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CHAPTER 1

INTRODUCTIONN

.1 Dverview of MSCP Subsystem

—

Mags Htorage Contral Protoecl [MSCF) is the protoecel ased by a
Family of mass storayn dontrellers and devices designsd and built
by Digital Bguipmant Corporakbion. In a gystem that usas an  pMSCE
storags subsystam, the cantroller contains: Iintelllgenca  To
patform the detailed 170 handling tasks. This arrangemenk allows
the Host to simply send vommand messages (regquests for reads ar
writes) to the controllier and receive reSponse messages back from
the controller. The host does not concern 1eself with defails
saah  as  device type, media doeomekry, wmedia format, BECOE
resavery. eto., '

The hozi uges twe levels of sofbware +to  accomplish  Its  tasks.
The highar leve! is called a "class driwver”. The class driver's
knowledge of devices is limiced to the "device ¢liass  (such  as

‘disks) and their capacifty. The siass driver does not have to

know the detailed nature of the communications link (I1/0 bwus),
pantraller, of devices that arte balng used.

Tha =evand lewel of host seftware iz called & "part driver™. The
port driver passes messages to/from the communicstiens lipk aor
bua, Tt iz net aware of the messages' meaning. The gort  Jdriver

Anes  hawe to koow the exact natucre of the communications link ar
bus {ropmunlcaticens mechanism) .

in the controller architecture, there are also twe lavels of
softwarse. The lower of these twa is alsoe a "port driver® and,
tika the port driver In the hest, i3 concerned only wikth passing
messages on  and off of ths bus. The higher level of conteoller
sofFtware 12 the "MECP Server®. It constitutez tha intelligence
o Lhe controller and therefere defines the functionallty of the
cantroller.

The MSCP server concerns itself with derermining the number of
davices, their type, geometry, unit number, availabilley, status,
atn. The MESPR Server receives reqguests from the host and  3ends
regpanses ta  the host., It eptimizes the regquests, parforms the
operatiors, tranafere the dsta to/from the hest, Lransefers the
data +to/fEram bthe device, and buffers che data as necessaary. The
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Inkrodustion Page 1-Z
1.} Overview of MECP Subsystem

MECP segrver parforms ervor detection and recovery, and reporis

cany significant errors to the host,

Becauge tho MSCP aerver handles the error detection and recowvwary
by 1tself, the hest sees a "perfect media”, an lmportant
chatracteristic of an MSCP subsystem. That is, the hoest need onlwy
report errers to higher lawvel (user) software, as the MSCP server
performs  all ercor  recovery and mpedia defect  [bad Lblock)
handling,

The hosb's class driver and the cantrelisr's HSCP  seTver route
thelr messages through the path of the tws port drivers and a
hkardware inkterconnect. This is thelir physical connaction.
Aowever, thelr loglecal communication is a direct connectlon
hecause the port driver details are below their level of concern.
Therefore, there are twe paths to consider, a physical meszago
path and a logical MECP connection. This 1s {llustrated in

Flgure 1.
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Flgure ] 'Example Systan

In sutimacy, an M3CP subsystem i& characterized by an intelligent
controller that provides the hage with the view of perfect media.
It is further charactarlz2ed by host Independsnce from a apecific
bus, wentroller, or device type. '
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Introductilan Fage 1-3

1,2 Purpase

1.7 Purpose

The purpose of this manual is to provide information on the rules
of MEOP to the detail! necessapy for writing & host class driver.

1.3 Method of Presentakion
The methnd of presentation used in this manual is:
o to dafine new terms and concepbs.
o list the rvesponslbilities of che class driver.

o list the responsibilities of the MSCP  server  khat  ave
applicable to the class driver.

o list the responsibilities of the storage unlt  kthat  Are
appileable to the ciass driwver.

o explals each cowmand and response ReESSage.
o explain each £Yror message.

o provide appropriate tables of consolidated informatlon.

1.4 Scopsa

Tha scope of this manual is limited te the details of the MELE
itself and does uot previde informatien on any specific type of
host processof ot any specific operating system. It does not
assume any partlecular bus, controller, device Type, hest, ar pord
drivar implementation,
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CHAPTER 2

TERMIHOGLINY

Command Categorles

A1l MITP commands fall inte one of four ocommand cacegories:
Immediate commands, Hon=-Eaguential <ommands, Sequential
ncommands, and Special commands. Each ‘oommand <ategory has
certain constraints on when those commands may be executed,
thus limiting the ecope of gontroller opecimizations. San
Secktion "Command Catzgories and Execution Qrder®.

Controller Timeout Interval

A& time interwval, measured in seconds, supplied by the
controller ar  MSCP Server in the SET  CONTRLOLLER
CHARACTERISTICS command's =2nd message. Lontrollers or  MSCD
servers guarantee that they will copplete all Imnediate
oonmands plus some measdrable amcunt of useful wWork on their
nldeat  outstanding nop-~Immediate  command  within the
santraller timeont interval, See Becblon "Iopoomand Timeocubs®.

Farmad Errar

A data error (in a disk bleock) that has peesn deliberately
cgused by use of the "Force Error™ command modiricr. Used to
indicate that the Jdata in the block is of questionable
validlty. For example, an unrecoverable error occurred wien
the dace was copied from some other bloek.

Forsad Brror Indicatar

The loglcal flag, present in oach disk bleck, used to  record
the presance of a Farced Ercor. Depending wvpobn the delailed,
low level Foarmat of the Jisk devlee, this may be inplsmented
elehar as an actual bit flag or a5 & spacial pattern (such as
the romplement of the normal walua) of error coxrecting
and/ar error detecting cadea.



Tetminology Fage 2-1

Immediarte Commands

Commands that M5CP servera sbould sxecute inmedlately,
without waiting for any othar commands to completos.
Immediate commands are typically status inguiries, and must
he completed within the controller timecut interwval.

LI
Hon—-Sequentlal Commapnds
Commands whosSe execution order MSCP seyvegs may rearramge, in =
adrder to optimlze performance. The gphtimizZstion may ooi mave
& non-seguential command past  the barrier  inposed by &
gequential Ccommand.
Nugatory
Of Iivtle or no consequence: Trifling, Inconseguential. Haes
Zection "AVAILABLE Command®
Jecuential Cammands
commands that MSCP servers must axscute In the exact ardar a—y
that they wers received from class drivers. Seguential :
commands typically change a unit'zs stats or context.
Special Commands
Commands that have both the execurion order constraints of
non=-sequential Commatids plus certain special, command
dependent execontion order constraints. .

e e e e e o e o e ot o 3 o e e e e =




CHAPTER 3

CLASE DRIVER / MECP GERVER COMMUNICATIONS

.

F i,1 Connectian

frst class Srivers aZe the host port driver to commuanicace with
MSCE =mervers in  controllsrs. MECF servers similarly use the
contreller port deiver to  communicate wlth eclass drivers  in
hosts. Thiz ecommpunication  takes place across a link called a
cannactlan,

The =tate of kthe connectien is directly eguiwvalent to the state
. of the gantroller or MECP server with respect to the class
river, The contreller is "Centreller-Oniine™ if and only if the
cannection is estabkllished and  functioning. The conkroller 15
*Cantroller-Availanle" 1E the sonnecilon 1s net established; butb
it 15 thelieved thet it could be establishad. 7The controller is
"rontroller-0ff2ine® if the connections is nof established and it

ic believed that it cannot be established.

Thrae btypes of communications  seevlces are  uastad  aeroess Lhe
:;ﬂﬁ_ connection betwaen A class deiwer and an MECP gerver:

o A sequentisl message communications  aervice, uwuaed fot
MEOR contral mes&aghke. This sarvici guarancees
segquential, duplicete free delivery for all messages
spht across  the same connection. This gervice must
support messages of at lesst 48 bytes in length.

v o A datagram communication service, used for MSCP errer
log messages. Thils service must deliver messagess sent
on it with wery high probability; measages mnay be

o deliverad out of sSequence, last, or dupiicated, but the
probablliey of any of these accourcing must be very low.
Thlz service pust subport messagesd of at least 3054 byhes
in lengkth.

i, o A hlock data communication service;, used Ebo move data
o bebween hoests  and maszs storvage oootrollers. This
gervioce provides a rellable, etficient malhiod i

transferring the cdntents of 3 npamed buffer in one
zubsystem to & npamed pufEzr 1o arother subsysiew.

Euffers are ddentified by buffer descrlptors, which
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3.1 Conneatign

Il

I

identify both the bBuflfet aﬁﬂ the subsystem  [hoat}
whizh the buffer rasides,

The communications mechanizm or port drivers dizcard all méSEages
that, at the time a connection i3 tezminated, hawve boen Sernt or
Jueded te De =ent wia  the segquantial meSEdgE and datagram
services hur  have not yst been delilvercd. EBlock data transfecs
Mmay or may not be asborted whcn & connectlon i terminateds LE
aported, they may have zlready been partially completed. Block
data transfers from a previouz incarnation of & conhncctlcn  are
guaranteed ta ke aborted when the connectian is re—-establistied.

Pesides using these three communications services directly, MSCP
usg2  the establishment of the conncciilon ltseif to syneohronize

clasz drivers and MSCF servers, Either thwe class driver or tLthe
MSUF  sarwver will terminate the connection batwsen than (beceme
"lontroller-aAvailablie™) it ix derarmlnas zhat by must

re-gyhechronlze with each orther. Events that require class deiver
£ MECP sarver te-synchronization include oertain ereosrs or  loss
of eventexk by sither process. The connection is also Lerminated,
by & work driver, 1if an untecoverable communicatlons errar
occurg,.  Termlination of the connection aignals the procesges eEhatb
re~sy¥ynchrenization 1is  necessary; the re-synchroenlzation iz
ceomplished by each  process discarding 2ll contexc regarding
sutatanding  commands or  transaciicons, after which a new
ronnecktion is established.

Follewinyg re-synehronizacion, commands which werz outstanding
betora the re-synchronization was performed may have completed to
an indeterminats extent, such  commeands  may  have never besen
Started, may have bean partially <ouwpleted, or may have been
fully ccompleted, The anly guarantes I3 that they are e longer
sutstanding, implving that the concraller ls ne longer performing
wark for them and that the olass driver will npet recolve an end
messags  for  Ehem. FThe fact that the coentroller 1s no longcer
perfoerming work for them ilmplies that po state - shanges o
madlficatlon of data willl take place as a result of such
commands.

3.4 Flow Conteal

Especially eritical to MSCP is the concept of flow ocontrol  and
the E£lnw ocontral baged regquirensnts that MBCP imposes cn glass
drivers and MBCP servers. These items are dizcussed below,

Flow control arises frum the oeed to aveid Ehe congestion andfor
degdlock  which can  oceur i one progess sends nessages too
fquickly to another process. The recelving procéss  mudst  have
puffers In which ko place the incoming messages; when all such
buffers are €ull, additional mezsages cannot be handled.

R B R P L Pl Bl o e i o el o 5. = e o m
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3.2 Flow Contrel '

The datagram commuricatlans service does not  use  flow  conbral,

“1f ne buffers are available, inocomlng datagrams wWill be

discarded. <Thus the charasteristic Lthat tune datagram service
does not guarantee deliwvery, instead only assurlng &  high
peobabllity of delivery. This high peohablility is dependent upon
the rcesmeliver (1.e., the <lasgs driver) always havipng buffers
zuenrad for incamitg dataqarams.

Thue zejuential message communicationd servlee does use £low
cantrol. When & potantial receiving process Jueuses 4 bukfer Lor
receiving messages on a conneckion, the presence of this bulffer
iz  ecopmunicated (via  the onderlving communicetions serwvice) to
tha potential sending precess at the other end of the connecticn.
This message hotifying the pokentizl sending process ot tche
queued huffer grents the sending process a credit, which iz the
priviledge to sénd a message. Therefoere messages will only be
gent when the sending process knows that the yecelving process
ha=s gueusd a buffer inte which the messige can be recelwed,
eAsSuring that the receiving process will be able - to hapdle the
MeEsS3age .

A typlcal lmplementéticon of Elow <Qonterel will bDe  somewhab as

tollaws. " The port drlver malatainsg & countsr on bepalf of each

Pracess participating in & connectien, That cgunter halds the
pracess's purrvent credit balance -« i.g&., btie number of recelve
buffers thakt irtg packner hag queded lass Ehe numbsr of messagas
that 1t has sent. Evary Uime the process's partner queuss a
receive buffer, A meesage 2 sent cauaing  the counter to  be
fneremented. Ewery time thd process zends a2 message, the counter
itz Jecremented, Mesgsiges may only bBe  sent’ when Ehe  SCoditer
(credit balsnced is greater than zmero, thus guaranteeing that the
counter will never be negative. Inde=d, we will see  later that
Zome mossages  reqguire theke the gounter be jreater than a
threshkhold larger than zZero.

Dun =o ehe irnherent asynchreny of coppunications betwesn multiple
processes  ofF sSubsystems, revoking or canceling a previously
queued recgeive buffer iz pot straightforward. The problem 1=
that the huffer cannot be revoked ang returned ke the receiving
procese until aftter the sending process has  acknowledgasd 1tg
revocatian, a3 atherwise the sending procéess may attempt to send
a message that reguires the rovoked buffer. Therefore the
algorithm Eor revoklog receive buffers iz as follows:

1. The reyaking praocess (the pracess which originaliiy
guaued the receive huffers] requesks that sosme number of
bBUuffers be rovozxea.

?. The revocation requast ie communicated to  the revoking
process's partner [attually to 1tz port drivery.

S — —_— —
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1.2 FPFlew Contral

3. The yevoklag processts partner {actusliy 1ts port
driver) compares the number of buffers ko be revoked
againat its current credit balance and a threshhold. IF
the requeated number of buffers / credits can be rewvoked
fi,e,, subtracted From the cradit balance) withour
lowering the credit balance balow the threahhold, then
all of them will be rewoked, Otherwise, if the ocredic
balance 15 abowe the threshhold, it i3 =set te the
thrashhold ang the differsance between its former walue
and the threshhold 12 the number of buffers / credica
actually revoked. If the gredit balance is  slready at
zr  belaw the thresbheid, then 1t stays the same and ne
buffers / credits are revoked.

4. The actuzl nomber of huffers / credits revoked i
commuynicated back to the reveoking process's port driver.

. Thne reveking process's port driwver returns tihe buffers
actuzlly revoked to the revoking process,

E a threshhold of zerc is  wused, the rovoking or receiving
process fan aiways get back all of its buffers. The fack that an
attempied revocation failed implieas that ethe buffers have already
beepn returned te the process, since messages have been received

intas them.

Tne abovs algorithm uses a threahhold to prevent revocatlon below
sama lower  Llimit. The wmachanism by which thls threshhold is
obtalned 13 not  critical o either MSCP or to  the above
dlgorithm. The rules below are. phrased as 1§ the threshnoid weco
supplled by the revoking process 33 part of the revosaticn

request. This is purely toe simplify the wording of those rules;
often the threshholds will be constants debermloned when a
conbection is eztablished. In =uch an  implementation a

threshhold of =Zero should be wsed when the elass driver is
redoking  oredits It has granted wo  the MSCP server and a
threshhold of one shewvld bes used when the MSCP server Is ravesing
cradits it has granted to the class driver.

MECP iz only monceraned with dredits reguired by rthe Sequenced
meEsaqa Servide. Some  communications  sSorviced may reqgueice
credlts for the bleck dzta communication service as  well. By
such  credits are lnvisible o MBCP, bkelng communications seryice
dependent, and must be provided inp addition to  the oradics
roguired by the rules below.

Hoks That the above discusszion merely describes a vconceptual
moadiEl Ear Elow cankral wlthin the sequential message
vammunications  service. There is no reguirement ithat flow
conkrel  actually  bd  isplemented thia way, provided bdhat <ne
results are the same, For examplie, almost all  implementations
will vcarry credit infarmation ip a header added Lo mcssages and
rrocessed by the receiving process's port driver, rather than
comrunleazing  credite with separate messages., Some exbremely
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3.2 Flow Control

well beshaved commanicationeg mechanisms may hot need Lo inplement
explleie flow ocontrol at ali, ainva tha underlying communicatians
mechanism may provide It Impiicitly.

3.3 Class Driver Responsibilities

Given the above model ”Eer"flnw eenkrol, we can’ state the
requlremsnts MSCP  places on  class  drivers and MECP Servers.
Class drivers must obey the L[ollewlng rules:

1. All MSCP commands Fall into one of sSeveral categories;
for chis dlscussion we Jistinguish batwéen Immediate
coranands [one gpacnifio CoOmmand catogory) ard
aon-Immediate cémmands (the unien of all other command
categories). When the class driver's credit balance is
zeia, the class drivar may not izsue any commands.  When
it is one, the class driver may aonly issve Ismedlate
commands. Wwhen it 12 twe or larger, the class diiver
‘may Ll=sue kath Immediate-and ron-Impediate commands. I0
the elzss driver's credl: balance is one and there is a
OFT COMMAND STATUZ command walting to be issued for Lhe
command timecunt algerlthem, then the vlass driver must
isgpe that GET COMMRHD STATUS command a8  the nedt
coEmand . :

In escence, this raie means that Ehe class drlver must
reserye  ane aredit for the exciusive use of the command
timeout 2lgorithm. “This cradit may be “borrowed® for
issuefing Immediate commands. =zince such command always
demplate gquickly. The goal is ko guarantee that the
compand cimecur algorithn will aiways be sbls to
prompily issue & GET COMMAND STATUS comménd.

7., The class driwver must gueue a recsive bhuFfer Esr  @ach
commang  that it mends to an MECE¥ server. The regelve
buffer will be used kEo hold the command's end Bessayge.
mhe receive buflfer must be gueuved sither before the
command iz sent or as part of an atompie {indivislble)
action that ipcludes sending che command. The inportant
polat is that the MECE server must receiye  bhe crediv
for thé receive buffer oither before or CofCUrrently
with receiving the rcommsnd.

3. In addition tu gueueing recelve Dbuffers for end
mesazzes, class delvers that enablis attentiosn messajas
must queue at least one  rzceive  buffer in whican Lo
receiye’ attenllen messages, Such a receive bhuffer musSt
be gueuibd before the clazs driver enables  attention
messages -—=- i.e., before the class driver sends & 3ET
CRNTROLLER CHRRACTERISTTICE comma hd Lhat enablas
attentlan mMESSayes. Additleonal receive buffers may be

quened at any tima.
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4. Upon receiving an sttention message, the welass driver
must  dpmadlately guewe another {or the same) receive
baffer back [or more atteéption mneasages. The only
resource  that the <olass driver may reguire petween
receiving an  attention wmessage and guedelng  another
recelive buffer is host CPY¥ cycles; the class driver may
net raguire thak it be able to send or receive any okher
megsages or walt for any I/70 to complete befure gueueling
another receive buffer, Thieg effectively reguires that
A1l code and Jaka skructures needed o DrocessE atkenbtion
me5Sages must be  permanently  resident in priysical
memery, So that an lIncomlag attentlion message -an he
immediately procesased and kthe bBuffer in which it was
received Immediately re~Jgueded.

5. With one exceptian, the glass driver must never cevolo
rec=ive buffers. The one sxception is after dissbling

attentien messages —— i.e., after receiving the end
message  for the SET CONTROLLER THARACTERISTICE vommand
that disabled attention wmeszages. AL that time the

©iass driver may cevoke as many boffers as it has gaeucd
for attaention messages {i.e., tetal nusber oF buffers
gquened  iess number of oatatanding  commands). This
revecation should specify a threshhold of zero. Note
that thils revocaticon is guaranteed to. succeed if the
MECP server is operatlng correctiy.

Faifure of a class driver to follow the abeowve rules may lsad to
controller deadloek, commangd timecubts, o the contfroller not
oheying 1ts rules given below. Anry connectiion or process in  the
controller's subsystem may be affscted, rather than just the MSCP
servey with which the class drelver is communlcatling. Note tchat
oilass drivers that enable error logging must also keep datagrao
buffers gqueuned so bthat bthey can receive error log messages. Mo T
keeping datagram buffers gueved may resule in loss of vrror log
Medsagas.

d.4 MECP Eerver Reaponsibilities

The rules for MECP sServecrs vAary depending ILLiCHR certaln
characteristics of the server. Thera 15 one general set of
rules, plus a simpliflication that certain classes of servers may
Fallaw. Ir all cases, an M3LP zerver's implementatlon of theze
rules may regaire, for its carrest aperation {and thus adherence
to these rules), that class deivers correctly follow the rules
given far them abowve, The general set of rules, which musc be
followed by 211 M3CP aervers that aren't lo any of the special
casag Identlfled later, are a=z follawa:

-
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yad

S0 leng as it is “Controller-online® to a class drivear,
an MSOP serwvar must ensure that the zur of the number of
=om@mands that are outstanding from that elass drlvsr
plus the number of unused receive buffers / credils Lhat
tt has granted ta bhat clasy driver {s nevor lower thap
the walues given belew. That Lz, the sum of the astual
and potential ouistapding comwands musl be atb least Lhe
values below, Betwaan the time that the controller
becomes "Contreller-Online” and the cgmpletion oI bhe
firat SET CONTROLLER CHARACYERISTICS commanhd, Lhis sam
must be a2t least pne. Followlng the completion of Ehe
first BET CONTROLLER CHARACQTERISTICS command, and sSo
long a3 the controller remains "Controligr-OUniine®, this
sum must be - at least fwo, The first unie of this Sum
#1lowz the olass driver %o issus  Imeediate commandsg
any excess, beyand the value one, can be uvzed to issue
Trepgi" commands sach as data transfers. Hole -thak theae
requliremetnts imply that, following & SET CORTROLLEW
CHARACTERISTICE command, the MSLP server must  aither
grant @ minimum of bwe recsaive buffers [/ credits toe Lhe
cliasz driver or else terminate the cornneckion (DeECone
"Coanfrollar-Availablie®) wirh the colass driver.

So lang as it is "Controller-0Oallne” btoe a class driver,
an MSCP server must snsure that the Bum of the number of
irmediate commands khat are outstanding from that class
Ariver plus the numbsr aof unused receive buffers /
credlis that it has granted to  that ©lass driver is
always at least one. That is, the zam of the actual and
pocential outakanding Immediates CcommanGgs must  he At
least one. This is in addltion to reguirement 1 abowve.

An MSCP server may rovoeke receive buffers or credits  at
any time =0 long as it contindas to mest yegquirements 1
and 2 showe. HNote that, in order to meet reéequiroment X,
the sum of the threshhold wsed for the reyvoke redquest
pius the number of outstanding Immediate commands (from
that class driver) must be at least one, Thiz
restricbion will typleally be met’ by always using a
threshheld of one,.

An MECP merver must keep track of tha excess; if any, of
its ecredit balance over the pnusber of owsfatanding
commands. The server may anly issue attention messages
when this excess 18 greater than zerc. Attention
mesages that cannot be lssued Immediately sShould be
gavad uantil credits  are available with which to issue
thomn. The oontrollsr must contlodge bo agceplt  new
commands, process outstanding coommapnds, and lssue end
messages [for completad commands while attention messages
ara being =aved, If the sonditciens that triggerad Lhe
generation of an attentisn message disappear heBore that
atcentian message cab  ba  izsued (sent), then  the
atteantipn message may or may net still have to pe  sent;
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gsee the individual actention meszsage descriptions.

End messages for all types of commands should he issued
4% soon as the command completes. Noke that the rulea
for class drivers ensure that the MSCP server always has

-sufficient credits with which to issue end messages, so
the MSCP server need not check ies eredit balance before
i55uing ehd messzages,

MEZCP servers Lthat limit the rate at which they generate attention
messages  can  replace rule 4 abeve with a simpler eale.  This
alternate rule may be used, at the server*s option, by any MECH
sarver that wll! generatz no mere than an  avarage of kwo
attention messages per  segond, averaged over the ¢ontrsller
timecut interval (see Sectien “Command Timeouts")]. That is, if
the contraller timeouwt ipterval is N saconds, then che sarver
w%{ll generate noe moere than H*2 attention messages within any N
segond period. The MECP scrver may assume, in  determining Lea
maximum attention message rate, that human operatorz do not
engage in patholegical activity, That is, it may &ssume khat
cases  sueh A3 an eperator conbinuocusly sctuating the RansStop
switches on ons or more drives wlll never sccur. Any MSCE Serwver
that can meat thils attenticon mes=zage rake restricticon  can
substiktuce the following alternate vrule Ffor rule & above:

4'. An MECP merver may J1ssu# atbtentlon messages  and  a2nd
meszages  vheaever its credit balance 15 gresater than
Zero. Attenblcon messSages and and messages  that  cannot
be issued immediately should bhe saved antil credits are
ayallable with which te issue them. If the condicions
that t#riggered the generation of an attention message
dizapprar before the attention mesaage can be losaed
(zent}, then that attention message may or may no: still
have to be sent; see the Indlvidusl attention pessags

deacriptions. Faved end messages must always be sent,
unless the MaZp Servar firse bacomes
"Controiler-avallablie" {f.e., terminates ibks connections
with the cliass driwvar), In which case the saved =14

messages must not be Sant.  Hote that end messages mustc
always be sent In the order trhat thelr corresponding
commands complekbed.

An M3CF server may deadleck or ceasa operating on a
cannaction whenever it has sSawved attention messages or
end messages waiting to be issued on  that conneckion,
The only operatiens thake 1t must perform when it has
such messages waiting is  te  accept  Incoming ocredit
netifications, sond the walting mezsages when credits
bocome availabhle, and resvme oormal operation when =11
waiting messager have beon sSent. Note that agcepting
incoming credit notificakions will often reguire that
the MBCP  server also aocepl new cdomeands, altiough 1t
need net begin processing of these new commands uantill
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F]

all walting maeEsages have been Senkb. XNote aiso thac
gnly' Ehe ogha MBOP server may deadlook o r Tease
aperating; ather processes [i.e., oLher MKECP servers)
in  the =same &subsyskem el o cantroller and other
connections te  the aame MSCP saerwer must  hot be
affacted,
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CHAPTER 4

ALGORITHMS ANMD UBAGE RULES

4.1 Controller SkEates

The cantroller may be in any of three atates relative to a host
class driwver. . The w@ontrallar may be in a differsnt state
relative to each hoest or each olass drilwver. The controeller
sStates are: '

Conkroller-0ffline

A contraller iz "Coptroller-0f[line™ ko & olasz driwver
whenever it i3 not availakle to that olaszs driver and cannot
pecform  any operatlons on  its  behalf. Pozsible cauges
include  inoperative hardware er an operater disabling the
conkroiler,. A conttoller 15 "Controller-0fflina™ eaxactly
when it is not possible to establlish a connection belwean the
clags driver and the M3CP server within the controller. Hote
that a contreollar may be "Controller-0ffline” to some of a
host's classz é&rivers vyet be "Controller=-RAvaiiable" ar
"lontroller=-Online® tn others.

Controller-available

A gontraller is  "Contreller-Available™ to a claszs  drive:
whenevyer it . could perform operations for bthar class driver
but the driver hae not vet synchronized with the eontroller.
A eontreller iz "Contraller-Available™ exackly when it weould
be possible to establisk & oonnectlon batween the class
driver and :the MSCP sSeeyar withln the controller, but no
connection has yet been establlished.

Coptrgller=-0Online

A econkrollar 13 "Contrellsr-Online®™ to a class driver
whenaver it can both perform operations for that class driver
and the driver hnas synchronized with the conbtroller. A
¢ontroller is *Conkrpller-OnllinaOR® exactly when a connection
exists butween the class driver and the HSCP secwver wlithlin
the controlldr. This 1s the state used for normal operation,
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Strictly speaking, the term "controller state™ is5 & misnomer.
The sktates described above acktually exist between an individual
clases driver and an individual MBECP gerwver. A host may have
savarzl class drivers and a centrollar aubaystem may have saveral
M=CP Eervers. Noft2 Alasc that the vonbkpoller state (MSUP Sarver
state?) iz diskince frem the skate of any anltsd conpected to the

conkrnller.

An MBECP server (contrpller} epters the "Controller=-CfEline™ 3tats
relatlve to & host wheneyer the MEQP segpver ceases to Fuancbion or
atherwise becomes unable to perform operaktlums  tor  the [ost.
Poszible ceuses lnclude:

1. Controller hardware, eofcware, or power failure,

2. LControeller inicializakion, gither reguaested or
EDONMLENeous.

3. An operator {typically Field Bervice)] dizsables =11 or
part of the controller.

1., Commuenicztioens meshanlom fallures.

3. The caontreller haz not osen bullt yet, Ehe controller is
still im 1ts shipping crate, or it bas otherwise not yet
been instalied.

An MSCP server enters the "Controller<Avallable™ sState rrelative
Lo a host class driver whean:

I. The centroller or MSCHE server i3z "Conerallar-0ff}line®.
and &1l causes of 1t bpeing "Controller-0ffline® are

remnyed.

2. The MECP terver 1s "Coptroller-0Online", and ktha MSOP

gerver gannot sugcesafully send & control message {l.a.,
an MSCP end or attention meassge] toe the hoat clasa

driver.

3. Tha MSCP server & “Controller-Online™, and the oSt
- ACCEeds Limeawnt expires {see Fection "Host Accoss

Tineouts") .

4. The MSCP sarver s "Controller-imiine®™, and the #MuCP
Serwver recgives an invalid command fraom the hozt. dNete
that thlis transition £o "Controller-Availabie® iz
optional, and tharefore controller dependent.

5. The host <lass driver terminates the conpection Between
the class driver angd the MECP server.
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4.1 Contraller States

f. A port driver or the communications mechanism eerminates
the connection  between the ©=lasgs driver and the MSCP
server, generally due £5 a communications EITOT

The port driver should inform the slass driver whenever the MECE
Zarver enters the "Contrelier—-Available® state, How the port

driver obktains 'this information iz communlcecactionz mechanlsa
dependant. Hoete that the notbtification that thas conteoller has
bacome "Controller-Avallablie"™ 13 not neceszarily prompt. in

particular, with some copmunications mechanisms the notiflcation
mav noh ocouwr until the next Cime the <Class driver izsues &
coimmand Lo the <contraller., Furthetmers, the port driver ased not
herify the class drelver at all if 3 compound (multlipls) error i3
asscciated with the MACP server becoming "fontroeller-Availabkle",
In such 2 fase the class Jdriver will ultimgkely become aware of
the state zhange when its Command Timsouk expires.

fince no gonnection existe to  an MECP deryer that L=
"lontroller-0ffline® arK CHlonkraller-Available™, Lthe
oormunications mechanism will either reject or discard any
m=sgages fcampmande) Lhat a ¢laass driver attempts to send rto it.
A MECP sServer thaak Do oome 3 "Cantroller-0fEline™ R4
"Controller-Avallable" may either abort commands in prograss or
else continue processing the copmands  that LB has  already
recelvad., However, 1f &8 Seguential command Erom a given
gonnaction is abarted, then all subseyuently receiyed
nad=Immerdiate compmands from the same contiection mast alsa be
aborced (i.e., must never begin precessing) .

Typically, the MASCP server will continue Pracessing outstanding
commands  until 1t "npotlces® that the saroecstion Lo the olass
drliver basz been terminated, at which polnt it will aboertc  any

Aongends still ouistandindg. Wabks that the MSTP sarwver aush
guarantes that all oqukstandlng command3s  have either been
completed or aborted == L.a., that chers &re no subsbanding
comEands - before it completes a transicion = ram

"Tontraller-Availahle to "Contraller=9niins®,

The MBCT server enters the "Controiler-Online® state ralativoe Lo
a hoet claaz driver uwpon  swecceanful synchronization with the
class deliver. The glass driver synchronpizes with Ehe MECF server
by establishing & cannection wikh Lhe MEUP acerver. Mote Lhabt the
ME0P server must guarantes that there are po substandipg commands
Mlegttover” from a previoous incarnation of Bhe spanection befora
ic-allows rhe new lncarnation of the connection Lo be established
and enter® the "Tontroller-Unilne"” state.

e e e e . i . o 8 o i e
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1.2 Controls and [ndicaRtors
.2 Tontrols apnd Indicators

ALl akorage umits used with MSCP must have tha following
and indicatrors:

a Uit nombe:r select mechanism.

o Init number disgplay mechaniam.

r  Run/Stoap switeh.

g Wrlte Protect switch or mechanism.

o Write pProtect Status ipndicator.

The unit number 3elect mechanisa on an MBCP sLorage uwnik

Fadga 4-4

cobkrols

must  he

capable af specifiviag any unlt number in Yne range ¥ Bhrough 251
inclusive. The unit pumber select mechanism must operate without
fost  Interwventison and must presarwve unlit numbers across powor

fallures and other lozses of conkext.

Blteration of the unit number musht ke poszible in the field.

That 1s, the u¢nlt number must be alterahle by Field Service, both
a systen

when a devige is first inskalled and auvbhseguently when

is reconfigured. The preferred wonit select mechanism is a
remewable unit number plug, allowing the onlt  ndmber Eo e
aitered by users as well as by Fleld Service. Altgrnatives Lo
unit number plugs, bhowever, are acceptable so long as they can be
altered by Field Service and they prowids the full B throwgh 251

unit anmber range.

A single wnit pumber select mechaolzm may be shared by the unles .
sf a mulvi-unlt drive. Uples that share a unit number sszlact :
mechanlam always have songecdbive unit numbers. EE ewackly Ewe
unlts share a unit number select mechanism, it is acceptable Eer

the firse unit to always hava an aven unit boumsber  and

che lashk

unit ce always have an odd vnit noamber. [E exactly N units zhace
a dnlt number select mechaniam, it {8 acceptable for the first
unltt*s unlt number to always be & oultliple of N, the next Ghikt's

anit pumber te always be a multiple of N plus 1, etc.

The woit nomber dlsplay mecoanlsom on an MECP  sterage  unit  must
display the wunit number (8} specified by the unil noober selech
metbanizm. The display must be wvisible to normal ineon-{field Y
service] human cperators. If the unit nmber select mechanism is
a removable voit pleyg, then the unit aumber dlsplay mechanlse 15
magely &  number printed on the plug. [£ several unita share a

snit pumber selest mecshaniazm, then they may also share
number diaplay mechanism.
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1.2 Conttols and Indleators

The Run/Stop  switch mwst  be  alrarable by normal {hon-figld
geryice) human operators to allow or disallow host access Lo the
unit(=l. wWhen in the Run position, thls switch indicates that
hosts should ba 2llowed to access the unic(s). When in the Stop
positien, thia switeh iadicates that hosts should not be allawoed
ta assess  the wnit{s}, and that, if the unic(s} have reasvable
media, human spevators should be allowed ko remove the units’
media fi.o., rthat the unlt should be  spun—down). A singlie
Run/Stop switch may be shared by any units of a mulei-unlt  drive
that share a spindle {i.e., that must be spun-up and SpUn-3oWR
rogather).

The write protect switch or wmechanism must elther e an  qperator
arcessible switeh or #lse some kiad of mechanical deformation of
rhe media, such as 3 tape writeering or the write-lockeab tab  on
a ©oa=zsebie. In either case, 1t mnu2t be alterable by normal
inon=£leld =zervice} human operatars. A separate write protect
awitch or machanism muost be provided for weacih unit of  a
multi-unit drive. When actuatad, the write protect switch or
mechaniss proevents wrike access to the unlk by hosts  and
contrallers. In the  rvase of a wrlte protect switch, the
tranaition ko the write protected state muzt be "sSmooth™ rather
than immediate; seoe Section "Write Protectiasn®.

The write protect status display mechanism must display the wrice
protect sbakus of the unit. A separate write pretect status
display mechanlse must be provided for each unit of a multi-unit
delive. The write protect status display wmust ke uvzer visible
while 2 volume is mounted in the uwnit., That is, the usSsr mustb
not be reguired to remove rthe volume from the anit te determing
whether or not 1t i3 write protecoed. '

mhe preferred write protect atatus display mechaniem iz a light,
loeated within the write protect switeh, that is on whenever the
anit is write protected.  The light must he lit regardless of Lhe
reason for the unit being writs protected —-- i.e., Lk must ke liv
whew the onit iz Boftware Weite Protected (3ee Sectlon “write
Protection™), as' well as when " the unit Iis Hardwars Write
Protected due to its wrlte protect mechanism being activated.

1.3 Unlt States

Each unit may be 1n one of threw states relative to each c¢lazs
driver that iz "Conkroller-Online® to an MSCF server. (Actnally,
it iz really sach uvnilt nupber that these states apply to, rather
than to & ownit proper). Each unit may be in a different state
realative o =ach  “Controller-Online™ clasa driver. The unit
ztgtes arer

Imit=0fflina

B unit is "Unit-0FfFline" whenever 1t is uwnable to sSabisiy




Algorithms and Usage Rulas Page 4-§
4.3 it Sratas

narmal host  reguests, Except for status queriss, Ms50P
commands addresaed bto a4 unit that is "Unit-0ffline® wiii be
rejected. Furthermore, sSome devide characteristics may not
e avallable to skatuz gqueries.

Unit-Avaitakle

A unit is “Unit-Available” whenever it would be able to
gatisfy nermal hosSt rveguests, except that the host has not
vebk issued an OMLINE command to bring the unit "Unit-Ooline®.

Unit-0nline

A unit iE "Unit-Online” whenever it is able to satisfy normal
host request= and the host has [ssued a succesafull ONLIBE
command .

A unit's state is meaningless with respect to a.ciass driver that
is not "Contreller-ohline™ &to the MSCP server or when no class
driver Is "Controller-Oaline" to the MSCP server,

The "Unit-0ffline" state has =iy sub-gtates, related tou the sxact
reason for the wnit being "Unlt-d€fline™. fThese substates are:
1. iUnit inoperative. PSome fatal error conditlon in the
drive prevents the vnit from becoming "Unit-Availabie
o "Unit-dnline".

2. Wnik Alsabled. Field Betvice or a diagnoscle has
decided that continued operation of the unlit's drive
will lead +to  progressive  deterisration and eventual
destructien of zome pertion of the drive or medla. The

unit has been disabled te prevent  its use, and
porsedquent destrugticen, wuntil Fleld Service can repairc
the problem. This  cause of the anit brer L rug

"Unit~0EfEline™ can be everridden, apd the snit brought
"Unlt-Online", by use of the ™Allow Self Destruction®
madifier to the ONLINE sommabhd. Note that some devices
way have no way of detecklng progresslive deterisratiasn,
and consequently will never enter this sub-ztate,

. Uhit knewn. The controller knows that the spacifled
unlt  (i.e., 4 unlt with the specified unit number?
aists, but the wunit iz "uUnit-0ffline" for aome nurmel
{noh-arror} condition, Typical causes of thics sub-state
include the unit's Run/Stop or Load/Unload ewiteh being
in tha Step or Unload positlen or no volume being
mounted in the uwnit. o

1. online ta ancther controller. The specified unlt exists
and would be ®"Unit-Available”, exvept that Lt or soge
other unit with which it ghares an  socess path (l.e..
aome ather unit on the same multi-unlt drive or
Formatter) is "Unit-Cnline® to one or more hosts w13
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anather cantreller. Thie anit will pecome
*init-AvAallable® wia this coentroller if it and all units
with which it shares an access path <eass being
*lmit=-0nline® to any nosts via that other coniraller,
In terme of the “Unit-0ffline™ sub-s=tate that is visible
to and reported by & controller, a whit that i3 actually
anlipe to another controller wlll typicelly o3cillate
Eorweent the YOnline bo another controller® subwstate and
the "Unld unknewn" sub-state, where the freguency of the
macillation is detarminad by the Eregquency with which
DETERMIME ACCESS PATHS cowmmands are issued tao the othar
cehtreller For this unit or any unit with which it
shares an access  fath. Goe  Section "Multi-Acoess
Drives".

5, Dupllicate oaik nemkers. That s, bwe of more distinct
units  have the sawe wunit aumber asslgoed bto chem.
Controllers must chack for Auplicate unit numbers across
ail itics ot the SAmeE device rflass that are
"init=0nllne", that are Timit=-Availahbla", that are
PInit=0ffline? aclaly due ko being disabled or known or
naving a duplicate wnit number, or that Ehe  oontroller
krnows te b2 online £o another contreller. A controlier
may or may not, at its eption, include inoperative unibs
when -chieking for duplicate unit numbers. - CahXrolilers
must mot check units that are wunknown (a3 described
pelow) nor may  they check Eor duplicate unlt numbers
across Jdifferent device classee, Note that a duplicate
unict numpber does not affect a wpit that 18 already
TUnit-Online®.

. it onknown., As far as the contraller ¢an determine;
no unic exists with bhe spesified unie number.

It iz possible for & wunit to be “Unic-0L[fline™ for sevegal
reazons at the =zame time {onless the anitc iz upknown). £ a unit .
has a duplicate unit auvmber and I3 pot  ineperative, thoen the -
con.roller must  report the duplicate unit numbstr; other causes
of the uniz being "Unit-0Ffline” may alse ke reported at  the
controller's option. In all other cases the controller must
repart at least one cgauss of the unit being "dnit-DEfline", buat
which gne 1t reports and whether ar net ik reports more than one
iz optional with the controlisr.

The fact that a unit (s fnoperative may not be detectable unbtil a
host attempts 1o bring rhe unit "Unlt-Online™. Such unlts will
he kreated as and appear to De  "Unit-Avalilable™ wuntli a host
fmones an OHLINE command. The OHNLIWE command will tail,
eypically with a "Drive Error™ atatus code. At this Llime either
the fact that the unit is inoperative must be recorded in the
gnit  itzelf or @ else AVAILARLE attentlion mesSsages @ust ha
suppressed  far the unit, exactly as if an AVAILABLE command with
Eha *"Spin-dewn®™ modifier zet bad been issued for Lthe anit. 411
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=ither «case, AVAILABLE attention messages must not be genetrated
far the unit by any controller uatll a human interacts with the
nnit ar some nther avent gocurs (such as a power failure that may

clear the acror),

Controllars  andSor  drives  should keop &1l units  chac are
"Uhrt-0f£f1ine" due to belng inoperative,  dleabled, or havinog
duplicate unlt numbers spun-down, excapt when sSuch uapits are
undar the weontrel of 3 diagnestic. The handling of units that
ave in Fact  inoperative, but that the controlier and drive
believe to he operative, is described in the precsding parayragh.

Faor the purpose of automatic cenfiguration -- i.e., Fae the GET
MWLT STATIE command with the "Next nit® modifier -- concrellers
muet acknowledge the edlstence of all wnits that are
"UniE=Online"” ot Yirlt-Available", or that are "Unit~CFEline"
solaly due to belng disabled or known or having duplicate anit
Aumberz. Unknown units must not be acknowledged. (Units that are
lnoperative or enline te another controller may of nay not be
achnowledged at the controller's option.

Controllers must report dupllicace unit numbers with & DUPLICATE
iM1T NIMBER attention measage, then manltar the affected units
tor the cessation of the duplicate unit number condition, When
all units excepk one bave nad thair unlt number changed or have
besome enknown, the romaloing unle becomes "Unit—huailablg"

Controllers must report uoics: that they know ¢ he online fao
sther zontrollers with an ACCESS PATH attention message. Hackion
"Multi-Aogcess Drives®, descoribes the detailed gircumstances  in
which Ehlz atkentlion message must bhe sant.

The YUnit-0Eflins" sub-states are all reported with & single
status  code; they are partially distingulshed wia differenc
sub-cedes.  In addition, the seb-states are distinguilshed by the
functioning of the "allow Self Bestruction®™ medifier te the
OWLINE command, the "MNext Urit" modifier to the GET  UNET STATUS
command , what unit characteristics are returned by the GET WNET
SEPATUS, ONLINE, and SET UNIT CHARACTERISTICE commands, and by thsa
DOPLICATE UWIT NIMBER and ACCESS PATH attentlon messages.

Ll
=
|
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Pasglhle canses of 2 unit belng *Urlt=-DEfline”, and the re
"Unit=2Fflime” sub-state, include:

1. The poit is *init-Cconlina™ via another conbtroller., Thia
unit i3  elther unknown orF .else Kaown ta be online to
another contreoller, depending upon bow recently the
pther controller has processed & LUETEHMINE ACCESS PATHS
command for this uni: or @ wnit with which 1t shares an
acsAasE path. See Zection "Multi-Acecoess Drives".

&

P
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2. A poawer failure that affects the unit bot not the
controller. The anit iIs unknawh.

1, Hardware faillure in the unilt or In the connection
hetweun the unit and the controller, The unit iz aithsr
ubkhnewn of ineperative, Neote that the wnit may appsar
te be "tnit-Available" uantll an OMLINE command is issued

bow for ik, at which time 1t will be recogplzed as
inoperative, :

4. Dlsconnecting the unit Erom the contreller. The uwpit is

UN < N0wWn .

I'F’.-' % 2 .

£ 5. Dizabling Ehe unit number select mechaniso (L.e.,
removing the wunit number select plug). The urit is
K OaW .

. Duplicate unit numbers. HNote that this ceondition will
not  affect & unit kthat is aiready "Unit-Online". This
conditien hazs its awn suh-state.,

. 7. Duplicate uwnit identifiers., The unit i3 lnoperakivae.
oy Nate rhat the coptroller need not check for duplicate

unilt identifiers.

%. DBisabling the wnlt with the Run/Stoep or Load/imlead
switch. The wenit is known.

3. Disakling the unit with port sSaloction switchea. The
unlt is uvnknown.

AT 1d. Remowval of the unit feam eervice by operator command,
! typlcally for- fagnostics, formpatting, maintonance or
repair. The unit i3 Inoperative.

l11. &An lnkerns]l controller diagnostic decides the the anit
iz sick  and removes it from sService, Tha unikt 1s
disabled.

L2. Mo wolume ia pregent In the drive. The unit i3 known.

13. The unit has not been built yet, the unit is still in
- ite shipping crate, or it has otherwize not been
installed yet., The unit is unknown.

fn general, & unit that I3 "Unic-0EEline™ %o ops2 host class

Ariver via a specific MSCP zarver 1s "Unit-0ffline™ for the Soume
omw,  TE8BON (Same 3ub-state) to all host class drivers via that sama
f % MBCP  server. The eonly exception is a duplicate unit number
condition thet arises while a unit iz “Unit-Online" Lo ohe ofF
mora clags Arivers. ‘The  unit remalnz YUnite-OInmline® to those
class drivers te whleh it iz already "Unit-Online™, vyet is
"IInit-0ffline” o all ather class drivers.
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Bli nogmal oparator lnltlated transitiens ta  the "Unit-OfEfline”
atare must b# Smooth, tather than abrup=. Attempts to disable a
unft with its Run/Step or Load/Unload switch and/ocr  attempts  to
dismourt (remove) a wolume from & upit are, by definition,
"normal operator fnitiated cranzitiona®, and must therafore be
smagth, Any wobhar action that a human operator would typically
45€ ta dizable a drive in a nob=emergency situation must also ke
smocth. Haote that thils does net preclude Che axistence of some
speclal mechanism for Immediately dizabling a unit or drive in an
emardgency, Pprovlded that it is not thes normal way of dlsabling a
anit or drive. MNobe khat, as ugded in this paragraph, a coomand
is aborevad or rejected If and only if a "Unlt-0ffline” status
code is returped in its and message.

A "smooth®™ kransitlon to the "Unit-GEfline™ state implies rchat
all write operations, 1lncludling multi-bleck write operations,
must =ither be completed in their entlrety or else never begun.
To  accorpllsh a smooth transitlon the controller nust complete
811 write operations {commands) that have already been initiaced,
Other putstanding commands, ineluding autatanding Write
operations Lhat haven't been initiated yet and all oputstanding
read operations, way elther bhe gonpleted or  aborbted st the
contreller's option. Howewer, if.a Sequential command froem &
diven wecaonnection iz aborted, then all zsubssquenkly recelived
nor—-Liemediste commands from the same connackisn  must alse be
aborted, Any new commands issued by a hast zhould be rejected.

Mote that establishing write protection must also be a  smooth
transition.

A unit entarz the ‘Uni:vauailahle“ stake wheni

1. The uwnit i3 "Unit-CGEifline® and all causes of the unit
being "Unit~Qffline" are vemowved. The unit becomes
"Unit-Available® wlth respect to 211 "Controller—-Online®
class drivers.

Py The uhlit is “"Unit-Unline” and a host =21ass driver issues
an AVAILARLE comnmand for the uapit. The unit becomes
"Unit-Available” with respect to that class driver. I1£
the "ALYl Class Drivers" modifier was set, the upit alse
becomes “Unit-Available"” with respeck to all cther glass
drivers o . which 1L is "ihit-0Online® via that MSUP
SEEVEF.

If & class driver has enabled attention messagos, the MSCPR server
uses AVAILABLE attentlon messages bo notify the class driver that
a unit has asynchronously become "Unic-Availaple ., It a rcla=ss
Ariver sSends the MSCPF eBerver an AVAILABLE command, then the
transition te “Unit-Available® iz synchronous to that class
driver and an AVATLABLE attention message need nobt be sent to it,
although ether clags drivers &re appropriately notlfied.

e
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The possible causes oi & ABYHCNToNoUa transitioen Ea
“Unit=-pAvailabla™ are as f[ollows:

l. Any trensitien from "Unit-0£ffline™ to "Unit-RAvallanie".
This specifically includes the <ase in which the unit
waz online ba another controllar and ceases to be onilnoe
to that ather controller, ewen 1if *Ehe unibt was
nmitemline™ to the same class driver wia that other
controllar.

2. A transltisn from “Unit-Online® ta “Unic-Available®,
with respeet to this eclass driver, that is caused by
zome other clags delvar issuing an  AVAILABLE command
with the "Ali Class Drivers™ modiflar set.

3. Any spontaneous  translition Crom "Unit-0Online" Lo
¥unic-Available™. That ig, any transition from
"iait-0Online® to "Unit-—Available™ tha® iz not causad by
arn AVAILABLE command.

The ane sxception ta rhis applies to a wunit  that bkecome:s
"init-Available® due to an  AVAILRBLE command Ehat has  the
“Zpin-down" modifier sec or as a aide effect of certaln ercors
which also spin-dewn the unit. Such commands or errors indicate
that all class drivers are disintersstad in che wolume mounted on
Ehe  unie, sSo that no  elass  driver ahould be notified of the
trangition unril an operater mounts 4 new  wolume of 2therwisa
fnteracts with the upit. Therefare the rejuest to spin-down the
unlt effectively supprasses AVAILARBLE attention messages for that
unlt uwntil an operaktor lnteragts with khe unit. Note thakb the
messages must be suppressed for all class drivers, MS5CP  sServers,
ard controllers that may connect to khe wnik, regardless «f which
fndividual MSCP zerver and contreller actually reguested that cha
nnit  spin-down. This effectively means that, £or muitl-access
drives, the fact that AVAILABLE attenklon messages are Suppressed
must he recorded In  the drive 1tself, rather than in the
controller. '

AVAILABLE sttantian messages musk be suppressed at least antil an
aperator  interacts with khe unit’s driwve, Ehe upnit bhecomes
munit-Cnline™ to any olaas driver via any MEIFP server, or the
upit'ls drive losea context. 1t is pot asceptable for the unle's
drive to "lose context® sclaly to forget thak AVAILABLE attention
mossages have been  suppressed;  loss of conkext must be dus Lo
some extarnal reasoen, adch as a power Eailure. The suppression
of AVAILABLE attentlon messages must be cancelled or forgozten it
the unit becomes "Unit-Online® to any <lass driwver wia any MoCP
server of If an operator actuates the unit's Ruan/Stop  or
ipad/Unload switch, changes the unit pumber selected by the Wit
Mumber Seleck Mechanism, or maountz a different volume in the
nnit. Hete that AVAILABLE attention messages ars noi  suppressed
{i.e., their supprecsion Is instantly cancelled or forgetten) LI,
after a class driver issues an AVAILABLE command with tChe
wgpin-down™ modlfler set, the unit fs stiil "Unit-Online® with
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respect Lo gne or more other class drivers.

MSCP  szarvers may send redundant or Unnécessary AVALLABLZ
attention messages at any tise, provided that attention messages
have been epnabled, the messages have not heen  suppressed  as
described above, and the extra measages ars Infreguent encugh to
airaid  dauzlng any signifivcant overhead in gither the
communications mechanlsm or @ host. It 1s spedifically allowable
for an MSCP server to- praeceds savery DUPLICATE ENIT HIMBEH
attention message with an  AVAILABLE akttention message for che
s=ame unit number.

Aounit enters the "Unic-onling® state with respect t©o a vclass
drlver uwpon tha sSuccesaful completion of an OMLINE command izsued
by that class driver.

1.4 Init Wumbers

Az degoribed 1o Section  "Controls and TIndicatoers™, all disk
accesslhle  wia MECP must have a user visible and Field Service
aiterable unit pumber. The characters displayed as the unic
ftimber, interpreted as a decimal number, nust mateh the binary
value passad in the "unit number* field of MBCP contraol messages.
Multi-unide drives mey uwae 2 single unlt number sZelect mechanism
anid’ disnlay for the range of conssecutive unit numbers assigned to
their wonits.

MSUE supperts anit numbers In the range 8 Ehteugh BEEIG
tinclasivay.  AIE controllers and unlts muest support unit numbers
in Ehe range B through 251 (inclesive}; unit numbers hetweesn 252
and 55535 may be  supported or not at the contreller’s andfor
unit's option. This implies that all units accesslble wvia MsCP
must.  have a unit number sslsect mochanism capable of specifying
and a unit number display nechanism capable - of displaying any
unit  aumber in the rangs 8 through 251. Contrellers must creoat
unsupgarted ik pambers  as if che specifled unit 1s
Plzit-0fflineY due to belng unknown (see preceding sectien).

The intent of thl2 broad range of unit numbers is thag, within &
deviee olass, all units chat are accesslble té a single host must
nave wnigquc unit numbers.  In pursuit of this goal upits with
duplicake umit numbers are conaidered to be "UOnlt-0ffline™.
Howewer, this must be balanced agalast another aoal, namely chat
translent actions performed on ancther unlt should noet be allowed
to sffe2t continued Host accesz to & unit that i3 already
"Unit-Mnliinae™, Controliers must balance these fwo goals by
Enliowing the Ecllowing algocithmes:

1. Controllers detect and fespond to duplicate unit numbers
arrss3s  all  onits that are "Unit-Online¥, that are
"linit«Ayailable”, Lhat are "init-0ffline" solely due 4o
breineg dlsabled or knewn ot  Thaving duplicate ugit
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aumhera, or that the zontroller knows to  be onlline Lo
anothker ecsantrolier. Inite that are "Unit-a2f€line”™ due
to being unknown must not be oonsidered for  Juplicate
Grit number detection. Ceontrellars may of may not, at
bhe eontroller's option, conslder uniis that are
inoperative. betection of & duplicate wnit number
condition on ohe uwnit of a maulti-unit drive 113 treated
as a duplicate unit number cendition on all other unics
that share one or wmoere of the following components  with
the unit having the duplicate unit aumber:

a. & wle number 32leckt mechanism.
B. A Run/Stop or Load/Unload switch.

o. M spindle or other mechanical compononts.

Piscovery of a duplicate unit oumber condition dogs not
affect  any unit tha:t 1s already "Unit-0Online". A unlt
that is already "Unit-Cnline™ remalin® 1a that state
until  =ome other event (such as an AVAILABLE comnmand or
loss of controller context] occurs that would otharwisoe
cause it to became "Init-Avaijable®, at which time the
unlt hecomes "Unit-0f£line™ and is Spun-down a8
described bhelow. Mote, hnowever, that such a unit is
*malt-0Ffline”® to all other heosts (and thorefore cannot
b2 bBrought "tnit-Inline" by them) even while it remalns
*nilt—0Online to its current hosks.

when a controller beecomas aware of & doplicate unit
nuamher condition on twWws or more units conaected te i,
it immedistely sSpins-down ail  such uwnits that are
"init-Available”. When a unit that wazs "Unit-Online"
with a duplicata anit number conditien becumeas
"Unit-Available® for any reafon, the coentroller
immediately spins it down. In beith cases, wunlts that
belong te a multi-unit deive and share a spindle or
ather mechanical components are to be spun down only Lf
all of the unlts of the drive are "Unlt-ULfline” or
"Unit=-2vallaplie™.

The controller tecurns "Unit-0fffline® Bs the state for
all units with dupliecate unit number condltlons chat are
ot already *Unit-oOnline".

The controlley muat recognize when & duplicate unit
fsambear  conditian  goea  away. That 12, the coatroller
must recegniza when all units except ocnoe with the 3ane
duplicate wunit number have their unlt numbers changed
and/sor pecome vunknowin., When khis occurs, the controllier
must send AVATLABLE attenticon messages fop the remalning
untt [since It has just becgme "Unlt-Available®).
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In additlon to the above algeriihms, controlliers peport Juplicate
unit nurber conditlons to class drivers using the SUPLICATE DWIT
NIMAER attenticn messaye. This allows hosts to complain ta a
human  eperator, who will presuwably remedy tEhe condition. This
meLsage is senb Lo all  ®*Contreolier-Onlipe® g¢lass drivers thak
biava atbtention messayes enabied when & duplicate unii oumobe:
cendltian i fiest derented, 1t Is permlissable for a3 coenlroller
to send redundant or exbtra  DUPLICATE  UWNIT MNUMSBER abLlention
messageid, provided that vhe roeported dupiicate  onit nomber
condition actoally  ezists. See Sectlon "Dupllecate Unit Wumber
Attentlon Message? far more detalls.

Tire above alysrithms effectively enforce  pon-duplicate  unic
numbers  actross  the drives coenbeotod to the same controller.
Although nobt requlred by HMSCPER, it is  ragommended that olazs
drlyers use the fellowing algeorithm to enZfotce non-duplicate unit
numbers across the drives accessihle to that glazs driver:

1. Upon becaming awares of 3 unit {l.e., upon receiving an
AVAILARALE atiention messayged, the colsss driver should
check If it s already aware of a unit with she same
dnit  namber on & diEferent MSCE zerver., If it ig not
zware ol auch a wnit, it shownld exit. I it 13 awsre of
suchh a  omlit, it showld ghesk if Lhal unii haa Ehe same
cehit {dentifier.,

Y. 1f the unit identlilers are the sam=, 1t iz the =a;e
¢nit multi-acressed Lo several controllers, so exit. If
the unit idencifierz are different, the glas=s driver
ehauld i=zsde a GET UMIT STATUS commaEnd to see I fthe old
unts =117 exist=,

i. If thne old warit npo longer exists (.., itts
"imle-0ffline™), exlt. 1f +thes old upnit atiil exists,
the clasz drives sheould ecbecx: that the unit  ideptifioar
teturnad by GET UINIT STATUS 15 alsg differsnt from the
unlt ldentifier that was in  the AVAILABLE aktentiaon
MeXEa9F. if thoe uanit identifiers are the same, =xit.
IL the unlt ldentifiers are different, the class drelver
should  i1szne  an AVAILABLE command with the "Sgpinp-down"”
modlEler set for the new unit. The olass driver should
alsa  imsue  an  AVAILABLE zommand wlth the "Spin-down”
modi fier mer for the old wunit iFf tha class driwver is not
adlready "mlt-COpiine” to that unit.

4. Whenever a4 olass driver hrings A MEC P BEIVEL
"Controllsr-nline, the glass drivar sheould izaus,
through that MSCP aerver, AVAILABLE commands with the
"Epln=down” modifier setr for #11 unlts zhat i+ has
"Unit=0nllne™ wia another MECP =server.
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5. Whensuer a class driver brings a unit "Unit-OUnline®™, the
¢laga driver should issue QHLIME commands for that same
unit number o all MECP sServers. If more than one
OHLINE commands syccesads, the clazs driver should check
that the wnit identifiers retbrned by all the saccessiul
ONLINE  compands ara thae ssme.  If any of the unit
fAentiFiers are different, then the olass driver should
treak all the ONMLINE commands as haviog failed apnd issue
AVATLABLE commands wlth the "Spin—down™ modifier set  to
ail MECP servers on which the DONLIME command succoeded.

Mate that this dignflthﬁ'uﬂuﬂ the fact that sn AVAILABLE command
with the "Spin-down® modifler set suppressss AVATLABLE attantion
meszaqes witil a human gperataer Interacts with che unie,

4,5 Command Catagorles and Execution Order

KMECP commands fall intc pne of  fosur  command categories. Each
categery has a set of execution order restriotions thal MECPE
servers mustk satisfy. The four categories and their rastrictions
are described below.

immediate commands are those commands, such as status  inguiries,
that both reguoire wery fittle time to complete and do nob cadse
any unit eontext changes. MSCP Server3 must  process  immediaks
commands  Immadlately, withouk waitlng Ear any other commands to
complete. MECP Seryers  must guarantee . that 811 putatanding
imnediake commands plius An additional GET COEMAND STATUE command
issued by sach "Conbroller-Online™ class delver will complete
withla the contrellier timegut imnterwval.

Class drivers may issue Immedlates commands whenever bheiy  credit
halance i85 greatser than gero, wherseas all sther commands may enly
he issuaed when the olass driver's credit balapce (8 Etwo Dr
larger. This is disvussed further in Sactlon "Class briver /
MSCP Server Communicatiopse®, Class drlivers are  thus guarantesd
ts he able to issue at least one I[mmedlate command, and have 1t
everutad, ragardless of whait other commands ohey @&y have
outstandling. Ik particular, the class driver is guarantesd o DE
able to igsue & GET COMMAND STATUS command and have it complete
within khe cantroiler timeout interval.

Saquential commands are those sommands thak, foar the =ame unit,
must be execdted In preclse order, Sequential commands typieally
albker a 1nit's context, anch a3 by changing a unik
charackteristie. - All =seguestial commands £or a particular unlt
that are received on the same cenhaction must be exsecuted in  the
axect arder that the MECE sarver 1ecelves bthem. The execution of
a seguenzlial command may nobt he interleaved with the execuaiion of
any ather segoential or non-seguentlal comeands £or khe sape
unik, Furthermors, any hon-sequential commands recalved belore
ans «n  the same connecktlon as a parvicelar assguantial command
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must be completed before exsgution of that sequcntlal  command
hegins, and any non-seguential zommands received after and on the
same conpcotlon as a particular sequential command must not begin
axecutlon untll after that sequential command iz completed.
Sequentional commands are in effect, a baryier tnat
non-gegienkial commands fanhob PESs or pendtrate.

Hon-sequentlial commands are these commands that controllers may
re—ordet 50 as to optimize performance. Controllers way
furthermore interleave the execution of several non-seguentizl
commands  amondg themselves, pevforming rach command a fragment at
a time. The enly rastrictions are:

1. Exscutlion of a mon-segueantlal command pust not cross Lhe
barrler created by & segquential command for the same
unit.

2. The cantroller must complete usafal work on  its  oldest
oitstandlng tommand within rthe gontrelisr timeowelk
interval, so as ta nobt cause a Command  timesul (Sce
Section "Cemmand Timesouts™).

Speclial commands are similar to hon-seguaential commands, but have
additional, unigue execution order requirements., The axecuticn
order reguiremants for special commands are described 1o khe
commanda' degeription.

Exeodilon nrder is based on  the order in whiler commands  are
received by the controller's MSBCP server. For commands sent by a
single class driver, the order oF transmissiopn is  identiczl to
the oarder of reception, For <ommands sent by seversl class
drivers, the order of reception 1s essentially random, The only
way that a eclass driver can ensare that one of its commands will
be received after scma other command issued hy another colass
driver iz to walt untll the okhev class driver receiwves the first
conmand's end medsage  (f.a., wait uptil the £first  command
cemplatea) before sendlag the conmand.

For the purpese of determining execution order, a command is
completed  whnen the controller's MECP server quewes the command's
and message Lor transmiseion to the host. The oontrasller need
not  wait wneil the host has confirmed ite reception, althouch
seqguential message delivery guaranteses aust be preseryved. The
gist of this is that, after termination of the ZSennection between
& host class driver and an MSCP server, the absence of a
sequential  command’'s end message Implies wnothing abkout  Enae
exacbtion or non-execution of the seguential command.
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4.8 Class Driver / MSCP Server Synchronization

Synchronilzation of a rclassg driver with an MECP aerver 1s
accompiished by establishing or re-establishing the connectlon
betwesn the elass driver and the MECP serwvar. When o )
monnpekion is  established or re-established, che MECP servar
aborts ar otherwise terminates all commands that are outstanding

from that class driver. Thiz Eoarces the dialogue Lhetwesen tne
clasg driver and MSCP server to a known, synchronized state;
namely that of having no outstandling commands. nfter

sstablishing the connection the class drlver can  issue  commands
without woreying about doplicakting commpand reference numbers or
other unfortunate side effects, Hote birat synchronizing with che
MaCP  server, 1L zuccessful, causses the MSCP server Lo bedone
"Oontroller-Gnline® .

& z2bated abhowve, the main parposs sE synehkronizatcion iz Lo
guatantes that there are no gubkstanding commands, thus forcing
the dialogue between the class driver and MECE Servoer Lo 4 Kaown
state, M3CP  servers must ensure that thizs guarantee is el
before they allow Synchronlzaticon to corplete {i.e., beicrs Lhey
e comes "ﬁﬂntrnllcr—ﬂhlinﬁ“}. In partlicular, MSCPF Servers musk
guarantes that no end messages will be sent and that noe  units
will Thawve their state, context, or [(data}l contants changed [or
any commands that were issued on an earlier incarnation of the
cannecstion between the class driver apnd MECP server. Note that
an MECP server may allow oubkstanding commands to complete, either
partialiy or entirely, but 1f 1t doees 1t must delay the
corplatian of svichronizatian (dulay tha transition i
*Controllet-0Onlline”) uwntil all such commands have complebod.

Clazs driverz must svachronize with the MECP sepver wiaenever the
host theots, recovers from a power f£ailvre, loses contexkt, or is
recovering from certaln errors. - Afeer synchroniziag with an MOCP
server, the olass driver should doe the following:

. Issvwe & SET CONTROLLER CHARACTERISTICS command ta
aztahllsh host setrable controeller characteristicas and
obtain non~host settable controller charackerlistics.

:; Isspee OMLINE commands foar all uwnitse that che class
drivar wlshas to bs "Inic-Online®.

3, Re—-izsus all commands, 1f any, that were outstanding
before the clags driver asynchronized with che pMSCE
setver ip the exact order that they ware originally
izsuad. Howevar, any ocommands that have peen aborted
lises, For which an ABORT coomand has been issued) must
nat be ro-issued; instead the ¢iass drilver should
asgume that the command has been sucoessfally aborcted,
and is therefore no longer outstanding.

There i3s3 one excention to re=Issuing all copmands that were
gutstanding, The clazs drliver nust maintain a retry limii gount,
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to ensgre that lis oldest putatanding command wan't ke retcled
inEinikely many times. The magnitude of this limit itz ho=t
depandent, although the oldest comrand must be ratried at  Least
once.  When the clags driver's oldest cutscanding comwand exceeds
the retry iimit count, IF mest he acorted and an ecror returned;
all other vutstanding commands, however, shauld =till be re=ried.
Sea Sectian "Command Timeouts” for more information,

I* may Le possible that a class deiver will receive messages from
A MECP SRE YL after Lha class driver has initiared
syhchtchlzation with the MSCE Server but hetore the
synchreniZrbion wcompletes. Whether or oot this iz in fact
wosfible ia coommunleations mechanlam  dependent,  as b depeads
upon the detalled design of the communleostions mechanizm and port
drlver. Any attention messagas that Lhe olas=s driver reooives
during this intarval should be discarded. &ny error log messages
should be logged in the normal f£ashion. &ny  end pessages  chat
the class driwver receives durlng this interval may De wither
bandled normally (thus compieting the carcasponding  conmand} or
elee discarded. If Lhe ~lase driver discards one and message, it
musk discard all subsegquent ahd mesSages until che
gyitctheronl 2zation: compietes. It is recommended, although oot
requirad, that class  driverzs  handle all  such end messages
normally.

4.7 Class Driver Error Recovery

The priaelple mebhod of error recovery used by class  drivers ls
Lo re-aynchronize wlth the MSCP  sgrver, A8 described in the
preceding secticn. All communications mechaniam feilures and
méany cantraller failures are reported by cterminating thae
connecbtion between the class driver and MSCP server, in  response
ta  which the class driver should attempt to ro-synchrontze with
the MUSCP segrver., If the class driver decides that the controller
is Lnsane, either because the class driver received an invalid
me3asage of becauwsse a command bimed out, it should recover by
re—synchronizing  with the MSCP server. Similarily, 1f the MSCP
seryar decldes that the class driver i=s insane, it may terminate
the reconraezion o the olase driver. I the class delver is in
fact actualiy sane, It will re-svynchronize with Ehe #MSIP  gerver
after the port driver nocifies it that the connection has been
tarmipnatead,

Amide Erom re-synchronfzation a2z deacribed in  the preceding
paragiaph, class drivers need perform very 1llttls error TECOHWIEY,
since contrellers- handie all recoverable errors. The only

exceptions to this guideline are as follows:

L. Errars on multl-sccess drives should be retried using
ancther gontroller.

.

R
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2. Conmands that fail due - ko Lhe nlt belig
"Uit-Availabie" should typloally hbe re-issved after
bringing the unit "Unit-oOnline™.

1. High a&vailability s=systems may wisbh €0 perform the
ennanced error recovary Jdegacribed below.

High -awvailability systems may wish o use tha follswing
additional error recovery 2trategqgy, In order to minimize the
impact of certain types of  controeller probliems. Rather than
Ye—isguing sutstanding commands all =3 DATe after
ra~synehreonizing with a coentreller, such a systaem should 1lnstead
te—izssze Ehe oldeat outstanding command all by it=elf, preferably
wikth the "Express Request® command modifier zet. The heoat <lass
driver should re-issue all ather sutstanding commands only after
the qldeat command completes, The cther putstandlng commands mavy
he re-iszved either all at goge (recommended} or one at a2 bime.

If ehe oldest 2omeand cimes out or otherwise fails again afrter
beirny re-issued, thea it wWwas presumably the source of the problen

and normal aperation will resume. it the glde=st command
sucoeeds, then the proablem 3 most 1ikely due to soEo tace
condition within the contreller and will nol  re—-occur. Ef  the

praoblem dogss re=-poclr, then suscessive ikerations of this
algovithm will esxecute commands one at a time wuntil the offending
aopmand 19 found and discardad.

4.8 This sectich dellberately omlitted.
4.% Heszst Aocess TimBouts

M3CP servers provide host acoess  timeouts o guarantee that
multi-access driwves will ke accessible in spite of certain
caommunicatiansg mechanism fdilures. If the communtications path
between hosts and & contreller falls when one or more drives are
"nit-dnline™ wia that controller, the drives would normally
became lnaccessible. The Jdrives can't be accessed wia toe
conteallaer through which they are "Unit-Online™, since that
contraller <can't ke  accaszsed, asnd they can't be accessed wia 2
sacend controellet, since Lhey are "Unict-0online® throwgh the firstc
conteraller. The heosl access timeout; if enabled, eliminates this
problem by caowsSing the firat contrallsr to avtematically relesae
all driwvez if 1t deoesn't receive 8 command wikthin g2 speciiied
time interval.

The exact mechanism wsed for host access timeauts is to have the
controllsr's MSCP  sarver becowe "Controller-Avzilable® relative
ta any host gclass driver whose host access timeocut expires. The
MECP servar audtomatically rezets the tlmeocutr whenaver il recslvas
a command from the class driver or has a command outstanding from
that class driver; Eherefore the Limecut wili newvey expire if
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the <lasa driver waintains a reascnably censtant dilalog wlth the
MELF  sSecver. Nobe that implementing host access timeouts on a
per host  basils has the henefit that the MECP server will
auktomatleally releass  any rescurces allocated to a host If thau
Host goes down.

If communication with all hoeskts ogases, the host  accesa  timeout
«f erRch olass driver will ultimately expire, causing tha MSCP
Server to become "Controllier-Avallable™ relatiwe fta  3ll  hoests.
Each wunit wiil bke releaged, allowing 1t to De accessed via an
altarnats contrellar, a8 s=pon as all clars drivers khat are
"Unit-Dnline” with respect to the unilt (or any other wolt tnat
ghares ite acoess path) cease to be "Unit-Online”™ by wlrkbue of
becoming MContraller-Availabler™. MNrimAately all ciass drivers
will became "Controller-availakle", thus rezleasing all units.

Clans drivers specify the time interval that an MBCP serwvar will
nes far Fhe ansh acteess btimegut  in thie SET CONTROLLER
CUARACTERISTICS command. A defgalt host sccess  timeout of 64
sacands i= asod Erom the time a c¢lasi driver becomes
"Controller-Online” upti]l it  igsuwes its first SET CONTROLLEH
CHARACTERISTICS command.

fach claszs driver may specify & separaie klme interval, Thia
allows class drivers to vary the host acoess blpeout interval in
accordance with bhost policy and avallabllity reguiremnents. Hign

avallability systems sheuld typically use a fairly short host
Avcess timeoaut, on the order of 1@ te 3P seconds, tegether with a
backdground orocess  that varifies the coentinued avallaolliry of
the hest to controller communleaslonz  path, The backyround
Process would hawve the desirable side sffept of ensuring that the
host access timeoub never sxpired. Naormal systems shouwld use a3
targer Limenut, on the erder of 1 toe % minutes, to avold
excessive resynchionizations, wet still z2llew failure recovery.
Fingle user and other specialized s2ystems may disable hosk agoess
timeeouts, Note that hest access  timeguts should  cyplcealiy  be
enabled even oo systems  that  do not Seemr to reguire them, as
drives may be multi-acoessed to a tatally separate hoat used as a
backup system.

MECP servers must implement host access timsouts subject to  kEhe
following constraints:

}. The hest aceass tlaoecut a2xpires, for a particular claszs
ariver, at the smount af the host acceas Eimeou:
interval atkber the contrelier or MSCE  server completes
all otbtstanding commands  from  that class driwver,
orovided that no new commands are reoafved frem  that
clagse fdriver during this ifnterwval.

£. The MECP server must enter the *Contreollar-Avallahle”
gkate (as a  tpesult of host accvess tloeout expliration)
Tetative to a class driver no sooner than the moment of
hozt access timzout explivatien defined in ftem 1 abows.

]
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1 The MICP server sShould enter the "Controller-Availablie®
stakre (a3 a regult of host acoess Dimeout expleation) as
saon a2 peassible after the moment of host acsess cimegub
expiration defined in item | above. #Except waen iLhe
contrellier 15 =zaturated with work for other clasz
drivers, this must be hno later than one Second plus kEbha
amourit of the host access  timecubk interwval after the
moment of heost acoess timeolt axpiration.

In other words, the host access tilmeout 1s measored from the Eime
that the last coamand is completed, The MSCP server may defer
recognition of host acgoss  timeour  expiration for up o one
gecond plus  the amount of the host socess tisacut after the
Formal expiration of the timeocut. That is, the holst AacCcess
rimesur must be implemented with an accuracy range of —-8% Lhrough
+1BE%+1 second. Furthermore, this accuracy range may be adtended
on Ehe high side if zhe contreller 1ls saturated with work for
other class driwers.

Thiz deflnition of host access timesuts has  been structuraed to
alilow at leazt Ewe alternative implemsntations. Ik Ghe first
inpiementacion, the caatreller or MECP server cSkarts a timer when
it qoes "idle® —- when it complaetes the last cutstbanding comlmand.
The duration of the timer i3 -the host access tlmaoui  inkerval.
The tim&r must be deslgned to not errc on the low side (foe shor:
apn interval)l and to err by no moere tham a factor of two on the

high side (too  long an lotervalj. If the timer explees before
che MSCP sarver rec2ives another command, declare a host access
Eimesut and becona "Controlilar-Avallablae®, The secand

implementaktion uses a continucusly running cimer which “"tiews" an
the host aneess timeout Interval. If the timer "tlcks® twice in
auccesaion  without there being any outsStanding commands  ov
without the MSCP server having received a commend Leom che host,
then declare a hast ACCERS timeout and becoma
"Contrallier—kvailable®. :

Bach contreller or MSCP server has a minimum and &4 maxiondgm  host
acees:  timeout  interval that 1t implements. 1f a clazs driver
specifles a host aceess timesut inkerval that is  less  than  the
winimom, than the M30P server use3 its minimum. IE a clas:z
driver specifief a host accesz timeout interval that is greater
than &the controller's maximum, then the contraller uses ics
maximum. A coptyoller's or MSCP zerver's . alaimam host  access
+imeount intearwal must be 1@ seconds or leas. A controller's or
MSTP server's maxkimunm host access timeout interval must be at
least 2535 seconds. Thatbt i3, all controllers must fully implement
hest access timeput intarvals in the range 14 throuwgh 255 secands
inctugive. Support of lntervals outzide thls range 18 controller
dependent. The range of host access timeguk intervals Lhat a
cotnrrdaller supparts must be deseribed dip the conktroller's
Ffunctianal Specificarion; 1t cannet be cobtalned via MECUP.
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Baote that zll controliers and WSCP servers nust also  Ilaploment
the haat accesgs timeout valuse zern, which disables nost access

timeouts.

4,180 Command Timeours

Hest 2lass delwvers use command timeouts to  guarantse  that  all
controller ar comnunications mechanlsm Eailures will be destected.
The failures detectad by command timeouwts include parrtially =ane
ot Aeadloeked controllers, which may <ontinoe to peocass aew
commands even though one or more old commanda have been lest and
will never complete. The use of coomand timepuks centers avound
cthe GET COMMAND STATUS command; Indweed, the primary purpocse  of
the GET COMMAND STATIE command is for rommand timeouks,

A contreller iz sane Llf and only if it will altimately cempleie
21l commands submitbsd to it. For practical purposes, the cera
"nltimatesly" must be replaced with the phrase "within ceascnable
Cima', What conetitutes a ‘'reasonable time™ varies with the
complaxity of the command and the performance of +thae controller
and drives. We can eliminate Elwe difficulty oE the bost class
driver having to derive thisz “reasonpable time" by ra-stating the
dafinltion nf a mane controlier as Fallows: A centreller is sane
if and only if it will always compleie useful work on fts  oldesr
putstandlng reguest within reasonable time, This definition iers
us aet tha "reasonable time®™ to some Fixed waluve, and wary ths
units in which we measure “useful work™ accpreding ko the
complexity of the command, Command timeouta are based <o this
gecand deflnition.

g plasa  driver implewments  the command timeout mechanlsm  as
follicws. For each MSCP Seryer to wiiizh it i=
"Controller-Online®, the class Jdriver keeps track of which
command i ite oldest outsStanding cemmand plus the previags
Yoommand ststus® value for its oldest oeisktanding  command. The
previovs “command atatus™ wvalue 3sSnould he sSet ko all ones
wheaneyer the oldest command compleces and a new command becomes
the oldest. The ©lass driver should i55ue GET COMMAND STATHS
commands for fts oldest gutstanding command at intervals of. the
centroller  timeeut ineerval or longer. When eacn GET CoMMAND
STATUS command completes, the clasgs drelwvar gpust check  if thne
dcenand  for which it was issued iz sti1l]l ogutsrandlng and, if it
ia, verify rhat the "rommand statds® returned by the GET  COMMAND
ETATDS ermpand is lower than the previous "caommand ftaktus™; this
vilue measures the amount of work remaining befure completion of
the commend. If the yalue ever increazses or stays the same, or
if a GET COMMAND STATYS ocomnand ever takes lgnger than  the
conrtralfer timesut interval to complete, then the class driver
shouldd assume that the contraller has Falled  and re-2Zynchranize
with bhe controller.
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In additisn to guarantesing that they will complete uszeful work
min their oldest outstanding command, controllers muet  also
guarantse that they will complete all aborted commands within the
rsontroller  timneout interval. That is, an aborted command'a end
mesEage must be zZent no later than the ampunt of the contreller
timenns incerval afBter the ABORT command's end saes3age. Host
wlass drivers can checsk this by setting the previgus “oommand
atatus® walee ko ane wheneyer the oldest outstanding command has
meen aborted (i.e., when the olass driver grecelves the ARLURT
command's  end message Indicating that its oldest outstanding
command has b=2en abortad}.

Singlo heoat controllecs =~ i.e., contreollers that do not provide

#¥ulti-Host support -- need not guaranees  that  all  aborted
commands will complete within the contreller timegub intarval if
puoegsively wvathologleal situsations arise. Examples of such

sttuatinone include:

1. ACCE3S gr BRASE commahda whose byte couhis  excged The
magimum date trarnsfer size imposed on READ and WHIVE
commands by the sommunications mechanism. For example,
the Wnibus  iwposes an  architectural maximum transfer
gige of 2%*15 bytes, since that i&8 rcthe SiEe of  toe
mnilbus address Space. Therefore ACCESS and ERASE
commandgs  whose byle counts excesd 2*E1E | bhytes  are
gxcessively patholegical fer ocontzellers that use the
Unpibus a@g their commanications mechanism, S0 tha
cantrolier need not me2t the abart timeout reguiremsnls
whan such commands are cutskanding.

. Compound or multiples errors, causisg error reoovery
sequences ta stretch oul te unrealistic lengths.

If the command tismeout for an aborted compand expives due to such
a altuation, the clase drlver will re-synchronize with the MECP
sarver and re-issoe all outstanding  commands ewxcept for  Lhoae
that had been aborted. Since the aborted commands will aot be
re-12sued, the timecubk will not re-occur. Thus this sxceprion is
tranaparent to host slass drivers.

The above algorithm applles to aon-immediate commands. With one
exception the same algorithm may also be used for lomedlate
commandg, although =2 simpler ene  [using the fact that ail
lemediate commands complete within the oontisllery GCimeout
intearvall is alse appropriate. The one exceptlon is the GET
SOMMAND STATUS  commanhd used by the btimeout algerichm itself.
This command must bhe timed out az Fellows. IE the class driver's
eradit balance iz zero when it zttempbs to fosus the GRT COMMAND
STATES wommand, it must qQueus the GET COMMAMD STATUS command for
inmediate transmisaion f(before any other commands that may be
putstandling) when its credit baliance becomes nan-zZero. 1f the
controller ‘timeout interval explres again before the CGET CONMAND
STATIE command hasz bath been transmitted and completed, Ethen  ihe
rlass driver should assums that the centroelier has failed. Nete
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that the ciass driver's credit balance i2 gquaranteed to be
namn-gerc when all ovtstanding immediate commands bave completsid.
Note also that 2ontcellers or MECP Servers must gwarantes  chat
all outstanding inmmediate commands plus  one  additional GEY
COMMAND  STATUSR  command will eomplete within the canteolier
timeout inteyzwval. :

UYpon cancluding thet a controller has Falled, the =lags driver
muSk re-aynchironize  with the controller's MWSCP asrver  and
ra-lssue all commands (execept commznds that it has  tried  to
atrort] thal were oukstanding &o  that MSCP server in che sane
order that they were g¢riginally Jssued. In pactcicular,; the
nidest outstanding cemmand -- the ons that tiasd out -- must be
issued Firsk {after fnitial S&% CONTROLLER CHARACTERISTICN  anpd
OMLIME commands}). The only excepbion te this is if the compmand's
retry oount expires., The wlass driver should malntain a retry
count of the rumber of %imes the oldest command ftas timed sut and
been retried, and abort the command 1f the rebry counbt exceeds a
bost dependent limic. The size of thiz retry 1limit is determined
by bost maliey, except that all commands must be retried at least
onee , Maks  that sub-cods zere of the “"Controller Rrror" sbatus
code nas been receryved  for  wvomwands  that  excsed  thelr  retry
count., This sguli-code must never be geperated by MSCP Seryacs:
lr i3 genevated by elass drivers as 3 standard means of Feporsing
command eimeocut errorsm,

In order to implesmenht command timeouts, the host class  driver
musk - firat obrtain  the controller timeout lotegval via the SET
CONTRCOLLER CHARACTERISTICE command,. Therefore the olass droiver
should  lasus a3 SET CONTHOLLEAR  CHARACTERISTICS command a5 the
first ecommand after becoming "Jontroller-online®. The <clazs
driver should uss2 a centroller timsout lsnterval of LE seconds for
this initial command, The class drlver must never wuso a time
loterval that is sherter than the controller specifiad cantroliar
timeout interval for its command timeout determination, although
e class drelver may use a tlme Intarval that ia langer than tha
ong apecliflied by the contrcller, The controller timeout interwal
goaecifiled by tha controller must not be larger than 4 minutes and
1% seconds [i.e., I13% Seconds). -

One characteristic of this command timeout aigorithm is that MSCP
servers need not implemant, and indesd mest will noet implement,
the SET COMMAND STATUS commabhd for  any  commAnd  £hat Lhe FSCOE
server cahn Juaranties wWili complete Wwithin the controller bimesut
interval. The GET ZCMMAND STATUS command =should  siways  return
the wvalue zers as the "command statue" of sioeh a command, 1t is
gooepeable if, dus  te  wvagaries of contreller opbimizacicn
atgorithms, =och a cepmand will ogzasiosnally timecut. This ia
accaptablea, =0 long as  the frequency of such timecuts i3
extremely s=pall and the conptroeller imwedistely begins processing
the first sommand it recelves &sfter re—-aynchronlzatien. Since
Ehee class driver re-lssves commands in the same order ifhat they
wege origlnally lssued, the oldest or timed out ncopmend s
re~isgusd firzt, effectively ogusaranteslpg that it will not be
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delayed again by the contrellec's cptimizabion algorithms. iThe
aimpleast way ‘for mouet controllers ke iwmplement this will
typically be to trest the first transfer command recelved ACross

a newly established conpection &% 1f 1f weare an Express Hegduast).

§.311 pbBlsk Ceowmetry and Format

e The host acceasible portlon of a disk unit consiszts of  a  wveotor
cf fixed leogth blocks, cailed logleal blocks. Leogical blocks
are identified by logical block numbers (LEWs) which range Efrom
rera through HK~1 inclusive, where 98" Is the total number of
lagical blepcks on the anit. 7The logizal blecks on a uvait  ais

e, divided into two mutweally éexcluszslve realons:

1. Tha hoest area conzists of those logical blecks avaliable
fnr host data storage. Logical blocke In the host ares
have LBMNs in the ramge zZere throught 5= lnelusive,
where “US" 13 the "uwnit gsize”, or numbery of lagleal
blocks in the host area. The hozst obtains “HE" or Lhe
"unit size® Erom the DHLIKE or SET UHIT CHARACTERISTICE
command end messages.

Amﬁ Z. The unnit's Realacement and Caching Takble ({RCT}, used =o
record bad block replacement and pmiaveilanepsus
housekeeping information. This fnformakion is  Earther
described BHelow. The RCT {actually, mueltiple copiss of
rhe RCT) accupies the loglesl blochks numbared WS througn
-1 inclusive.

All of the logis=al blecks in the hest atrea are guarantesd to  Dbe

o, "good" -= f.a., to ke free of permanent or hard errors (medls
gefeots]. Mast coptrollers implement iLhia  wia had hiack
raplacement . b4 pool of replacement blscks, identified by
repiacement bloc¢k numbers {RBHNa}, i&s provided o  the JSisk.
keplacemant bigoks are aot  direckly accesslbie to hosts. all
hoat arza logical blecks that are bad -- l.e., that contein madia
defects 1leading to hard ervers nor large numbers of corraotable
a errors ~-- are replaced by a replacemsnt block. The machanlsm
paed to perform thiz replacement, and to revecktor accedses to bad
logical blocks to the proper replacement -blocks, is descrioed In

the DEC Standard Disk Format and/or the contralisr's Functional

P oo cpeaification. The ool ofF replacemesnt blocks 1s typically
dlastributed threuvgheut Yhe diesk, so that revectoring of logical

block acoccesses bo replasemant blocks has negligible  lapact on
performanoe . fee  Section "2ad Plock Replacement™ and DEC
Strapndard Disk Format for more information oh bad Lova

i rzplacemant. :
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The legical blocke that contain the ACT are not guarankeesd to ke
"good”. Since the TRCOT descoribes the bad  leglsal block o
replacement block mapping, mapping bad RBCT blocks ta  replacanent
rlocke would presant a&n inzoluble recdrsiobn problem. Instead of
uSing replacement hlecks for bad ROT  blecks, the RCT  reglion
actuelly rcontains multiple copiles of tha ROT. Hests abtaln che
gize of each RCT copy and the number of RCT occpies wia  the  GET
RIT STATUS command. The last copy of she RCT may ba truncated.
Bee the DEC Standard Disk PFormat. mWNoete that the disk is unuszable
if the corveeponding block is bad in every copy of the RLOT.

The detalled format and aceess algerithms for the RCT . are
dageribed In the DEC Standard Diak format. Tn gereral, howevsr,
eachk capy of the ROT contains the following information:

1. 0One entry per replacement black, identifving the lugical
block, If any, that has heen replaced by the replacemnent
plock,

2. Qantext information identifying thie bad bilock
replacement operation, if any, that is currently in
Progress on this unit. This ifnkcrmation L8 uased Ea
complete the bad bLHlock replacement operatinon Lif the host
and/for controller should crash in  the widdle of bad
block replacemont.

3, A Volume Write Protect Fiaqg.

Biternatively, A controller may uSe a pon-standard reblacemshc
schema ar some  other scheme than bad bleck replacement ko
gquarantee that the legical blocks in the host &rea are  “good™.
The mechanisms used by such a fontroller to guarantes that the
host area logical blocks are *good" must be totally invisibla Eo
aosts, Aricl must not  require ho3t coopecration for  bheir
initializatlon, use, or maintenance. Such a eontreller ar unit
must &sxill previde the Lirst bloeck of the RCT, which contaipos the
Vaiume Wrlte Protect f£lag. '

The host wisible portion of each logical block oonsists of a
Eixed rnumber of deta bytes. The number of data bytes s either
5132 or 574, determlined when tha disk volume iz  forpatted. ARlR
logiral PRlacka an a disk  waluwe have the same nusber of data

bytes,

The data kytes are the snly portian of laglieal blosks that  are
directly host visible. Certain other items, however, must be in
each logical block as their presenge iz implied by wvarious MSCP
ftuacrians -

1. Each bleock must contalnm a foreced error indlcstor, so  as
te proaperly  implement and recognize the “"Force Etrer”
command modifier,
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?2. Each block must contalin a bad block indloator, so that
references to had bloocks can be afFifclently revectored
to the proper raplacement blocks. Thiz 13 unnecessary
1f the contraller does not uss bed block replacement to
provide a “"perfect" hest area.

ks atated above, the host area of & disk is structured as a
wectar of logleol blocks. From & performance viewpolnt, however,
it I3 more appraopriate to view the host area as a four
dimensionai hyper-cube, the four Adimensions being cyllinde:,
graup, irack, and aactor. Thus, it 15 possible to  decompoese 4
logical Dbilock pomber inte a wanique guadruple of nunbers, namely
the hlock's oylinder number, groop nuber, track number,  and
sector nuambet.. Cyllnder number is most sigpiflcant and sector
numbper s lesast significant.

Aiternatively, we can define & trark as consisting of a [ixed
number of klacks, a 4group &2 consisting of a flxed number of
tracks, and a evlinder as congisting of a Eixed number of groups.
The pasition of .a hleck wlthin & track is khe Dblock®s sector.

The terms secter, track, and eylinder all come from the geomaetry
of classical disk drives. SJroups  can  be viewsd &3 an
optimigation for short sSeasks whose Seehk Lime i=s satily
aradlctable.

At any parkticular insctant, the set of logical blooks thit ars
porancially accessible iz those blecks in 21l tracks that are In
the same sactor, group, and eylinder. In the abeepce of
transfars o B different growp or oyilinder, this =set of
potenkially accessible blovks changes owver time by kesping the
group and o2ylinder constant while lneremenking Lite 3ector [(@modulo
the number of bliocks/ssectors in a track}. Refarring Lo our
hyper—cube anzmlagy, the zet of potentially accessible blocks form
a !ine parallel ‘to the track axis. This lina moves parallel Lo
the sector axls, wrapplng sround when it reaches the edge of the
hyper~cube. & disk  therefore provides oycolle access toe Ehe
blocks 1n a parzlieuelar group and cylinder.

This access structura to logical blocks implies that, o a olose
approximation, the track to which a block belongs Has no effect
upon performance. That 12, awitching tescks within  the  sams
qroup  and oylinder effectivaly reguires zero time. Twe separate
rransfers in the same group and oviinder and for tThe same sectors
haye similar perfermance, regardless of what bracka they are on.
o = Eirst erder AapproXimstion, two se2parate transfers o
Suncessive sacksera of different tracks in the sSame group and
avlinder have the same performance as s  sSingle, itwo soecbor
(block) transfer.




Elgarithmz and Usage Rules Page 4-1%
£,11 Dlzsk GCeometry and Fopmat

Changliyg oylinders, howsver, does reguire a ecertatn amount  of
time. -~ The amount of time required to awitch betwesn  two
eylinders {5 appro¥imated by & monatonically imcreasing  funetian
of the difference between the two cylinder numbers. The time ko
switch between cylinders 1s tvplzaally not affected by whether or
nak  growups  Are  also boing changed. After switching ¢ylinders,
the sactor position of the disk (fi.e,, whlch sector's blocks are
[mmediately accessible) is vnpredictable.

Changing groups  alsg requires a3 cerkbain  anount af time,
Generally, the :time to swlteh betwoen groups 1o the zape cylinder
i3 no more than, and often lessz thanr, the timpe Lo swikbsh between
one  oylinder and the next. If eylinders and groups are both
ghangad &t the same Gime, the time to sSwitch groups 1a
affectively wero, a3 (it i3 ipeluded in the time to switch
nylinders. :

Whern changling €rom one gesup te  the next  (2uccesaive) group
wikhin the Same cyllnder, the time regquired to awitch groups s
predictable, so that transfers are optimlzed, If a transfer Lo
aector 5 in group G Iz followed by & tranafer in group G+1 of the
gamz  <ylinder, then sector 541 medalo the Nk F of
gectorsbloeks In a tkrack) is  the nptimal sectar for the new
transfer and sector & {5 the maximally ovnoptimal secker  for  the
new tranSfer. The main effect of thiz is to optimize cortfnaouws
fsplral}) transfers that cress groud bouvndarles,

Hate thak what haz been described harein is khe model Eor dlak
legleal  gecmekbry, which may have a benuous crelationship o oa
Aizk's actual physical geometiy. Disk designers should devise a
iogical to physical geemetry wmapplng whlch optimlzes the acouracy
of the model bareln descerlibed. This will generally be done as
fallows, Hoad or trach switches that effectively require zero
time {i.e., that regulre 1235 than the intsr-sector time} will be
reported as  logical MBCP  tracks. Hwad or track awitrhea that
require sigrnificant amgunta of bime will be divided ismbto  two
clasars: tho=ze  that reguire anly a-littie time (typically lwess
than ene robtakion) and whose time is predictable, and chose  thak
rafquice  sSomewhat more time andsor a let of tima. The switoches
thae require only & iittle time will be reported as legicel ®SCP
Yrodps. The switches that require more time will be reported as
ipgical MACP eyvlinders, where the swltches sneuld he napped o
cyllipders in swch a4 wmankrer as to minimize the amount of time
required to 2witch betweer eylinders that are (numorically) close
together, :

The affect of thls geometry on multi-block - teanslfars iz as
folisws., A multi-blook trao2fer requires 3 certain minimum Eine,
which ia the time to kransfer one hlock oF sector  Fimes  the
numbetr of blocks 1o the cranzfer. Croessing track boundaries
reguliszes no additional time. Crossing a group boundary reguirss
a =small, relatively fixed additicnal amount of time; this cime
fa rypicelly less ehan the time to transfer an ehblre  Ereck
ti.8.y lese2 than one rotation). Croasing a cylinder boundary
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regulites 2 zomewhat larger additional amount of kElme; this fime
1s typleally at least the time te transfer an entire track {i.e.,
at leaszt ona rotatiand.

The atfect of Enls geowetry o5 host allscation policies Iox
random-acoess - £1les Is a3 follows. Wheneyar possiovle, a
random-access file should be allocated within a slngla greup. If
thiz iz mot possible, the host sheould try to allpcate it wikthin &
single cylindar. TIf this i3 alss not pessible, the host  should
allacate it in the minimom number of adjacent cylinders,

¥When & Dlock has a bhigh probability of being aceessed immediately
aftar annther block, hosts should attempt to allocate Loith blocks
in the same group or, if that is npot possible, in the sams
cylinder. If both Blocsks cannot be allocared within che same
zylinder, then they shnould b2 in cylinders thab are as «¢lobe
together as possible,

Hozkts obiain the slve of a wnik's tracks, groups, and coylindecs
Froen *the GFT  1WIT STATUS command's end message. Some ol bthess
disk. geometry concepts may rot apply to all  disk  units. nits
repoct  the Ffact that a concept doosn't apply by specifying its
gize tn be the same az the next larger concept, For exampla, &
Aisk uanlt that doesn't have groups would specify ons group per
zylinder, implying that groups and cyllnders are the same size.
Zora should ke supplied for the cylinder zize LI the cyllader
goncesi iz fnapprepriate te & disk unit, which hests shoula
ipterpret a3 the entire unit being a single cylinder. Tha wvalus
zaro may eguivalently ba lnterpreted as specifyling an arbitrarily
large mmber . of groups per cvlinder. Thls may propdagate
Aownwards;: if hoth oylinders and groups are inappraprlate to Lhe
anit, then zeroe would be provided for bokh their siges. 1T the
morde]l  of cyclic access to  the gectors in a Lrachk ig
inappropriace,  rthen the anilt should Lypically specify oae bBloack
per krack.

The following examples illustrate how inappropriats  cohoupks
sthioluld be specified:

1. & "disk" implemented 4as5 - & piUre random-aocess  pamory
fl.a., zemtconductoar RAMs} wouwld Specify ons hlock per
track [(slince eyolic acoess doesn't applydy and  zere  fgqr
the c¢ylinder and yroup size (=since the ontire onit iE
effoctively a single group).

2. & claszsieal DECtape could be specified several ways, bue
aha bleck per track, one tracH per Jgroup, and one aroup
per o¥liander {i.e., «ach block 1s a saparate cyilinder;
ig probably the most natural.

3. b single loop shift reqgister or delay line {such a=s  an
ultrasonic delay line) would specify zerpo for the brack,
group, and cylinder size, since the entire unit ls
effectively a single track.

- — - — - —— . —— s . w0 x T e T o e Wil e e o e e e s e — e
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There is one axoedtlon ko ‘the above discussion, concerniug the
speclficstion of track size. fGrack size, in additiosn to being
wseir] for performance predictlon, s zlso wzed in the bkad block
reslacement. algorithm sSpocvlfisd in DEC Standard Dise Format. It
ig poasible that <the track size appropriste for performancsa
censiderations will be different from the trachk sipe redguirced by i -
bad block replacement., If this ogcurs, the track sige reguired
by bad block replacament nust be speacified, as the parformance
gffects sre a secondary censideration.

Hote toat all of this performance orfienbed disk geomekry osnly
appiies to  the host ares of s disk anit. Ths eohoephs need not
applty t2 the Replacement and Cachirg Table (RCT} aid  apy other
ataas of @ disak, a5 acgess to thoSe arwas is net perfarmance
sensitive and/or not host vislbls.

£,17 Bad Block Replacemenk

Ead black replacement ig a technique uwsed witsh disk clazs devices

o present ench wunlt as a single logically contiguauns set of

ussble blocks, S22 the preceding section  for a discession of
leglsal  blecks, replacement blaocks, and & high level description -
of bad bleck replacement. '

Moal Dad blocks ara detected whepn 2 Aiek walume iz apanufac-ured.
These blocks are always replaced when the voeilume i= Formatted, as
are any other bklecks that the formacter can determine are bad.
Otner hlocks bpecome had during normal wse, and must bhe replaced
dynamically. MECPE {5 solely concerned with dynamicsz had  plock
reklaoenent.

fsusliy, but ook necessarily always, the host performs bad  blaook
replacement In response to the centroller reporting a bad hlock.,
The ulgorithm uvsed to perform bad block replacement iz described
in DEC Srtandard Disx Format.

Contrallers only report bad blocks (to hosts) In transfer command

and moessages. This s a Jirect conzZsquence af the fact that
controilers only detect  bad blocks while performing disk
trapsfars., They report bad blecksz te bhoskts by means of thae "Bad

Block Reported” end mes=mage Elag. If this flag 1z =zet, then the

"First Bad EBlopek™ fiesld in the end message i3 the logical bleek

numbar of the Flrst bad bloak (lowest block number)  encounbared T .
hy the tranzfar. A sSecopd flag, tne "Bad Blocks Urenorted® ond
massage flag, is set to indicare that moltiple bad blocks were
encountered by the transfar, implving that one or wmore were not
reported te the host. Afker replacing the firse bad block, the

hose may  [at  its epiion) relzzioe the transzfer to determine the i
next kad block, repeating thig process until all of the bad

biovks ave replaced. Glwen the llksly laclidence of multiple bad

biocks in & tranzfer, it-ls anclear that this yields any ben=lit.
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viien performing pad block replacemenc, the host must  access  and
update the unic's Replacement and Caching Taple (RCT), inform bhne
contraller that the block has been replaced, and initialize ths
neWw replacement block. The host acoeszes and updates the RCTF
nsing ordinary transfer operations, specifying a leogleal block
number in  the range assigned ke the RCT.  The hoest inferms toe
cantroller that the hlock has been replaced with the REPLACE
camman d; this allows +the contreller to reformat khe Jdisk to
reilect the bad bleck replacement. The new replacement block is
infrializged with a normal WRITE command, specifying the kad
bloczk's loglcal blockx number, after the REPLACE command has
completed.

while a bhad block raplacem2nt operation L& In progress, the
details of the replacement operation being performed are recorded
in a pertion of the unit's Replacement and Cachlng Table (RCTH.
Toe infapmation recorded 1noludes the bad block*s  LBN, the
replacement bleck®s EEH, and the data to he written :into the
hlock  abt khe conclusion of Ehe raplacsment operation. Radording
thiz information in Ehe RCT allows the bad block replacement
operatieon to | be sucsessfully cempleted in the event of a system
rrash, power failure, ot other Ilnterruption. HWhen the unlt  mRexl
becomez "Orle-Online™, the host most check che RCT and complekbe
any replacement operatien that was In pragress. - At the same time
the Thost must checsk the Volume Write Protect Elag and taks the
actions gescribed In Hection "Wirite Protection™.

4.13 Write Proftaction

‘‘here are several ways that a uwnit or wvslume may e write
protected under MSCE:

Herdware Write Protection

The unit's write protect mechkanism has been agtivated hy a
user, caussing the onit to be write oprotected.

Software Write Protection

tha hast has reguested that the unit be write protected.

When Hardware Write Protection i3 aestablished (l.e., when a aser
acclwates the - anit™s write protect mechanis=), the contrailer
must provide a Smooth transitisn to the wrlte protect state,
That is, *he . controller must compiets all write operations
{eommand=sy that it has  already ifnitizted on Che unit  hefare
astually. pronibiting writes. Mote, however, that the copbrosler
zhould immediately rejest aAny naw wWrlte operations  Ehat ik
receives after the aser activates the unit's writs protect
mechanlsm. Write sperations that the contreller received belore
the write protect mechanism was activated, but that naven'l hkeen
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Initlated vai, may elther bLe yfejected or completed at  Ehe
controller™s option. The end reasult of this i3 thatbt each
individual write command or operation is elther completed in  its
entirety or else raiected hefore any of its data i3 Written to

the unit. Mabke that thie iesue cannot arise with Software write
Fratactlion, &= they are established and cleared by ssquential
commands, which implies that no write gperations can b

autstanding.

Mote that it i2 not possible to parform bad bleck replacéemant
when a8 wnit is Hardware Werice Protaected,

A ounlk's Write Protect Status Dispilay Mechanlsm must indicate the
Tipclusive or" of all Eorms of write protection. That is; the
‘dispiay most indicate that the upit ias write protected both  when
it dis Hardware Write Protected and when it is Software Write
Proberted.

Whenevwar a st brings & unlt "Unilt-0Online®, It must chevk the
"Uclume Write Protect® fiag in the unitfs ROT. This is in
addition to the obther checks 1t must make for a pagrtially
comigieted had bhlock replacement cperaticon (see Section "Bad Block
Aeplacemsnt¥). If tha RCT flag s =et; the host Siaialel
immediately (goftware) write protest  the unit wlkh & SET UNIT
CHARBCTERISTICS command. When & user o a Righer level host
prosnss  subsoguently decldes te  write enable the wolume, the
Softwara Write Protect Btatus must be <leared witn & SET  MIT
CAARACTERISTICS commeand and the BCT accessed to clear the flag.
Sepg DEC Zgandard Disk Format Zor RCT acgsess  algorichms and the
datailed format of eheas ROT flags.

£,.19 Compare Cperations
MECE includes the following kings of compare operationss

l. “he COMPARE HCET DATA =obmand.

2. FRead-rcompare opergations, invoked by the "Lompars  Heads®
unit fleyg or bkBy  the “rompare® modifier on &8 MEAD
aonmand .

3. Write-compare operations, ilpyoked by the "Compare
Weltes" oanlt frtag or by the "fompare” medifier on a

WEETE command .

The operation of thesa different types of compare operations  is
dezcribed Dbelow., Hobte that all of the compare sperabiosns repork
the first difference or other arror starting from  the beginning
of khe transfer. Thetefora thn cowpare aoparation abk the spad of
the transfer may be aborted 1f & difference i85 discovered at  the

heqinning.
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The COMPARE HOST DATA commatnd is uzed to wverify that data in nost
mEmerY matehes data on & unit. The dzta is obtalined from the
anit ipn the manher that is most convenient or efficient tor the

-controller, In  thiz respect the COMPARE HOST  DATA codmand

sperates identically to a READ cummand. Unlike the READ command,
the data Iz not transferred to hest memory; iInscead, data 1=
pbtained frum hoest memory and compared agalnst the data ohtainad
from tha unit. Upon completion of the command the controllex
reports whether the data was identical or dJdifferent. The data
being diffarent: is reported as a "Compare Error® in the commatnd ' s
end message, Howewer, no ereor log message la generated as Lthis
iz not eonsidered to be a "slanificant®™ error {Since 1f can he
deliberately caused by wsSer programs).

Read-compare and write-compare operations are percformed at the
sonclusiaon of  the appropriate eransfer commands toc werify Lhat
the dat4a was corractly btransferred and chat the data can now  be
abtained from its destipatien. The general algoritha used i3 to
ahtain the data fram its destiratiponm and compare it against the
data re-obtalned from its =ource.

if a read-compare af wWribe-compare operatiaon tails, Lhe
controller must lnterpret  this  asz  laplying that the erlglinal
transfer Fatled and therefors retry the original transfer 1t
appropriate, If the econbroller soccessfully obtains the dala
from i*s saurce and destination, but the data is differsnt, toan
ehe oontrolier must  retry the origlilnal transfer and report the
compars errof in an erctor log message. I1f the controlier cannet
sucrcessFully obtaln the daca from ite destination, but Lhe error
iz on= that may be eliminared by re-writing the data to ita
Aeztinatien, then the contrelier must alse retty the original
transfer and rapart the error {from the attempt te oblain Ghe
data from its Jestinstion) in an errof ley message. ALl ocoher
errors need not be rerried, but must be reported in an ArXror  Log
megsae. The . only excepbion to the ahowve i5 commands that hawve
Ehe "Suppress Error HAecovery” modifier set; the ceontroller may
or may hot, &t the controller's eoptlen, retry the original
transfar if 2 compare error oocurs in zuch a comemand.

For sxsmple, "Deta Errors", sush as an uneerrectable EID ervors
must be retrisd on write-compars cperations. They heed not be
tet:ried an read-compars operatlons, since an untacovergbla  "Data
Errar®™ fmplies that the READ itself will fail. "Compare Ercors™
mitst aiways be ratried. Mote thakt the coniroller need not
Aigcriminate amoung types of errors -- it ma2y always relry all
efrars dur ing raad-Ccomnpars ar weElte-Conpare operations,
tegardless of whather or not the error will ishibit the original
rransfar.

The numher of retries requiregd for read-compare and write-Ccompare
pperations 18 : controller dependant. However, all «contrullera
must retry such’ operations at lesst once. The exact nomber <f
retriss that a controller implements should be chosen basad on
usndetectad errar rate characterisctics. The gonbtroller may aither
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retry the entire transfer, or elge only rebry the portien thak
includes the error. .

A.15 Multi-Mhit Drives and Formatters

h multi-unit drive 1s a single physical disk drive that appesrs
as several independent wnits 1o hosts. So-called fixed plus
renavable disk drives, providing one removable disk wnlt aod one
hon-remavable Slak unit, are the [ost comaon  azample of
pulei-unie drives, & multi-unlt formatter is & sinale set af
interfaoe oL read/write eleckronics that oconnects agayveral
atharwise independent units to controtlers,

511 the units of a multi-unitc drive or foematter share 3 single
aZoess  path  to contrellers. This implies ¢hat &1l of thz uniks
must bs "oonnected" to the zame oonteallier. Im partieular, il
one  bnit 9f a mulei-unit drive or Esrmatter i2 "Unit-Online" via
4 controller, then &1l}1 the other units of the multi-unit drive or

formatter may only be accessed by that same controller. That 15,
the othar wnits are "imic-0ffline" ko a2ll other conkrollears.
Awareneas ok thiz characteristic is aritical for high

svailabiiity systems -- 1f o falled operation on 2 multl-access
unit is to be retried via anotner caohtroller, and the unit is
part of a multi-unit drive or formstter, thep all wonits of the
drive or formarter must he swiftched to the cther cantroller.

Fome units ¢ a multi-unit disk drive may share gechanical
componente as well as interface electronics. 8Such units are said
ta share a spindle. That iIs, the uwnits must either Be all
spinning or all not epinning, just as iE the wnits shared a drive
motor o Spindle {which they typically wili). Such wnpits  mpust
alss  share a single Run/Btop swiich, =since they are always
gpen-up and spun-~-down toegether, Hosts must alse be aware of
units which share & spindle, a3z dismoenting one  such unkt
regulras that 211 unita sharing the same zpindle ke apun—-down.

The wunits of a multi-unit drive or fcrmatter are identified by
the "multi-unit code™ wnit characteristic field, Hosts obtain
this two byte field via the AVAILABLE attention message or in the
end mOSSAga of a OGET 1INIT STATUS, ONLINE, or SET  WNIT
CHARACTERISTICS command. The low byte of this fieid ocosntaine =
controiler dependent encoding of khe aceess patk between the
tontroller and the drlwe. The high byte of this field contalnz o
contrailer dependent entoding ef the spindle, on a gartleoular
access path, that the unit  gses. Contreliers wmay uSs  any
encoding whatsoever, provided khat aach  access path and aach
spindle {within an access path) has a unigue value, Mote that
the acecess path byte (s implicitly qualified by khe contgollexr's
or MECPR server's identity, and that the sSpindle byko 1s
impiicitly qualifiad by the access path.

oy

oy

= A
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Hests usa the "multi-onit code® fleld as follaws, When a host
decides +%a sapin-dewn a uanit, 1t scans all other unfts that are
hiit-Online® via the same MSCP server for these units  whose
entire "multi-unit =ode* fField (hoth bytes) matchas the unlt
being spun-dewn. Such units, if any, share & spindle or other
maehanical compensnts with the uwnit keing spun-down, so that they
must be spun-down togetbher, When a hest decides to access a anit
via a dlfferent conkreller, L1t scans all othar units that are

Mmit-Online® wia the same MECP server for those unlts wihosse low

byte oF the *multi-unl:t code® {ield matches the uanlit baling
switched. Such units, if any, share an access path with the unle
being switched, so that they must alss be switched ko the neéw
controller.

Maote that the law byte of the "multl-unit code®™ fleld {the acgess
path} 15 meaningless For unita that are inberently restricted teo
g single controllee. Contrellers may recurn any fixed wvalue a3
tha acoess path eaceding Eor such unlts, provided that it dpoean’t
duplicate the wvalue raturned for any unlzs oh the same contfrollar
that are not inherently restricted to a single controller.

Taiz nee and format of the "moelti-unle code® fleld Lmplies  tha
following architectugal rastrictions on all controliers:

1. AYl units that share a spindle or other wmechanical
components  must also  share an access path. Rele Lhat
this is sn essential roestrictien for multi-unit drives,
regagrdless of how shared compunents are commuhicated.
If unics thar share 3 spindle &id mok  shere an access
cath, then they could be aimultanecusiy "Unit-Oniline®
wia different contrellers, making it lepossible to
masrdinate a simultaneous spin«dowh.

4. There is a maximum of 256 aceess pacths per  controller.
in the absence of multi-unit drivas or formatters, this
implies a maxXimum of 256 units per controller.

3, There 43 & maxipum of 256 =pindles per access path. In
the absence of shared seindies, this implies a paximum
of 256 unlts per access path or formakter.
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4.1 Cantgeller and imit Iderntifiers
M5C® reguires that all econcroellers  and dridwes hkawve  uanloguoe

identifiers, «alled controller identifiers and unit identificrs.
The gtrucrure of theze {denkifieres iz 82 Fsllowse:

3i oF

e +
I dnigque device number |
i R £ +
| cla=zs | model § |
Foom o frormm s a1 +

The *"olass" hyte Ldankiftes tha type of the subsSystem  --
conkroller, Jdisk drive, eteo. The "mnodel" byte identifies tioe
exact model of the subsysten within it=2 clasa. All valid class
and model codes avé non-zero, implying that all valid identifiers
ars non-zera. The "unigue devlce number® field mest uniguelw
identify the Jdevice smona 211 devices of that samne class and
modal. The device serial nuomber coould be wsed as the Tunique
deyice numher"™, although that isn':t requited. Currently defined
valuws for the "class" znd "model” bytea are listed in  Appendix
C. Valoes for new devices most be added to that appendix, via an
EC to this specifleoation, a2 new products are developed. HNote
rhat different units of sulti-unit drives zre distinguished by
having different "madel" bytas; the "clags™ and "unlague deyice
pumber*® Eialds are typically ideptical. Hote alSce that all ASCe
servers for the same device class within the same controller must
return Lhe same controller [dentifier.

A3 preavisusly stated, MSCP requires that controller and  onit
identiflers be wunlgue across all dewices accessiecle via MSCPE,
Thls elearly cannot be checked by conbrollers. Controllers can,
howevweat; enforee unlsgque wunit identifiers acreoss the anits that
are atrtached to themselves. Thisz 13 Jdone wsing the folleowing
aigorithms:

1., Controllers should detect and respond to duplicate unit
idantiflers across all! wnleEs whose unilt identifiers the
controller can obtaln, including ail unizs  that would
otherwlise be *lnit-Online® oL Tmit—Availahle®.
Detection of a daplicate uwnit identifier on one unlbt of

& wulti-unic drive 15 Ekreatesd a3 & duplicate uait

sdentifier conditicon on z2ll other unlis that share one

or more of the fallewlng components with the unit haviog

the duplioakce unit {dentifier:
a. & unit number selent mechanism.

b. A Run/stop or LwadsUnlesad swlitohn.
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o. A 2pindie or other mechanlical components.

MWote that duplicakse wunit  identifiers are detected
rogardlass of the state of a wunit'® Rop/Stop or
Load/Unload awitch.

2. Wienevey a tontroller bacamez aware of a duplicace unit
identifier; it immediately sping-down all units with the
dupllcate ldentlfisr and forces tham to Eemaln
apirn-do wn . The conkroller splns~dowrn the units
regqardlesse oE thely surrent BState. Thea =ontroaller
typically faorces them to remain dpun~Jdown by spipning
thaem down agaln whenewver an operatoer spins theno up.

1, The coenttoller rvsturnsg “Unib-0Efline® wikh sSub-state
"inoperative” a3 the state for all units with duplicate
unit identiflers. In addition, Lf the unlt might
potentlally be zonnected to  ancther controller, Lhe
capntroller should flag the presence of the duplicate
mhilt identlfler in the drive. Other controlless, :if
any, muast cheek this £lag and alsge trest the unit as
"Unit-0ffline® iIf the flag is set. : .

Whether or not a controller does In fact check for duplicate unit
ldentifisera iz gcontroller dependent. Hote that a duplicate unit
ldentifler 1z a5 drastle EFallure, indlcative of szome oiheegwise
undiaqrosed hardware malfunctlion. .

4,17 HMedia Tyoe Idencifiers

Contreollers rceturn a media type ldentifier Egr each unit
acrezsible wia that ceontraller. Thizs identifier encodes Lwo
pieces of information:

1. The preferred device Lype name for use with the uonlt.
Theze two alphabetic charackters are conventionally asaed
with the unit namber and a controller dasignator as  t£he
fully gualiflied operating system ldentifar For the anitc.

2. The namg (product name} of the media used on che unii. .
Thiz adame sShould be printed on the anit's Lront pansl
and on all removable media that may be wusad with Lhe
uwnlit.

The primary reason for veturning this infermation i3 o simplily
aperating system support for genetric device allscation.

The media btypoe identifier returned via MSCF is a 3Z Dit Juasntlty
encoded as follows:

3l 26 21 ta 11 7 & @

¥ I Sy YU R SR S
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! o@ | Dl ! A | Al F az | N

4 e o i e o e -

where the filslds Ara as fnllnws:

£a

DL The preEerred device type name for the unikt, DPF and Dl are
five blt flelds, sach encoding one alphabekic charachsr. 9AY
is encoded with the value 1, "B" with the wvalue 2, atc. 2]
encodes  the left cheracter of the device type name, Bl the

right character.

Al
A1

Az .
k] Tha name of the modiasa used on the unit. AQ through A7 are

filve bit fields, each enceoding an alphabetic character or
nuli. "A" is epncoded with the walue 1, "B"™ with the wvalue 2,
ate . Zaro rebresents a2 null gr the abscence of a4 character.
Dae to three characters cf the madla name are encoded, lett
justified, 1n AR chrough AZ, N 1z & szevetr bit field
contalining the vaiue of two decimal digits.

MNote that the encadlng of the medla name assumes that the name
congists of one, two, or three alphabetic characters followed by
exactly twn diglts (i.e., &nn, aann, Qr aa&ann]. MR reyuires
that the product names for all mass storage devices adhere Lo
Wls Eormat.

Currently dafined device type and medisa names (i.=2., currently
defined media type identifiar values) are listed in Appendix C.
Hames or valaez for new devices must be added ts  thaz appendix,;
vig an ECQ to this specification.



CHAPTER 35

MECP CONTHOL MESSAGE FORMATS

5.1 Geperic Cdntrul Mes=zage Farmat

11 MSCOP control messages consist of 3 12 byte header and a 36
LWwte ar shorter parameter area. The device class {e.g., dlsk)
doms not appear in the control message; 1t i3 impited by the
ronneceion of MSCP server to which the control message is sent.
Multi-byte numbers are atored least slgnifleant byte first (i.e.,
using the stapndard thll number formats). Messages are laid owc
a3 follows:

31 g
S S — e L T
i command referencoe numbher I
e T ey
i reserved |  wnit number |
b s ——— +———— et
| modiflaers or status | opcode|”
T e L Fom +
i I
/s paramaters Fd
s /
i I
e e e i

The length of &the parameter area varies depending upon the
opooda .,

The communications mechanism conveys both the text nE a message
and 1ts length, The receiver of & message uees the its leagth to
werify that all required perameters are in fact present.

The communications machanism may restyict the allowable mes3age
lengths. For axample, it might regquire that all messages have a
£ized langth oF 48 bytes or that the langth be an  even Ruitiple
nf 4 bytes. Por this reason the message lengbhs defined oy MEUR
are minimum lesngths; senders may pad meSsagas  EBS  Nedeldary  co

maat rcommunlicEtions mechanism length restristions. The Contents
of the padding ~- that 13, kthe conktenkts of any data past the end
of the message formats shown in this decument —- are reserveq and

mist - fallew rhe rules far ressrved fieidas defined in  fae
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following sectien. ({f.s., such padding must conkain zeros}.

The fields In the mwessage headar are intecpreted as follows:

command reference number

B 32 bit, unigue, pon=gero numpber used to  idenbify
COMME NS . Claas drivers zshould supply a2 unigue rafer
number in gach copmand that Lhey sead to an MSCE secver.

- .
-

hast
ance
The

MECP  Eerver copies the reference number to the command's end

messadge and to all eryor log messages that relate ter

that

sperific  command. The mMLCP server supplisgs a reference

nuimber 9E wern in  attention mwessages and in errar
messages  that do nab relats S0 a specific host conmand
class driver may supply a zero reference number i€ it
not need Ko associake a command with iks and message.

log
- Fil
dees

Cormmand reference numbers must be unigue across all  commnands

that =sre asutstanding osn the same connection. That iz,

by

muist ba unlgue across all ooutstanding commandes  issued by a

single class driver (hoest) to a single MBCP serwver.

Yhe

classe deiver may re-ugfe 2 mommand's rafarance number wnen the

command 15 no longer sukskanding -- i.8., aEeer racolying
comand's e«nd message or after re-synchronizing with che
SEFVEL . Command ceference number®2 need nobk be unidue

the
MELP
tor

commands issued by different clasa drivers -- i.e., commands

issued by different hosts or commands for different
sepwers fyam  the same  host. Tharafare controllers

Mo P
must

Internally use ths combinatlon of a command refecence number

apd the connecstian on which the command was tecelved as
unlgue identifizc of an cutstanding conmandg.

Comnand refersance numbers are not intsrpreted in any way

i

Ly

MSCE SRrVvErS. Theiy purpaose 2 te provide a uarique

identifier by which class drivers can name  Comnabds.
gre ased by class drivers ko watch ond messayges and error
messages with  the cocfespeonding command messsge 3nd

-

ldentify the abject of an ABRRT or GET COMMAND 3T

CUOMRMAMD,

gnl® nuamber

Thawv
lug
wn

& TS

Idenktifies the dgeciflic wnit within the ﬁevice cilaas Lo which
the mpessage applies. This walue is the binsry equivalent of

Ehe decimel unit pumber dlsplaved by the wupit Eg
mechanism., :

apconde

[dentifisas - the maaning or purpose of the message,
mezaages Sent. from a class drelvar BEo an WBSCP Scervar,
field specifies the ocperaticon or cowmand o be perFormed.
messages aenkt from the contecllar o the class driver,
field specifles whether this is an and  message  aor

Lot

In
bhis
Iu
thi=s
A

-

br
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attention MesSagEe. The oaopcode of an end message alsa
identifies the type {opcoede) of the command ko which kne end
message corresponds. A message's gpoode implicitly specifics
the length and format of the message, ineluding the
intsarprataticn of any parameters that are present.

modlfiar: or status
This Eield has differant formats in command mescages and  end

messagea, and ls reserwved in attention messages. In command
meszagas this fiseld has the following fotmat:

31 16 15 a 7 n

T B e
i madifiers | cevd | opoeds]
B e e e =

Tha "modiflers" fipld contains bit f£lags that medify the
operation identifi=d by "opcode®, or zeras if no modifiers are
specified.

In and messages thiz field has the following format:

31 Le 15 a 7 é

o - ——— Fm——— +
| . status | Elags iendcadei
it TR +—— — —+

The "status® Field f{dentififes the completion status af the
compand ; the "flags" fieald concalns bit Elags, called end
flags, that repeft cortain conditians thak are disdaint Lrom
normal completion statuz of a command. These fields are
further described in Sections "End Meagage Format® and
"Etatus Codes".

5.2 FReserved and Undefined Fields

Reservad flelds are those flalds that are intended Eor possible
future extensionz to MECP. The uvde of such fields must follow
certain rules, in order to ansure that auch future extensions can
be upwards compatible with the current version of MEIF. In
general, the aender of a mesSsage must supply the walue gero in
all reservad Elalds. The action for a message raceiver wvaries,
and i3 digcusged below.

in undefined €ield is just that -- [t contents are contreller
Implemenctztion dependent, and therefore capnot be used in any
meaningfull way by <lasgs drivers. Undalfined Elelds are provided
in worder to sSimplify controliler implementation. <laess drivers
must lgnore the contents of undefined flelds.

— S T S T U W ST M T I P ST ST
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A fleld, as used In this dlscusslon, wmay nave ary length. in
particular, it may be an individual bit of a £lags word of byks
a3 wWell a5 an entire byte, word, or whatever, .

lzss drivers must supply the value fero in the reserved fislds
of all w@messages (commands) that they sand bo & controller, and
aust al=o ignaore the contents af resorved fileids [ 3ll  the
neasaqas frend messages, attention 1asgages, and  erEat i3
messades’ that they receiye from an HSCP sarver. MEORE  Servers
must supply the valuae rero in tha rezarved fields of all messages
fend pessages, attention messages, and errsr 1oy 8553483 Lbaco
they =end to class drilvers. MECP Serwers must eithsr lgrora the
conhents of reserved flelds o the mezsages {(commandsz) thet  they
reaaive from cloass dolvers or werlfy that the zZontents are zero;
the command is treated az 1lnvalld if the coptsenks are  non-seto.
Wroather ar not abc MSCP server veriflesz tchat caserved Fields are
zere is controller dependent, and need not be consistent for aii
teserved fields.

Many coentrollers generate command end  pRessages by Simoly
modifying bLhe conmands? command  messages. That is, che
coltroller coples o command message - inte apn  internal  buffer,
medifies it In plaee during execution of the coamand, then sands
the resaiting contents <f the lntarnal buffer as the command's
and message. Te slmplify such an implementation, controllecs may
mer2ly "achoa®™ command oessage reservad fielas WNEn tLhe
oorreaponding  fleld 1In the end messagje should be gere. Mora
pracigely, £ Some field in the end message of o command shoold
e zefo, and the gorrespandlng (same positicn) Elele in the
command "2 commahd message ls a reserved field, the controllar may
copy the reserved fleld from the ocommand messsage to the and
message rather than explicitly zerolng the fleld in the end
me S saqe .

Tht above parsgraphs have listed all of the atlowakle controllar
actions whes a controller receives a  command message wikh a
non=zers valueg in a reserved field., Thak is5, wWien & oorobrollers
receives a command mezasge with 3 non-z2ero value in a resetwved
figla it must do pne of the followling:

1. BReject the command as invalid and return ah  Inwvalid
cormand end measage.

o Totally ignore the noa-zarso contants of the recsgpved
Field. That iz, the command’s execotlon, cegults, 2ad
ane Hessagse  contents are  totally unaffected by  the
BoR-Zero valle.

3 If the corresponding tield in the end message should
hava a zaro wvalue, echo the caontents of the resepwved
Eleld in the command sessage as the value of the fleld
in the end message. In all other ways totally igneore
the non-zero contents of the reserved field. That 15,
Ehe  command’s  execution, resuits, and the contents of

5
[x8
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all other Flelds n the end message are totally
unaffected by the non-2Zare valuas.

Note that apticon 3 18 primarily of use when a field is reserved
In woth command and end pessages.

dots that controllers musat implement woption 1 whenever the
internal functioning of the controliler may be alterad 1f a
reserved fleld contains a non-—gere value..

9.2 Transfer Command Mezsage Formatlt

Although the paramezers and thelr lawvout is command [(opoodel
dependent, many commands perform data transfers and thus use
aimilar sets of parameters. Therefore data transfer related
paramekers are always lald out as Eolligws:

1l a

T e +
g conmand refersnce nuaber i
F-mrr e ———— s +
j raserved ' ounit number |
A e e e o e e e o s cn +
| madifiers [ tsvd ! opcodel
e e ——— ¥

byte count [

1 —_—— R

o - buffer L
b !
- degscriptor -—+
t i
ot o 8 e +
b logical block number i
fo—————— - - ————

whare these paramebters are interpreted as follows:
yte count

The total rnﬁu&stad langth of tha data transfar 1In  bytes,
For gisk rclass deyiges, the “hyte count™ must mest the
requirementaidegcribed in the next paragraph.

If the “legqgical bleck number® field identifies a luogical
block in the hest area of the disk wolume (i.2., the "logical
block nomber” 1s less than the "unic size" returned in  wha
OHNLIHE and | 5ET WIT CHARACTERILIETICE end messages), then zhe
T"hyke ocount® must he lesg than orf egual Eto the follocwing
maxlman byte : count:

{ unit sige - logigal block pnumber | * block =ize
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where "unit 3ize¥ iz the unlt'z hest akesa 3izZe  (fsturned Lo
the ONLINE and S8T MIT CHARACTERIBTICSE end mpessages),
"logical block numbar® 15 tha coatents of the "logleal Glock
number® field [n the command message; and "bloni size" is the
volume's blook size, either 512 or 576 bLytese. The controller
or MSTP zerver mush chack that ehe "byie count"™ iz leszs than
or wqual tn the above maximem. That 15, the controller or
MECP serwsr  musk rejecht any transier commatd that beglons in
the host area of a disk volume and attenpts to continwe  into
the yolume's Replacement and Caching Table (RCT). A0
"Invalid Command™ status code with an "Invalld Byte Ccount®
sub~cods must bka returned 1 thiz restrictlon iz wviglozed,

If kha "lagical block nombey™  fleld identifies a  Iogical
bilock In the Jisk wolume's Replacement and Caching Tabkle
(RCT) (l.e., the "logical hlock number" is greater than o
eqiral o the "unit aize™ returped in the CHLINE and SET WNIT
CHARACTERISTICS end messageg), then the "hyte coonk®™ must  be
exactly the sector =ige (eibther 512 ar 5376 bytes}. If a
dlfferent "hyte count" walue 1s provided, ths contrsller may
aither pecform the transfer with the specified "byte count®
b e@lse return &n  *Ifavalid Command® status code with  an
Tinvallid Byte Zgunt" suk-code,

Far all disk tfranafer coomands that noentain Fhuffer
descriptors™  (i.e., @ll transfer commands except ACCESS andg
ERASZE), the "byte ecount” pust also be le28s than or  egual Lo
the =lze nf  the LHuffer tdentified by “"buffer descrlgpkor®.
Mobe that "buffer descripter", a&and thus the =zlze of  oho
bufter, 13 inderently commupnicatlons mecnapise dependant.
Thae size of 2 buffer is not necessarily availabkle to the MECE
servetr upntil it gttemwrs to  transfer paat che snd of the
bauffer. A ¥Host Buffer Accedsd Error® status code is retarned
if the Thyte count" evcesds the length of khne buffer. Hote
that spch errors age not pecessarily distinguizhabkle from
cther causas of “Hozt Baffer Access Errarcs”.

Far sk  transfar commands onky . SomE commianications
mechanisme may pgrohibkiz odd "byte count” values. & Y#Host
Buffer Roress Errer” status code ia  returned if  the Toyte
counk® is an illegal odd bByte <ount.

"Byte count"™ walues that exceed any of the maximun wvaluas
dqogcribed above may be detacted sliher kefaore the transfer is
inltlated pr when the transfer attemphs Lo crass bhe houndaey
from isdgal ko inwvalid sykte counts, JE detected befare tioe
tranafer 13 initiated, the MECF server muest not tranzfer  anv
data  and must reburn zZero in the "byte count”™ field of the
end message., [ deteohed when the trsasfer athbempts o orass
the boundary, Lthe MECP serwver nust traosfer all data uwp to
the maximum legal byte count and  return  the wmaximum  iegal
pyte <ot in tha "byte count” field of the =2nd message;
data must not bs transferred past the maximum legal byis
mount. Winiloh ajgorithm an  MSCE server uses for detecting
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byte counts that are too large is controller dependent.
buffer desmoripbor

copmunleation mechanizm dependent identiffcation of the host
ruffer to nsge for the data transfer. The information encoded

in this 12 byte (96 pit) field includes:
o. A no=t ldentifier ([port or node identification).
o The name of a boffer on the host.

Note that the inclusion of a host fdentifier allows for third
party Eransfers. The tuffer descripter formats uwted by
various communication mechanisms are liated in Appendix D,

logical biecock number

The laogical block number {(position) on  the disk wolume at
which to 2tart - the data transfer. This wvalue must not
identify a block past the end of the wolume's HAeplacement and
Caching Table (RCT). Section "hOisk Geowatry and Format”
descr lbes vhe mapping of logical bleck pumbers Eo disk volume
regions. This error causes the command Lo be rejected with
an "invalld Command® status cede and an "Invalid Logical
Black Humber" sub-code.

6.4 Compmangd Maodifiers

The allowable modifiers on a command are command {opcode]
dependent . The individual compand dessriptions  list  cae
allowabla modifiers for each command. All modiflers that are nat
explicitly allowed £for 4 command are regerved, and wust De
treaked in moccordance with the reguirements for reserved Eields
dasaribed in Section "Regerved and Undefined Fields™. Modiflars
that are only allowsed on one Ccommand Are described in that
command* s dAeacription. Modifiors that are commen to o0y
commands are described helow:

Compares

applicable to data transfer commands. After the transier,
the dara will be read hack .from the transfer destination and
verlfied against the original data re-obtalned from the
Source, Specifying thizs mpodifier is similar, but oot
identical, to following the transfer command with a COMPARE
HOST DATA command. In parcicular, If the compare opecatioh
£axfls, an error log message ie gaoerated (if enabled} and the
original transfer operation ratried. (With the COMPARE HOST
DATA command, an arror log message must not be generated oo
-Zompare arrars Aand ratries are unnecessary, altcthough
innacucus and tharefore allowable). See Sectlon "Compare

T T S S—
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aperations®, For & more detalled description of  thisz
modlifiler's alffects.

Express Redguest

Applicable - te rnon-sequentiasl ) HET T Thnis madifier
requests that the controller {gnore lis normal opkimizetion
policles in erder te camplete this command a5 guickiy as
possinle., The exact implementstion of express rzguests is
eontroller  dependent == in gensral the controller will ‘
conplete  some or all aof its sutstanding commands before
aom@pleting an express roguest.

Uze of express reguests disables the normal contrellesr
quardantess that ensuwre  that 311 commands are serviced in a
Limely manner. If sxpress requestz  ate repeatadly iucued,
some  of  all other outstanding commands may time outr (i.2.,
navetr be completed) .

Express requests da NOT ovorride seguentiazl command execution
qUuIranteas. Some  gunbtrollers may completely ignore Che
expressd request modifier; the exact treatmant of  express
reguasts  should be descrlbed in 8 contrclier's Functlonal
Specification.

T

Toroe DErar

Applicable to wrilte commands. Causes the dote to be  wrltten
with the forsed error indicator set, =52 that all attempks to

read the date will fall. The error will bhe preserved ontll

tha next time the block is written. The furced arrors
produced  Wwith thiz. medifiszr must be recegnlzed By the
controlier as dellberate and never reparted to the error log, ..

Guppress Error Correction

Suppressen  earrar porrectian nachanisms, suoh as EZZ
carrestion, Error tacovery mechanisms, such as retries, are
not affected by this modifler. This podifier, in effecl,
lowere  the threshhold at which an error ls considered o be
dncnrrectable. Tt typically lowers the bhreshhold to  zero,
although that 1s not reguired; =ince 2rror corcection is
drive type dependent, the lowered error corractlen tareshhold
ts  alsv drive type dependent. IF a drlve has several error
correction machanlsms, it i3 permissable for this modifier to
supprasd some and neobt affect ochers,

gubpress Error Reoowvery
SUppPresses mMosSt  error recovery  mechaniams,  sSueh  as read o

tetriez. Errar correctlon mechanisms, guch as  RC

correction, and some error recovery mechahisas, such as  seek

renry, arad not  affeckted by Ethis podifier. Thiz exact

definition of which error recovery mechanisme are suppressai

L
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and which are not affected 1s drive type dependent.

End Messade Format

An MS5CE sarver =ends an end message bo & glass driver  to repﬂkt

completion ¢f 4 command. The generlc end message format is as
follows: ’

| command roference nuimber i

e m e — ——— — — S - an o o o e e +

| razserved it unlt namber |

e e aE L w a  — ——— — —— —l-+'--'-'--||——+
L status Poflags jendcode]

+..._________r--n--'n-+ ——————— L L L o

q byte count |

e m s m A —————— —— pr—— L

I
b

+-— m——t
] utdef ined I
b ——
] I
o e +
| first kad bloci |
e e e e +

the command refersnce number and unit number are copied Erom  tha
command messgage. The roemaining flalds are as follows:

glioade

Identifies thiz message as an end message and  the type of
command [opcede) that thiz ls an end wmesssge Eor. This field
implicitly specifies the format &nd iInterpretation of the
parémeters.

flags

Bit flags, eollectively ealled end £lags, used <o report
waripus condltions detected due to this command bdt hak
directly related to success or failure. The following flaga
are defined:

Bad Bloek Beported
=pet if one or more bad blockKs wera detected. Indicates
that the host should replace the bad block identlfted in
ehe "first bad block" £ield.

SBad Elocks hreported

o o e s 8 o o . R o 8 o o e e oo - i e o = B o o o o el e e S R M W

A CEASLL R g -



P e s

MSCP Control Message Farmats Page 5-1Q

5.5

End Message Format

Set if one or more bad Dblocoks were  detected and  not
reporked in the "first bad Sleock™ fleld. That is, two ar
motre 2ad hlocks were detected and the *firzt bad block™
field anly teports the first bad bleck in the tranafesr.

Erraor Lasg Cenerated

L T S T T S R R TR e e

tet if one or more error log messages were generated Lhat
refer to this command =~ {.e., that caontazin this
cemmand*s command refecence number. This flag allowa the
hort te  Save  any oubstanding command context thak it
wiashes to Include in the 2rror leg. The MSCP Server must
send the error’ log messagee either before or shortly
after it sends the end message containing this £fiag,

Ril acther bits In  this fiald are reserved, and mast be
treated in accordsnce with  the reguirements for reserved
finlds described in Section "Remerved and [ndafined Fialdse.

2tatus

The madifiers fleld iz used for a completion 3Status code,
The sbtatus cnode indicates whethar the operation wss
successivlly completed or, if it wasn'k successful, what byps
af erraor accurced. Hote that rocoverable errors are reporked
as successful complatian of the command, AXl arrors, whether
recoverabla or not, are reported in a separate error log
mesaage 1f they shoald ba logged.

TE several errors sceur In a tranafer speratlon, the staktus
code  reports  the first error starting from the beginning of
the transler {i.e., the lowasst byte count or lowest logical
plock  aumber}. The only excephion (s transfer commands that
include & combare oparation (L., read-conpare and
write—pompare operatlons); errors in the original transtfer
dlways take precedence over GrYsEs ducing the Comparce
oporatian.

[f 8 "Forced Errar" and some other error occdr ac  the  Sane
paint  {sams byte count of logleal block number} within a
tranifer operation, the other error must be reported. If a
*Zompare Error" and some other error which is not a *Foroed
Error® oocur 4t the same polnt within a  transfer oparatian,
the other error most be reported, If a2 "Poroed Eryor® and 5
"Compare Error" both occur at tho same point, and s  otoer
Brrer oocUrs at  that point, the "Compare Error™ must be
caportad, deharwlse, which orror af muliiple BEEDCS
accurring  at the same point should be raported is coberoller
dependent. An elternative way of stating this is  fnat
"Foroced Brroers" are the error ok ast resort  apd that
"Compare Brrors" are the ervor of secand to last resorct.

—ra
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End Magzage Formac

If seyeral errers cecur In & non-transfer operatlon, the
arror Ethat 1ig reported 15 controller dependent uniess the
individaal commang description states otherwise.

byte count

In transfer o=ommand end messages, the oumber of bytes
sucrassfully transferred, counting from the atart of thes
transfer to the first error (i.e., the lowesk byte coount or
lowsst logizal blesk npumber with an evrer). Data that
Fmllows the firat errar 15 nobt counted, even iIf ftransfareed
sucoeazfully. The only ercepklan is trapngfer commands that
include a compare nperabion (l.e., . read-compare and
write-compare operations]; errors in the original transier
always take precedence over eirocrs during the CORGaAre
aperation. :

The econkbrolier musk have successfolly transferced all dakta up
te the point  identified by "byte count®. Furthermore, khe
rreoe identified By "statud™ must have actually occurred at
the position identified by "byte count. The scate of tne
tranafer Following the posltion identified by “hyte cocunt" is
undefined. Hone of the transfer followlng "byle count”™ may
have beon perfcrmed or aktempktsd, all of 1t .may have been
attempted [with unknewn success), oF Some parts may have oeen
at-empted and octhers noat.

Again, the only exception to this is tramsfer commands thak
inoclude a compare operation. Such a command makes twWo passel
pvet the data; ons for the eriginal transfer and anotner for
the compare opetration. For mosk errors, there iz Bo way to
determine in which pass the error was detectad. Therafora
the snly guarantes is that the oeriginal transfer was
performed up to the point identified by “"byte count®  wWlthoui
detecting any errors; che compare operation may or may not
nave been performed up to that peint. 1If a “Compare Error®
iz reported, then both the origlanal transfer and the compare
aperation have been successfully performed up Lo Ehe oolnt
identified by "byte count®; the state of bpth the original
rransfer and the compare operation after that polnt, however,
iz undefined. thiz impliez that the compare pass of &
transfer command that includes a compare operation may be
done for the entire transfer as a unlt, block by block, or
atywhere in betwesn.

For di=k olass deviges, the granularity of the byte count on
arrors {i.e,; the rasslucion with whieh the point ef error im
jdentifled) need not bhe any smaller than the welume's block
slze. That. [a, the byte gounk need only identify the block
in which the arrot ocgugpred, rather than the ewact Ward ot
byee . In particular, the byte count returned with such
errars as "Compare Brrors® and "Hoest Buffer Accass Errors"
need only Identify the block in which the error occurred,
rather than the exact word or hyte. MNote that a ®Dlock i3
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identified by the  number of ©the Firsk byte in the blocx,
Centroliers may optienally provide Finer granazlarlky for the
byte count field on  errers. If an error is potb reported;
sontrollers must ceturn the exact bybte acunt that was in  the
comeand message.

WNat present in hon-transfer command end mes3ages,
firat bad slock

In disk transfer command end messages, the loglical bleck
number  of  the £firat bad blosk [i,2., the bad Slock wikh boie
lowest -legical block number) decected curing the Lransfer
that the hesk should replace. Oply valid if the "Had Sleok
Raperted® f£lag is set: uandefined fgarbage} if the "Bad 3lack
Heparted” flag iz olear.

ot present in aon-transfer command aod messages.

S.h Status {odes

The "status code® £leld is divided inte a S-hit major sStatus code
and an ll-blt status sub-code arranged as follows:

15 3
+I--fl---l- ————— T ES S P e £

; 5ub-—cods |  code !

The "event code™ fleld of error log messages haa the {fdentical
structure and enceding. Eeroes that are reported in both ap end
meszade and an etror log mesaage use identical walues  For  the
"status code® and Yevant code* finids. The sSaae wvalue may tol ba
nsed to report a different tvoe of event as A skatus code than as

an asant code,

The 5-hit majer status code conveys the status information rthak
nosts need for normal operation. Tonereform the major Statas
codes are 4 formal part of MSCP. All contrellers must retuch the
gameé majer status ccdes for =similar situatiens.

The 11-bit sub-code exists to specify ®he exact arrer or unusual
situationh encounkersd with wvery fine detall. As sueh 1t is
perimarily weed for diagnostic purpeses, and hosts should not naed
te examine it during normal aperatlon.

fub-codas related to protocel or state errors dare a  formal part
af mMSCep. All controllers must  return the same sub-codes fur
praftecol gor state errors. These sub-codes are generally bic
flags, allewing several causas of the maljer sStatus oode to be
reported.,

o e L B S e R S e R e
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5.6 Statuz Codes

Quh-pades related te controller  andfoer  deive errors, Thowever,
must be allowed to vary from one controller or driwe to another.
There is ne regqulrement that the same sub-godes be returned FEor
aimliar drive or controller errors. These sSub-=codes are
generally specific valuas, correapondlng to one gpecific event or
Brror. Earh sub-cade must have the same meaning whenever it is
uged, I+t i5 the use of a sub—code that may wvary {l.e., whether
ar not a apeecific controller retdrns -Lthat sdb=code), not its
meaning. The defined sub-codes are listed in Appendlx  Bj tuis
list - may expand {via an ECO to MSCP) whenever a new grive or
controller type i3 [atroduced.

The major status goedes that may  be returned in and message
taratys eode” fields are llstad below alohg with the genaral use
made of sub-codes. The actual seb-codas used  are llsted in
Appandix T, Those sub-codes that are a formal part of MSCPE are
alan Iisted in the descriptions of the commands that may returh

them.

Success

The command was successfully completed. This status cods may
alse be returned, for some commands, If the intended =ffectk
of the ecommand hazs already bean acoomrplished fi.e2.,
requesting a drilve that len't spinning %to spin-down). The
sub-code censists of bit Flags wused to- raport wvarious
talternate” - forme of Sucocess; zee the indiwvidaeal command

Aescriptions for detalls. .

The sratus <ode wvalue assoeiated wikh “Success® is, By
definicion, =Z&¥a. Sabecode walue zeto {l.e., nro Zub-code
bits set) ls "MNormal™ success, and impllas oormal comolecian
of & cemmand. One sub-code bit, the "Duplicate Unit Numbey™
‘Blt, iz conmon te many commands. This bit, when set, implies
that khe unit is *"Uplit~Online™ apd the command succesdoed, but
thar the unit haz a duplicate unlt number. Tha uwnit wiil
hecome "Unlt-0fFline”, dus te the duplicats unit number, &5
zpon as lt eeases to be M"Unit-Online®. Other ™Succass"
sub-code -bits are unigque to a particular command, amd are
" descriked under the individual command descrlpbkionz.

Irvalid Command
This status code iz used for twWwo porpasss:

1. 1In normal command end messagasg, it 1s  us@ed Lo reperk
invaiid parametar values (@.9., bad  loglcal olocx
nuuber). Some controllers may not detect csrtain invalid
paramaters until after performing soms part of the
commmand .. For example, a byte count that runs past  the
end of a disk may not be detected until the transfar has
bgen performed uwp to the end of the dlsk.

SN YR
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4s In the Tovalid Command End Mdéssage, it s used to Feport
invalid - MBCF commands (protocol errors). A commsnd is
Invalid if some field contains a reserved walue or the
command message was  too  short to centain all  the
parameters reduired by the gpcods.

Mote that an unknown unit number dees not  censtltute  an
invalid parameter oc- command; upknuwn uonit numbers are

treated ag it the unit Is "thit-Qfflipe",

The aub-code i3 used o raport tne offset, within the command
mesgage, of the f£ield in evror. #its & through 15 (the high
iryte) of the “"status code™ field contain the byte oFfset from
the stagt of the message to the field in ecror., Multi-biyte
Tiglds are identified by the offset to  their lowest byte.
Slngle byte fields positioned at an odd offset may hbe
ldentified, at the ocontrnller's apticn, by either their
actual offser ar their offszst minus oke. Thatl iz, sff=setz
may be truhcated to an even wvalue. Sph-code Zera is Lsed Lo
report  that the command meszage was too short to oontain the
parameters regquired by the command's opoode. Mate khat ARy
value 13 wvalid for the field at offset zero, Lthe "coammand
referance number" .

- dote that protocel erreors, rveported wila this status codse  and
the Invalid Command end message, may cause the WSCP ssrver to
become "lontroller-Available" relative to  the class driver
that izsued the invalid command.

Commangd Aborboed

Tlte command was aborted by an ABORYT commsnd. The end NeESage
Eor. the dborted command (i.e.,. the end massage containing the
- "Command .Aborted” status code) has the normal farmat Far Ehe
command and all fields are walid. In patrticular, the "byte
count® Ffield identifies bow far a transfer command was
compieted bafore It was aberted. The status of the tranafer
vevand the returned hyte gount is undefined. Sub-codez  are

not asad.,
Onle~ffline

The ubit identifled by the "unit number™ field of the andg
mERsAge iz in the "imit-0fflin=" =tate. The zub-coda
conzists of bit £lags that indicace why the unit ise
"Ric-Offline®., Note that therce nmay be several reasons for
the unit belng "Unit—0ffiine”. iIf the sub-code is Zero, le
Impiles that the unit is uUnknown —- l.e., the controller
Knows of no unlt with the specified unit number.

Mhit-Avallanie

The unit identified by the "unlt nuopher® fivid of the and

B i s e o o e ¢ e e e
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’ :

massage  is5 :in  the "Unit-Avallable" state. The sub=-cade 13
always zero.

Mardla Format LFrror

Cnly returoed. by the ONLINE command for disk glass devlces.
The wolume mounted on -the - wunit appears to be formattadg
incarrectly, so that it must be veformatted {and all data
. lost] hefore it may be used. This errer is also returned 1f
* a the valume is formatted with 576 byte 3sectars and the
controller anly suppoerks 512 byte Seckors. Hote that tne
wolume may only "appear"” to be formatted lncorerectly; the
cypical canme of this error 12 a fawlt in the drive's
read/write electronics, If this iz the case, tha wolumge Can
sEually be succesafully accessed on ancther drive.

Controllers must. treat the unlt as if an AVRILABLE command
with the *"Spin-dswn™ meodifler set. had beep lszued for it
whenever they return this ercror cede. The unib is therefore
alyayz in the "Unlt-Avallable™ state with AVAILABLE attentlon
messages supprassed until a human operator changes the voluma
¢ spins-up  the unit. The sub-code reports which integriby
check the volume failed; it is wolume foermat, and thecefora

— deive type, dependent.

.-'--1-.il

Wrlite PBrotected

The unit idehtlfied by the "uwnit number® fisld of the ehnd
message is write protected and the command required that data
ke written onto the drive. The - sub-pcode oonsists of bit
‘laqs indlcating the reasons why the unit iz wrlbte protected.

Compare ErFForl

A COMPARE HOST DATA command, a read compare operation, or 4
write pompare opsration Eound different data in the host
buffer and the unit identified by the "unit number®™ field of
the end message. The sub=-gode is always zero.

Data EBrrart -

Invalid ar uncorrectable data was osbtained from a drive, a3
detarmined by lotarnal error dektecklng or correcting codes.
The sub-code is used to vyepork the exagt error  detected.
* Sub-code zero 15 used Efor "Foreed Brrots*. ALl errors caused
by the "Force EBrtor® modifier must be reported with asub-code
T2l .

Hoat Buffar Acgcess Error
the controllar encountered an erepor when attempting toe acgess
a bueffer in host memocy. The sub-coede is wsed to repoyt the

exact error snecountered. Thiz status code is  als3e  returned
whenever tha commend's boaffer descriptor or byte <ount
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violate apy communlicatlions mechanism dependent restrictions.

Hote that this status zods i NOT used to repork ergors
encountared  when transferring command, end, attention, or
eryor log meszages hbetween the controllar and a host. Such
errars are reported by terminating the connectlion between bthe
class driver and MSCP sefver. The mechanlsm for reporting
guth errors to the hest's error leg i2 communicatliens

macharise depandent.

Coltraller Brror

The contrellet encodntersd an internal controller errer. The
sub—code Le  uysed te report the exact errar encouantered. An
internal controller error is reported as a "Controller Errar”
if and only If the conkroller has reasonable grounds to Lrusk
its sanity and expects 2o complete, eithar succesgsfully or
with an appropriate arror states code, all of its outstanding
commands. ALl moTe severs controller errors are reported by
tetminating the rconnection betwaen the contrallerts MSOP
sarver and the host class driver. Thiz i= in addielon, of
tourse, to attempbing to generate an error log messagsa.

Slp=code zero of this statws cede i3 raserved for  Bosk
detested command timeguata: all other sub-cedes are
conttocller dependant.

Hobe that some @onktroller errors may be reported using other
RIrot  <odes, 1f an  internal contreller error causes the
contbieller fo mis-dlagnese the arror,

Criye Error

The controller discoverad an  error within a drive. Such
BrroEs  are  Lypieally, bot pot alweys, mechanical in naturs,
sinee most npon-mechanical errors  are reported as  "Daca
Errmrs". The =sub-cede iz used to raport the exack error
gnralntered, : ' .

in many cases a4 "Drive Brror®™ will indicate that the unit is
hroken or inroperative, If thkls cccurs, the "Drive Erragr®
ghould be reported once and the uvnir should subseguancly be
reparited a5 being "imlt-0£fline” due to being lnoperative.

The status codes that mavy be returned for a specific cammand are
Comiard (opoode) depandent . The status cgodes that may be
returned for esch command and any special meaning that they have
spaslfle to the command are iisted in che command descriptipns,
Mote that the format of a cowmand's end message is solely
detarmined by its woprode; the status code returned in the end
meSE2ge daes riot affect the end message's format, The eonly  two
axceptions, protocol errors and serious exceprions, have unigue
and meszages that contain & special opoode.

B T B T B LS i s il o o], o e o e 3 3 o e 5
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5.7 mit Flags

several messages <ontain a field called the --unit flags field.
This field consists of unit charactaristies bit flags. Some unit
flags are heszk settable; host sattable unlt flags may be 3eb  or
cleared with the ONWLINE and BET WNIT CHABRCTERISTICS commands.
other unit flags are non-host  settable; the oontroller mustc
ignore  the wvaluses sapplied by hozts for such flags, and always
rarurn the correct value from the gnit's characteristics. A few
anit flags may be host settable or non-host sekttable, depending
an the presence or absence of a command modifier.

Many unit flags, . including all host settabla unit flags, are only
walid -when the unlt is *Unlt-Online®, The waluas returned fot -
such unlt flags are undeflpned if tha unit IS *Eit-CcEflIne™ ok
"init-pvailable®. A few non-host settable unit flags are wvalid
when the unlt is "ynit-Avalilable® and duar ing certain
“fnit~0fflina® sub-statesy these flags are identified in the
fndivideal flag descripbions below,

Those hits in ehe "unit flags" word that are not defiped as unit
Flags are reserved, and must be treated in agcordance with the
reqifrements for reserved [ields described in Beaction MReserved
and Undefiped Fields",

The unit characteristics flags are as Lollows:

onmpare Reads

5 host setkbable characteristic; set if  all  read transfers
ehould be verified with a compare cperation. Egulvalent to
specifying the “"Compare® modifier on all READ commands.
Undefined when the wunit is either Yinit-Available™ or
Pinit-DEEline™.

Compare Writes

5 host settahle characteristie; set if all write transfers
choutd be wverifled with a compare operation. Eguivaient Lo
specifying the “Compare” modifier on &il WRITE commands.
Undefined whes the wnit is elcher "Unlt-Awvailable® or
#upit-0fEline® ., ' '

Bemovapis= HEﬂiﬂ.

& non-host  settable characteriatle; get If unit nas
removabtle media. valid whenever the <ontroller O&N determing
the unit's characsteristics; =oe the descripticns of the GET
IIT STAT U=, OMLIWE, and SRT UNIT CHARACTERISTICS commands
far more infsemation.
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Write Protect {hardware)

A nor-host settable charackeristis; set if and anly if  the
unit's write protect mechanlsm is activated, causing the unit
to  be Hardware Wrikte Protected. A1l welee operations,
including attempte to parform had block raglacement or
ntharwise modify the HOT, will be rejectad when thizm flag is
set, See Sactlon "Write | Protactisn®, Whdefined when the
unit is =ither "Unit-Availabhle" or "Unle-0Ffline"”.

Write Protsct {soEtware]

Horeally & mon-host settable characteristic: 2 host settable
characteriatic if the “Enable BSet Write Protect® copmand
madiEler -ia adgetrkbed in tne ONLINE or S5ET WIiT
CRARRCTERISTICE commands. Set  if  and only if the unile is
Software Write Protected. See Secrion "Wrlte Protectisn®.
odefined when bthe wonit is either "inlt-Available” ar

"nit-QEfline".
37% Byte Sackors

Normally @ non=noskt settable characteristic; a hast settable
charactaristie If cthe centroller supports 576 byte. sectars
and the "Ignore Media Format FEreer™ ocummand modifier  is
agsarted In the OWLINE command. Set if the voelume mounted on
the unit has 576 byte sectors. tndefined when the wnit ls
either "Unit-Available" or "nit-0ffline".

5.4 Controller Flags

The IZET CONTROLLER CHARACTERISTICS command is  used Lo set and
clear host setteble controller flags, and to nbtain the valiues of
non-host settable copktroller [iags. Hoest  settabls controliier
Elags  ara Stored on a per class driver basls; eacn class driver
may have diffarent settloge for hest settable ceonkroller flaga.
Nan-=-host sektable  scontroller flags ara fixed contreller
characterlstles, and therefore common te all class drivers of the
same  device class. The contrclier must Ignore the walues
suppliad by hosts for non-host settable controller flags, and
AlwWIyE return the TOrEeqt valus from the cantroller's
characteristics.

All host settable controller flags are, by default, <lear
whenever a . class dtiver becomes "Ceontrollar-Online™ to an MSUP
server. The flags remain clear untll the class driver sets . conem
with a SET. CONTAOLLER CHARACTERISTICS command or until the class
driver i3 no longer "Controller~onllne™ to che MSOP Rorver.

e e e e B e WY TR PR e T T, B m o e e o m o e
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4.8 Contraller Flags

Those bits in the "controller flags® word that are not defined as

controller flags arva raserved, and most be treated In aceordande
with the raguirements for reserved flelds described in  Sectieon

"Reserved and Yndeflined Fieldsa".
The controiller £lags are ase followa:

Enable Attentlion Messagas

A hast settable controller characteristic; set if attention
messages should bz seat to this host, HNobe that this flag ls
applicable ta all attention me#ssages, regardless of type.

Enahle Miscellaneous Error Log Messages

& hosi sectable controller characteristic; set 1f error log
messages that do nok relate to a speciflc command showld be
cant ko bhiz host.

Enable Okher Hosts' Error Log Messages

A host settable contrsaller characteristicy set iF error log
mezaaaes that relate to commands issued by other hosts should
ke zent to this hogt.

#nakie This Host's Error Loy Mepsages

5 Yn=t setcable centroller characteristic; set LE error log
messages that relate to commands issued by this host shoukd
he sent to this hoat.

575 Byte Eectors

A& fon-host gettable sentroller characteristlo; get if the
controller sopperts disks formatted with 576 byte Sectors.
Mate that thia flag is only applicable to the disk device
class.
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CHAPTER &

MINTIMAL TISK MBCF SUBSET

T™his senkion First describes the unlt and contreller flaga that
are used wirh the minimal Pisk MSCP subset, then lt describes
cach cemmand to whiech contrellers must respond, and Ffinally It
describas the . attention messages that the coptraller must
generate, The controller must respond with the Invalid Command
end messaga and  an "Invalid Opcode status cede to any command
that is noet listed here.

Bach cempand descriptlen includesz the command®s category or
axeoution order (see Section "Command Category and Executlon
Drdexr™), the command message format, a 1list of the allowable
comeand modifliers, the command's end message format, a list of
possible status codes, and a descriptian eof the command's
effects. Use of any cowmand modifiers other than the ones listed
£or an individual command is reserved, and must be treated in
acpordance with the reguirements for reserved flalds described in
Section “YAaserved and Undefined Flelds".

#.,1 This saction deliberately omlittad

- —— " — e —_— N




Minimal Disk MSCPp Subset

£.2 This szection delliberately omitrad
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ABORT Command

G

B.3

ABORT Command

command category:

Immediate

Command mescage format:

Fad™

al &

S 4k i e e ik 8 i ki e 2 o
] conmand reference pnumbhet i
e o —————— e +
| recatyvad |  unit namber |
s e e s
i modifiars | r3wd | opcodel

.!.-_.....--..-..—..—_r_..____+_|.__a__u.-u+|----'-l——r+

| outstanding reference number |

unit number

Must be the sSame a3  the "uwnit nupbar® Eield ian  the
mutatand ing command to be aborted. Thie allows
cantrollera te optinize thefir search for the woutstanding
command . If the incorrect unit number is swpplied, some
controllers may ertonepusly coneluade that the command  1s
no langer outstanding and therefore not abort Lhs
command .

autstanding reference nusmber

Command teference number of the command to ba abortod.
sMate Ehat 8 class drivar may only abort commands that it
itzaelf haz issued. Thia derlves .from the fact that
mommand refarance numbers ara implicicly gqualified by the
cannection an whieh the command was lssued, B0 that class
grivaers have no way of naaming commands  issuad by a
differant class driver.

Allowabie modifiers:

nene

e a8 o e - o e . s . = e . e el e e - B . e b i e TR B B e .
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.3

AEORT Cammand

End mezsage format:

[ command referance number I

————— T T e —_

| resarved i ounit number |
8 P S +
] Status ! flags lendoode|
o trrm——— rom v o
| outskbanding reference nucbhar |
e e v +

cubstanding referanse number

The command refersnce number of the command tharn was
eborted. Identical to  the valwe zupplled ia the ARJRT
comneand messagya.

Status Oodes:

seocess [sub-code *HNormal™)

Dagoriptiens:

The ABDRT command cawses a specified command to be asborted ab
1ha earliast time conpvenient £for  the  controller. The
epacified command musk, howevep, either be aborted or be
compl eted within the eontroller timeout  interwval. Hea
Gection "Command Timecswcs"  Ffor a discussion of Lhe
interaction Between ABORT and command cimoouls. :

The ABDORT command always succeeds: tE . the coemand Lo bLe
aborted 15 not knewn to the cenktroller, thls implies that it

has alreddy completed and the ABQRT command will be ignored.

The fcontrolier always returns the “Hormal™ status code in the
ABORT command'e end messsge.

Tne controller may ignore the ABORT command 1f khe commend
belng aborted will always complets within the controller
Eizmecut fnterval.

The olass driver must walt for the akorted comnmand's end
me2sage, of else re-avnchronlze with the MSCE serwver, before
reuasing the sborted command's command reference number  or

releasing the absrted command's context. If the command was
aborted, its end message will contain the "Command Aborted®
Status caode; otherwise the command was completed, ‘The class

Ariver may lgnore the ABORT command's end nessage. Note that
ehe rclass gdriver may receive the ABORT command's end message
gither beiore or after the aborted command's end message.

Bl e e = 2 e e e e o e 5
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f.4 ACCESS Cowmmand

6.4 ACCESS Command

Lommand categnryi

Honw-gseguantial

Command message Earmat:

3l @

Mo e i et o i +
1 copmand reference number |
..'..,..._.._..,...______..__....._.:'_*...n._' _____________ 3
| resaryvad |  uwnit number |
e e im o o ——— +
1 podlifiars I rawd | opcode|
e e L Fommmm—— +
i bybtsa count ]
4 o e e e o e e e +
f i
i =t
i raser yvad 1
Foaa _ -

P !
o et o

oo logical block number I

et —————————— e e
Allowelhle madlifiers:
Exprass R&quést

Suppress Error Correctlon
Suppress Errof Recavery

'Paga'ﬁ*s
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8.4 ACCESS Command

End message Borpat:

Status Codses:

H cemmand reference pumber |

$—— R 1

f rezarwved | unit number |
Aemm o , R fm—r——— +
| gLatus | £laga lendcodeld

oo o e s e s a s #

[ oyte counk |

e ——— +
i ]
dm ) e et 1
I undef inad T
dom ———
I |
o e i e .k e Rt d +

| . firsr bad bl&ckﬂ I

S S §

Eugcess faubecpde "Hormal®]
Bugccess [sub-code "Dupiicate . Unit Numbae")

Invelld Command {sub-pode "Invalid Byte Count™)

Invalid Coemmand (Sub-code "Invalid Logical Bleck Mumber™)

Oommand Ahbnore
Unit-0ffline

Ead

Init-Avaitable

Data Errar

Contraller Errar

Drive Error
Descriptian:
Data iz ra

Fliegcarded.

Thiz command

in performanse,

ad from the unit, checked Far

BETOILS,

A

The purpose of Lhis command is to verify that the
designated dats can be apcessed (read) without error.

is exactly eguivalent in function, although
tc a READ whose data 18 ignored by the host.

= T ST ST T BTIE Do Nt (%l i ¢ e s e s h SRR S R R R N N SR R R R R 8 R 8 SRR N 3 MR R o e E

not
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£.5% AVAILABLE Command

5.5 AVATLARLE Command

Command category:

Seguentlal

Command meszage format:

31 . ' -

+———___'__a_a_.u--h-.-r--n-rr————————l—l-—lll-l‘i'

| conmatd reference number |

$rm——— o e D e

I resaryed | wnit oumber |
Fommaaa o v e e Fe o - ——
t modifiers | rsvd | opcodel]
o e e Y Frm————— +

Al lowable modiflers:
Spla-dawn

Reguests that the disk stoep splaning and that the heads
be wunloaded. Hote that the command completas as sooh &S
the spin-down has been initiated, rather than walting for
the digk to step spinning. The spis-—down will not be
faitiated if this wnlt Belongs to a multl-unitl drive  and
thiz uanfk =hares a spindle with some other unit that 1s
Yimit—-onlina®; s@ga  Section  "Moltl-iRiit brives and
Formatters™. Regardless of whether or not the spln=down
is actualiy inltisted, AVAILABLE azttention messages wilil
be suppreased For this unit, both Egr thls controller and
for any other <contrellers to which the unit may bae
connected; sSes Sectipn “Unit States®.

End message format:

3L 1]

Fmm e m m————————— e e e ——— +
1 copmand referahce aumber i
e e i +
I yeserved |  @mit number |
" e w14t e o i b i e —————
1 status | £lags |endoode!

-hn---—-.-——————l-———_n.--tr--rrur-.———+— —————— +

D i "
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G.5 AVAILABLE Command

Ztatu=s Codas:

SucTess [(sub-code "Mormal'y
Zurcesa (sub=code "Duplicate Unit Mumber™)

Jueccesas (sub=code "Spin-down Ignered™)

The "Spin-down Ignored” sub-code bit flag is set if and
only 1if the "Spiln-down® modifier was specified and one or
more ather uwnits with which this unit shares a spindle is
3t1ll M"init-Online®, preventing thiz unit £rom spinhing
auwri.  See Section "Multi-unit Drives and Faormatters™ for
an axplanakion of shared spiadles, '

Success (sub-code “S5kil] Eunnécted'j

The "Szill Connacted" sub-code bit Elag iz zet  if  and
gily 1£ this unit may potentially be accessed via anatheg
contralier. and one or more other units with whica thiz
unit shares an access  path is still "Unit-Online*,
preventing this unit from being accessed wia the other
sontroller  {iF any). The "Etill Connected” sup-code pit
flag will always he zet if the “Spip-down Ignored"™ Llc
flag is set, gee  Section "Molti-access Drives" for a
discussion of access paths,

bnmmand Aborted

The unlt's state has not changed.

mit=-0FFfline
. Controller Brror
- Drive Brror

Description:

Al1l  ocubstanding commands for the spealified unit Are
completed,  Ethen the unit becomes "Init-Available”. If the
"Spin~down" modifier was ot specified, the unit [z ok
already "Unit-MAvallable", and no other uniks that share this
uniz's acoess pakbh are  "Unit=-0niine"” ti.e., the "3Lill
Connecked" status sdab-coda Lit £lag is clear), then an
ERVAILABLE atteption message ls sepk by any other controller
to whleh the unit 13 connected, The contreller to whish this
command wagz sent need not itself send an AVAILABLE atkencion

MESSAHE «

LT the "Spin-down™ modifier i3 specified, the disk spins down
and its heads are unlcaded, unless sgme otfther unit with which
this unlt shares a spindle 1s "Unit-Online™. The disk may be
spant up with an ONLIME command ar by oparator intervention.
The "Gpin~down" medifler also suppresses AVAILABELE attentiaon
messages for thiz unit, both for this contrsller and any

ik L e e o o ot e o ¢ o oy
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6.5 AVAILABLE Command

nther controllers to which the unlt may be connected. Bee
Gectian *Unit States" for a dlsgussion of sdppressing
AVATLABLE attenticon messages.

This eemmand will be accepted if the wnit is "Unit-Oniine® or
"imit-Available™. 1t is nugatory ko issue this command oo a
unlk that ig "Unit-Available™ unless the "Spin-down™ modifler
iz specified. Assuming no other errors occur, the “Success®
statue code will be returned regardless of whether khe unit
was previously "Unlt-Online” or “Unlt-Awvailable”.

If the unlt was "Unlt-Online® but had a daplicate onlt number
prior to  the AVAILABLE command belng 1ssued, the AVAILABLE
command may comglste; at kEhe contreller's optisn, with elther
& "Succesa” or a Pinit-0ff1line” status code. The
"init-0ffline® status code must have the YDuplicate Untt
Number®™ suob=codes Flag Zet. The "Succaess® status code may ot
may not, at the controlier's option, have the "Duplleate OGnit
Numbar® sub-gode flag set. Subsequent attempis to access the
unit will retoern "tnit-0ffline™ status with the "Duplicéte
Unit HNumber®™ pub-code flag s5et unless the duplicate unit
nupher has been eliminated.
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AVAILABLE Uommand

This sectiop deliberately omitted

Paga 6-10
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6.7 COMPBARE HOST DATA Commarid

6.7 COMPARE HOST Th CTommand
Commahnd cateanyé
Mop-semquential

Command message format:

31 £

o r A +
1 command reference numbar |
o mmmm—————— P m———————— #
I rezerved Fowit number §
b mramm - ——— e — = —
I modifiers | rsvd | opoode|
e msmmrr e ———f s s s amw et ————— - +
I byte count |
e e T bl +
! i
- buffer -—4
i i
F=—— - deseriptor -
i . i
N _—————— R e BT
1. logical bloek number I
o —— i — ——— — e +

Ailowable modifiers:

Express Request
Suppress Error Correction
Suppress Error Recovery

Page o9-11
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8.T CCMPARE HMOST DATA Command '

End message format:

31 @

ey Y M S e e o i in e

| command raference numbar |
e e T T T T —+ P
| reEEETVEd |  wnit number |
L e T T e +
! status } flags lendeode |

Status Codesm:

Gucress (2ub-code "Mormal™)

Suceess (Sub-code "Duplicate nit Number™)

Invalid Command (svb-code *Invalid Byte Caunt™)

Inyalid Command {sub-code "Invalid Legieal Block Wb}

Comzand Aborted

Mmit-0f€line

hit-Available

Comprre Brror

Data Errar -
Host Buffer Access Error E
fontroller Brrar

Drive Brrotr

script-ian:

LData is read from the unlt and compared with the data ip the “n
host  bufFfer. A "Compare Error® is reported uanless the data

iz identical, wHote that the cecurence of any ather earrar,

except & “Forced Ercorc”, at the same point as the "Compare

Error® will overcide the "Compate Error". Hote alss that any v
"Compare Errars" detacted by this command must NOT  be
reporbed to the srrar log.

L e T
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6.2 DETERMINE ACCESS PATHS Command . :

5,8 DETEOMINE ACCESE PATHS Command
Command Category:
g2 below

Command message format

' command reference number :

oy ' Jur e —— Form e

! - reservad | wnit pumber |
F=——— e Fm S it +
k) modifiers | rsvad | opcodal
Pt o — —tr——
_Allowable modifiars:
A Ao
End message format:
© 31 g
o st e ——— +

| scmmand refarence number |

P - e i " P L L S a  r p h

P | reasryved | wnit number |
i frm e ———— e m————
| statue | revd |endcodel
fommm——————a SV S S
Status codes:
- Success (sub-cade YHormal™) .

Success {aub-code "Duplicate Unit Number')
Command aborted

mit=-0Efline

Imit-availakle

Copntrallzar BError

[ twe Erptor

Fv  Descrlpticen:
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NETERMINE ACCESS PATHS Copmand : T

Class drivers use thizs command to determine the- topolagy of
multi-aceess drive configurations. When sent to a unit Ehat
iz "Onit-Uniine", it causes that unit and any other units
that ahare its access path to identily themselves ko any
ether econtrolier to which they are connocted, Tha MA3CE
servers In  the other controllers will, as a result, become
aware that the unit is onlire wia the contrcller recelving
this command. They will tLhen sernd an ACCESS PATH atkantion
message to  thelr "Centroller=Oniine" olass drivers, chus
informing the class drivers of the alternate aceess paths ko
the anit. Thiz command must be treated as & ng-cp  Lhak
always succeeds if the unit i=s incapable of being connected
tn more than one contraller.

The actual potification ko ancther contreller, and thus the
zending  of an ACCESS PATH attention meéssage, 1s dependant on
the proper fanctlening f the unlt and both cantrollers.
Furthermare, it heed not be 140% reliable. That is, assuming
the nit and beth fontrsllers are functiening properly, thare
need  only be & high probability {betterc than 583) that the
other controller will in fact be notified and send an  ACCESE
FATH sttention message. For this reagen, pluis. the fast that
the topolagy may change while tiie unle remains "unib-Online",
hosts  that need b0 kKnow multi-acoess drive topology mast
I'35ue DETERMINE ACCESS PATHS cormands to &11  "init—0Online"
units on  a pariedic basis, such 88 onoce every § to 15
minutas, .

This command in no way affects the unlt's actual state to any
conkrotler.  The unlt remains "hit-onlipe”™ via the receiviag
gentroller and remzins "Unit-0ffline® via other contrallors.
Mote, howsver, that thls. command mey &ffect che unit's
"Unilt-0ffline® sub-state that is puarcelived by othar
cantrollers.

The processing of thia command may, and ofien will, cause a
Erapsient performance degradation  for  the gpeciflied anit,
Conttallers must conslider this performance  degradation  when
specitying their controller timeout ihteryal,

& controller may, at lte optioen, Lreat this. as elther an
Immediake, sequential, or HMen-seguential command. Host
apmmand tlmaeut algorithms must kreat this as s non—Itmmediate
commard . :

-,
! G
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&.9 ERASE Command

6.3 ERASE Comeand

Command category:

Moh=gagquential

Comnatnd message

Fornar:

11 2]

e s —— *
[ command reference number b
Frrm—r—————— s e
HE reserved I oupit number |
s = o From o = —— +
|- modifiers ' ravd | opcode|
R o o +
1 Byvta count i
S e . *
| i
dm—— R
l reEerved ]
S P -———

ey —

1 legical block number t

ey R

Allowable modifisrs:

Express Request

Faorne Error

suppress EBError Recovery

Fage =15

S S [ —
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5.9 ERASE Command '

Ernd massage formak:

31 q
A = e e e e e e -+

| comeand refarancds nuamber |

b e e e o o o e e e T

| regervad |  unit numbar | -
o e e e +
1 atatue ! flags |andcode|
s o o e e e +
i Byte ocunk |
L T U Yy P Sy S PO P +
| i
o -
I undef ined ;
—— : —_——t
1 ;
v e e T v T e e T +
H Eirat Bad block |
Fr o e o +

Sratus Codas:

Success {sudb-code "NormalT™)

Success [(sub-code "Duplicats Mit Humbar®)

Invalid Command (sub-code YInvalid Eyte Count®)

Invalid Command {(Bub-code "Invalid Logical ®lock umber™)
Command Aborted : .
Unit=0ffline

Imit-&vailable

Write Protected

Controller Ercot

Nrive Errar

Description:

All data in the gpecified reqion of the unit 1s erased by
overwritling it with zZero.

This command 1s exactly eguivalent in Eunction, altheough not
fn performance, to a WRITE command which referencesz a huffer
that the host has zeroed.

-
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£.9 ERAHE Command

5.16 This secticn deliberately omitted

Page bB-LT
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a.1} GET COMMANME STATUE Command

A.11 GET COMMAND STATUS Command

2o nd

catEgory:

ITmnediakbe

Command

anit

aucts

Bllowalr}

none

T T S

message format

| comoand reference rumber i

| resarved |  unili pumber |
e e e e +
1 madifiers | ravd | opcode|
e — T T
| sutstanding referance numher |

hembe r

Must bs ths same as the ‘“unlt number® field in  the
outstanding command whosa status s to bz mhtained. Thls
ailows gcontrollers to eptimize thelr search  Ffor the
autatandling <command. If the incorrect unlt numbBer ia
supplied, some contrallers may erronsously Gonhclude  that
the comnmatid 1z no  lopnger outstanding, leading o
erranecUus commahg timeouts,

tanding refarence number

The command reference numbar af the command whose status
iz to hwa obtained. Note that 8 olass driver may only
ebtain the sratus of commands that it itself has  izssued.
This derives From the fact that coomand reference numbers
are imp:leit]ly dquslified by the connectlaon on  which  Ehe
command  was issued, so that class drivers nave to way of
nanlng commands isswed by a different class driver.

e madlfiars:
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fa.11

GET COMMAWD STATUS Command

End meszsage farmat:

-31 %

e T
I command refarence number 1
e frmm s mm———— +
4 reserved I unilt pumbar |
T e et
j sLAatos | £flags lendoodel
A mmmm e —— — s = —-—— e +
| outstanding reference number |
g o e e e e e ——

[ command SCacils L

S pmsmmmmrr—————— — i} — et mma mr e ————

autstanding reference number

The copmand reference number of the command whose statbds

has been returned. igentical to the value supplied in
the GET COMMAND STATUE command nessage.

command sabatus

The amount of work remalning to be done To complete  the
cosmand, expressed as an unsigned integer. This field L=
rero L the commasnd i3 not khown to the conbroller, Such
az when the command has already completed. This field
ghrnuld also be zere if the command has been aborted. The
conteoller may also return zero in this fleld If it can
gnarantee that the command will complets within the
coentroller timesut  interval. The contraller @musk never
return a walue of all ones (2*%32-1} In thisz fi=sld, as
that waloe iz used to initialize the command timecut

algorithm.

The units in which this wvaiue 1s measured are Arbitrary
ard may be controllar, device type, andfor command
dependent, Howawver, the unibs must remain the same foc a
parcicular cemmand for as  lemng 43  that command i=
outstanding.

Status Codes:

Sicoess [(sub-code “Normal®)

Dagoreliption:

The GET COMMAMD STATUSE ceommand is wused to moniter the
progreszs of a command towards completion. Tha command status
measures the "doneness" of the command; the oconmand  status
field 5 guarantesd to oot lncraase over time. Furthermere,
the command status of an  MECP sarveor's oldest oubtsitanding
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6.1

g e = e e e e o 28

GET COMMAND STATUS Commahnd

command is guarantasd to decrease within the controller
timeout interwal. This last fsature may be usad by a hosk
class drivar Eo datect an lnsane or wmalfunctioning
controlier; sSee Section "Command Timesutbs® for more delalls.

The GET COMMAND  STATUS command always succeuds. If  thwe
eommand  referenced by the Youtstanding reference number® is
nat known Lo -the MBCF server or has been aboarted, then Lho
MECE server should return zero Ffor its command sStatus, The
M5LP server may also return zera as the command stacus of any
command  that will always complete within the controller
timeaut interwval, The M5CP server always returna thw
"Normal™ status code ln the GET COMMAND STATUS command's end

message.

. I B et mnm o o 8 e - o . = 5. e o 8 8
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6,12 CBET UHIT STATUE Command .

.12 GET IMIT $TATUE Comaard
Command cAtegory!:
Immediate

Command message formak:

3l 3

e e m———————— e ¥
i command reference number |
N e +
1 reserved { uwnit number |
o smem - G - +
A nmodifisrs | esvwd | opcoded

fim e ——— i s o —— — e — S ca

Allawahle modifiers:
Mext Lnit

Raguests that the controller retuern the status of the
next unit (in srder of ascending vnit numbers) that the
conkeroller knows to  exist and whese unit  nueber iy
greater than or equal to the unit number speciiied in the
conmand: See Section "Unit States™, for s aetalled
dafinition of * which wunits must be acknowledged by this
modifier. '

If this modifler is apecified, the "unit pumber® [ield in
the end nessage vorresponds to the wunlt whose
sharactarlstiecs are being returned, and is typically not
the =ame a3 the "uait number® £field in the coomand
mesgage, If there are no unlts that are both known te
the controller and whnosSe unit numbers are yreater than or
aqual to the wunit number specified .in  the CommAand
message, then zerc is returned in the “unit number® fieid
af the and message. The remaining flelds of the end
message are identical +to the walues that would Le
returned for a GET MIT STATUS cowmand with a  Tuait
number” of zere - ankd the *Haxt Unit*® modifier left
unspeclifled.

o = o e o 2 e e e e e e 2 8 e e . el o e i Araraa
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G.12 GET WMIT STATUS Command

End message Eopmat:

11 g

o —— A ——— +
i comamand reference number |
it Tt P S —
4 reseryed | wunit number i
R it el LT T ey ——— +
| Status | flags |endcode|
o e —-———
!' unit £lags [oulti-unit code|
e s smtm e —————
| . rassryart f
A e e e e
i I
+—— unit Iidentlfier e
! |
At e e e e e e +
| madla type identifier I
e ———— e
{ reserwad | =shadow unit |
o ——————— e ——
I group =fze | track siz= i
e —— e g -
| reservad Foocylinder size |
Fmrrmmn b ———— e e p—
|copies | RAWa | ACT size i

fmmmme et man s 4

The walldity of the unit characteristics returned by this
coemmand  waries with the wunit's seste. Claszs Srivers can
determine which enaracteristics are valid by examining the
values returned in the "status® and "unit identifler” fi=lds.
Ser the desceription helow.

statu=
Encodes the curcent unit state ("“Unit-pffline®,

*Unit-Availabhle", "Unit-Oniina"). Baa status  codes
listed belcw, .

multi-unit ecede
The low byte of this field I1dentifies the . saccess  path
between the controller and the unit. . The high byte of
this field identifies the spindle, within the access

path, te which the unit belsngs. See Sectlon "Multi-unit
Drives and Formattars" fae mere iniormakbion.

urlt flazgs

Hoe Bectleon "Unit Flags" wader "MSCP  Conkrol  Message
Formats"®
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GET UNIT S3TATIE Command

.12

unit identifier

dniquely identifles the unit among all devicss acceasible
wia MSCP; sae Seckion "Contreller and Unik Identifiera®.

media type ldentifier

Identifies the type of medta used by this uvnit, Zfor use
by hoat generic device allocatien wechanisms; seg
section "Media Type Identifiers¥.

shadow unit

Always identical Lo the "unit number® field.

track size

The oumber of laogical blweks in a track, or zero if the
asncept . of a  track is ipappropriate te this onit; See
Sectlon "Disk Geomebry and Formalb¥.

group 3ize

The number of tracks .in a graup, or zaro if  the cohcepb
af & group iz inappreopriate to this unit; s2ee Seckblon
"Digk Canmekbry and PFPormat¥., Wobe that Lthis wvalue must
always be zero wWhenewar “track siza" Is zero.

aylinder size

RCT

REMNS

The number of groups In a  cylinder, or =zere Iif the
congapt of & cylinder iz inappropriate bte khis uplt; Sae
gection *“Dlsk Geometry .and Format®. Mote that thls value
must alway be zaro whenever “group size" is zero,

gize

The difference between the atarting lagical block numbers
of successlye copies of the unlt's Replacement and
Cacking Table (RCT). Excepting only the last capy, this
value iz alsp the size of sach copy of the RCT. Fee DEC
Standard Disk Format.

The number of replacement blocka per track. Hata that
thiz iz the total number of replacement blocks oa the
apit if "track aizeY Iz zers, since then the entire unit
is & slngle track. See DEC Btandard Disk Format.

coplas

The number of copliles of the Replacement and Cachinpg Table
tnat are &tored on  the unib. Saa DEC Standard Diss
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.12

SET UNIT STATUS Commenhd

Formal .

Srtatus Jodens:

Suzcees fzub-oode "Hormal™)
Eucgass [(sub-code "Duplicate Unit Wumbsr"™)

Zaoth of these godes imply that the vpalt iz "Unit=0aline™.

nft-DEEl ine
mit-Awalilable

Contronllar Error
Grive Errar

Fer both of these codes the class driver shouild assume
that the wnit ja "Unit-0Fffline™.

Degcription:

The GET MWIT LTATU: command returns the currsnt state of 3
unit plus certain onit characteristics. In particular, the
GET LMIT STATUS compmand i= uwsed to obtain host sSettabie
aparacterlstles and those figed uwnit characteristics that ars
not normally nesded by the olass driver,

Clazs drivers can determine which of the returned unit
cnaractaristice are valld by examining the returned "atatus”

and "unit identifier® fields. The follewing cases exist:

L. "status® 1s  MBuecess®,  Implying  that the unit is
"nit=-0nline”, All characteristics are valid.

2. M"status" i3z "Unlt-Ayallable gr "Unit-Of£line™ and "unit
identifier® is not zero. ALl unit flags except for the
"Removable media" flag are undefined. All octher
charactrristics are wvalid.

2 "unit identifier” 13 zaro. goly the "shadow unit"
chararteristice iz walid, All! other characteristics are
nadefined.

The three casss listed above are the only cases that cah

OCOUr . :

Rather than testing the antire guadwerd unit  identifier, it
1z sufficient to merely test the high order word of tha unit
identifier, montalning the class and model code bytes, to see
if iv ks zerg or nob.



o
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OFT UNILT STAYLIE Command

Cantrollers must supply walld valuss for all characteristics
whenavar the uwnlt iz "init-Onilne™. Controllers must supply
2 non-zers anit identlflier and wvalid wvalues far all
charackeristiecs except those noted above whenever the unit is
rinlt=Available” or the unit is "Unit-ODfifline™ salely due o
being disabled ar known. Controllers may or may not, at the
contraller's option, provide walid characteristics when the
unit iz *Unit-0ffline" for any ather reason.

The rules in the abave paragraphs can be pestated as follows:

1. If ®gtatus" iz "Hupcess", then "unit identifier® must G
non-zaroe and all characteristics pust bo valid.

2. IF "status" lg *unit-Available®, then “unit Ildentifler”
muzt he pon-zerc apnd almost =11 characteristics must be
yalid.

3. If "statps" iz "imit-0ffliane® and the gele vauses ol the
unit belng offline are it being disabled or Rhown, then
typpit identifier" must be - non-gere  and  almost alil
charackerl=aties nust be yalld.

4, TIFf "unik identifier® is zers, then "status® mnuast either
be "Unit-0fflipe" with sSoame reason other than the che
unit being digabled or kinown indigated, or "status™ must
be ®Contreller Erreor® o "Drive Error™. Virtualiy o
characterizcies nesd be valid.
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6.3 OCHLIWE Cemmand

%.13 OKLINE Command

Command catednrles;

Sequential

Command nessage format:

31 @

A e e - .__._._.__..________._____'i.
i copmand reference number i
A e ——— e —— ——— -|--".-;.--.-._.----_.--u..___._..i.
i teserved | unit number |
S T T P Fm— o e +
| modiflarsy | ravd | apoada]
o e —— L Tra—— o ——————
| wnit fiags 1 resarved I
e e ———————— +
i reserved |
i U
' I
+—=— resecyved -—+
I i
B — — — o s . et e — +

| devlce dependent parametars |

] e e e e — e e s

I raseryed | tesaryed |

unit flags

Host sattable unit flags; sSee Hection "Unit Flaga® underx
"MECF Contrel Message Formatis™

I the unit is already "Unlt-Cnllae™ o the ciass driver,
then the class driver must specify the same values for
conkraoller supported host settakle unit [flagys as  aroe
currently 1n  effect on the unie. The cookroller may or
mAaY not, at its option, check that the £lay wvalues are
tha Same. If it doees check, then 1t must recurn an
"Invaiid Command® sStatus code with "Inwalid inl:z Flags®
enb-pode 1€ they are different. If the controiler does
not check that they are the sams, then it must ighors the
unit flagd specified by the class driver and preserve the
Flag settings currently in effeck on the wnlt. dote chat
thls chegking becomes mandatory, rather than osptional, if
the controller provides Multi-hosk Support.

dayice Jependent parameters

Devlee and/for dontroller dependent device tuning

o s E i i T e o i e e e . o e e = e e et . e e 3 P 2 e M e . = e e 2
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£.13 OHNLINE Command

paramabers. The walue 2zare in this field means that
default er norma: tuning varametars shouwld be used.
WoR=22Ta values for thizs £leld should normally b
established through the sSystem startup comeand £ile,
Fxamples of the use of this field include selacting
alternative optlmization algorlthma or enabling ared
dizabling automatic {online} dlagnoslis of the unit.

Aileowahle modifiers:
Allow Self Deskruction

Some contrallers andSor drives are abla to predict that a
gnit - is  in dangear of l1mminent Belf destruction, and
automatically spin-down and disable the unit o prevent
frs destruction, Zuch mechanisms typically sSeahse an
exponentially increaaing frorractabla) error rate,
indicating that .the dJdisk surface has been contaminated
with dust or other Eereign obiects. Units thatr have heen
digabled for this resson appear to be "Uit-0ffiine®,
with 3 subegode fndicating that they bhave been disabled
by field zervice or a diagnostic. Therefore such a unit
canhot nereally be brought "Unlt-Onlina®.

This modifier allows a ntoat te bring a unll Lthar Las been
0 disabled "“Unit-9Onlire®, even though ehe conseguences
for the unit may be fatal, For this reason THIE MODIFIEW
MIST HNEVER BE USECRF WWLESS FIRLDR} SERVICE EXPFLICETLY
GIRECTS A SITE T DO 50. Whan iwminent seif destruction
has been predicted for a wnlt, it is wsually possikle tao
make one “last ditch™ copy of the wunit before 1t dles
completely, recovering all or mest of the data on ths
snit., This modifiar exists primarily ko simplify support
of such & "iast ditch™ copv. Tiis modifier aiso provides
a means, if necessary, to work around & diagnostle that
is erronesusly disabling a unlt.

This modifier must be sSupported by:

1. Any contreller that may disable a unit for the reason
mentioned above.

2. Any coatroller rhat may potentially be connected to i
eait that capn disable itzeif.

3. Any'cuntrallﬁr that does not dlsable wnitz itself,
but that willl respend propecly if a drive i3 disabled
by some other ([more capanie) controller.

This modifler must be ignered IiE the umit has not  been

disabled or £ the cunteiollary dose not fall inte any of
Lhe aboyve Sategories.

U C T S pr i T —= = P T o b
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.13

GHLINE Command

Iqnore Media Format Errar

Fuppresses mosS: checking for "Media Format Errars®  =2nd
causes the “576- Byte Sectora™ unit flsg to be host

The controller uyses the state of tha *576 Byte Sectors”

cunik lag to determine whethar the volume is formatted

wWith 512 or 5376 byte 3eciors, rather than determining the
voltdmea®™s  format Erom  the wolume luself. The *578 Byte
Sectors™ unit flag will be lgnored by the controller, and
recurned eolear, 1f elther the contyraller or the unit do
not zupport 576 byke seckors.

Use of thiz modifier allews the host ks set a unit to tne
weong block or sector sigme. Reading a unit ehat 1s set
te the wraong block or sackor size may yield a mwix of
arranesus "Dara Ertors®, "Drive Brrors®, and "Controlisr
BErrors™,  Writing a unit that iIs Ser to the wrong hlock
or seckor sBize may permanently sorrupt the wolume; the
volume must be re-formatted if khis accurs.

;Endble Set Write Protect

Caugns the "Wrice Proteci™ wunl: Flag to ba hozt settable.
This modifisr causes the =state of the "Write Protect
{scfbtware)” unit flag te be copled to the Spftware write
frotect  flag for this wnir; see  Section "Write
Protaatinmn®.



I
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h. 13

End

OMLINE Command
maszage format:

e e St T R e e 8 A S P T T +
| comuand reference aumber |

o  —— —— e v R g e e e = =

| resoryed | unit number |
pm—————— = v e o ——— — — — Fe e m o
| stabus i flags |endoude|
o mEmmE T —— — = fm—————— +
| wnlr flags tmueltivunfit codel
fom—————— s amna e e e -
b Caservaed I
P e e o i 2t [P
i I
+——- uni+ identifier wmeref

et o T P — e e L i T LW R WA e e e

| medla type identifier ]

e am EmE—————— T -
| raseryer | AR T v H
o e e e i s e i i ¥
I unit size |
Fmmm i mme T ——— —— ¥
| golume serial number I
T o R A Rt T R B i +

Tre format z2nd flelds of the QHNLINLE zoamand's end message are
identl=al o the SET -UNIT CRARACTERISTICE command's enac

. message; scve the Field descriptions under that command. Tne

validity of the unit characteristles returned by this command
yarlies with the unit's state., Class drivers can  determine
which characterlistles are wvalid by examining the waludb
returned in the "status® aad “viit ddentiflev™ Eields.

Status Codes:

Success (Sub—code *Hormal®)
Sucress (subh-code "Already Online")

The "already oOnlipa™ scbh-code plr flag is set if and only
if  the unit if already "Unit-Oniine® to the reguesting
olass driver; the unit's state and characteristlcs  are
nat  altered. Wher the unit iz already "Unic—-inline" to
the regnestlng olass driver, the coatroaller merely
returas  :the uslt echaraeteristicss in the end message with
this status hit £lag szet, without performing any obher
ackions,

Invalid Command (sub-code "Invalid Unit Flags"}

The unit is already "Unit-Online" and, for thoZe anit
flagqs that are both host sebtable and szuppovted by the
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CHLINE Command

contirellar, the c¢lass driver haz sapecified different
vajues from these currently in effect an the unit. The
unit remains "Unit-Online™; the host settable unite flags
are not  changed. Controellers thet de pot  provide
Multi-host Support may, at their aption, omlt checking
that the unit flags are the ssme. 5uch & coniroller musk
lgnore the ¢lasa driver specified unirt flags for unita
that ara already "Unit-online®, thus returning a
"Buccess" atatus code with "Already {nline™ sub-code.

Command Aborted

The unit's state is un-changed. The host most  assume
that the returned unlt characteristica are inwvalid.

Mit=0EfLline

Note that some causes of a unit heing "Unit-OfEline may
he averriddan {suppresged) &y ki "rllow Salf
Pestruction™ command medlfier,

Media Format Brrar

The wanlt g and remains "Unit-Awvailahlao™. Bowever .
attentlon messages are Iuppressed for tnis wunin and che
controller attempbs Lo spin-down this unit exactly as iF
an AVAILABLE command wleh the *Spln-down™ modifier set
wara igsued,  Nate, howewver, that this error will be
suppressed and the unit brought "init-Online” anyway 1if
the "Ignore Medla Format Error® compand modifier is  set.
gee the modlfier description above.

Caontralley Brror

The host should aszsume the unitc s "UYRit-O0fFfline".

Drive Brror

The unit iz "Unit-0ffline” due ko being inopsrative. The
controller must suppress AVAILABLE attentlon messages. for
the wunit and attempt bto Zpln-down the unit, exactly as if
an  AVAILABLE command with the "Spin—dewn" sodlflier sec

were issuoed  for the anik. The Controllar may
subsequently repart the unic as baing eithey
*Init-nffline™ or "Dait-Avatlable"™; generally ehe

reported unit state will depend upon exactly how the unlt
iz "broken", and the lnteractions of the failore with the
contrzlier's percephbion of the unit's ztake.

Deceriptian:s

b
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£.131 ONLINE Command

The OHNLINE command 15 wsed to bring 3 unit "Unic=0nline"”, set
host settable unit characteristics, and obtain thase unit
charactarlistias that are esdaptial For proper claszs driver
ocperation. The wnlt 1z spun-up, if necessary, and [ts heads
are loaded - prlar ta returning the OWLINE zommand’'s  end
message. Hosk settable characteristies ars set exactly as if
z SET ONIT CHARACTERISTICS command were 1ssued; see Lhe
dasoription af that command. Host sefttable characteristics
are met after the unit has been sucgesasfully spun-~up and  any
sther wvalidity checks have succeeded. MNote that the unit's
hoat settable characteristics are WOT altered 1E the uwnit is
already "Unit-Online®.

The class driver must invoke a wocess that will access  the
pnit's HReplacement and Caching Table to determine if & bad
block replacement operation has heen partially performed or
IF the anit must be write protactad. ‘The details of this
check and its conseguences are described in  Section “Bad
Block Beplacement™ and DET Standard Disk Format.

wote that the format of the DHLIMNE command's end meSsage  is
identical ta +the BSET UNIT CHARACTERISTICE command's end

Lessage.
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f. L FEAD < ommand

Conmand category:

Non-seguential

Command message

farmat:

i1 @

o v e e L e B 1 e e e e s

i cafmand raferencde aunbayr |

frr i - frmr e ——————— +
| regerved |  uwnit nfuember !
o e e v = fom— o
b modifiers V ravd | opcode|
s o e +
| bhvte counk |
F o mmarm  mr m a  a m a ae a —aa &
| b
o= — Luf fer -—=t
I I
+——— rlescriptor —_——
! |
T i e e e e e i e -+
i logical bloeck number i
o e i e s e e i £ o o e o o e +

Aliowable modifiers:

Comparce

Exprass EBEeduest
Suppress Errer Carrecticon
Suppress Ercaor Recovery

Fage &-32
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fi.iéd RERD Command

buffor.

Page G-33

i
End me=sage format:
.31 A
ot e e - ———m
1 command reference number i
frmrm——m s ammEm e ——— s mmm =
H raserved i anlt number |
e ———— R +——— -t
; Status | flags |endoode]
* s smm e ————— —— fmm—— s m =
3 hyte count I
T et e T +
| |
B ———t
i, ; undef ined i
b 4 -t
i i
gt e e +
] first bad block !
+_.,...______._.__.-._....-—-.--.-____.-.-----n----q-
Status Cades:
7o 8yccess [sub-code "Hormal®)
Suncess {(sub-code YDuplicgate Unit Humber®)
Tnvalid Command {(sub-code "invalid Byte Count™)
Invalid Command (sub-code "Invalld Logical Bleck Humber®)
Command Aborted
mite—0Fffllne
Init=Available
Compare Brror
I Data Error
g0 Host Buffer Access Errorx
Conkroller Error
Drive EBrroy
Cezscrlpbklon:
a Pata l& read from the uwnit and transierred Lo

the hosh
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.15 REPLACE Command

Command cakegory:

Mon=seguential

Command message format:

31 4]

e m e m——— +
i command r=ference nucber |
e —— e me e am————— +
B rasgrved i wonlt number |
o = F_——— From— F
| modifiers I rewd | opeodel
e ST — $—— e —————

f replacemant block pumber }

F o e ————— o e

| :
e -t
| FaServed |
Fmsm ——
f i

i

| lagiepl bleck number |

replacement bloek number

Identifies the ruplacement Dlock that has been allocated
to replace the bad ilogical bleck, '

loglcal block number

Identifies the bad logical block that ia being replaced.,

Allevablie modifiers:
Express Raguast
Primary Raplacement Block
Must be set if and only 1f the "replacensent block numhber”
specifies tche primary replacement bleck fur “logival

biock numbers*. That 18, must be set if and anly if Cthe
Enllowing expression is true: :

replacensns blook number =
legical black numbher / track size % RENS
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whers "track sige" and "RBMs®  are unit  characeeristics
abtained wvia the GET UHIT CHARACTERISTICS command and "/"
denotes integer (truncating) divisien. See DEC Standard
Disk Format for motre Informakion. Note that this
modl Fiar iz redundant informatien provided for the
convenience of the controller.

End mescage format:

3L a‘
S S I L i o Bt Ll

+
1 command reference nonber |
+

——————————————— fme——mm e —————+
e | riesarved | unlt number |
: o mw e — ——— — —mmf m————— — Fonia - +
I atatus | Flags |endoods|
Fmmrr———— s mamn +r———— D +

Status Codes:

Surcass (sub-rode "MWaormal"®)

Suecess [(sub-code YDuplicate Unlt Humber™)
o, Envalid Copmand (sub-code "Iavalld Replacement Block Numbear™)
! : Invalild Command [(sub-code "Invalid Loglioal Block Numbar®]

Jommand Rborted

Mit-0fEiine

Inic=-Evallable

Write Prokbected

Controller Error

Drive Error

Fiama Desaription:

The specilied logical bloek i3 flagged ke lndicave that it
has baen raplaced with the specified replacement block., The
volume's Replacement and Caching Table must have been cpdated
prist to uslng this command, and the replacemant bBlock should
pe inltialized with a write command to the same logical block
number afher using *his command. fee Dection “Bad Block
Replacement™ and DEC  Standard bisk Format for more
irnfarmation an the use and function of this command,

e n e e e — —— o e ] e - i e Sl e TS B o
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.16

Fio 1R

SET CONTHROLLER CHARACTERISTICR Command

RET CONTROLLER CEARACTERISTIOS Jommand

Comriand category:

Immedl ate

command message format:

31 B

T e —
| command reference nunber |
e —————— o +
| Feservad | FusSaryed {
T T o b — et
' modifiers | esvd | epooda]
¥ S s B e e e e
I sntrlr. flaga | MSCPF version |
T e LT T — +
i rasprvad | heoast timeout |
e o —————— e —+
| quad-word i
SR LT -

i timo and date |

e e A A e e e

MECPF version

Host class drivers must supply the walue =zero in  this
fiald. M30P servers muest verify this walue and, if it is
not zers, roturn an Invalid Coooand  end message. Thiz
value will be incremented 1f MSCP is ever modified in a
way that is not upwsards compatible.

cnirlr. flags

Haogt

e g e g P WP ST L A S 0+ e e mm e i 8 o o 8 ot o e = e o

Host settables controller Elags; see Section  "“Contraller
Flage® under "MBCP Coatrol Message Formaks®

rimacut

The time Irnterval that the ccoptraller sheuld use far  tie
host  access  tilmeouk with this host, or zero if the
centtollar should disable the hest  aceess timesut faor
this haost. Sepressed A3 an unsigned binacy integer in
vnits of seconds. Controllers should use a default host
agcess  Elmacut of BF meconds 1f they have not recelved z
BET COMTAOLLER CHARACTERISTICS command since besomlng
"Conkroiler=-0nline".

L8]
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cntrlir. tlmeosut

The controllier timeout irnterwal; the ainiwum

Fam
Eswran thmuqh thig 1s a sixteen bit field, controliera may
treat 3il wvalues greater than 255 &£ 1f 255 had been
specifisd, and all wvalues between 1 and 9 az £ 18 had
been speclfied. See Sectlon "Hoat Access Tingouts® for a
description of hoat access Limeouts.
=g
nuard-word time and date
The curkopt Lime and date, expressed . as  the number of
& e aiumks since 00:84 otclock, YHovember 17, 1858 (in the
lomal time zone), or Zere if the currant timwe and date 1s
sk  Aawailable. & clunk iz 1P nanoseconds. This is the
standard VAX/YMS time and date format. The use Ehat i3
made of the current time and date and the action taken if
A, it iz mnot supplied {i.a., 1f =zaro is supplied) is
; conkraller dependent, and should .ba described in eacn
cembralier's Fonctional Speclfication. Contraliera  must
not reguire that a time and date be supplled for proper
apetration.
Allowable modiflers:
I‘“,_‘. none
Engd mezsage formats
1 é
e e i ok e el 1
: command tafesrence numbeyr i
et b o m e +
I reservesd § resgegved !
Fane e m e m — s e ——
: i status i flags ijendcode|
Fmmmm o — s mafwr mr — — e ——— —
i entrir. flags | MSCP wersion |
L +
] Feaerved |entrir. timeout |
—————— R et st E e e T DL L Bl o
. ! I
4=——  gontroller ldentifier s=w=+
; i
T o —— st
£ .
catrlr. flags
See¢ Sectiogn "Cottroller Flagse™ urdar conterol
Mezzage Formata®
P

amzunt of

time that the conbroller needs to gdarantee It will
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6.14 SET CONTRULLER CHARACTERISTICE Command

rceomplish useful work on its oldest sutstanding command.
fxpressed as an  unsigned bilnary integer in units of
seconds. This valus must bot exceed 25% {one byte}, ewvan

though & sixteen kit field has been provided.
sectlen "Command Tlmeeurs",

cantroller idenkifier

Sea

higquely identifies tha controiler gmong all  devicas
accesslible via MECP. See Bection "Controller and Unit

Identifiers".

Statue - Codes:

Succesas {(sud-code "Hormal™)

Descripkion:

The EET CAMNTROLLER CHARACTERISTICS commend is used te Set and
abtain conkroller characteristlies. The default value for
"entrle. flags" is  all  flags ciear (f.e., all INESSages

digabled); the defawplt wvalue for *“hest cimsout”
peconds. These default values ars uszed from the Eime

1s &4
that

the contreller hecomes "Contreller-Onlines™ to a host until 1

stops being "Cantroller-Gniipe™ orf wntil khe Aot issues

SET CONTROLLER CHARACTERISTICS command.

&



Minimal Disk MS5CPE Subset
§.17 SET UNIT CHARACTERISTICE Command

6.17 SET IMWIT CHARAMTERISTICS Command
Cammand categurﬁ:
Sequentlai.

Command message format:

il B
Fmr——————— i — s = 8 R R P o
| command referzhce number |
e e e T fomm———————————— +
| regserved | wnit number |
o — e o e o ——— +
| modlfiars i rsvd | opcodel]
e fommmm——— F +
] wunit fiags ! reserved i
e ———_————————————
| reserved |
b — e e ——— +
| _ I
+--— resaervyed -t
i 1
e +
.| device dependent parameters |
i A e +
| reserved | reserved i
fomsmm frnm e ——— — +

univt flags

Host settable unit flags; s=ee Sectlon "Unit Fla
*MaCP Conktrol Message Formats®

dewlce dependent parameters

Tevice andsfor controller dependent device
parameters. The wvelue zero in this field mn
defautlt pr normal tuning parameters sheould

Non-zern yalues for thiz fisld sheuwld nor
gestablished thraugh the system startup ocomma
Examples of the use of this £fleld includs

ziternative aptimizatioen algerithms or enabl
dimabling automatic {oniinej diagnosis of the un

Allowable modiflers:

Frnable 5=t Write Prokbect

Page G=39

gs" wnder

tuning
eans that
b uw3ed.
mally be
nd file.
selecting
Lng and
ic.




Minimal Dizk MSCF Subsat © Pags H-48
B.iT EET UMIT CHARACTERISTICS Command

Causes the "Write Protegt®™ unlt Elay to be heost seitable,
This modifier causes the sSstake of the "Write Protec:
fgofbeware)™ unit flag o be copied o the Scitware Write
Pratect fiayg far khis  unitg aee  Sectltion "wWrite
Frotection™.

End messzage format:

31 1)

e e e e T e W T P N W
i canmand reForance sanbore i
G et e e Jrome o et e st oo
] raseprvad I erit number |
S F——— +
f Status I flags |endgode
PSR Sy S e ——— F——_—_——— +
| uwnit f£lags multi-unit codel
S o mm m i at e m i n i m +
| reseryed I
Tl S Y B i ot i o s . e i o
1 I
Fomm = unlt ldeseifter v e
t I
i A e i il ki Gl Al e i e o it i e ot e e e e e e e s
I media Eyvpe ldantlfler I
o —— i o e et e e e +
| rasaryed { ehadow unit |
ot i i i e e =
| Uinllk iz |
o o i e e +
H valums serial numbker |
————— 3

The walidity of the unit characteriatica returned by this
command and the OGNLINE command varles with the unit's stala.
Class drivers can determine which characteristics are yalidg
by exarining the walues rekugned in the "status" and “unit
identifier" fields. Ss#e ths desoripbion balow..

muieli-unif coda
The low byte of this field identifies the aooess path
hatwsen the uoontreller and the unit, The high byte of
thig field identifies thae aplndle, within the accmss
pathy to which the wnit kelongs. See Sactlop "Malti-tnle
hrives and Formatters™, for more Ilnformation.

unit Fflags

Gree SHection "Unlit  Flags® under  *MNSCP  Caontrol Message
Formats"

it iden+tiflar

b L e e o S PR o I T T o e o . ot s o et o e R R B B R o e e o R e et
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£.17 SET UNIT CRARACTERISTICS Command

Uniguely identifles the unit amcng all devicas accesslbla
wia MSCP; sSee Section "Controller and Unit Idencifiers®.

media type identifier

tdentlfies the type of medla used by this unit,

fo¥r  uegw

[ hosk eneric  deviece allecatien mechanlsms; 5e
¥ .

Section "Media Type Identifiers”.
ghadow unit
Rlways identiczl to the "unit numbur® Field.

unlt =lza

Tha aumber of logical blecks in the host area of thia
unit . This walue does HOT include the lpglcal biock
range gotupied by the unit's Replacement and Caching
Table. - The legicai bleck number of the [irst block of
the unit's Replagement and Caching Table  is egual to this
valls,
_walume eerisl number
The low order 32 biks of the =erlal number 2f kha wolume

chat i5° mounted on this. unit. Zeto 1f the veiume does

not have a sSerlal number. When Jdisplaysd In

hiusaman

ramadable farm, +this number should be formatted as a tan

digit .decimal number with leading Zeros

pPrinted.

ndefined ig the wAit ia PUnit-QEf]l ins" or

"inlt-Available™, or 1f the "Ignors Media Format

Zrrar®

moditfier was set in tha ONLINE command that prought this

nnit "tnit-Online®. .

Hosta must net assuame that the valus returned

In this

teld uniguely lidentifies the wvolume. Alcthough this

value opften will be unigue, the unlgueness

i= not

guaranteed, aespecially aveoss media cbtained {rom Several

independent sSUuppliers, Alsa, media that must

m e

external {industry cempatible) Format standards will

typlically be unable to implement a volume sSerial
thiz Field will always be zero for auch medis.

Statils Cndes:

Succass [sub-pode "Normal')
Huccass {sub-code Thuplicate Unlt Number™p

Imply that the unit is "Unit-Oniina®.
Command Aborted

The unit's state is un—-changed. *he hast must

nember;

A55Ume

— i e B i —— - - T




R

Mint
R, 17

De o

mal Disk MECP Subsst Fage G-=4%
SET UNIT CHARACTERISTICS Command

that the returned unit characteristics are invalld.

it-0ffline
Mit-ayvailabhie

Contralisr Ervor
Drive Error

For both of these starus codes the olass driver grnould
assume that Ehe unik i= "Unit-0fFfline™. :

riptisn:

The SET ENIT CHARACTERISTICS command 18 used Lo  sSet hast
settakle unik characteriatics. ard obtain  those owalt
characterlatics that are esszentizl far preper class driver
cperation. Thlz command never altszrs the  uniz's state
("Unit-0Online®, “"Unit-Availabla, "lnit-affline® 1. It &=
meaningless En  set haest swtfable zharacteristics Lnr & unit
Lhat iz "Unit=-Available" ar "Unle-0ffline".

The OHLINE command performs a SET  UNIT CUARACTERISTICS
gpzration afker bringing & unlt "Unlt-Online".

Class drivers can dJdetermine which of the returned unit
characteristics are valid by examlning the returbed "status®
and "unit llenkifier™ fields. The following cases exist:

1. ‘*status"™ {3 “Suceess", implving  that khe unit is
"Unlt-inline®™. ALl charackteristics are walid, MNote rthat
the value of "volume serfal mumber™ is undefined (£ the
unit was brought online by an ONLINE command with tne

*ignare Media Format Error® modifier.

2. "statua" is “Uhit—hvailahle‘ ar "Mpit-Qffline"™ and "unit
identifigr® 15 not zmero. All unit flags except for the
“Removable medla®™ flag are -undefined and the "wolume
serlal number® 13 vndefined. All other charactaristics

are walid.

3. "wnit  identifier® is zera. Gnly the "zhadow upicg"
characteristic i3 walid. A1l other characteristics are
undefined.

The three cases Jisted abave are the oaly cases  that  oan
oaCcur .

Hather than testing tho entlre guadword unit identifier, it
is safficient to merely tesk the high order word of Lhe wunit
identifier, containing the class and model cade bytes, to see
if it is gero or hot.

P S B e e s = 1 et e . e 3 e o - o e e o e 8
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H.17

Fotat

SET UMIT CHARACTERISTICS Command

Contrallerz must supply valid values €for all echaracteristics
whanever the unit iz "Unit-Online®. <Controllers must supply
a nonp-zerg it ifdentlfier and wvalid wvalues for all
characteristics axoept those noted above whanever the unit is
init-Available™ or the upit iz "Unit-0f£line™ =solely due Lo
being disabled or known. Controllers may or may not, &b kha
contreller's sption, provide walid characteristics when the
unit is "nic-0ffline® for any obther reason.

Tha rules in the above paragraphsa can be restated a5 follows:

i. If "status® iz "Succesa®, then “upit identiEier™ muat be
non=zaro and all characteristics must ha valid.

2., If "ztatus” iz "Upit-Avallable®, then "uni:z iddentifie=r®
must be npon-zers and almest all characteristics oust be
valid.

3., I1f "status® iz "Unit-Qffline” and the 3s5le cauges of the
unlt being offline are it baing disabled or knogwn, thén
Punit  identlfler® nmust bBe non-zero and  almost all
characteristics must be walid.

4. IF "unit identifier* is zare, then "status®™ muet either
be "nie-0ffline*® with some reason other than cthe the
unit being dlsablad or known indicated, or "status" must
ke "Contrallier Ervor®™ or Yhrive Brror”. Wirtually no
characteristics need bhe wvalld.

Hote that the formak of the SET UNET CHARACTERIST LCS
vomand's end message is  identical ko that of the ONLINE
command's end meiasage.
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.18 WRITE Command '

.18 WRITE Command
Command categary:
Mopn-aequential

Commzernd mesaage Lfarmatb:

31 : )

o -4
| gommand reference number ;
S, L +
! resaerved 1 unlt number |
o - T T F I P —— +
I modifiers ] rsvd [ oprede|
Fomm 4
| hyte count |
+ _________________________________ +
i I
t—-—— huffer -—%
1 i
Foam deacriptor -

1 [

o e T S S L L 8 ke e

i legical block number |

Allowabhle modifieps:

Compare

Express Reguest

Foree Ercor

Buppress Error Correcticn
Mote that this modlfier only affecta the compare pass of
A write compare operation; 1t has no affect on the write
operation Itself.

Suppress Error Recovery

o e e RIS P I S B Wi BT | S i % i o e e e e 3 e e o
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fh.128 WRITE Command

End message Eormak:

Fage &6-45

21 a

A im e e A A ——————— +
t command reference number {
e D L, |
} resaraved I unlt pumber |
B e el ettt st diid e——4
| atatus | Elags |endcodel]
o ey o o . ——— — —— — — +_-a_l--n.--+-|.--|- ————— 3
| byte count |
-+ —————————————————— —I-——I-—l--l-lj.l.l-l.!l'-'\.-'l—'r——r+
I |
s ——F
| undef ined L
- ——
I I
s sawAE S —————— —— e *
| first bad bBlock |
fome A mGE——————————— +

Statns CTodes:

Succrsg
GLuanens
Invatid
Tnwvalid
Comednd

(sub-code “Normal")
{2ub-code "Duaplicate tnit Humber®)

Command {sub-oode "Invalid Byes Count'™}
Command (sub-code "Invalid Loglesl BElock Number®)

abarted

mit-0ffline
Unit-Available
Writkte Protenfted

Comparo

BError

Cata Srrar

Host Buffer Access Errcotr
Conktrolilar Erfrcor

Drive Errar

Desecription:

Data is
vnic.,

Fotched Erom the host data buffer

T SO ——"

and wrltten Eoc the

e R R ST A e e A L L R B Ll R Lk R R T
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.19 Invalid Coomaod End Message

6.1% Invalid Command End Message

The contrsller retourng an Invalid Ceomand  end message  far

eorrands that violate the MSCP vrokpcol.,

Erii message Egrmat;

33 @

e e e A S G U L L s .
i carmand reference numher |
L T el T T T R E L e
F reserved I onict number |
T T s T
[ 2LaLLS | flags |endcoode|

e

Starus Codess

fhvalid Command {sub-code "Invalid Message Longth')
Invalid Conmanrd (scbh-sode "Invalid M3ZF Version®)
Favalld Command {sub-oode "Invalld Spooda™)

Invalid Command (sub-code *Toyvatid Medifiasr™)

[nvalid Command {(sube-code *Tnvalid Unit Flaga®)
Invalid Commznd (dvub-code "Inwvalld Controller Flags")
Invalia Commated (subecodes usted for reserved fields)

Nescripticon:

The conbtroller rebturne this end message Ear aay command that
vislakes bthe MSCP protogch. Protocel wilalatlons include
iliegal oprodes, messages that are boo short to include  the
parcameters reguiced by the opcode, resorvad blios set in flag

flalds, and nen-zerc waluss in raserved Fielda.

The *command refsrence number®™ and "unit nunbar” fislde are
coepied  Irom the illegal fommand message: their contentz are

undefined if the measzge was top short to gontain

Cheze

parameters, The Mendooda® flald (s HOT copled from command

message [(slinoe the command message does nat describe a

wvalid

command), Instegd, ths "endoode" E£ield always contains kne

canebant (OP.E¥D) defined In Table A=),

The eocntroller may or may ook, at  Lts  aption, enter the
Plantenllar-hvailable" sStats relative tp the izsaing host

claga driver after it returns this end messadae.

e gy g g B L . PR LA Y S B R S T P L . 0 PRI ) el e . i . i e e e . e . . . e
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ACCESS PATH Attention Me3isage

ACCESS PATH Atiention Message

ntion message format:

31 g

e — = e +
f reserved k
e m s ————— e etk 1
1 rERESr wad [ unit numbar |
- T E Y ERE S WE——— P
.1 reserved [ rsvwd |atncodel

.+—————___a.|._||.|.---.-+4—-'---F———+—————l-—-l—"!

unit numhber

ldentifles the onik for which an alternate access path is
being reported.

riptlans:

MOCP zervers use this attention mesSzage to report alternata
access paths to multl-secess units,. This message reports
that the specified unlt Iz opotentially acecessible wia  khe
gsending MSCP server -— 1.e,, it would be "Unit-Available® if
it and all units that share §fts access path ogasaed being
*"Unit-O0niline™ wia another controller. The specific svent

that causes an MSCP server £o send this attention message is’

the receipt, ®ty the controller to which the anlt 1is
"imit-omline™, of a DETERMINE ACCESS PATHS cosmnand. This
attentian message iz sent o all clazs drivers bhat are
"fohtrollar-Online™ %o the MSCP server and have enabled
attention medfsagas. See Begtilon "Multi-Access Drives® Ior
more information. '

F e
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Be2l AVAMILAELE Attention Measage

.21 AVAILABLE Attention Message

Ettantion message faormat:

11 2]
g S 2
1 reservoed |
b o — +
f reserwed I unlt tumber |
R —rrwm et e +
i reserved | ravd |atncodel
el L L o T T N ——— +
|  anic flags [muslti-nnit ecode |
et e e +
ndarinag |
By N
I ;
b upib identifier — e
i I
e EE T E——————— e +
! media type identifier f
I e T PP - +
I |
F # o 16 bykes - f
i af ondefioed data ri
I

L T T R T T AT g g S e e e ek el

it number
- . Identifies the unit that just became “"Unit-Awvallable",

multi-unit ooda

nnit flags

unit identifiser
madia tvpe identifer

Identical to the correapending £ields in  the GET  WWHIT
STATUS or SET UNIT CHARACTERISTICS conmmand and messages.
These flelds must be valid as defined €or the wnit being

Fase &-48

"Unit-Avallable®,

: Tegatrdless
unit when the noszage is zept,
and Yuedia typa identifier”

code®, "unit Identifier™,

muzt ail be valid and the

muat ba walid,

Pescription:

vE Ehe actusl state o2f the
That iz, the "gulti-upit

"Remowvahle media® unit Elag

e e " e O B L M B T 5t e e e . e o
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AVAILABLE Attantion Message

An MSOP server sends an  AVAILABLE attention nessage to  a

Ckeomtroller-Ontine® class driver when & unit asynchronously

becomes "Unit-Available® to  that class driver, unltess
AVAILABLE attentlon measages have been suppressed for Chat
unlt by an AVAILABLE command witlh the “Spin-down" modifier of
by an error with asimllar side efiects. Changes to the
"Unit-Available™ state due to the class driver itself issuing
an AVATLABLE ecommand are syhchroenous; all other changes to
“Pnit-Available™ are asynchronous. (=E: 10 Saction “Unit
Stakces".

The actusl seading of an AVAILABLE attentlon mesaage may he
delayed for an arblrirariiy long time, due to commeirications
mechanlam fiow control, from the time that the unit  astaally
hecones "Unit-2yalianle”. Tha message must not ba soeat if
the olasy Ariver ceages to be *Controller-0Oniine™ during this
Felay. The massage must be sent anyway 1f the unlc, ot any
unit with which it sharas an acceEss patli, becomes
“init-Online™ wia anoather controller during this delay. The
mes3age may oF may not be sent, at e contpelisrfs ootion,
if the wunit eeases tg be "Unit-available® for any other
ressen during thisz delay.

¥ote that, duws to these delzys, it i3 poszible for  an
AVAILAGLE attention mezsage ko be received afrer the class
Ariver has already brought the enit "Unit-Oniine". Thereiore
claze drivers muat not use AVAILARBLE attention messages to
flag "Ynilt=-oOnline” units as having become “Unit-Available”.
The proper procedure is to issuve a command, such az a GET
NIT STATUS, to a "Unit-0Online® wnit for which an  AVAILABLE
attentisn meassage haz beon raceived, and only £lag the upl:
as naving become "Unit-Available" if the commsnd veturns that
gtatus code.

AVAILABLE attention messages are not Sent for units that  ape
alrandy *"Imit-Available” wWilen a ¢lass driver enables
attentisn massages. Jlazss drivers that need to be aware of
all "Unit-Availapkle* units must enable atkention messages,
then sean all anits via the GET WIT STATIS command with the
EHexr Hnit"™ modifler sebt to locate all wnits thabt are alrcady
"init-Availablia™. A1l units that subasguently becomna
“Unit-avallable” wii! be reported with an AVALLABLE atkentclon
MESSAgd .

An MSCP server may 3dend redundant orf arroenepus AVAILABLE
attention messages ak  Any  Lime. Tha Eregquency oI such
messages must ke low sosugh that they do oot represent  a
aignificant overhead for either hosts or the communlcations
mechaniem. ‘The infsermation conkalaed In =uch messages  (unik
himber, wsniz  ideatifier, medla type identifier, etc.} muav
eorrespond to an actusl, physical unlt that is potentially
accessiple wia that ®SCP  segwer (i.e., connectad ta the
contraliery, although the unit need not be "Mnit-Available®.
HNote that hasts mnust be able to handle sSeemingly erraoneocus

e e e e s e e o . b . e e e = o e S T o R i T L RS B o e
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.21 AVATLABLE Artentlion Messcage

AVAILABLE attentlon messages in any case, slnce

state may ochange before the. host can act on
cCoarfedt meSZage,

Page B-5D
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DUPLYCATE OHIT NIMBEE Atcention Messaje

DUPLICATE [MIT WMBER Attention Messags

Attention message Cormat:

TNago

unit numher

3l a

b mmmmE e ———— s s m o —— = — s —
1 reserved i
N p
! reserved | unit number |
s ——— o amene—t
H regarved ] rswvad  |atnoode |
P tmmm———— o +

Paga €-51

Fdentifies the unit number that is dupllcated on  itwWo  or
more anits.

ription:

AR MSCP server sends DUPLICATE NIT NIUMBER attention measages
to notify hosts that twe or more units of
clasz have the zsame unit number. This allows
tn an operator, who can Qorrsct the

complain

DOPLICATE

the mame device
the hosks s
condlbion. The

INIT HIMBER attention messages are senk ko all

hosts that are YConkroller-Onlins™ and have enatled attentlon
messages.
discusslon

Ehat A

ragatdless
"Unit=-Online™,.

Tpe Sectiorn “"UOnit  MNumbercs™ fo

r A detatled

af the handling of dupiicate unit numieers. Hote
DUELICATE UNIT HIMBER atlkention message 12 sonc

of whether ar aot  one  of

che units 1=

Tha actual sending of a DUPLICATE INIT NiMEdk atktentien
may- De delayed For an arbibrarclly long time, due to

e 5 S Age

communications mechanisn flow conteol,

montrallel

from the time that the

Etrsr daterts the dupliicate unit nusber. The
message must nokt he sent if the class  driver
"Cantroller-Online” darlng this delay. The message may or
may nob be sent, at the centroller's optlon,
uBit number monditien disappears doring this delay.

DUPLICATE 1MIT HIMBIZIR attention masSsagesd are
Auplicate

class dAriver enables attenticn messages.

CEaGRsE to e

if the duplicate

not @ent for

ol nupber conditions that already exiet when a
i2lass drivers tnat

need to be aware of all dupligate unit number conditions must
gnable attention messages, then scan all dnit

DWIT ZTATOE

locato
numkpers

all

mommand  with  the "dext Unit"
Auplicate uwnit nupbers. all

that Ehe rcontroller subseguently
repotried with a DUPLICATE UNIT NIMBER attention message.

& wia the GET

madifier set te
duplicate unit
detests will be
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DUPLICATE UNIT MIMBFR Attentlan Meszage

hn MBCP server may send redundant DUPEICATE  UNIT HIMBER

attantlon messages. Tha frequoncy of svch nesSSages musi be
low enolgh that they dc not represent a sigonificant ouerheard
for eigher hosta or the communicatians mechanism.

Faurtharmora, the dupliecatse unit nopber conditicn baing
reparted muazt  actually  =wist  at Ehe cime the MBODP usspyer
decldes to generate the DUPLICATE  UNIT FHIMBSF  attention
MmesSsage. Wote, however, tHat the Jduplizate anit nomber
condition may have disappeared by the tlme the host rteceives
ofF ACES upon Lne Message.
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CHAPTRR 3

'M3CP ERRCR LOG MESSAGE FORMATS

2.1 intraductison

MSCr controllers report errors  and  unusupal  gocurences  in two
ways: end messages and error log messages. Unrecoverable errors
are reported in the end message of the command chat encourcterad
the =ryor. Such  errors should be ceportsd back beo the program
that initisted the command, 2o that it can take appropriate
actiom. Additlonally,  all "significant® arrors are reported in
error log messages, so thab they can be reaowrded iIn the host's
artor log for eventual use by Fleld Serviee. The defipition ol
what constitures a “stgonificant™ error -is rconkroller  and/of
dovice apecific; in general, anything that would be of incerest
to Field Service is a "gignificant® error. Tha errors rteporftad
by error log messages may be eliher recoverable or unrecaverable,
Neke that hosts should not regoed errors reperted in ond messages
in the arrer 1log; if the error iz “significant™, a separate
arror 1ég meszage will be generated.

When a host receives an error log message, the host  poct  driver
passesd the class delver the error loy message texi and rhe lenglh
of the arrer log message. In additien, the device <class (e2.2..
diask) of the errer log massage is implicit in the coanectlon on
whlch the messags was reseived, HNote that the order of receipt
of ercor log messages relative to and or attentlon pessages 1s
axpressly undefined. Therefore an  error  log me3zage may he
received weither before or after an end message that rTeports the
zame arror of that has the "Error Log Senerated” Elag set.

MGOP gerverS BSSign a seguencs number bo 2very error log message
they generste. This msquence nunber Serves Lwo purposes. First,
{f the same arro¥ log message 15 sent to moltiple hosts, wWhich
then record it in a Zommon erver log file, it allows the murtiple
~opies of the same message to be regognized as describing  the
SAmG  CrESr . seeond, 1f & host reguests that it recelve every
error leg message thak an MECP server jenerates, It allows that
host to detest miassing or lest error log messages by debecting
gaps in the seguence numbers. This second purpose requires that
ihe host set all three error log ensbla flags in the "controlier
frags™ field of the SET CONTROLLER CHARACTERIBTICS commBrnd .

o —— . (RN ——
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RECP Error Log HMessage Formats Fags 8-2
.1 TIntraduactian

Eqme controllers can achleve these purpnses via other means, and
therefore need not implement error log sequence numbers; this is
furthar described In the third paragraph below.

Fach MBCF server implements a 3ingle arror loyg sequence number,
wnich it uses for all arror log messages for all class drivers.
The saryar must  ingrement  1ts  Seguensoe number each  time ik
attempts ke generate  an erroer log mo2sage. Maltiple copies of
the same error log meSsfage must all  have the =ame - saguance
sumber . The ssquence number 13 reset whenever the MSCE Server
inses concext. The first error log message atker such a loas  of
conkbtedt has seguence number Zere. The sequence nopber NURL not
o reset Aasd3 a normal  resulk of  the MECP  merver becoming
"Contppller-0aline®  or "Controller-Available™ to a class deiver.
Meote that each MBCP server (i.e., cach davice class) within a
conkrollar has its own error log Sejduence number.

As stabed above, the errcr log seguence number I3 only resetr when
tne MECP? gerver losed contexc. The MECE Servar reports the faot
that it has lost conkext with a flag In  the fEirst error 1oy
messag: it 5ends to aach class driver after sald loss of context.
This me=anz, in effect, Ehat the MSCE sarver wust keep Erack of
all elass drivers to which it has sent an error log message since
ita last loss of context, rvegardless of whether or not it is
cutrently Flonbroller-Jnlina" to thoss claze drivers.

MECE servers that meet all of the following requirements need not
tmpleapment  efror  leg  Secuente oumbers, since their purposes are
ashieved via cther wmeans. The requirements are;:-

1 The MELP server must never droap error lag .mEssages,
That {8, whenever It has an &risr log message to
geasrakte, it must hlock ar deadlieck antil it ia able ta
Jenerate the measage.

2. The compunlsations mechanisam between the M3CP server and
the ¢lzss drlver must guarantee all aerror log messages
wlil be delivered withodt lass gr duplicatien in  the
ardar that they were generated. That i3, the
commutiicaklons mechaniam  must provide the Same
guarantec: for datagrams (error log messAages) that it
peovidrs for sequentlal messages (contrsl nessages).

1. The MECPE gerver and communicetions mechanism muse  be
inherently lncapable of coomenicating with oore than ane
class driver,

MSCD servers that acot ke acove three rejuicrements may  genorate
All  errar  log messages with & Sequence nomber of z2ero and with
the "Seguapce  Number Reset® flag  set, rzthar than ackually
imrlemerting  =equenne numbsts. A11  oiher MSCP servers wust

lmplement an actuzl crror log seguence number. Such  ather MSCE
S2FVers  may nok ITa=se conbext  Solely ko reset Lthe error log
sejdence nuinber. All losses of conbext mask pe  caused by some
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extarnal event such as a power fallure.

Since ereer 1og mescages are not subject te flow contrel, ik IS
pogsibis for a controller to generake errer log messagesd tastor
than a hest pan recerd them in itz  error log. in order to
minimize the orobability of thls hoappaning, and thue minimize the
probability of lbosipg errocfr log informatisn, coontrollecs muske
generate no faere than three error log mesgages In rasponse to o
single error. MWote that the defipnition of what <constituted &n
prror 1S  necessarily  cenzroller andfor drive dependent.  The
fRtres message limit encompasses an ariginal error anc all  error
recovery [ correction /0 rerry Saduances associntad wich ehat
arrof. Seeminogly unrelated errors that goecur in 3 recovery
seguenta are aenerally sonsidered to-be 2ifferent errors, znd are
rherefare oot oovered by the three message limik.

For exampls, cansider an  uagorrecitable LECC  errocr  oh 2 raad,
Re-reads using ofFset head peositioning and the like are part of
the ratry seguence, and thuas fall dhder the thyze message Limlk
for the original error. Howevar, failore of the ocommand
directing the drive to ase offset head positioning {i.e€., the
command 1tgelf Ffalie, lndicating tbat the hesds could naot ba
nffset) would be conzidered a separake erroer, even though hbotl It
amd  tha original read ervor might hawe a commdn sause {(Sach 55 4
Sad gable between the corkrelier and the drive).

In order to achkliove this three wmessage  limit, most sryvoer log
messages summarlize the reawlts of an entire retry seguence. Tiis
approach generally results in exactly one error log mesSsage  per
CEFOF . The other appreach 15 Lo generate a separate error log
message for each atbempt or retry that fails., Thle appecach can
only be used with errors for which the number of yetrys to small
tl.2., three or fewar attempks total), as otherwisze the chree
mes=aga limit will be exceeded.
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etieric Ercor Loo Message Format

Feneric LEerar Log Mzsgage Fpemaz

MECE error log meszages oust  be 284 bytes or  sharker  in

length. The actual maximum £fror log pessaye  sizs is 4
cantroller characteristic and ahould be dezcribed in B
contrellaris iunctional specilficaticon, All host aofeware,

hewever, snhould he prepared ko handle errsr log meszages up  te

including the 354 byte maximum size. The general format of

error log messagas is as follawa:

31 @A

e e e e e e A S e e e +
| commnand refizrence pupber |
e e s o e e —
|zequence numbsai | urit number |
T T T —— -;-_“.-ﬁ___{-———--—.--rf
[ ewent onde i flags | Ecrmat]|
Foim e e m————
| I
t=-- coptroller identifier -—+
E !
o m e e e e b e +
[multi-uniit oode|chersh | oesvesn|
e et e e e e e e +
! |
fom— enit identiflor - e
| ._
T st ST S S — +
| fmt d2pendent |ohyvresn 0 asvean|
e i
] volume sarial number i
+-|--.—n..-_..--|.|-.-\.| _____________ -.-—.-.-.--r....-_n.u.__————'-
| ]
£ format depsndent 5
& infarmaiian £
1 |
e P LB B B e e e e W A A e o +

The field=s in the generic error log messzge are as Follows:

comnand reference aumbar

Tha command refarence number of the MECP coomand that caused
the errser reported by this errnr log message, or zero if the
2rror does not cortespond to & specific outstanding commznd.
If  this field zontains a command reference number, then the
commandts  end message will alse have che “error log
generated® end message flag set., WNote that the errur log
message may be rzoeived either Before or shortly afker  the
command's and mes=sage.,
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unit numbar

The unit number of the onlt to which the arror  log meSsage
relatas, ar zera if the message deoes not relate to & specific
unit. This fleld may contain the wnic number oF any unit  of
o tihe drive or Fformatter if the error relates toe an entire
paltl-pnit drive ar formateer. The wvalidity of this field is
determined by the walue in the "format® field.

* seffuance numbexr

The sequence number of this error log message slace the last
Fime the MSCP server Jlost coanteaxt, or zero 1f the MECP Server

does not implement srror log seguenca  nunbers. Mote that
i arrar log sSeguence numbers are common to 8l claszs drivars,
o and are nok reset by class driver re-synchronlzation, Note

also that the class driver may recelve error log messages out
of seguencs.

fnrmak

The walue in this fiald ideptifies the decsiled Eormat of the
prear log message, as defined in the fallowing sections.

A
flags
Eit flaga, collectively called error log message flags, dsed
to report wvarlous attrlbuktes of the ercor. The following
flags ara defined:
Dperation Suscesgful
P 1f set, the operaticn causing this error log message has
g Beept successtully completed. The error log message
summarizes the retry Seguente that was necesszary Lo
successfully complete the operation. If clear, the
cperation has not yet been suscessfully completed.
Operation Continuing
“ 1f set, the retry seguence for this operatlon - will ke
continued. This error log message raparts the
unencoeasful completien of one of more rectries. 1f
_ clear, the retry seqguence fer thls operation has
" tarminated. Provided “Operation SuccessiulY is also

clear, the yretry limit for this operation has been
reached and an  unrecoverable error will be reported.
undefined [masningiess) Llf "Operation SBuccessful® is set.

ol Sequence Humnber Resfet

-

If set, then the errar log sSeguence number ("seduence
nusber®  field} has been resat by the MEDF ssrver since
vhe last errar log message sent te  the recalving class

B e ma o ——— e e . e o e e T B P T — ey =L
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delver. If clear, the segquence numher has not boen
reset, Implying that the "sequencs number™ Field may be
used to detect missing error log messagesz. Always =zt if
the M3CP server does not Implement errar ivg sequencs

numbers.
It "Operation Successaful™ and “Operation Contlnuing® are both
alear, then the HELOr lag meISage  raports’ a  hared
{unrecavershie)] error, [J£ "Jparatlon Successfual" is  olear
and "Operation Continaing™ 1s seb, Ehen the arror log measage
reports an Intermediate  ztap within  ap  error FECavery
oneratlon; it is nol yebk certain whether the error iz hard

or =oft, If "Operation Buccessful® is gset, then the error
log  message  summarlzes the retry ssguence wsed to recover
from a safik error. :

ey ShT ooda

ldentifles the spocific ervror or event being roported by this

error log measage. The structure of syent codes is ldentical
ke the structurs of the =states eodes recurned  in end
messages ., That iz, they consist of a 5 bit major event code

and an 11 kit sub-gode. ALl ercors bhat may be repotrced wilth
bath  errer log messages and end messages muBt have idenbical
status gnd event codes.  Also, che same waiuls may not be ased
as  bhath: & =ztatus anrd event code unless it reports the same
errotr 28 aach code.

The =ub-oode rrion of avenr cades iz bantlally cantroller
¥

gndfor  deviee specific, Bewever, the sams majer code
Sitbh-code combination, whenaver it is uzed, must always have
tha same meaning. Therefore new sub-codes may be defined as

naw devices are introduced, but tho mganing of 9ld sSub-codes
should  net changs., FBvent code vzlues are lisked in Appendia
198

conkrolle;r jdentifier
Unigquely iIdentifies the controller amang all  deviges
aooezalble yia  MEOOD. Sea Haction "Controllier  &nd Unitk
Té¢erntifiara”. .

EEvESn

Tie controller's softwares, fitmwate, or microcode revizion
numsber .

chursn
The contralisar's hardware revision oumber.

multi-onit corde

The wmultl-unit code, as dsfined Lo Section "Muitl-Unip Drives

i Ly = == = = = e . e e 5 o o e
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and Forpatrers" of the unit to which the evror log mesSsage
relatas. This fieid may coataln the multi—wunit code of  any
anit  of the drive or formatter if the erroar relates to an
entire muiti=-onit drive or formathker.

anlt identifer

Uniguely identifies the unlt among all devices accessible via

MSCE . Spe  Section "Controller and Unit fdentlfiers". Thais
fleld is only present for errors that relate to & specific
unikt. . '

dawran

fhe umit's software, flrmware, of microcede ravisiovan number.
This flatd  is= wonly pressnt £Lfor errocs that relate o &
apacific unit.

uhwrsn

The wunit's hardware revision nuomber. This [field iz oniy
present for errors that ralate to a gpecifle unit.

woilame =ertal number -

The low ocrder 32 bivts of the serial oumber of the welame that
s2 mounted on the unie. Zero 1E the unit's Iormat does not
provide For a walume serial pumber. tndefined {gatrbage) 1F
fthare is no . wvolume mouantéd ip  the unit, the arca of tits
wolume that oontains the serlal  numher cannot  ba  read
successfully, the arroar ocourred hefore the wolums serial
number could he determined witd le bringing The anit
"nit-tnline®, bhe unit is not "init~dniline’ to any hoest, orn
{f the “Ignotre Media Format Error” modifier was specified in
the CHLIME command that browght the unit” "imit-online™. This
fleld is only present for errors that relate to & specific
Gizke unit.

ifme dependent
fermat dependent information

The format of cthe remainder of the error iog messags Jdzpends
ypan the . value of the mfgrmat® Field. Mabe that the fields
waplE number® and "multi-unlt code” through “wolume serial
number® alss depead on the valuoe of the “format" field, as
they are anly present for thoze formats wused to reporb errtorcs
that relate o a spexific unlk.

The following sections describe the speclific erroc log message
EarmBER .

S T ST ST e .
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A.31 Contreller Errors

The fellawlng errocr  leg message  format  is used  to EepaTh
oontroller errors:

31 i

A A e e S
I command referonce number I
O S +
[ sequense humber | resoerved |
e ———— fom—— R N
I ewent rcode | flags ! format]
L e T T S +
! f
= coobtroller iIdentlfler ———4
I I
b e e S TR Ip—— b +
| |cavran | ¢Svrsn|
i ¥ - R T
i cotttroller i
' dapandant i
Z informatcion £
| i
e RS ———— —— +

cantrol ler dependent infgrmation

A variable (ocontroller dependent]  amount of informatian:
aften  ne . controller dependsnt information ls provided.  The
length of this information iz implied by the total length of
the erreor log message, pasced to the class Ariver by the part
Ariver. This informakcion wlll typically not ke interpreced
oy error leg formatiing programs, instead being printed as &
serigs of octal values,

s e e —————— — P it R ——
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8.4 Host Memory Access Ervors with Bus Address

8.4 Host Memory Access Errors with Bus Address

The fopilewing error log message f[ormat is ueed to  report host

memory Access - errors when the host memory bus address
avallable to the coentroller:

| command referance number t

+___|._|.|. gy '-"I—'I—-lll-—ll-ll"l"-"-"r——.-——l-l-l'\-l-'l'rw—r——-*-

| saquence number ) reservad I

F— PR SRS L
i event sode | flags § format|

e A et 3
I L
+-— contreller identifier «==+t
I ]
e e e e i e ot ————— —dp
| reasrwad | chwvesn | csveen]
e et i e i e i e m————— R +
b host memory address !

host memory address

The address o0 the host memory bus ak which the host memery
The

ab
which the error occurred ts contraller dependent, and must be
Dlsk

sonerollers will typlcally provide a resoclution of one disk

amcazs  error occurred, expressed as a 32 blt guantity.
resolution te which a contreller ldentifies the address

described in the controller’s Functlonal Specificaticn.

block [elther 512 ar 576 bytes).

13

B p—— R — - - — Fu.

——— =
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The followlng error Iog message format 12 used tLe

that’

lavel

-
&L

Tak fran

Clsk Tran

opoanr 4

sfer Brrors

sfar Errors

Page 3-14d

Faport  erroces

urirg & cdlak transfer. WNote that this format is
generally used to report the results of a sequence of retries,

il @

S

] SammAand refsrende numbeyr

B

= EE k- — —_— e mra e ——

[ sequence number| anit hambee

e T e I Y

i event ocode | £flags | Eormat]

L el I S —— B I

Fm=we  pontroller identifiefr  aeed

L et o e G -+t
|multi-unit codelchvran | osvresn|
e ——— s T T S W— ——
i §
e unit fdentifier -—+
| I
R il kPP U S &
I rotrey | level |ohvrsn | cavrsnd
D e s o
I voelume serial nupker |
e mn  a - +
| - neader code |
B Rl LT S A —— —— Y M LN M e e e o o — — -
f !
4 controller or disk- 4
; dapendent informetion )
! ]
L S ———— e e +

The error recovery level used far the mo#Sitc recent aktamzpt  at

tlhe

aoffaet he
attempk.

cery

transfer.
enceding of the speclal ervor recowvery
ad posltioning, uvsed for the most

The values zero and 235 fall oneg)

The arvor recovery level is a device dspendent
procedures,
rocent transfer

s5U0CF A4S

Ara rasServeag Lo
inficate that ne special ercor recavery procedures were used.

The retry scunt, within the curvent errer recovery leval, of
Thls walvne sLarls

the  most

at one

rescwvery
the same
maxioum,
e next erger recovery level (if anyy iz Lr

g
|

recenl aktempt at the transfer.,

For  the first stteapt uasing a3
level and incvrements for each subseguent
level. This sontinues up =o some
at  which time the retry count i resekr

partlcular arror

drive

led.

attempkt at
depondent
e one and

H
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R.& Disk Transfzr Errars

haader code

1dsntifles the physical disk lozabtien at which the aerrer
goidtred. If the highk Epur bits are ¢80P {binary). then the
low 28 bits are the logical block number at which the errar
oocoutrad. 1f the nrigh four -bits are #1if {binary), then tha
low 28 bits are the replacement bleck pumber at which the
error  ogourted. AIl osther patterns of the nigh four bits of
treader code" are reserved, and must not be returnsd  without
an  ECO to this speclfication to define thelr lncerpretation.
The 78 hit . logical orf replacement klock numbor  may be
decompeosed, using the disk gsometry parameters ratuarned by
Fhe GET (NIT STATUE command, to obtain the oyllinder, group,
track, and sector pesitloa at which the error ogcuyred.

sentralisr of ¢isk dependent information

A varlable ({econtroller or disk depandenkt) amount af
informakian;: sfren nid controller or disx dependent
information is provided. The length of this informatlon  is
impliad by the total length of the error log nessage, passad
te the class driver by the port driver, Thiz informatiaon
will typically mnet e Ipnterprekbed by errcor log Eormakting
programs, Instead beélng printed as & sariezs of octal waluas.

¢ o ST
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& 8D Errarcs

.4 8D Errors

The following error log messages  formas  is  used by OSBRI disk
contrellers Eo repert drive detzcted errors and 5DI communicatiaon
errors. Hote that the gcontroller cetries thesze errors anly onoe
ar twice, S8So & Separalse errof Log Teesage will he Jenerakbod for
each attempk that Lalls.

il 3

Fme e m e S ——— e +

I conmans reEferencs number |

e e T L L — S

[segquence nember| unit nupher |

R LT TPy Ny S}

| evenrt code | Elaas | furmat|
f——w e m Bl T T J i —
i i
t===  cankbroiler 1dentifier -—---+

Fommmm e e R T pe——— -t
[ . i
#o— - urlt identifisr .
I I
et U S ———.
i reserved lubvr=n | uswesn|
g b +
| volume serial pumnor |
L T T ——— e T -t

1 !

- 50T =atatus _
I fnformation |
- 12 bytes) ———+
i i
ey P

hesdar cade

Identifles the physical disk  lacation at  which the arrar
GoDOtred . If the higbh feour biles are Ba30 {binary), then tae
iow 28 blts are the logical bleck number at which the error
noourred, If tihe blgh fauve bits are A11F {(binarv), them the
low 28 hits are the replacement bBlacx npumber at  which  the
error  ocourred.  All other patternsg of the high four bits of
"header code" are reserved, and must not be returnnd  without
an - ECL fo this specification to define their Intecpretation.
The 28 bit  legleal or replacement  black number may  Ge
deconpozed, using  the Aisk geoumsbry parametsrs returned by
the GET NIT STATUZ command, toe obtaln the cylinder, «qgraougp,
track, and sector posikicon at which tha error occurred.

o ey e e = s e S e e —

l
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&bl Errors

SnI status information

Twelve bytes of status lnformation rerurred by the EDL  GET
STATUS command or by the SDI UNSUCCESBFUL response. The anit
number lnformetisen returned by the 5DI command of response 1s
pmaot imetuded, az that informatieon is provided elsewhers in
the arroy log message. Otherwise, all of the 501 status
iaformation it included. See the SDI speclfication Eor Che
format of this informetion.
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Opecoda, Flag, and Offset Definitions

Page Aey

Control Meszage Opoodes  {cont.)

el B e T LTI T —— A A il rae e o e e

I
i Contiol Message Tvpe

i ey 1T e e e e e e ——— P A e e e e E e e e e

| READ Command

| REPLACE Command

| SET CONTROLLEK CHARACUTGHISTIOS Coumaid

f BET UHIT CHAEACTERISTICS Comwsand

{ WRITE <Commard

£
End message flag (8see note pelow)
Serinus Exception end msy. (see below

DUFLICATE WIT JUMBER Attention mMessage
ACTHLSE PATH Attontion Message

T e e e T R AR A i e o it G R el e e ———— - = o = e

I
I
!
| AVAILABLE Acttention Message
I
1

Nere: Fnd message opoodes {also calied endcodes} are formed by adding the end nessade

1ts gpoosde Eleld.
meSsage Ilag plus the sorisus sxce

flag Lo the command opocode.

Table A-1
A —— o e ———
! Cproda Value I Preferred Mnemonics
| Dec. | 9Qzk. } Hex, | 16 Dit ¢ 32 bis
e e —— —f =
P03 4% 5 2 | OP.RD | MSCPSK 0P READ
| 28 | 24 | 14 | QP.RPL | MSCPSE DD REPLD
| 4 | B4 | B4 OPBCC | MECPSKE OETSTODN
iole 112 ] BA ] DP.SI | MSCPSETOF STIMT
I3} 4z ! 22 | OP.WR | MSOPSE DPF WRTTE
| I I I t -
P12 | @@ | BA ] OF.END | MSCESE OP END
I 7 T T | OF.SEX | MSCPYK 0P SEREX
; I 1 I I T
Poed § 1ed | 48 i OF.AVA | MSCP3X OP AVATH
'OES 1 1@t ) 41 | OP.DUP | MSCRS R OP DUPUN
G | 14z | 42 | OB.ACP | MECPSKTOF T ACPTH
i p L s, s Sy Sl SR
t
|
]
!
I
I
!

in its opeode fFisld.

attentiaon message.

For example, a READ command's end messaye contains
(uslng 14 bBilt mnemenics} the walus OP.RCHOP.END in its apoode fieid. fThe
Invalid Cosmznd end message contains just the end message flag (f.w., DE L, ZIMO; Ln
The Seriovs Freeptlon end message containg the sum of Lo end
ptien opoode showh above [i.a., OF . SEX400. 2D}

Command opoode bits 6 and 7 indlvate the t¥pe of massage (command, end, o
Commard choode Hils 3 barcugh 5 indleate the cowmand

category {immediate, sequentizl, orf non-segusntiai) and whelher at not the
command includes a buffer descriptar.

&
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Doeode, Flag, and OFfzat Definitions ' Fajge A=4

Tahle R-4 Cuntroller Flags

TP - L e Fo e m e -
I Bit | Bit Mazhk | Preferred Mnemonice ! |
IMumker| Ockal | Hex, | 16 bit |32 bit (see nate) ) Contraller Flag |
o e fmm—— o m—— Foama e ———————————— Py e P
f 70 228 | 80 | CF.ATH | MSCPSx COF ATTH | Enable Attention Messages |
I | l0g 1 4 | CP.MBC [ MBCPSx OF mM15C | bnable Miscellansous frror Log Messages|
| 5 44 | 2B i CPLOTH | MSCP$x CF OTHWER | Enable Other Host's Brror Log Messages |
I 4 i 24§ 18 | CF.TES | MECPSx CF THIS | Enable Thia Bost's Erroe Loy Messagus |
I ro 1 1 CF.574 | MBCPSx CF 576 | 576 8yte Sootors ' |
Formem—— Fmmmaa Fmm - o o o e e e e e e e 8 B e e e e e e +
Tatle A-5 it Flags
+--.___—+————-.-q.———-.--n—1r.-.--=r...-...n...u........_.__.______.._————--—-!-———---.-—.--.--.-..u----.-.--a..-u._._u...__a.u_. ___________ +
I Blt | Bit Mask ! Preferced Mnemonics I |
IWumber{ Octal | Hex. | 16 bit |32 bhit (== notel | nit Flag |
f— — -|--|------|.n..-_.l'T ______ +——-|-—-|--|--.--n-!——-rn-—|--|u.-|.-|-|.'I-.-|-|.l..J'|--r-l-.dj—l————l ——————————————————————————————————————————— 4
i w i L | DF,CMR | MACPSxk UF CMPRD { Compare Reads i
; 1 | 2| Z | UF.CHMW | KSCP§x UF CMPWR [ Compare wriLes ;
f T i R | dg | DFLEMYV | MSEE'E::-:__UE'“RI'E‘.'EL i Fewovably Medias f
|13 | Zé988 | 2802 | UWF.WPH | MSCPSx UF WATPH | Write pProtect (hardware) |
| 12 | 149888 | 1308 | UR.WPS | KSCDPEx UF WRTPS | Write Protect [ssftware) |
f 2 4 i 4 | UF.576 | M5ChEx OF 576 b 576 Byte Sectors i
Faw e i e e - 4’.________.1._______-_-'__:.....—....-1....|-_--.-..-....._._._._.______._____-___________._____—----|.
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CGpoade , Flag,

and DEfsef Definitians

Pagw a-g

Snd and Atteption Message Offsets

e e e e e e e e e e s e o o et e e e e —

Field | i

TR e e i e . aa

Dexo

Table 4=T

OfEget vaiue I Prefarred Mnemonics |

« | Oet. [ Hex, | 16 Bit | 42 bit i
______ e e vt A ——-

Generic End Message Offsoba: i

| & | @ | P.CRF | MSOPSL CML REF |

I 4 | 4 | P.UNIT | MSCPSW UNTT |

| 8 | g | i - g

| i | 3 | P.OFCLD | MSCPSE QFCGDE 1

i 1t ] 9 | P.FLGS [ MSOPAR RPLAGS i

T 12 1 A § ELBTS | MSCPSW STATUS ;

1 12 | C | P.BONT | MECPSL BYTE CNT

| 28 ¢ 34 | | N - |

i 4 | 1€ | P.FDBE | MSCPSL FRST BAD |

| . _

RBORT and GET COMMAND STATIE End Mosssage GQifsets:

i PLOTRF | MECESL OUT RET

MECESL CMD STE

Offsatks:

|
!
.r
|

MSCESW M ULT BT
MSCPHW_UNT_FLGS

MSLESQ UNIT ID
MSCESL MEDIE D
MSCDSW SHOW TUNT
MSCPSW TRACE
MECESW CROLUD
MECPESW O¥YLIMNDER

MSCPSW RCT STZE
MSCPSW ABNT
MECRSEACT Chys

;
t
I
[
I
| 12 LE c
| GET COMMAND STATYS End Message Offsets:
E 15 I 29 { 14 {1 P.CMGT
1 | I
r GET WIIT STATUS End Message
| 12 | 4 | C | P.MLiN
[ 14 | 16 I E | P,UPL
f s 3 20 7 185 |
P {24 7 14 | P,WTI
| & | 14 ! 1T | P.MEDI
oAz | 48 | 2 | P.SHUM
| 3 | 4 | 24 | P.TROK
I 38 I 46 1 28 | P.GRP
Poag ] s | 2 I PLCYL
] a2 + RZ I A |
| 44 | a4 F oz | P.RCTS
t a4 | =& | 2 | P.RENS
| 47 | 87 | EF | F.RCTC
e B e e s i [§ S — frm s e ——— o ——
.* "I
# te-

f

— T — i — e e —

" B gy ———

Size

oF b=t ol e b pd B B b @0 P B

Field lescrigpbion i

|
|
Unlt oumber |
Hasarwed §
Dpcode (alsc called endgode) i
End wmessagqe [lagss !
Stiuatus !
Byte counc !
Reserved I
|
I
i
I
|
I
I
b

]
]
.l.
i
i Conmand reierence humbur
I
i
|
I
H
|
|
| First bhad block

Outstanding refershce numbor

Command stabus

Muibl-anit code
Unit flags i
Hoserved [
it identifer I
Media bwvpe idonliilicr i
| Shadew unlt §
i Track size’ |
Froun B5ige |
Cylinder 2ize |
Hescrwed i
ROCT tabnle siza i
BaNz / Lrack |
BCT vopies I
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Opoade, Flag, and Offset Definltions Hage AH-8

Table 2-F Brror Log Message Q2ffsets

o —— b e e e e o e T e e e oy T R e e e e +———m - e — T B M ek e o s ————
| COftset Value | Preferreod Mnepcnics | Field | i
i Dec. | Oect. | Hex. | 1f bit | 32 bit | &lze | Field Descriptieon i
T N —— e ——— o mo T P R T« T T M ——— il DT ———
| Genmetrie Error Lag Heeqage DEEsetys; i | !
I a | [ I g ! L.CRF | MSLG3L SED BEE | 4 ¢ Dommandg reference number L
| & 4 | 4 | L.UNTT | H&uﬁqw TNIT H Pl | mit number |
i (PR & | £ | L.BEQ | MSLGSW SEQ dHim | 2 | Sequence number i
; 8 i 1@ | B L.FMT | MSLGSE_FORMAT | X | Farmat |
] 2 P 1Y 1 9 | L.FLGS | MELG3E FLAuh i 1 | Error log message Elags |
| 18 | 1z ] A | L.EVHT | MELGHEW EVENT | 2 i Event code |
I 12 1 14 | € | L.CNTI | mﬁgtﬁn‘cmv_xn P B ] Controller ID |
poo 1 24 | 14 | LLOSYR ! MBLGSE CNY BVR | 1 | Controller software varslon i
o2 28] 15 | L.OHVE | MALGSE ONTT HVE i 1 | Controllier hardware vyersicn |
P22 L 28 f 18 ] LLMLUM | MSLEEW MULT OHT | 2 EoMuleivunic code |
o248 | 3 | 18§ L.INT1 § MELESS GUNITTID | R Ponit LD |
| 32 | 23 | 2@ | L.iudvE | MEquB U\*T'bVH } 1 | Unit seFtware wersion b
| K - & N - S I A [0 |f“$-| UNIT HVR | 1 i it hardware version 1
I 3 1 ar | 2z , | z | Faormat dependentg |
| 3% § 44 1 24 | L.YSER HELE$Q_FDL EER | 4 | Voiume serlal number |
i | B I ! ST : I |
[ Hest Memory Access krrors with Bus Address Error Lzg mMessage Offssts: i
I 2¢ | 3@ | 18 | L.EADR ! MSLESL BUS ADCR | 4 | Bus adéreas |
I | | .r B | i |
¢ Dizk Transfer Errors Breor Log Message Offsets: | |
| 34 | 4x | 22 0 L,L¥L i MELGER LEVEL | i | Level i
I35 | 43 | 23 | L.ATRY | MRL3%5E RETRY I 1 | Retry i
i 3 ] a3 | m | L.VSER | MSLCSEL VoL SEa | 4 I Wolume sepial numbot |
b8 1 5@ 1 28 | L.HDCD | MSLGSLTHDRTOONE | Y | Header code |
e ar R Lo N [ o — e e e e e e — — . -t
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Status and Event Code Definitlons Pajgu B-2

Table B-=f Sracus and Zvonk Coday

Fee—— e e e e e e e e E b e i e R e e
I Va lue | Preferred Mnemonlcs i i
P Deg. | Qot. | HMex. | L& bit ! 32 bit f Status or Lvent Code i
e a e o m——— s E S e e e +
I 3| 3T 1K | ST,MBR | MSCPEM 5T MASK | Siatus / event oode mask |
I 3z | an | X3 | sT.uR | I-{:ECPSE__'ST_-EECDTJ | Sub-code moltipliar |

| I | | - i |
| gl da | d | ST.ELC | MECPsEK 51 S510C | Success ;
I 1 11 I | 8T7.CMT | MBOPSE HT ICMD | Inwvalid Command i
! 2 1 2| 2 | ST.ABLG | MSCPSK ST ABRTR ! Command Rborked |
| R 3| 3 | ST.OFL | MSCRSE 5T OFFIN | unit-0Dffline |
1 i i R 4 | ST.AVL | MECPSY 5T AVLBL | Urilt-Availabis |
| 5 g | 5 | BT.MFE | MSCPER ST WFMTE | Media Format Ervcor |
: G| g | 6 | ST.WPR | MSCPEE 5T WRTER | Write Protected !
' 7 1 7 7 ! ST.CMP | MECPSE ST COME | Compaes2 Erigr : i
I g i 1@ | g | ST.CAT § MSCPSK ST DATA | Data Error : ;
4 y i 1t % ! AT.H3ET | MECRSK ST HSTBF | Host Baffer Acoess bitor i
i Mo 12 A | BU.CHT | OMSOPSE ST ONTLR | Tontroller Erroe '
i 11 | 2 B | ST.LRAV | MSOPpsK 87T Dilve | Grive Erroc |
(R A N 1¥ | ST.DIA | MBCPEK ST DIAG. | Message from an internal diagoosbico |
Fmmm——— Fomm—— i —— N S SR S — o S Rt ot ke e e e e

! ; : J
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"a rF -t o
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Srstas and Event Jado

Tahle A=

DeFirmirdionn Fage d-4

btandard Staris and bvent Subecode Yalues  foont.)

- i e SR PR e T R o ettt e T S e
ﬁlm-- : Tods 4+ Suli-cada ||~"I'-"' '
ceda § oBec. | Gob. b odex. (VT Stetus or Hvent SubeCode ;

--——"'—-'r-—-l—--—-I-—"'-'r-“ﬂ-—i— _______ —I'"'r*"i'—-'- T e et T R U e e e e e e L e e e e o

mit-&vailakle" mob-node walioes: |

; ! | | i*]| Sub-godes are pobt used, i
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Status and Event Code Tefipnircions ' Piage B-g

Tabile B-3 Hoh-Standard

Etatus apd Event Sub-oode Waluns  [oont.)
[lse obf these sub-codes is controller or drive type dependent)

Fom————— +_*qqq'w_uﬂug___“_____+F+_+_“m_#uJgudi__m_m______F“qq-,H_-_AE* _______________________ et
I Snh- Coda + Habe-code |E 5| I
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Contyollar, Unlt, and Media Tvpoe IdentizZer Valuas

Tarnle -2 Mass Storags Dontrellar "sode:® Byta valuos
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4 T e e e i e e L ek e et e
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e -3 Disk Clasa Devices [dentificy Vailuves

[ T + —————— -.—-.-.-.+..-..._____+ _________ R A 8 e e ey e
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E T LR e b TSy R e e aat T PR —— b ———— e — F o e e

| @ | Eesarved -- mist not e assigned.

| 1 | o | RAZA | @H22344,010L2p | 7564,1658 | QASH Fixed disk drive. i
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AFPPENDIX D

EUWFFER DEBCRIPTOR FORMATS

The infermation in this Appendix 15 NOT a formal pere of HSCP.
The formal speclffearlon for buffer descripters is 1o the
{ndividual communhicationa  mechanism  specifications. Thlg
information is summarized here in order to provide a convenient
reference for all buffer dessripteors in a =2ingle document.

The format of the buffer descriptoer uwsed with Gthe Unibus  and
Q=bus i3 as Eoilows:

il @

——— et —————— +
| chan |huffer physiecal addrass|
Fr—————— e et R R T +
| reservad 1
e ———————— +
| reservad !

itk i ke e — — — —ta g

In order rs accomodate VAX-11/74d [BAs, it 15 npecessary Lo
include the UBA channel numbsr so that controllers can reqguest
LBA purges,
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