
N 0| xx [x[1]| 00 |x Port
switch
Figure 3 — I-Field with source routing, D = 1, and 32 by 32 switch
31 23 11 0
| N N e e e e e e e
Ll VU (WD PS-3.0 Source Address Logical Address
Ol xx [x[0] XhAX
Figure 4 - I-Field with logical addressing and D = 0
31 23 11 0
RN e e e O L L I e e e I O |

VU |(W|D| PS |C

X Logical Address Source Address

or
x
—
x
a
x

Figure 5 — I-Field with logical addressing and D = 1

FCO — FDF Reserved for local use

FEO Messages pertaining to switch configuration, including HIPPI-LE Address Resolution
requests as described in RFC 1374 "IP and ARP on HIPPI" [1].

FE1 All IP protocol traffic conventionally directed to the IEEE 802.1 broadcast address as
described in RFC 1042 "Standard for IP transmission over 802 networks" [2].

FE2 RFC 1112 Host extensions for IP multicasting Class D addresses not assigned below
[3].
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RFC 1131 OSPF specification All Routers (Class D address 224.0.0.5) [4].

00(E)

FE4 RFC 1131 OSPF specification All Designated Routers (Class D address 224.0.0.6) [4].
FE5 — FE7 Reserved

FE8
FE9
FEA
FEB
FEC
FED
FEE
FEF
FFD

FFE

FFF

The
track

5

[d))

A HI
(attad
or HI
regar
partiq

5.1

As @
INTE

ISO/IEC 9542:1988 CLNP ES-IS all ES's [5].

ISO/IEC 9542:1988 CLNP ES-IS all IS's [5].

ISO/IEC 10589:1992 IS-IS all Level 1 1S's [6].

ISO/IEC 10589:1992 IS-IS all Level 2 I1S's [6].

ISO/IEC 15802-3:1998, clause 8, MAC Bridging flooding. [7].

Lo O dA-ano . 4000 L (o) Racial H o H €I D i 1 | e |
IOV/TLLU TUO0ULTV. TIJJ0, LIdUott O, Ulluulllu Q}Jcllllllllu e 1mTUtULUL. 7],
Embedded switch management agent. Support of this feature is optional.
- FFC Reserved

Loopback logical address for switches to use when probing other switehes. Supp
this feature is optional.

address. This value is reserved for the establishment of a connection back to a
Destination that is paired with the HIPPI Source requesting the-connection. (See
and B.3.5.) Support of this feature is optional.

Destination or Destinations. It can be used to indicate that the Source is unaware
Source Address in the CCI, or to signify an unknown Logical Address in higher
protocols. A HIPPI-SC switch may alter the I-Field; substituting a valid Source Ad
for this value. Support for this address substitution is optional. Such substitution m

(See B.3.1, B.3.2, and B.3.5.)
brotocols used to access these services and the means whereby these services

of their configuration of the network are outside the scope of this part of ISO/IEC 11

witch behavior

PPl physical switch has“input ports (attachments to HIPPI Sources) and output
hments to HIPPI Destindtions). These HIPPI ports shall conform to either the HIP
PPI-Serial specifications. This clause defines how an HIPPI physical switch behave
ds to the states/of the HIPPI-PH control signals on the input and output ports
ular connection gperation.

Use of INTERCONNECT signals

efinedin HIPPI-PH, each switch input port and output port shall generat
RCONNECT signal when that port is "on-line"; i.e., powered on and enabled for

conn

prt of

Loopback logical address for hosts to use when probing switches 'for the host's Ipgical

HIPPI
B.3.2

Unknown or unassigned address. This value shouldCrRever be used to addrgss a

of its
layer
dress
by be

used to aid in discovery of a system's logical switch address by higher layer protgcols.

keep
518.

ports
P|-PH
for a

e an
HIPP

pctions. Each switch input and output port shall monitor the received INTERCONI

NECT

signal and shall use this signal to validate all other HIPPI control signals.

NOTE 6 A switch port may deassert the INTERCONNECT signal when that port is disabled for maintenance or
diagnostics.

5.2

CLOCK signal

The HIPPI CLOCK signal generated by the switch output port (a HIPPI Source) shall be
continuous and shall conform to the HIPPI-PH specification at all times.

5.3

Connection request successful

Once a connection is completed the switch shall be transparent, with the exception of switch

induc

ed latency, to the HIPPI signal sequences.

NOTE 7 The switch acts as a repeater under the constraints imposed by 7.9 of ISO/IEC 11518-1, and can change
the number of idle words between bursts or packets.
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5.4 Breaking a connection

Either the Source end-point or the Destination end-point may break a connection.

5.4.1 Source deasserts REQUEST

When the Source end-point deasserts the REQUEST signal, the switch shall break the
connection. The switch shall not wait for the Destination end-point to deassert the CONNECT
signal to break the connection. The Source end-point will see the CONNECT signal go false
regardless of Destination end-point actions.

NOTE 8 Th|s |mmed|ate d|sconnect|on trees the assomated |nput port for the next connectlon request This

maxim
without waiting for the propagation delay and the Destlnatlon end point disconnect turn- around tlme

5.4.2| Destination deasserts CONNECT

Rection

When the Destination end-point deasserts the CONNECT signal, the connection through the
switch shall be broken. The switch shall not wait for the Source end-point-to deasseft the
REQUEST signal to break the connection. The Destination end-point wilksee the REQUEST

signdl go false regardless of Source end-point actions.

5.4.3| INTERCONNECT false

If thg INTERCONNECT signal, received by either the switchdnput port or the switch qutput
port, [goes false during any stage of a connection then the connection through the switch|shall

be brpken.

5.5

Connlection requests can be unsuccessful dueto:

5.5.1| Down-stream connection reject

Connection request unsuccessful

unavailable Destination end-points;
unavailable fabric resources;
efrors.

A rejected connection sequénce can be initiated by either a down-stream switch gr the
Destination end-point. <A\vrejected connection sequence shall be propagated through the
switch without changé. When the switch detects the CONNECT signal is false, at the gnd of

the sequence, the_cennection through the switch shall be broken.

5.5.2 Switch-generated connection reject

The switch,input port logic shall initiate a rejected connection sequence to the Source| end-

point| and shall not complete the connection through the switch, in the following situationg:

when the selected output port(s), or Destination end-point, does not exist or is
unavailable. For example, when the INTERCONNECT signal received by the selected
output port is false;

when the selected output port(s) is(are) busy, i.e., connected to some other port, and
Camp-on = 0;

when a data parity error is detected on the I-Field while connecting through this switch.
The switch is not obligated to check the I-Field parity after the REQUEST signal has been
propagated through the switch;

when the I-Field Path Selection (bits 26, 25) specifies an addressing mode not supported
or disabled;

when the [-Field Path Selection (bits 26, 25) specifies logical addressing, and the
Destination logical address is not mapped to any physical output port;
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— when the I-Field Double-wide (bit 28) selection conflicts with the switch capabilities or the
end-point capabilities. Clause B.2 discusses such conflicts;

— when the I-Field Locally Administered (bit 31) selection is not supported by the switch.
5.5.3 Connection request contention

When two or more input ports vie for the same output port only one input port can "win". The
winner shall be connected through the switch. The loser(s) shall either wait for the output port
to become available (i.e., Camp-on =1), or the input port(s) shall generate a rejected
connection sequence (i.e., Camp-on = 0).
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Annex A
(informative)

Routing with the CCI and I-Field

A.1  General example

The CCI and I-Field are used to control HIPPI physical layer switches, supporting the
interconnection of many HIPPI devices. Figure A.1 is an example of a small general
configuration that will be used to describe the operation of the CCIl and I-Field as specifEd in

clause 4. Three hosts, A, B, and C, are shown, but there will probably be many mgre’hosts
connected in an actual configuration. The switching fabric is the interconnection mechanism,
in this example the four switches and the interconnecting HIPPI links.

Switch 1 Switch 2 Switch 3

@::12 =36=89

Switch 4

A

Y

A

Figure A.1 — Physical layer switch example

Two {ypes of operation are specified: (1) source routing, and (2) logical address. The dirgction
of interpretation of the Routing €entrol field is also under user control, allowing a Destination
end-goint to return a reply/by simply using the same I-Field that was received with the
direction bit complemented.

A.2 | Source roufing

With [source rodting, the Source end-point specifies the action of each switch on the way to
the Qestination.*For example, to go from host-A to host-B, host-A could specify 2, 6, 9] This
would result-in switch-1 selecting output port-2, switch-2 selecting output port-6, and swj|tch-3
selecting‘output port-9. Alternatively, host-A could have specified 7, 5, 9 to go through switch-
4 ins{ead’of switch-2.

For connection or packet routing, this involves an end-point (the "originator" or "Source")
having to know the physical route to a particular Destination before a connection can be
established. When using multiple switches (where the switches have no intelligence with
regards to network routing), the Source has to establish the entire physical route for a given
connection. Source routing can often facilitate low latency connections because the switches
have no burden of decision making during the connection process. However, source routing
can be unattractive for a configuration with the following features:

a) large and/or dynamic configuration (the hosts must keep track of the interconnection
configuration);

b) "blocking" configuration (there is a path to the Destination available, but it is not the one
specified, and the one specified is unavailable);

C) no mechanism that allows a node to "discover" the addresses and associated routes for
other nodes.
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Source routing can be very valuable for diagnostics. By specifying a particular path, a
diagnostic program can determine if that path is operable. Source routing can also be
attractive when certain paths are more desirable to use than other paths based on criteria that
the switches are unaware of, for example, usage costs associated with particular links.

When using source routing with the CCI and I-Field as specified in clause 4, PS = 00 and the
Routing Control contains the route information. The eight high-order bits of the I-Field will be
called Ctl. If the switches are 16 x 16 switches using 4-bit addresses, and the direction bit
(D) =0, then to go from host-A to host-B through switch-2, host-A would set the
I-Field = Ctl, x, x, X, 9, 6, 2, (in hexadecimal). When received at switch-1, switch-1 picks off
the low order 4 bits (the low order because D=0, 4 bits because the switch size = 16 x 16) and
connegcts input port-1 to output port-2. It also shifts the Routing Control field of the I-kig¢ld to
the rijght and inserts switch-1's input port number in the left end of the Routing Control|field.
When received at switch-2, the I-Field will be Ctl, 1, x, x, x, 9, 6. Likewise, when\ib reaches
switch-3 it will be Ctl, 3, 1, x, x, x, 9. When it reaches host-B, it will be Ctl, 8, 3, &, X] x, X.

In summary:

Ctl =|L = 0 (not a locally administered I-Field)

U = xx (Vendor Unique bits ignored)

(V = x (this example is not concerned with width)

D = 0 (direction bit)

PS = 00 (source routing)

D = x (this example is not concerned with Camp-on)

At A pnd input to switch-1: I-Field&=Ctl, x, x, x, 9, 6, 2
At input to switch-2: I-Field = Ctl, 1, x, x, x, 9, 6
At input to switch-3: I-Field = Cil, 3, 1, x, x, X, 9
At hadst-B: |I-Field = Ctl, 8, 3, 1, x, x, X

Host{B can send a reply packet back to hosi-A by complementing the D bit (direction) in the
Cil figld. Now the switches will use the lefttmost bits of the Routing Control field as the qutput
port $elector, shift the Routing Controlfield to the left, and insert the input port on the| right
end. |n summary, it would look like:

Ctl =|L = 0 (not a locally administered I-Field)

U = xx (Vendor Unique-bits ignored)

(V = x (this example is, net concerned with width)

D = 1 (direction bit_Note that it changed)

PS = 00 (source routing)

D = x (this example is not concerned with Camp-on)

At B pnd input4o-switch-3: I-Field = Ctl, 8, 3, 1, x, x, X
At input to switch-2: I-Field = Ctil, 3, 1, x, x, X, 9
At input te switch-1: I-Field = Ctl, 1, x, x, x, 9, 6
At hdstéA: I-Field = Ctil, x, x, x, 9, 6, 2

Switches other than the 16 X 16 Swilches of 1he example can also be used. In that case the
number of bits used by each switch will be determined by the switch size. For example, a
64 x 64 switch will use 6 bits for selection of its output port, shift off 6 bits, and add in 6 bits of
input port number.

Mixing switches of different sizes in the same fabric also works. Each switch uses, and shifts,
the appropriate number of bits.

This use of the Routing Control field assumes that all of the cabling is symmetrical. Because
the backwards path is not guaranteed to be available,

a) host-B can use the received I-Field as described above with multiple tries or Camp-on, or

b) host-B can use an alternate path which must be determined by other means, for example
a look-up table.
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The reverse path problem is minimized with a system running under the following rules:

— a fabric-wide limit for maximum connection time. This will minimize the time it takes for a
particular path to become available;

— the switches have the capability of allowing connection requests to "camp-on" a particular
output port to wait for it to become available;

— the output port contention algorithm is fair.

A.3 Using a logical address

Logicamm&wmﬁm—mﬁ—bﬁmw get
therel Source end-points use the same Logical Address to reach a particular host, no_matter

where the Source is located; note that this is not the case with source routing.

With |logical addresses the intermediate switches are responsible for picking an appropriate
routel] The Path Selection bits of the I-Field tell the switches whether to

e upe only the first output port from a list of possible ports, or

e tq select any output port from the list of possible ports.

Hence, the switches that use logical addresses must do the portselection as well as the port
switching, where source routing switches only need to do the _port switching.

A mdjor advantage of using logical addresses is that/only the switches need to knoyw the
fabrig interconnection topology, and the hosts only’heed to know the logical addresses.
Hencg, if a link or switch fails, the other switches can route around it without the hosts hjaving
to knpw about it or do anything special.

Logidal addresses are specified in clause4;"PS =01 or 11 and the Routing Control| field
contgins the address information. The Routing Control field contains two 12-bit fields, one for
the Jource Address and the other forcthe Logical Address. The direction bit (D) spdcifies
which field is which.

The Use of symmetrical cabling-is-not necessary with Logical addresses, just the need|for a
path |pback to the Source. Mahagement is also easier since only the switches need to [know
how fo route among themselves, the hosts do not need to know the fabric interconngction
configuration, and there Will probably be many fewer switches than hosts. The switchef can
also Yise alternate pathsto avoid congestion without having to go back to the Source hogt and
try another whole route:

Secufity is als6/enhanced by the fact that the switches control the routing and can exgrcise
somg¢g control\(via their look-up tables) over which paths are legitimate for certain hosts| One
feature that\s desirable is to have some way for the hosts to "discover" the Logical Addrgss of
the hpsts,for example, via a name server.

The Logical Address may specify either the end-point of the fabric (i.e., fabric-specific), or the
unique address of the host attached to the fabric end-point (i.e., host-specific). The difference
between the two is seen when a host is moved from one fabric end-point to another. In this
case, the fabric-specific address would change but the host-specific address would not
change. There are advantages and disadvantages to both schemes.

It is envisioned that switches can be built to use look-up tables to house routing paths to
Destinations. A look-up table can be indexed using a 12-bit Logical Address. The look-up
table would be used to hold a possible route (or routes) for each Destination. The
management of the tables can be based on either of the addressing schemes: fabric-specific
or host-specific.
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A.3.1 Fabric-specific addresses

In the following example, the fabric-specific addresses specify fabric end-points. Several
schemes can be envisioned for fabric-specific addresses, but in this example the fabric-
specific addresses are further broken into a switch number and port number. The fabric-
specific address of host-A in figure A.1 is 1-1, host-B is 3-9, and host-C is 4-6. The eight high-
order bits of the I-Field are called Ctl.

If the direction bit (D) =0, then to go from host-A to host-B, host-A would set the I-
Field = Ctl, 1-1, 3-9 (in hexadecimal) (3-9 is the Logical Address and 1-1 is the Source
Address). When received at switch-1, switch-1 picks off the low order 12 bits (the low order

= i : i i i rtition
en the bits holding the "switch number" and the bits holding the "port number", all
12 bifs can be used together as an index into the look-up table. Because this switchis’npt the
switch specified in the Destination Logical Address, the look-up table will provide-one or[more
possible routes to the Destination end-point (we will assume that it picks output portf2 on
switch-1). The I-Field is then passed, unchanged, to switch-2. None of the.switches change
the I{Field as the packet is routed. A similar action occurs at switch-2, passing the I-Fi¢ld to
switch-3. When switch-3 receives the I-Field, its look-up table yields the output port nymber
specified in the Logical Address (the 9 of 3-9), and selects output port-9. In summary:

Ctl =|L = 0 (not a locally administered I-Field)

U = xx (Vendor Unique bits ignored)

(V = x (this example is not concerned with width)

D = 0 (direction bit)

PS = 01 or 11 (logical address)

D = x (this example is not concerned with Camp-0n)

At hgst-A and input to switch-1: I-Field = Ctl, 1-1, 3-9
At input to switch-2: I-Field = Ctl, 1-1, 3-9
At input to switch-3: I-Field = Ctl, 1-1, 3-9
At hgst-B: I-Field = Ctl, 1-1, 3-9

Host{B can send a reply packet back o host-A by complementing the D bit (direction) in the
Ctl field. Now the switches will usecthe left 12 bits of the Routing Control field as the L¢gical
Address and the right 12 bits as the Source Address. (Note that the actions taken bly the
receiying node are the same. fdr both source routing and logical addresses.) In summary, it
would look like:

Ctl =|L = 0 (not a locally:administered I-Field)

U = xx (Vendor Unique bits ignored)

(V = x (this example is not concerned with width)

D = 1 (direction’bit Note that it changed)

PS = 01 of1 (logical address)

D = x (this’example is not concerned with Camp-on)

At hgst<B and input to switch-3: I-Field = Ctl, 1-1, 3-9
At input-to-switch-2: l.Field =Ci1-1,3-9
At input to switch-1: I-Field = Ctl, 1-1, 3-9
At host-A: I-Field = Ctl, 1-1, 3-9

Note that the fabric-specific address does not need to be explicitly broken into switch number
and port number fields, it could be all one field. Each switch still determines the path to take
to the final Destination, i.e., which output port to use.
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A.3.2 Host-specific addresses

In the following example, the host-specific addresses specify unique hosts. For example, the
12-bit host-specific Logical Address for host-A in figure A.1 could be hexadecimal "AAA". Both
host-B and host-C would use this address when establishing a connection with host-A. In the
following example, the host-specific address for host-B is hexadecimal "BBB". Note that the
host-specific addresses are independent of the fabric end-point addresses.

If hosts A and B have addresses "AAA" and "BBB", then to go from host-A to host-B, host-A
would set the I-Field = Ctl, AAA, BBB (this assumes that the direction bit = 0). When received
at swﬂch 1, switch-1 uses the Iow order 12 bits (the low order because D=0) as an index into
ress.
Swith 1 could determine that output port-2 can be used to reach Destination BBB Switch-2
would then use the same process to determine that it should use output port-9. Altérnatively,
switch-1 could have chosen to use output port-7; passing the connection through iswitch-4 to
get ta switch-3. In summary:

Ctl =|L = 0 (not a locally administered I-Field)
U = xx (Vendor Unique bits ignored)
= X (this example is not concerned with width)
D = 0 (direction bit)
PS = 01 or 11 (logical address)
= X (this example is not concerned with Camp-on)

At hgst-A and input to switch-1: I<Field = Ctl, AAA, BBB
At input to switch-2: I-Field = Ctl, AAA, BBB
At input to switch-3: I-Field = Ctl, AAA, BBB
At hgst-B: I-Field = Ctl, AAA, BBB

Host{B can send a reply packet back to host-A"by complementing the D bit (direction) in the
Ctl field. Now the switches will use the left 32%its of the Routing Control field as the Logical
Addrg¢ss and the right 12 bits as the Sourceé Address. (Note that the actions taken bly the
receiying node are the same for all of the routing schemes described.) In summary, it yould
look like:

Ctl =|L = 0 (not a locally administered I-Field)

U = xx (Vendor Unique bitsyignored)

(V = x (this example is not‘concerned with width)

D = 1 (direction bit Note that it changed)

PS = 01 or 11 (logicalhaddress)

D = x (this example)is not concerned with Camp-on)

At hgst-B and input*to switch-3: I-Field = Ctl, AAA, BBB
At input to switeh-2: I-Field = Ctl, AAA, BBB
At input to switch-1: I-Field = Ctl, AAA, BBB
At hagst-A: I-Field = Ctl, AAA, BBB

Host{specific addresses have the advantage that when hosts are moved from one fabrid end-
point to another, the host-specific address does not change and hence the address tables in
the other hosts do not need to be changed. Note that the look-up tables within the switches do
need to be updated to reflect the new route to the host. Some disadvantages of host-specific
addresses might be longer fabric reconfiguration times to update the switch tables, and
problems with keeping the host-specific addresses unique (i.e., no duplicate addresses).

— Fabric-specific addresses have the advantages of guaranteeing address uniqueness and
quicker fabric reconfiguration.

— By specifying the address sub-fields of the I-Field as unpartitioned, the sub-fields can be
used for fabric-specific or host-specific addresses.
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A.4 Connections between fabrics

As defined in clause 4 the number of hosts available on a single fabric of HIPPI switches is
limited to 4096-112, or 3984. Also the fabric is limited to a single type of Path Selection at one
time, i.e., you cannot go part way through a fabric with a source route and then change over
to a logical address.

To go beyond 3984 connections, or to connect dissimilar fabrics, a gateway will probably be
required. The gateway would use higher layers in the HIPPI protocols to find an address, for

example, an IEEE 48-bit address (see HIPPI-LE), which would be translated to a new CCI and
I-Field far the next fabric
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B.1

Annex B
(informative)

Implementation considerations

Special considerations for Camp-on

The use of the Camp-on feature alters the possible reasons for a rejected connection
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Since the value of the W bit can conflict with the state of the INTERCONNECT lines on
Cable—A and Cable-B, the following table provides the actions which should be taken upon
receipt of the CCIl by Destinations which are either Destination end-points or the input ports of
intermediate HIPPI switches.

SOURCE DESTINATION

I-A I-B W bit Type Action taken
0 N/A  any 32 ignore

0 any any 64 ignore

1 NA v 32—=accept{32bits)
1 0 0 64 accept (32 bits)
1 N/A 1 32 reject

1 0 1 64 reject

1 1 0 64 accept (32 bits)
1 1 1 64  accept (64 bits)

=
>
D
=
D

I-A is the logical AND of the two Cable-A INTERCONNECT ‘sighals exchanged between
Source and Destination.

I-B is the logical AND of the two Cable-B INTERCONNECT signals exchanged between
Source and Destination. Certain states are not,applicable as a 32 bit Destinatjon is
unable to determine the state of a Sources Cablé<B.

W bit| is the value of the W bit provided by the Souf¢e“end-point.
Type| is the Destinations HIPPI capability: 32 .ifyonly Cable-A is installed, 64 if a Cable-B
interface is present.

Actioh Taken is the Destinations response:
ignorp indicates that no action should-be taken in the absence of both INTERCONINECT
signals on Cable-A;
accept indicates that the connection is acceptable pending examination of other CCI fields;

reject the Destination should jreject the connection as the W bit value contradicts the state of
the INTERCONNECT lines.

B.3 | Logical address self-discovery by a host connected to a HIPPI-SC switch

Somg applicatiens*require that a HIPPI host connected to a HIPPI switch be able to dispover
what|the switch. thinks that HIPPI host's Source logical address is. This clause disclisses
methpds avaitable when a host is connected by a HIPPI Source/Destination pair withtboth
cablgs cannected to the same HIPPI-SC switch port. All of the addresses in this clause are in
hexagleeimal notation. The precedence for address self-discovery procedures is:

a) unknown or unassigned address plus loopback logical address;

b) trial self-discovery addresses; and

c) received logical address.

Some reserved logical address, as defined in 4.4 and shown below, can be used for logical
address self-discovery.

F90 - FBF Trial self-discovery addresses

FFE Loopback logical address

FFF Unknown or unassigned address
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B.3.1 Substitution for the unknown address

This feature is optional in HIPPI-SC compliant switches. When a switch supporting this
feature receives an I-Field with a Source Logical Address = FFF (i.e., unknown or unassigned
address) the switch substitutes a pre-configured logical address for the Source Logical
Address before transmitting the I-Field to the selected output port. The method by which this
logical address is configured is outside the scope of this document. The effect of this action is
to inform the Destination of the Source's logical address, even when the Source does not
know it.

B.3.2 Loopback logical address

This |feature is optional in HIPPI-SC compliant switches. When a switch supporting this
featufe receives an I-Field with a Destination Logical Address = FFE (i.e., loopback l¢gical
addrgss) it connects the input port to the output port with the same number as thelinpuf port.
This may be used as an aid in a loopback diagnostic test, or in address self-discovery.

Using the unknown logical address, and loopback logical addressesy ‘with a switch that
supports them, a host can discover its own logical address by asserting\the REQUEST gignal
with fhe I-Field = 03FFFFFE. This value uses a PS field of 01 to select Jogical addressing, and
Caml-on. The host will receive the I-Field value of 03xyzFFE, where "xyz" is its own lggical
addrgss as long as "xyz" # FFF.

B.3.3 Using trial self-discovery addresses

Trial [self-discovery addresses, as specified in 4.4, €an be used in an iterative fashipn to
determine a host's logical address after it has beefi/determined that unknown and loopback
logicql addresses are not supported. Each group of connection trials, with 16 posgsible
connection trials per group, can determine one4-bit nibble of the logical address. Hgnce,
determining a 12-bit logical address requires three groups, or a maximum of 48 total trial§.

B.3.4 Using the received Logical Address

A lesp direct, and possibly less reliable, method of address self-discovery is to simply uge the
Destination logical address from_any logical address I-Field that the host receives.| This
methpd depends upon some other network device doing a connection to the host.

B.3.5 Host's addresstself-discovery algorithm

An ekample algorithms”in pseudo-code for a HIPPI host, that combines the self-discpvery
technjiques, and also”will work with switches that do not support the loopback addres$ and
unknpwn address:.substitution, is detailed below. Note that a HIPPI host is not required to
implgment thisypseudo-code, but if host Logical Address self-discovery is desired, then this
pseuglo-codescan be used as a guide. The notation ASD stands for address self-discqvery.
The host's Logical Address is called xyz, where each letter corresponds to a 4-bit nibble.

B.3.5.1 ASD1000

Initialize the trial address value, and D_Adrs (storing the received Logical Address from
another host's unexpected connection). If this host's Destination side is already connected,
then wait for it to finish before starting, i.e., you cannot do a loopback if this host's Destination
is already in use.

Set Trial_Address = F90, i.e., Initialize Trial_Address
Set D_Adrs = FFF, i.e., Initialize to "Unknown"
IF the host's HIPPI Destination is not connected
THEN Goto ASD1010
ELSE wait for host's HIPPI Destination to finish
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B.3.5.2 ASD1010

Try using the loopback and logical address substitution features to determine the host's

Logical Address as described in B.3.1 and B.3.2.

Issue Connection Request with I-Field = 03FFFFFE
PS = 01, i.e., Logical Addresses
Camp-on = 1, i.e., wait if already busy
Source Address = FFF, i.e., Unknown
Destination Address = FFE, i.e., Loopback
Goto ASD1020

B.3.5.3 ASD1020

Wait for the host's Destination side to receive a connection request. If the switch.suppor
loophack address, but not the address substitution, the Source Address in the_ réceived |
will e FFF, i.e., unchanged. Since address substitution did not work, jtry the trial
discojvery address procedure next.

IF Connect with I-Field = 0O3FFFFFE
HEN Break the connection on the Source side
Goto ASD1030

If evgrything works as scheduled, then the host will receive, a\looped back connection re
with the host's Logical Address in the Source Address field-of the received I-Field.

EL$E IF Connect with I-Field = 03xyzFFE
THEN xyz is the Host's Logical Address
Set xyz = |-Field's xyz value

Break the connection on the Source side
EXIT; the Logical Address = xyz

s the
Field
self-

quest

If a connection from another host occurs;while trying this operation, i.e., ships passing in the

night| then check to see if it used a source route or logical addresses. If it is a source
then jignore the I-Field received. Otherwise, the I-Field must contain logical addresses;
the Dlestination Address of the réceived I-Field for use as the host's Logical Address if it
found another way. After proeessing this unexpected connection, wait for the queued
Camp-on set) Connection Request issued by ASD1010.

EL$E IF Connect with other I-Field

THEN another host is trying to connect

IF PS = 0Q\irr received I-Field, i.e., source route
THEN"Goto ASD1020

ELSESet D_Adrs = I-Field Destination Address
Goto ASD1020

oute,
save
S not
(with

uest.

If thel . switch does not support loopback addresses, then it may reject the connection reg

If so, then try the trial self-discovery address procedure next.

ELSE IF Connection Reject
THEN Goto ASD1030

If the host's Source-side connection request is completed, without having first completed the

host's Destination-side connection, then the Source is not in loopback and must be di
connected to another host rather than to a switch.

ELSE IF Source-side connection complete AND
Destination-side connection not complete
THEN host is connected to another host
EXIT; the Logical Address = don't care

rectly
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If it is not connected to another host, and does not support loopback addresses, then it should
time out; try the trial self-discovery address procedure next.

ELSE IF Connection not complete AND Timeout
THEN Goto ASD1030

B.3.5.4 ASD1030

Try a series of trial self-discovery addresses to determine the host's logical address, as
described in 4.4 and B.3.3.

Issue Connection Request with:

PS =01, i.e., Logical Addresses
Camp-on = 1, i.e., wait if already busy
Source address = FFF, i.e., Unknown
Destination Address = Trial_Address
Golo ASD1040

B.3.5.5 ASD1040

Wait ffor the host's Destination side to receive a connection request.” If the low-order nibble of
this gelf-discovery address is the same as the selected nibble/of the switch port's L¢gical
Address, then the connection should be completed.

IF Connection with I-Field = 03FFFF9x

THEN we have found the low-order nibble value
Set z = low-order nibble of Trial_Address

Set Trial_Address = FAO

Break the connection on the Source side
Goto ASD1030

EL$E IF Connection with I-Field = 03RFFFAX
THEN we have found the middle nibble value
Set y = low-order nibble of Trial_Address

Set Trial_Address = FBQ

Break the connection on the Source side
Goto ASD1030

EL$E IF Connection-with |-Field = 03FFFFBx
THEN we havefound the high-order nibble value
Set x = low=order nibble of Trial_Address
Break the-connection on the Source side
EXIT;\he Logical Address = xyz

If a connection from another host occurs while trying this operation (i.e., ships passing |n the
night) then check to see if it used a source route or logical addresses. If it is a source f[oute,
then ignore the T-Field received. Otherwise, the T-Field must confain Togical addresses; save
the Destination Address of the received I-Field for use as the host's Logical Address if it is not
found another way. After processing this unexpected connection, wait for the queued (with
Camp-on set) Connection Request issued by ASD1030.

ELSE IF Connect with other I-Field
THEN another host is trying to connect
IF PS = 00 in received I-Field, i.e., source route
THEN Goto ASD 1040
ELSE Set D_Adrs = I-Field Destination Address
Goto ASD1040
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