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1 Forward

With any technical document there may arise questions of Interpratation as new products are Implemented.
The X3 Commiltee hae established procedures bo lssue technicel opinions concerming the stenderds

dsvelopad by the X3 arganization. Thesa procedures may resuit in SCSI Technical Information Bulisting
belng published by X3.

Thess Buisting, while reflecting the opinion of the Technical Committes which developed the standerd, are
Intended solsly as supplementary lformaficn fo other usare of the standard. This standard, ANS
X3.xxx-100%, as spproved through the publicalion and voling procedures of the Amerkean Nafional
Standarda Ineliute, Ia not allerad by these bulleting, Any subsequent revision to this siandard may or may
not raflect tha contants of thess Technical Information Bullstine,

Current X3 practice s to make Tlchniull Information Bulleline avallable through:

Glebal Enginesting Documents
2805 McGaw

Irvine, CA 02714

(800) B54-7179

(714) 261-1455
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2 Scope

The documents under X3T0.2 Jurediction are:

-

SCSI-J Block Device Command Sat

. SCSI-3 Stream Davice Command Sat
8CSI-3 Other Device Command Set
SCSI-3 Archiecture Modal

8CSI-3 Common Access Method
8CSI-1 Interlocksd Protocol

SCSI-3 Parallel Interface

oram

Nowm

The original Smell Compuler System Interface Standard, X3.131-108E, Is referred to hereln as SCSI-1,
SCSI-1 was revised resulting In the Small Computer System Interfacs - 2 {X3.131-100x), referred to hersin
as 5C81-2, This standard, the BCSI-3 Interiocked Protocol, and the SCS1-:3 Command Sat are refared
to hereln na SCSI.3, The term SCS! ls used wherever |t |3 not necessary to distingulsh between the
veralons of SCSI.
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3 Relerenced Standards and Organizations
4 Glossary and Conventlons

4.1 Qlossary

Thie section cantaine a glossary of special terms used in this standard.

4.1.1 ACA: Auto confingent efleglance

4.1.2 ACA breakthrough command: A tagged command that has been lasued with the tag fleld ael b0
ACA BREAKTHROUGH. Buch commands are legal If and only H en ACA condition Is present on the target
LUNTRN.

4.1.3 AEN: Asynchronous evenl nollfication,

4.14 Application: The source of I/O commands and VO control command.

4.1.5 Auto contingent slleglance: The siate of a target LUN following the return of a CHECK CONDITION
siatus, after which further /O processing fs suspended excep! for ACA braakthrough commande.

4.1.8 byts: In this standard, this term Indicates an 8-bil constuct

4.1,7 Command descriptor biocok: The structure trsed to communicate commends from an Infiator to &
target.

4.1.8 Common Exchangs Block: A structure that I used to pass commands and dala over a pechetized
BCS| Interconnect The format of an sxchenge block [s the sams for all SCS! Implementations that support
the packelized SCBI prakecel.

4.1.9 Current VO Process: An I/0 process that Is sending or recelving Informafon over the phyakcal
Intereannect.

4.1.10 Devica Model: The object, wittin a target LUN, thed performs the set of device oparalions defined
by cne of the 8CSI device specificalions (SBC, 8BS or 8CCS),

4.1.11 Domaln: The sst of SCSI devices and physical Interconnects hat, collactively, comptise a single,
fully-connecied nelwork. In such a network, afl devicas have the same view of the device configuraticn and
each device may communicate with eny ather device In the domain. A device may bslang to multiple
domaline.

4.1.12 funcilon: An interiace between objects tesiding on the veme EC5I device,

4.1.13 Inlilator: An 6CSI davice {usually a host systam) that requests an 110 | to be performed by
ancther SCSI devics (a largoel).
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4.1.14 Inltlator VO Process: An VO process, residing [n the [nlfiator, which interacts with a cooperating
targel IO process to perform an SCSI command. An Iniliator I/0 process s created when an application
command [s recaived and ls normally terminated foliowing the recalp! of COMMAND COMPLETE status
mesaage from the target or the transmlssion of a RELEASE RECOVERY /O control command. An Inillator
O Process also snds In the event of a fatal Inferconnect excepfon or whenever an ABORT, ABORT TAQG,
BUS DEVICE RESET, or CLEAR QUEUE /0 control command ls sent.

4.1.16 Interconnect: A physical pathway for the trensfer of commands and dala between SCSI devices
In a demain.

4.1.16 Interconnect axception: An Inferconnect efrot resuliing In the fallure o dellver one or more packets
comprising & message.

4.1.17 VO Process Control Objest; An cbjec! residing In the Inlllator or target that execules Incoming
process control commands or services ouigoing commands by Interacting with a cooperating /0 process
control objecl on another 5CSI| device,
4.1,18 VO procass: An object residing In the inllator or target LUN/TAN that execules an SCS| command
or serles of inked commands, Each SCS| command or serles of linked commands cavess the creation of
a palr of cooperating /O procewsan, within the Initlator and target, which interect to execule the operation.
4.1.19 VO Procesa Queue: A farget-resident list of uncompleted I/O processen.

’
4.1,20 logical Interoonneal: One or more physical Interconnects thal, logsther, constitute the data path
{or a domaln. When a loglkesl Interconnec! ls made up of multiple physical Inlerconnects, somae combination
of software and hardware [8 used to meke the dala path sppear monolithic to higher layera,
4.1.21 logice! unit: A physical or virtual peripheral device addressable through a target
4.1.22 logical unit number: An encoded xxx-bit identifler for the logleal uni.
4.1.23 LUM; Loglcal unit number.

4.1.24 mandatory: The referenced ltam Is ired to cleim il with thie standerd

o H

4.1.25 multipath Inter t: An It 1 comprlsed of several independent physical pathe between
the SCSI devices In a domaln. These paths mey be used to Increass bandwidih, though "striping”, and
to Improve avallablifity through redundancy. [n an SCSI envirenment, multipath Interconnect menegement
may performed by the transport service In & manner thal Is kansparant bo the device.

4.1.28 nexus: A relationship between cooperaling Inllator and tergel I/O processas that bagins when the
eommand descriplor block s sent end ande with termination of cne or both procasass.

4.1.27 Object: An architectural eb tion that er lates data types, funcions, or ather objects,

p

4.1.28 oplional: The referenced Hem s not requied o claim compll with this standard.

4.1,20 packelized SCSI: An SCS| variant that uses a packefized Int 1 ag the transport mechanism
for commends and dala,
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4.1.30 port: A single atinchment b a physicel Interconnect from an SCSI device. SCSI devices may heve
mulliple ports, each atlached to the vame or a different physical Interconnect,

4.1.31 port eddreas: The physical eddress of a porf attached fo an Interconnect.

4.1.32 protoesl: The rules goveming the content and sxchangs of messeages passed belween cooperating
objects residng on dfferant SCS| devices In a domain.

4.1.33 reserved: The term used for bits, flekde, signals, and code values that era set aside for fulure
standardization.

4,134 SCSL: Ellher 5CSI-2 or 8CSIA,
4,135 SCSH2: The Small Compuler System Interface - 2 (X3.131-160X),
4.1.38 SCS! Devlce: A physical devies th en 8CSI domain.

4.1.37 SCSI device sddrees: An address by which an 8CS1 device s referenced within a domein. The
device adcress noed not correspond o the port adcress. Esch SCSI device within a domein may have one
and only one SCS! devices addrese.

4.1.38 SCSI Imerlocied protoool: A protocol, defined by the SIP standard, hat uses low-level bus signals
to conkol and synctronize the siates of the Inilator end targel. In the SIP protocal, such signale are used
to Infllate and transfer dala assocleled with SCSI1 control, command and device VO operations.

4.1.30 3C31 packstized prolocal: A protocol, defined in thia slanderd, fhat ls designed to be Implamanted
using any packslized Inlerconnect lechnology. In a packetized protocal, messzge transeclions replace the
use of [ow-level bus signals ee a way of inltiating and passing data iated with control, d and
device I/0 operations. Excep! to conirol the tranafer of dals, bus signals play no part In an /O transscton
that uses the pachetized protocol.

4.1.40 target: An BCSI device that performs an /O operafion requested by an Inltator.

4.1.41 target VO Process: An /0 process, residing In the target devics, that interacts with a cooperating
Iniflalor 170 procees to petform an SC8| commend. A targel /O process Is crested when an application
command Is recelved from the Inifator and normeily lerminaies by vending s COMMAND COMPLETE
slatus message or when a RELEASE RECQVERY I/O control command Is racelved. A targs! VO Process
also ends In the evenl of a message dellvery faliure, hard resel, or whenever an ABORT, ABORT TAG,
BUS DEVICE RESET, or CLEAR QUEUE IO Con¥ol commend la sent or recslved.

4.1.42 third-perty command: An 8C81 command, such as COPY, which requires the target device to
assuma the [nitfator role and transmit one or more commends o enother device on behalf of the eriginal
Initatbor,

4.1.43 transport control servics: A combination of hardware end softwere that contols Inlerconnect
access. [n a packelzed SCSI davice, the frenspor! service transmits end recelves common exchange
blocks over the physical Inlerconniect. When transmitting a block, this service maps the destination SCS1
addrens [nlo the address of the assoclated physical pert, decompases biochs Into packsts as requlred by
the physical interconnec! end tansmite each packet bo the destinalion port. When recelving a block, the
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transport service [s tesponeible for the reassembly of age peckets Into exchange blocks end the
dellvery of exchange blocks In the order In which they wera sant by the originator,

Whaen the device fs attached to a mulipath Infereonnact, the Yransport service maneges the flow of
tratfic over the Intecconnect In a way that ls transparent o the 5CSI device.

4.1.44 trensportinitisted reset: Herd rese! Inltiated by the franeport control services layer, This function
Is provided as a way o extemnaly resat a device to ii's power-on siale when an error s delected that
prevants the device from responding o /O contrel commanda.

4.1.45 word: In this standard, this term Indicaies a 1-byle, 2.byle, or 4-byle constuct.
4,148 xx: Dighs 0.9, except those used as section numbers, In the text of this standard thet are not

Immedialely followed by lawer-case "b" of "h" are decimal values. Large Numbaers are nol separated by
commas of spaces (e.g., 12345; not 12,345 or 12 345).

4.1.A7 xxb: Dighs 0 and 1 Immediately followed by lowsr-case “b" ars binary values.

4.1.48 xxh: Diglts 0-9 and the uppercase leliers "A™"F" Immoediately followed by lowsr-case *h* are
hexedecimad values,

4.2 Objec! Notation

The following notalional conventions ere used fo describe composite objects:

+ “together with” as In A = B + C. Object A contalns both B and C,

[I] “ealeci oneof as in A = [B|C]. Object A containg sither B or C, but not bath. This Is equivelent
o an "sxclusive or" operafien,

i} "optionsl” as In A = (B) + (C + D). Object A contains efther B or C + D. This Is squivalent ko
an Tnclusive or” operation.

{1 “lterations of" A set of object josed within eurly brackets may occur eny number of
tmes In a given Inslance. The brackes may be indexed: For example,
M(IN Indicales any number of instances from M to N. Thus:

{-.}3 Impiles 0, 1, 2 or 3 insiances
3{...} tmplies 3 of more Instances
3{...)3 impllea exactly 3 lerations

5s Mored Symbels enclosed within quates [Herally conaliiute the object.
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4.3 Edltorlal Conventions

Cariein words and terms used In this giandard have a specific meaning beyond the normal Engheh
meaning. These words and terme are defined either in the glossary or In the laxt whers they firsl appoer.
Names of elgnale and phassee are in afl uppercase. Lowoer case ls used for words having the normal
English meening.

5 Overview of the Architecture

[ED. Nete - this section wil be generic to SPP and SIP]

The following elaments ars desctbed In this section:

8. 8CS! domain - A logical Interconnect and the associated davics configuration that ls capable of
perorming ell SCS1 VO operations.

b, Loglcal Interconnect - The set c‘phydea! Intercannects that ere used for the trenemlieslon of
wis and data batweon the devices in a domain. Multiple physical Intsrconnects may be used
fo Increase avallabliily and throughput

c. SCSldevice - A physical device that Implements cne of the device models described In the
SBC, 85C or BCC standarda,

5.1 SCSI Archlteciural Elements
The BCS! architecture ls described In termse of objects, funclions and protocole.

The 8CS objecta defined In this slandard are ebstractions thel encapsulate a se! of operafions, dala Yypos
and olher objects that ase related In some way,

A function le en Inferiace batween objects thet reside In the same 8CBI device,

A protocol I8 an Infsrface bebveen objects on different SCS! devices. Protocals are described by a set of
fulss goveming the content and exchangs of messages passed between cooperating objects,

5.2 SCS| Domaln
An SCS| domeln Is & eel of SCS| devices and Interconnects thal, together, comprise the fully eonnacted
netvork shown In figure 777. In this topology, svery device In the domain mey communicats with all other

devices and each device sses the sams configuration. These properties allow a third-party 110 operation
to be requesied between any two SCS! devices In the domain,
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5.3 Loglcal Interconnect
A loglcal Inlerconnect le mede up of one or more physical inlerconnects that are used for the transier of
commands and dala belwesn devices In an SCSI domain. A legical Interconnect may havs several
radundant physical Interconnscis thal ere used b enhance dala throughpul or system avallablity. As
described In 7777, one tunction of the Transport Services Implementation within an SCS| device is to hide
such aspocts of he Interconnect fom other parts of the device-resident subsystom.
One examplie of a mul-path eysiem might be a collection of dual-pored SCSI devices, with separale
physical Interconnscts connecied ko eech pord for Incransed avalablillty, In his configuration, the Transport
Services Implamentation within an Inltator could dynamically select a rail for arbliration based on whather
or nal the sesacialed physical Interconnect wes In use. As deecribed In 777, a bue reset or other fallure
on one rall woukd net effect data transfers oceumring on the other.
A logical interconnect may also be comprised of mixed tsrconnect tachnologles, such as short and long-
haul physical Interconnects, that are inferfaced via bridges or other devices such that a ssamless view of
the dala path |a presented bo all devices In the domain,

The formal definifon of a logical nterconnect ls:

Loghal_interconnect = 1 { Physieal_lmerconnect )

5.4 Common Exchange Block

[Ed. nole: This will be a detalled description of the CEB, including the formate of embedded flaids, such
as 5C8| Devico Addreas, LUN .. ste.]

5.5 SCSI Device

An 8CS| device ls a physical slsment conlaining the following objects:
2 One or mare SCSI ports,
b, A transport control services object,
c. AnInlllator and zero or more target LUN/TRN objects or,

d. An oplional Initiator and one or more targel LUN/TRAN objects,

Description:

SCSI_devios = 11SCS/_porl + Transporl_Services
[itaior + O{Tpet LUMTRN } | iTagpet_LUM TFM]
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6.5.1 Transport Cantrol Services
Transport control services ls a faclllty for communication betweaen objects which concesls tha detalis of the
potts and physlcal Inferconnects from the rest of the L0 subsyster. This object performs the foliowing
funclions:;
For ouigoing messages;
a. Decomposas the comman exchange block inko packeta as required by the physical Intercennect,
b, In a mull-port configuration, selects the port to be used,
€. Mape the recsiver's SCSI devics address to a physical porl eddress,
d, Inffates packel ransier aver the SCSI porl,
Faor Incoming messagues, this service:

o Accepts packshs recelved via one or more BCSI porte and reasssmbles them Info common

exchange blocks,
b, Dellvers common exchangs blocks ko the recelving object, prassrving the order In which the blocha
wore recelved.
In ackilion to the abave, this service notlfies the device whenever a falal Int ct orror s delected.
65.5.2 Porl

A port Is the point of attachment to a physical Interconnect and has en implementalicn-specific physical
addrass thal ls referenced by other connected ports,

'

In packetized SCSI, the porf's funcion ls the seq ed enchange of pachets with ancther port without
fose, emror or duplication. On transmission, the port converls packats Into bit streems for ransmisslon over
the Inferconnect, adding any recuired eror delection Information. When racelving data, te port validates
the Incoming bt streem, performs error recavery and converts the bil atresm o packets In memory,
maintaining the sequence In which packets wara recsived from the sender.

E53 Initator

An Inlilator object originates requests for 1/O services by sending commends o SCS| larget devices. An
Inllator s composed of the following:

o  Inftiator /O procens - Interacts with a cooperating target VO process to execule a command or
seriee of inked commanda, An Inltlator VO process constats of the procedures for secvicing an VO
requasi, a dala bulfer, Il required by the command, and an oplional bulfer for sanse data.

b, Initiator /0 Process control object - interacts with a larget /O process control object to create or
ferminate VO processes end retum process complation status to the application.
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Description:
Initator = QUnitiator_¥O processt + inflalor_¥O_process conlred
Inffater_FO_process = Datn_buffer+{Sense_buffer}

6.54 Targat LUNTRN

The targat LUN/TAN responds fo Inltiator I/O requests and conelsta of the foliowing objecta:

e, Target VO process confrol object - Creates, deletes end queuss processas as requested by the
Inltator,

b. 170 process queus - List of uncompleted target VO Processes

¢. Dovice model - Object hat Implements one of tha device models defined In the SBC, SBS or
SCCS standarda

Description:

Target LUN'TAN = Targe! IO _process conbol + ¥O_Procesa_queue +
| Taget 4O Process l+Device_modal

5.6 Transport service requirements

[Ed. Note. Thia section discusses the generic requirements for the Implementation-specific renspert
services layer, Including required Initistor and tergel behavior in the evani of packel dalivery errors, The
fallowing addilional contingencies wiil be coversd:

a. Herd Reset/Hot/warm swap detecton In a pachelized environment.
b, Transpori-Initiated resst - escape mechanism In the event that a davice Is belleved to be Insane,
fe: there Is some brain damage that prevenis the device from servicing normal /O control

commands, such as BUS DEVICE RESET, Thia would the pachellzed analog of an SIP RESET
signal]
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5.7 Common Exchange Block Protocol
[ed. Note: This section definee the protocol for Interchanging CEBa.]

6 VO Control Operaticns

(Ed. Nols - Sae SCSI-2, section 8, ]

6.1 SCS] Commands and Status

[ed. note - see SCSI-2, sechon B.1]

6.2 Command Descriptor Bloc)j
[ed. note - see SCSI-2, secon 6.2, for startera}
6.3 Status

[e<. note - Based on SCEI-2, section 8.9]

8.4 Examples

[e. nole - new packelzed examples, Including fnked commands]

6.5 Command Processing Conslderations and Excsptlon CondHlons

[¢d. note - Based an SCSI-2, extensively revised for B8CS13.)

6.6 Cantingent Alleglance
[ocd note - wit thia ba deflned for SCBI-37]
8.7 Extended Contingsnt Alleglance Condlllon

[od. nole - will this be defined for 5C8I1-37]
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6.8 Queued I/O Processes

[Ed. note - SCSI-3 Qusuing Model goes hers]

6.9 Unlt Attention Condition
[od. note - As modified for SCSI-T)
6.10 Multlport SCSI Devices

[ed. nats - specifias the behavier of mult-port devices.]
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