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PEFLGB91/ 00256 DATA TRANSFER BETWEEN A DATA STORAGE SUBSYSTEM AND HOST
SYSTEM Techni cal Field of the Invention This invention relates to the field
of data transfer between data storage subsystens and connected host data
processi ng systens. Background of the Invention Data storage subsystens
used in data processing systens commonly conprise a device controller
connected to opg re storage devices on which custoner '
retai ned. An i{rir'%(?re{lglérﬁfa requi renent of such subsystens is thgé%@f’???oﬁo
store large anounts of data which is at thel sanme tine accessible by the
host data processing system at high speed. There is an ongoing effort to
devel op subsystens which can transfer the stored data at ever increasing
speeds. A nunber of i r e devel oped to connect the host to
t he device controll er%ﬁg@@% Fﬁé&egﬁt%&& %ggl‘c’tios'{ﬂﬁ’é“ﬁbwncg%s? HFtMsuch
interface is the Small Conputer Systens Interface which has been adopted as
a standard by the Anerican National Standards Institute. Data Storage
subsystens are knowp,ihi ¢he12MgH O Fhvatitpbn OUS tO connect the controller to
t he device. A nunber of techniques Tor transferring data fromthe subsystem
to the host have been described. In one known techni que, for every data
transfer operati ofhistisgenyiqnarelatashtoc khedfiedd o€ dptn srapefegrhetyeenidsts r ansni tt ed
to the devi ce. Eastorsgciubsysdémsdaridaconseck@Bbbst raasa pheeclavi Gestems.

Background of the Invention

Data storage subsystems used in data processing systems commonly
comprise a device controller connected to one.or more storage devices on
which customer:data is retained. An important requirement of such
subsystems is the ability to store large amounts of data which is at the
same time accessible by the host data processing system at high speed.
There is an ongoing effort to develop subsystems which can transfer the

stored data at ever increasing speeds.

A number of interfaces have been developed to connect the host to the
- device controller and also the controller to the devices. One such
interface is the Small Computer Systems Interface which haé been adopted
as a standard by the American National Standards Institute. Data Storage
subsystems are known which employ a SCSI bus.fo corinect the controller

to" the device.

A number of techniques for transferring data from the subsysfém to the
host have been described. In one known technique, for every'data
transfer operation, the datu is checked for errors béfore it is
transmitted to the.deviée. Each sector of data is read from the device
and held in a data buffer where it is checked for errors before it is
sent up to the attached host data processiné system. This technique has
the advantage in that only good data is transferred to host. However -
there is an inherent performance penalty in the increased time taken to
transfer all the data. . ’
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and her in afdata buffer where it is checked for errors before it is sent
up~vt'o the attached host data processing system This technique has the
advantage in that only good data is transferred to host. However there is
an'inherent perfornmance penalty in the increased tine taken to transfer all
t he dat a. 2 In the I BM Systenf 370, another technique is enployed whereby
the data is sent directly fromthe device to the host w thout bei ng ’
checked. This sen¥O?15$%* Raw data has a performance benefit BYREBIHW256
previ ously described nmethod in that there is ng need to hold a sector in
the data buffer before transm ssion. However, a disadvantage of this

techni que as enployed in the System 370 ari ses when there is an error

the transmtted data. WHENIRTYEteT48e fROthey tF"é’"Hé‘Ee‘§s°é‘P’5PYf‘b"ﬁ"é’E‘i’YaH§rﬁat“ ds

| arge portion of the skat dicecklyi frzh|the deviige Socthe thpst Ethbutsbeind chekisbr This
performance enhanci Ngseh@mGzCiRgs: Bt chabGCperdorrehePidedi® vk PReviously

transm ssion of data CRQ%%&P %ggd € 1 Epv\;] Q;ﬁeé)io thpfﬂsgégﬁ‘,ﬂ}l., the

transfer whi ch reduces ency cause e require i S. r%

under the head when tHyEf ed'a'leémiest"t“%"tﬂ‘&%t"é‘dm"%’pét g’rﬂ‘d"&"?gﬂ of fhig febpige @s
the use of split trarnspboyed dn tthaSpftem/3eneeises wvhenothzue 3¢ antegrar butheer. Both
bursts of data are reGeimeetes Ratd)Gmbh ithRl hdpfird! GehR NGest@RY td!Petrenshile ahOST

system SUMVARY OF Tl_J.ErgleNI\J/o%MUnW the data originally requested by the host.

A number of performance enhancing techniques have been developed to
speed up transmission of data between device and host. One of these is
split transfer which reduces the latency caused when the required data
is not under the head when the data is requested. US patent 4 494 157
describes the use of split transfer to transfer data in two bursts to a

buffer. Both bursts of data are received in the buffer before being sent

up to the host system.

i Disclosure of the Inverition

The invention seeks to achi-ve high speed data transfer between a data

‘storage subsystem and attached host data processing system.

Accordingly the invention provides a method of transferring data from a
~ data storége subsystem to an attached host data processing system, the
storage system comprising a device controller connected for
communication to a direct access storage device on which the data is
stored, the method comprising sending a data transfer command from the
system to the device controller to_initiate data transfer, the command
spécifying a sequence of blocks of data to.be transferred and the start
address in host memory to which the first block of the data sequence is
to be transferred; and transferring the sequence of data from the
subsystem to the system in response to the command, the controller being

capable of respecifying the start address in host memory.
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It +¢ an ohjwect -of the present invention to aneliorate one or nore

X di sadvant ages of the prior art. According to one aspect of the present
invention there is provided a nmethod of transferring data froma data
storage subsystemto an attached host data processing system having a host
menory, said host nenory having a plurality of addresses, the data storage

subsyst em congjg ¢irixgss@ devi ce control l er connected for co }ﬁi%to a
di rect access storage device on which the data is stored, e netho

conprising the steps of: sending a data transfer command fromthe host data
processi ng systemto the devi ce controller of the data storage subsystemto

initiate data tr f a transfer eci.fyi
sequence of bl oc%?o?ﬂtao%ﬂ? I fbrlénts"f l'eersf""‘:cjffy ‘g“a §e gg‘g(s:se n6fh°f)'1900ks
further conprisi MERY Mifip 'é‘ét“’?ﬂe wreeidied %dh%lcg’%%dI%%ﬁfeﬁf ths ocks, said
sequence of bl ockentrpligeaemandah acrede rto\tioet memoky & snlssatadﬁc:bitycksfuﬁ dat a
Is foll owed by ajisnecppeset wads. bl ocks of data, and said data transfer
command specifying a start address in the host nenory to which the first

bl ock of the first set of blocks of data_in the sequence of bl ocks of data
is to be transferP&dPreftrded rethied-ofe ?@‘T%?’s?dﬁﬁ&ghbf“ﬁs&'k%f &tiddata from
t he data st orage seqdensesefcdata Eromh¢hehdsticqldt @ pmeogesitin odet emd bsesr esponse

to the data transﬁ@et&emreds aﬁecanfearb?tms%sofcowa@&k&eaﬁda@n&ap&me second
set of blocks, Qgﬁr‘ég"hcfia&o&l&or 'io bhich d}xe %Ps%tbal 9F %Helenéu?esci@é&@ capabl e

of calculatlnga specl tart address %/to
whi ch the second %"ét 1501’“5?'681(?‘% gonfbolﬂjeer transferring the data in non-sequentia
order to the host, the first block of the data being directed to the

amended start address.

Thus in split read transfer, the controller is able to respecify the
address in host to which the second burst of data should be sent. In
this way, it is not necessary to wait for the s- ond burst of data to be
received by the controller before the first burst can be sent to the
host. This provides a performance benefit over prior systems which
received the data 'out of order' from the device but then had to
transfer the data to the host in the correct order.

Alternatively, the controller requests transfer of data from the device
in the same order as specified in the command, the controller sending

the first block of said sequence of data to the address specified by the
host. This i§ a 'normal’ read operation in which data is transfarred in

ascending block order up to host memory.

-In a preferréd method, on detection of an error in a portion of the data
sequence; the controller requests the device to retransmit said portion
and uses the addreés specified in the command from the host to calculate
the address in host memory to which the retry portion is to be directed.

Thus if an error occurs during data transfer, the controller retransmits
a portion of the data up to host. The random access to host memory
avoids the need to resend the whole of the data specified in the

original command.
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transferred, -sai d amended start address bei ng different fromthe start

addt ess specified in the data transfer command. According to another aspect-
of the present invention there is provided a data storage subsystem for
storing data accessible by a connected host data processing system having
menory, the subsystem conprising; a device controller connected for

comuni cation to a direct access storage device which transfers bl ocks of
data Trom t he diweeinsesicess storage device via the control | epct/cBoBeREey | N
the host data processing system responsive to a command fromthe host data
processi ng system said command fromthe host specifying a start address in
the nmenory of the host data processing system said device controller
further including nMBRGfthd asp@tdofGhd BRvehtior kferefiststbotidkd Qnaathetstageect

access storage devi 8&‘» JsRedt 85 g&?f){gydaég aEiL‘Zsﬂ?f%daa&ﬁmPJtQ&% | g, system in

ot her than 4 normal sequent | vice caontroller capable of
cal cul ati ng and spe’i’:"’FifF‘Htj’ Sy temnelibe YD TELEM CoMRdF HYS® SHVIRDSOMRREER y to whi ch
a second portion ofcaiagched fori enmmurdtdtjort topsfiesatcatcessastirmeeiedicd whepie in

addr ess ori gi nat i NQopefatidedflVisCeranstatre@| fre tHedldi@Ee bhiathe! ALIAEY €At a
processing system ﬂﬂgﬁeﬁhostE%Q%%chﬂﬁétsg&‘iﬂr%r?a%agdeiis%ﬁeiﬁtth%Pm the start

address specified b roc sendi hg a

first portion of da‘t°3“l°blel’kfé %ﬁﬂﬁﬁlés%f ?ﬁ‘é’(f?‘f'i"e'ﬂ’elsr’faf%éddébﬁ?n’d‘nbf"fr“ﬁ?ﬁ'{*’ﬁé host
dat a processi ng sysihésh the ddtatisafreeafeseddi ng the first portion of data to
the nmenory of the host data processing system the data appears

sequent| al "_:y In the, BRERYa bckihent8F enP iNGERH W15 %S BMaBrided hien

reference to the accompanying drawings. It should be noted that not all
the features of the following description are necessary in order to put

the claimed invention into effect.

Brief Description of the Drawings

. Figure 1 is a block diagram of the major functional units of a data

storage subsystem according to the present invention:

Figure 2 is a block diagram showing the main components of the adapter

of Fig.1;
Figure 3 shows the structure of the adapter link chip of Fig.2;

F;gure 4 is a block diagram showing the main components of the

controller of Fig.1:

Figure 5 is a block diagram showing the structure of the controller link

- chip of Fig.4:

Figure 6 is a block diagram showing the communication between tasks

defined in the controller microprocessor;

Figure 7 is a block diagram showing the inbound and outbound serial

links.
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had betn sent. in sequential order. Brief Description of the Draw ngs Figure
1 Ps a block diagramof the major functional units of a data storage
subsystem according to the present invention; Figure 2 is a block diagram
showi ng the nmain conponents of the adapter of Fig. 1; Figure 3 shows the
structure of the adapter link chip of Fig.2; Figure 4 is a block diagram
showi ng the mai n conponents of the controller of Fig. 1; Figure 5is-a

bl ock di agramW@8¥i1¥g4the structure of the controller |ink RIVEBUI0ZEGY. 4,
Figure 6 is.a bl ock diagram show ng the COI’IngJI’lI cation between tasks defined
in the controller mcroprocessor; .Figure 7 1s a block diagramshowing the ...,
I nbound and out bound serial I|inks. WO 92/ 15054

PCT/ GB91/ 00256 5 Detail ed Description of the Invention A data storage

subsystem i s descpédagbdekédiption P thalinfenkn CONNection to a data
processing system and provides large amounts of storage which may be
accessed by the host system.at high speed. The main functional units of the
subsystem shown Fif2F §F29%fesysm Hbsdﬁscﬁa%t’ﬁt‘é‘f“"h {5 PyiteRAg| 98 CBICESP er &
(iii) Direct Accets aSiaty agwesHng cesteDASDprovifies farge @hantd of) mtdrsgeavtgch
i nterconnect ed bymfObdhedeSse@UyNthe Hodt IsystidR|a@high speed. The main functional

units of the subsystem, shown in Fig 1, are (i) Host Adapter, (ii)

Device Controller & (iii) Direct Access Sto}age Device (DASD). The

functional units are interconnected ?y point to point, full duplex

serial links. Figure 1 shows a basic configuration of the subsystem

wherein one adapter 10 is connected via a dedicated serial link i5 to

one controller 20 which is in turn connected by four serial links 25-28

to four DASDs 30. The bulk of the following description will relate to

this basic configuration. However the architecture of the subsystem

(described in detail below) is designed to allow each adabter:fo'Sé

connected to'up to four controllers, each of which may be connected to

up to four devices. In a preferred embodiment of the sﬁbsystem the host

adapter is housed in the host system and is connected via a serial link

to a housing (eg rack mounted drawer or free standing unit) which

comprises one controller and four DASDs with associated power supply and

cooling systém {not shown).

Firstly a brief description of the main functions of the adapter,
controller and DASD is given.

1. ADAPTER

The adapter is essentizlly a general purpose multiplexer that
connects the host system to the controllers.through the serial links.
The adapter may be designed to attach to the host system through a
variety of existing interfaces e.g. IBM's Micro Channel architecture.
(ﬁicro Channel is a trademark of In§ernationa1 Business Machines

Corporation)

The principal functions of the adapter are as follows:



seri al ﬁinks.#FiQUIe 1 shows a basic configuration of the subsystem wherein
oneTadapter 10 is connected via a dedicated serial link 15 to one :
controller 20 which is in turn connected by four serial |inks 25-28 to four

DASDs 30. The bul k of the following description will relate to this basic
configuration. However the architecture of the subsystem (described in

detail below) ig, designed to allow each adapter to be connected to up to
four controller ,0 of which may be connected to up to f U /GEVOES | |
a preferred enbodi ment of the subsystemthe Rgost adapter is housed in the
host system and is connected via a serial link to a housing (eg rack

nount ed drawer or free standi \r/g unit) which conprises one controller and
four DASDs with assbcli 2IPtrsdeiches 567 (SIRYL CompptenSYstrR: NrIEaATY CRERAT .
Firstly a brief desky pipeetoMerofy Adress1iPMA) ffirpre SYssers mgdory land fokxptderthem to

controll er and DASDiHeScolto®Ibr ober ARARIER Thasadapter is essentially a
general purpose nultiplexer that connects the host systemto the
controllers through the serial |inks. The adapter pay be designed to attach
to the host system PhFutfliPter\rapgeet  Reel &Fi U heroeti 894 aidecetes ghem B

M cro Channel ar chiteqgudstirte. the [dortrolleha e ithy transfer afereaderigze dapd.er nati onal
Busi ness Machi nes Corporation) The principal functions of the adapter are

as follows: 3) The adapter fetches packets of write data from host memory by DMA and

transmits them on the serial links to the controllers.

4) The adapter receives packets of read data from the serial links and

stores them in system memory by DMA.

5) The adapter assembles the ending status for each command and presents
it to the system. Good status can be presented for up to 4 devices at a

time,

6) The adapter provides the means to abort a previous SCSI command
1

2. CONTROLLER

The controller implements the SCSI command set (the members of .
which relevant to this description are defined elsewhere) for the

attached DASD. Its principal functions are as follows:

~

1) The controller maintains a command quéue for each DASD.

2) The con;roller has a data buffer (shared between the DASDs) td
prefetch write data from the host system, to correct read data and to
prefetch read data from the DASD.

3) The controller generates SCSI status.

3. DASD
The principal functions of the DASD are as follows:



WO 92/ $5054 . :

PC¥ (B91/ 00256 6 1) The adapter fetches SCSI (Snmall Conputer System

I'nt erface) commands by Direct Menory Access (DMA) from system nenory and
forwards themto the controller over the serial |links. 2) The adapter
manages a pool of. DMA channel s and all ocates them on request to the
controllers for the transfer of read/wite data. .3) The adapter fetches
packets -of wite data from host nmenory by DVA and transnmits themon the
serial links tWa%8588¥ntrollers.-4) The adapter receives paP€HGBIWIN2S56¢ad
data fromthe serial links and stores themjn system nenory by DVA. 5) The
adapt ér assenbles the ending status for each command and presents it to the
system Good status can be presented for up to 4 devices at a tinme. 6) The
adapter provides tihe T@abASDissekabor theasperifiedopliBes| anddiendind 2. CONTROLLER
The controller inplenments the SCSI command set (the nmenbers of which

rel evant to this descrlabipn, ake. defi fed elaewbstel; Lok, g2 taRhed DASD
Its principal functions are as tollows: 1) 1 cnro?ler mal ntal ns a
command queue for SERRLFFICHSHe ooptrpller 35d; thep (Lb repdssor, viiies thaufResified har ed

bet ween t he DASDs)mltbgr of blocks, seeking to the next track as necessary. If any
defective blocks are found the DASD skips over them automatically.

3) The DASD generates and checks the ECC bytes that are appended to
each block. The ECC hardware is contained in the DASD to allow the
controller to support a range of DASD that may have different ECC
algorithms.

If the DASD detects a data error then the controller requests the
DASD to supply the error pattern and displacement. The controller will
then correct the data in its buffer and restart the transfer to the

adapter.

4) The DASD has a recording channel for read/write data. The write data
is encoded, serialised and fed to the head. The read signal from the

head is detected, deserialired and decoded.

SERIAL LINKS

The serial link provides point to point communication between two nodes
of the subsystem i.e. between adapter & controller and between
controller & DASD.

The unit of data transfer is a packet. The fbrmat'of'a'packet is shown
- below and comprises a control field, an address field, a variable length

data field and a CRC field.

, FLAG | CONTROL | ADDRESS | DATA | CRC ckc FLAG




prefétf:h wite data fromthe host system to correct read data and to
prefetch read data fromthe DASD. 3) The controller generates SCSI status.

3. DASD The pri nci pal

PCT/ GB91/ 00256 7 1)
The DASD searches for the starting Logical Block Address (LBA) supplied by

functions of the DASD are as foll ows: WO 92/ 15054
The DASD seeks to the specified cylinder and head. 2)

the controller and then it reads or wites the specified number of bl ocks,
seeking to the nexgodardgdy as necessary. |f any defective bl ockgefi g 1

t he DASD ski ps over them automatically. '3)  The DASD generates an ec
the ECC bytes that are appended to each bl ock. 8The ECC hardware is
contained in the DASD to allow the controller to support a range of DASD

that may have differepnf, kGG, lbg %k%g&ea oh \‘.Ihbese%EQJ.g)?ttg%te?foﬁ{ daf.yerror

then the controller

requests t e

e erro ern and

di spl acement. The conf ‘I"Id%r°“\ﬂ‘ﬁ"f’ﬁe’ﬁ‘s%F’r"lé*g"ta”f‘i’l‘élydata inits buffer and

restart the transfer

to the adapter.
Full duplex data transmission supports the transfer of read data and

write data simultaneously. In effect each ser1a1 link comprises two
links providing data transfer in two opposite directions. This is shown
in Fig 7 in which each node has an inbound link on which it receives

incoming data and messages and an outbound link over which it transmits

data and messages.

The link has a simple protocol. Each node may transmit a packet on its
outbound link subject to pacing responses and acknowledgements received

from the remote node on its inbound link.
Packets on the serial link may be classified into two types.

Message packets originate from a software process in one node and
are addressed to a process in the destination node. (A description of
the processes is given below in the sections on Controller and Adapter
operations). Message packets are typically used for commands and status
(the different types of messages sent in a message packet are déscribed

in gfeatér detail below).

Data packéts originate from a DMA channel in one node and are

. addressed to a DMA channel in the destination node. Data packets

normally contain read/write data.

Each ﬁacket contains an address field which indicates the source and/or
destination of the packet. For further details of the operation of the
serial links, reference should be made to pending UK applications

9026338.5 and 9026336.9.

MESSAGES

Messages are packets on the serial link that are addressed to a process
in the destination node. The first data byte in the packet (that is the



4) The DASD has a recording channel for read/wite data. The wite data is
engoded, serialised and fed to the head. The read signal fromthe head is
detected, deserialised and decoded. SERIAL LINKS The serial |ink provides
poi nt to point comunication between two nodes of the subsystemi.e.

bet ween adapter & controller and between controller & DASD. The unit of
data transfer is a packet. The format of a packet is shown bel ow and .

conpri ses a CORyg@r1shée! d, an address field, a variable len jeld
and a CRC field. FLAG CONTROL ADDRESS DATA CRC CR%EEKﬂghﬁyéé WO
92/ 15054 9 PCT/ GB91/ 00256
8 Packets may be nultiplexed on the serial link to perform several comands

on di fferent DASDs.si aneous] y. .Fuyll | e t.a transnj ssi on supports
the transfer of széggt;gitt% "glﬁt(c?fe \/i‘/lra :t/at geggfgc%?ﬁﬁ%ﬂiegﬁégﬁ%f 5 tHe BFsSaYt ¥4ch
serial |ink conpriSERasa4eRp Priediare ghe \PreEfatsr8at a transfer in two opposite
directions. This is shown in Fig 7 in which each node has an inbound |ink

on which it recei wes hd3esydh R9rgod aadndl aRSSRBGS I ATbWOULD QO odd BkpOVeET
which it transmt Issociated with the corresponding command sent from the adapter.

Adapter to controller messages

SCSI_COMMAND

MESSAGE CODE | TAG SCSI EXT | DASD ADDRESS

DMA ADDRESS (in host memory)

COMMAND DESCRIPTOR BLOCK

This message transfFrs a SCSI Command Descriptor Block to the controller

queue,

DASD ADDRESS identifies the target storage device that is to execute the

command;

SCSI EXT provides an extension or modification beyond the function
pravided by the SCSI command set as described in ANSI specification
'Small Computer Systems Interface/2' : X3T9.2/86-109. This portion of
the message is set to enable Split Write to the DASD or to enable Split
Read on the Adapter to Controller link:

DMA Address is the start address in the system memory of the data area

for the SCSI command;

COMMAND DESCRIPTOR BLOCK (CDB) is the command descriptor block for the
SCSI command. The CDB comprises one of the commands of the SCSI command

set.



datd and nessages. The link has a sinple protocol. Each node may transnit a
packet on its outbound link subject to pacing responses and

acknowl edgenents received fromthe renote node on its inbound |ink. Packets
on the-serial link may be classified into two types. Message packets
originate froma software process in one node and are addressed to a
process in the destination node. (A description of the processes is given
beél'ow i n the sect wowes/mossCont rol | er and Adapter operations). MeSAGHYE/00256
packets are typically used for commands and status (the different types of
messages sent in a nessage packet are descri bed® n-greater detail below). -
Dat a packets originate froma DVA channel in one node and are addressed to
a DVA channel in the gastisealrkmn node. Data packets normally contain

read/ wite data. Each packet contains an address field which indicates the
source and/or destination of the packet. For further details of the
operation of the serial links, r§f; 2] *gil € -.pendi ng UK
appl i cations 9026338.5 and 9026336&%5& gﬁ SqwgsﬁéMesmggﬁgoackefs on the
serial link that are addressed to a process in the destination node. The

first data byte int h'ﬁxiga}n%ls(seatge (:.L hsg‘rgt L; tﬁehgdapter to the controller := response to a
DATA_READY message. The Tag identifies the command wi:* which the

~ particular READY_FOR_READ message is associated. The _.zx address

identifies the DMA channel allocated in the adapter Izr this read
operation. T
ABORT

MESSAGE CODE TAG 1 TAG 2z

This message is generated by the Adapter when executing the ABORT SCSI
operation fetched from the host. TAG 1 identifies the mailbox containing
-the ABORT_SCSI Command operation; TAG 2 identifies the command to be
aborted. The message causes the controller to terminate execution of the
command if it is in progress or to remove the command from its queue if

execution has not begun.

RESET

MESSAGE CODE | TAG | Type | DASD ADDRESS

This message is sent by the Adapter to the Controller to reset selected

resources within the controller or DASD.

Controller to Adapter messages

READY_FOR WRITE



WO 92/15054 .
RCF/ (B91/ 00256 9 first byte in the data field of the packet) identifies the

message. The subsequent bytes are the paraneters. Mst nessages carry a TAG
as a paraneter...This allows the nessages to be associated with the -
correspondi ng conmand sent from the adapter. Adapter to controller messages

SCSI _COMVAND MESSAGE CODE  TAG SCSI EXT  DASD ADDRESS DNVA
ADDRESS (i n hogio g3pi%pssy) COVMAND DESCRI PTCR BLOCK Thi s mss%&g@%@rs a
SCSI  Conmand Descrl ptor Block to the controller queue. DASD

identifies the target storage device that iB to execute the command; SCSI
EXT provides an extension or nodification beyond the functlon prOV|ded by
the SCSI command set as described in ANSI specification 'Snmall Conputer
Systens Interface/ 2" : X3T9| Zkssacel O6be [ThAS | oKk hpvResd the npssage is set to
enable Split Wite to the DASB—e+—to—ehabl-t—Split+—Read—on—tne Adapter to
Controller link; DVA Addresp i sbwé'f@?épwﬁ%d#ebsﬂl mFmPeré syptem nenory of

the data area for the SCSI ,omn;trmA LENGTH (bytes)

This message instructs the adapter to transfer data from the host at the
DMA start address for the DMA length. LINK ADDRESS identifies the DMA
channel in the controller to which the data packets are to be addressed.

The Tag identifies the command with which the data is associated.

* DATA_READY

MESSAGE CODE TAG

DMA START ADDRESS (in host memory)

DATA LENGTH

This message instructs the-adapter to allocate a DMA channel to this tag
if it has not already done so and prime it for a transfer ingo host
memory beginning at the specified start address and for the specifiesd
length. The Adapter responds with a READY_FOR_READ message telling the
controller to which DMA channel the data packets should be addressed.

STATUS

MESSAGE CODE TAG STATUS

This message carries the SCSI status generated on completion of the

command identified by the tag.

The major components of the controller and adapter will now be

described.



COVMAND DESCRI PTOR BLOCK (CDB) is the command descriptor block for the SCS
cotmand. The CDB conprises one of the commands of the SCSI command set. '

WD 92/ 15054
PCT/ GB91/ 00256 10 READY_FOR_READ _MESSAGE CODE TAG LI NK ADDRESS Thi§

nmessage is sent by the adapter to the controller response to a
DATA READY nessage. The Tag identifies the conmand with which the

parti cul ar- READY_ nmessage i s associ ated. The - |ink address
i dentifies the DN&%%I allocated in the adapter for this rEKgdcB91/00256
oper ation. ABORT MESSAGE CCDE TAG 1 - 13AG 2 This message i s
generated by the Adapter when executing the ABORT SCSI operation fetched
fromthe host. TAG 1 identifies the mail box containing the ABORT_SCSI
Command operation; TAG 2 identifies the command to be aborted. The nessage
causes the control | er anagTBRer M nat e execution of the command if it is in

progress or to renove the command fromits queue if execution has not
begun. - HARDWARE :

The main components of the Adapter hardware are shown in“Fig 2. The
core of the adapter is the microprocessor chip (MPC) 110 which contains
a high performance controller controlling the transfer of messages and
data between the host system and the attached controller. There are also
‘two identical adapter link chips (ALC) 120, each of which provides an
interface to the Microchannel, two serial links and 16 DMA channels (not
shown). Each serial link has four 128 byte packet buffers for commands,
data and status in transit to and from the controllers. The interface

between the MPC and the ALCs is an 1/0 bus 115.

Adapter Link Chip (ALC)

The major components of the ALC are shown in Fig 3.

Data RAM:
The Data Ram 121 contains the following areas:

1) Eight 128 byte packet buffers (four for each serial link: two

outbound and two inbound);

2) Sixteen 8 byte DMA registers; one DMA register is proviﬂed for each

DMA channel. The registers are used in DMA data transfer.

3) A 32 byte message buffer for outbound serial link messages: this
buffer is used by the high performance microprocessor to build
READY_FOR_READ messages destined for the controller. By setting the
appropriate hardware, this buffer can then be transmitted to the

controller.



RESET '"MESSAGE CODE ~ TAG  Type DASD ADDRESS Thi s message is sent by the
Acbapter to the Controller to reset selected resources Within the controller
or DASD. Controller to Adapter messages READY FOR WRI TE WO 92/ 15054

PCT/ GB91/ 00256 11 MESSACGE CODE TAG LI NK ADDRESS DVA START ADDRESS (in

host nmenory) DVA LENGTH (bytes) This nmessage instructs the adapter to
transfer data fromthe host at the DVA start address for the DVA | ength.

LI NK ADDRESS i s the DVA channel in.the controller tw e data
packets are t a@e agﬁgessed. The Tag identifies the comman %ﬁ\%&%h t he
data i s associ ated. DATA READY MESSAGE CODB3 TAG DVA START ADDRESS (i n

host nmenory) DATA LENGIH This nessage instructs the adapter to allocate a
channel to tr”4§ tﬁ%lt-interface registers; Threes interface registers are involved in
the process of passing mailboxes to the adapter. Details of mailboxes

and adapter operaticn; are given later in the description.

Mailbox Pointer register: 4 Byte reglster that can be read and wrltten
by the system. It is initialised by the system to point to the Ffirst
mailbox in the chain. The system is only allowed to write to this
register when the current Tag Register is equal to the Last Tag register

or immediately after the adapter has been reset.

Current.Tag Register: This is a 1 byte register that can only be read by
the system. It allows Lhe.system to view the progress of the adapter. It
is cleared by reset of the adapter and immediately after the host writes
the Last Tag register. The adapter stores each mailbox tag in the ’

Current Tag register after it coipletes the processing of a mailbox.

Last Tag Register: 1 Byte register that can be read and written by the
system, It is written by the system when it adds some mailboxes to the
queue. It indicates the tag which is in the last mailbox. By this means
the adapter knows when it has reached the end of the list. When the

register is written, the adapter is interrupted.

§) A 32 byte DMA packet buffer for fetching all mailboxes from host:
SCSI_COMMAND, ABORT and RESET messages to the controller are sent
d{}gctly from the DMA buffer, (kEADY_FOR READ message is built in the
message buffer and sent over outbound link to the controller) The DMA
buffer can be used to read or write from host memory under DMA control.

The data RAM is time multiplexed between the serial links, the
Microchannel or inter-link transfers and the high performance

microprocessor.

Status RAH:

The packet buffers each require a packet status register (PSR). These
are held in the Status RAM 122 and are 16 bits wide. Packet buffers and



if if h{as not- al ready done so and prinme it for a transfer into host nmenory
begi nning at the specified start address and for the specified | ength. The

Adapt er responds with a READY _FOR READ nessage telling the controller to
whi.ch DVA channel the data packets should be addressed. STATUS MESSAGE CODE

TAG . STATUS This nessage carries the SCSI status generated on
conpletion of the command identified by the tag. The maj or conponents of

the controller ag;il)g%y%%er wi |l now be descri bed. WO 92/ 1%183%}{00256
A er

PCT/ GB91/ 00256 1 R HARDWARE: The nmmin conponents of the
hardware are shown in Fig 2. The core of the adapter is the m croprocessor
chip (MPC) 110 which contains a high performance controller controlling the

transfer of nessages_and. da et n the host system and t ttache
control l er. There ar gssé’f:%sage% g%:??tdge\%? VBT 8T D ET )éﬁ?wﬁkmgﬁ‘lg‘brs?r?A%é 95 *%each
of which provi des anciei@sfte&itldst he M crochannel, two serial |inks and 16

DMVA channel s (not _
DESTINATION - for outbound data packets this field contains a value

which will be copied into the address field of the outgoing packet when
the contents of the corresponding packet buffer are transmitted by the
link. This value may be loaded automatically by hardware when the packet
is being fetched from the packet buffer, in preparation for
transmission. For inbound packets, this fiEld contains an address
-extracted from the address field of the incoming packet. This value is
written into the PSR by the inbound link.FSM and its value is used to
determine the subsequeat roﬁting of the packet.

BYTE COUNT ~ for outbound packets this contains a value which indicates
the number of bytes which have been placed in the corresponding packet
buffer. When the link transmits the packet, this value has to be copied
into a byte counter (part of the link-hardware) which is decreﬁented as
each data byte is sent. The value in the PSR is preserved in case the
packet has to be retransmitted due to an error in transmission. For
inbound packets, this field contains a value which indicates the number

of data bytes which were received in the incoming packet.

Microchannel Interface:

. The Microchannel interfaces with host memory and employs the Data RAM

host-interface registers defined above.

DMA Channels:

There are sixteen DMA channels (not shown), numbered 0-151in each ALC.
They are employed to DMA data between host memory and the DMA packet

buffer.

CONTROLLER



shown). Each.serial link has four 128 byte packet buffers for comands,
data and status in transit to and fromthe controllers. The interface

bet ween the MPC and the ALCs is an |/ O bus 115. Adapter Link Chip (ALC) The
maj or conponents of the ALC are shown in Fig 3. Data RAM The Data Ram 121
contains the foll ow ng areas: 1) Ei ght 128 byte packet buffers (four for
each serial link: two outbound and two inbound); 2) Si xteen 8 byte DVA
regi sters, one WR/1¥8% ster is provided for each DVA channePCI/GRIIORS6 st er S
are used in DVA data transfer. 3) A 32 byte jessage buffer for outbound -
serial link nmessages: this buffer is used by the high performance

m croprocessor to build READY FOR READ nessages destined for the
controller. By set HARR§AREhe appropriate hardware, this buffer can then be
transmtted:to the controller. WD 92/ 15054

PCT/ CBQ 1/ 00256 13 ‘g’)gure 'ibsﬁlt)wé P{ ell;alﬁl%né‘tgma tcg{?ﬁnentp ro%ethe rLég{tfofﬁ? &t I sters

are involved in the rocess 0 ass;ng1 ails of
mai | boxes of the controller is the HPC chip 210 that contaxns the high

performance controller (HPC) and a DMA controller which controls the
transfer of data to and from the data buffer 220.

A DMA bus 225 connects the DMA controller to two Controller Link Chips
230.

Data Buffer 220 : All data between the adapter(s) and DASDs passes
through_the data buffer. The buffer is also used for storing read ahead
data in case it is subsequently requested by the system (see section on
READ AHEAD later in the descfiption). Sixteen DMA channels (numbered
0-15) are pr;vided for transfer of data between the link packet buffers
and the data buffer. There ;re two channels per device (DA) link and 4

channels per SA link.

The data buffer consists of an array of DRAM modules. Data in this
buffer is stored with ECC to ensure data integrity. The data buffer is
allocated in seven 32K byte segments per DASD. If more than one task is
executing on the DASD, a different segment is allocated for each task. '

The high performance controller controls the interfaces to the
controller via a series of external registers implemented in the
Controller Link Chip. The I/0 bus 226 is used by the microprocessor to

access these registers.

Static RAM 240: used for programme execution.

EPROM 250 : stores the microcode empioyed in the operation of high
performance controller. The structure and operation of the microcode is

described in more detail below.

Controller Link Chip (CLC)




and_édépter operations are given |later in the description. Miilbox Pointer
register: 4 Byte register that can be read and witten by the system It is
initialised hy the systemto point to the first nmailbox in the chain. The
systemis only allowed to wite to-this register when the current Tag

Regi ster is equal to the Last Tag register or imediately after the adapter
has been reset. Current Tag Register: This is a 1 byte register that can

only be read by em It allows the systemto viewthe f
the adapter. It %@E%ﬁégéed by reset of the adapter and innedia%e fﬁ§? er

the host wites the Last Tag register. The adapter stores each mailbox tag
I ntheé Current Tag register after it conpletes the processing of a mail box.

Last Tag Register: 1 Byte register that can he read witte h
system It is witteeRt {8 §§°§F£ﬁfﬁe’ﬁ’"??n"ad" stg"s"oan%&?rﬁ'ﬁ 5%’)‘('3;{"?%9‘%5%'

queue. It indicates Thaeareeg which is in the last nmail box. By this nmeans the
adapt er knows when it has reached the end of the list. Wen the register is

witten, the adapteryyi fuol pis6 ebrial GlterPiced (8% i Sa1PMA packet buffer for
fetching all mail boxes from host: SCSI_COMWAND, ABORT and RESET nessages to

the controller are sent directly fromthe DVA buffer. (READY_FOR READ
nmessage i s built in 2henenasspiegesepimlfvterdfprs €8ht over outbound link to -the
controller) The DVA buffer can be used to.read or wite from host nenory

“_”der DMA control . Tj}eLiQ?'tP@gl@e‘MuE&_rL 28 afd bddoPlaRiEPadREl WERDs b s 60k i2ad

| inks, the Mcrochannel or inter-link transfers and the high performance
Packet buffers are employed to hold incoming and outgoing data. In order
to perform back to back link transfers an A/B buffer implementation is
used. This allows the NMA logic to fill (or empty) buffer B whilst
buffer A is being used by the link and vice versa. The full duplex
nature of the link means that both inbound and outbound links need
individual sets of packet buffers. Since the controller link chip
contains three serial interfaces, this means that a total of 12 packet
buffers are required to service the serial links. Additional packet
buffers in which microcode can build outgoing Messages are also
implemented (one per link). This allows the high performance
microprocessor to construct messages without having to withdraw one of
the A/B packet buffers from servicing DMA transfer hénce preventing

ongoing data transfers from being adversely affected.

Each of the three links in the CLC is provided with five packet buffers

.classified as outbound, inbound or message.

OUTBOUND Each link is provided with two A/B outbound packet buffers
which are serviced by the DMA hardware. These buffers are _
filled with data obtained from the data buffer and sent to the
DASD (DA links) or to the adapter (Sa link).

INBOUND Each link is also provided with two A/B inbound packet
buffers. Incoming packets (from the adapter or the DASD) are
stored in these buffers and they are serviced either by DMA
hardware or Spinnaker, depending on the content of the -address

field-in the incoming packet.



m croprocessor. Status RAM The packet buffers each require a packet status
register (PSR). These are held in the Status RAM 122 and are 16 bits w de.

Packet buffers and WD 92/ 15054 '

PCT/ GB91/ 00256 14 associ ated Packet Status registers are shown in Figure 7.
Each register contains two fields: DESTINATION - for outbound data packets
this field contains a value which will be copied into the address field of
t he out goi ng pw@b1508hen t he contents of the correspondi ng pCToGEsh/eb2s56f er
are transmtted by the link. This value may_be | oaded automatically by

har dwar e when the packet is being fetched fYom t he packet buffer, in
preparation for transm ssion. For inbound packets, this field contains an
addr ess extract edutgsae t raciadihkemserithcl 5 ofsotgiovided aithng mpesakebackdhi s val ue

is witten into the PSR wf&b%hiﬂbgumdlﬁyn&e%M%pstego% 262 %q baepi@d o
determ ne the subsequent "routing of the hga(:dkett. YTE COUNT - for outbound
packets this contains a \TéT‘li%es\lfgﬂ B fgthE R9aReF 1R HEMIEY: of bytes which

have been placed in the correspondi ng packet buffer. Wen the |ink
transmts the packet, this value has to be copied

4) DMA Interface logic: this transfers data from the packet buffer to
the controller data buffer under the supervision of the DMA controller.

DMA operations

Data is transferred between the adapter and the controller buffer and
between the device and controller buffer by DMA. The controller
microprocessor includes a DMA controller which coordinates transfer

between the controller link chips and the shared data buffer.

The Controller Link Chip incorporates a DMA interface to transfer data,
between the packet buffers in the CLC and the controller data buffer.
The DMA interface is supervised by the DMA controller contained within
the microprocessor chip. The MP chip contains logic to arbitrate between

DMA requests.

DMA transfers are preceded by an arbitration phase during whi:- the CLC
chips are allowed to signal requests for DMA channels which reguire
servicing. The DMA controller issues a grant to one of these requests,
after which point the CLC can initiate transfer. Each controller link
chip can use 8 DMA channels to service data transfers. These DMA

channels are assigned as follows;

Channel 0,1 : DA link no O (DAO in figure 5)
Channel 2,3 : DA link no 1 (DAl in figure 5)
Channels 4-7: Adapter Link (SA in figure 5)

(the second CLC uses channels 8 to 15 in the same order as above)

This arrangement allows up to 2 DMA channels to service each DASD and
allows the adapter link to be serviced by up to 4 DMA channels. These



into a byte eounter (part of the |ink-hardware) which is decrenented as
each data byte is sent. The value in the PSR is preserved in case the
packet has to be retransnmtted due to an error in transnission. For inbound
packets, this field contains a value which indicates the nunber of data

byt es. whi ch were received in the incom ng packet. M crochannel Interface:
The Hi crochannel interfaces with host nmenory and enpl oys the Data RAM
host-i nterface r¥gQ928Ms4s defi ned above. DMA Channel s: There @ca/cBottoess DVA

channel s (not shown), nunbered 0-15 in each ALC. They are enployed to DVA
data between host nenory and the DVA packet bt# f er. CONTROLLER WO

92/ 15054
PCT/ GB91/ 00256 15 HAMREMRREcH Beluseddconbivéntly @o RRbIDiE WRC bickORhuIosRRAGNt S Of

the controller. The é‘e%ﬁ» Qk thiGeHNUER ! &1 é% deNfinhP |ven pib th

contains the high perf ?’rg ce 5nDtr§{M C eze na gE)I\/Rt % ’H}%"%.‘

controls the transfé? A%, The DR fus I“Eﬂ‘ﬁ f e ’dét"‘éa'tfﬁf‘f Et e2"20‘“’ °
HBytes/s. A 32 byte (DA) transfer from packet buffer to data buffer
takes approximately 1.2 microseconds. A 128 byte (SA) transfer takes 3.6

microseconds.

During arbitration, each CLC raises requests on the DMA bus as follows:

"STORES (writes to the buffer) A DMA request will be raised on receipt of
an inbound link packet, provided that the address field of the packet
indicates that the data was destined for a DMA channel.

FETCHES (reads from the buffer) A DMA request will be raised for a DMA
channel if either one or both of its associated link packet buffers are

empty.

DMA Store operation: DMA store operations are used to empty inbound

packet buffers. '

DMA Fetch operation: DHA fetch operations are used to £ill outbound
packet buffers. Each transfer will normally be for a complete packet
buffer.

Command Descriptor Queues

The CDB's (plus ABORT and RESET) are stored in Command Descriptor Queue
Entries under the control of the SA RECEIVE MESSAGE process vhen they

‘are first received.

FREE queue: Initially all CDQE's are free. The FREE queue is a queue
only in that one member points to the next allowing all free CDQEs to be

found. No significance in the order of entries.

came



A DMA bus 225 conpects the DVA controller to two Controller Link Chips 230,
Data Buffer 220 : Al data between the adapter(s) and DASDs passes through -
the data buffer. The buffer is also used for storing read ahead data in
case it is subsequently-requested by the system (see section on READ AHEAD
| ater in the description). Sixteen DVA channels (nunbered 0-15) are

provi ded for transfer of data between the link packet buffers and the data

buffer. There aywgobMEpsghannel s per device (DA) |link and 4 cr@?&ﬁ/ SA
| ink. The data buffer consists of an array of DRAM nodul es. alin S

buffer. is stored wwth ECC to ensure data intl@grity. The data buffer is
allocated in seven 32K byte segnents per DASD. If nore than one task is

executing on the Dﬁépcw Sl CHen SPHIP Dnded SLACALRL Sl QiR g0k The

hi gh performance contr er control I'ntertraces foller via a
segl eg of external *%8g} t‘@?% aFﬁbfé‘ﬁ%f’%tﬁh"l ﬁ“ﬁh%"‘éi)n'fhfeoqnp’ér“L“?‘ﬁi’e‘Eﬁf‘ﬁ‘ The

| /O bus 226 is use#‘eb?q-‘m#e% endorided &g $he Newp Cemmends queupe dhort agsster sre St ati c
RAM 240: used for prsegiunifea edgECsHd fided EFPREIVNAD Bommarsd @e@s. t he mi crocode
enpl oyed in the operation of high performnce controller. The structure and

[ I | ow. ntroll er
EPﬁrkatCIh?B (()fCLtC;] e n %rzgzcgodmue DSQuClEeS C'!l"l{egee C;rel rf]ourxtocii‘eglgett:oafnlnandbq%el?es - %r?e tfor

each device. Each queue is serviced by its own Command process. When the
QUEUE MANAGER process finds a new command in a CDQE in the New Command
queue, it finds the device to which it is addressed and transfers the

CDQE to the corresponding Device Command queue.

MESSAGE Queue: when command processing completes, its CDQE is loaded by
the relevant Command process with a SCSI status message and transferred
from the Device command queue. The Message queue is thus a gueue of

requests to the SA Transmit Message process. -

The same gueues are used for commands received via different Adapter

links.

Queue Linkage: The head and tail pointers for the Free, New Command and
Message queues are fields in the Message cdntrol Block (MCB). The head
and tail pointers for the device command queues are in the corresponding
Device Control Block (DCB). The head addresses the first member of the
queue. The tail addresses the last member.

Each CDQE contains a 'Next’ pointer. Although a CDQE may be in one of

several gueues it can never be in more than one at a time.

The operatioﬁ_of the adapter and contro}ler will now be described.
ADAPTER

OPERATION

Tasks defined within the high speed microprocessor control the operation
of the adapter. Tasks are initiated by interrupts, which may be from a



WO 92/ 15054 .
PCT/ GB91/ 00256 16 The mai n functlonal areas contained wwthin a CLC are’
shown in Figure 5. They are: 1) Two DASD serial interfaces (DAO and DAl) 2)
One adapter serial interface (SA) 3) Link Packet buffers 240 and associ at ed
packet status registers 242 Packet buffers are enployed to hold incom ng
and outgoing data. In order to performback to back link transfers an A/B
buf fer inpl enentywdigrsoss used. This allows the DVA | ogic to frCriGBODNO2SEPt V)
buffer B whilst buffer Ais being used by the link and vice versa. The full
dupl ex nature of the link means that both i nB8und and out bound |inks need
I ndi vi dua! sets of packet buffers. Since the controller link chip contains
? Qa &er Zgr L gl Ie pt erf afﬁsmtm.&l azeani atdddfvare 1iteAhupOfirdafpkdtctashbubdrevdaear

service . the serial lin [ e
m crocode can buil d O {rug s are'véhe mea%s wﬁgg OL% Q:QQJ B‘Fgﬁe%‘n gﬁget'%t? tb Qthﬂ}uCh)
This allows the hi gﬁhbé?mPU?*ﬁiaﬁ*E'éb?ﬁWE?‘bB}’o@ég'éﬁ?t n%kédﬁs?‘f"ﬂb ﬁ‘%gea §es
wi t hout having to withdraw one of the A/ B packet buffers from servicing DVA
transfer hence prevegiking ongoi ng data transfers from bei ng adversely
gf;](cacted Each of the three links in the CLCis provided with five packet
uffers

Status: the status task is responsible for managing status to be
presented to the host system. Status is passed to this task from one of
the other tasks and may be directly presented by writing it to the

hardware.

Link: there is one link task to handle the 4 serial links te the
controllers. This task is responsible for interpreting any messages. .

received from the controllers(s) and taking appropriate action.

Mailbox: this manages the mailbox interface from the host system. It is
responsible for receiving each mailbox from the system. If the mailbox
is SEND_SCSI Command, it will be passed to the link task for

transmission to the appropriate controller.

(There are other tasks defined but are not described as not being

directly relevant to this description).

when instructed by the host processor, the adapter fetches commands from
'host memory and forwards them immediately to the appropriate controller
for execution. The mechanism for fetching commands is dependent on the
architecture of the host system and will vary accordingly. In this

description, the following mechanism is used on the Microchannel.

The host system initiates subsfstem operations by means of Mailboxes
which are built in host memory. Each mailbox contains a unique tag which
identifies that particular command. For example, when the host wishes to
initiate an operation in the subsystem, it will build the operation in
the next available mailbox and write the Last Tag Register. Writing the
Last Tag Register interrupts the MAILBOX task in the adapter
microprocessor. The MAILBOX task instructs the adapter hardware to DMA



cl assi‘fied as outbound, inbound or message. OUTBOUND Each link is provided
W;th two A/ B outbound packet buffers which are serviced by the DVA
hardware. These buffers are filled with data obtained fromthe data buffer
and sent to the DASD (DA links) or to the adapter (SA link). INBOUND Each
link is also provided with two A/B inbound packet buffers. Incom ng packets
(fromthe adapter or the DASD) are stored in these buffers and they are
servi ced eit herw/¥®® har dware or Spi nnaker, dependi ng on PEFGBSHOEHE of
the address field-in the incom ng packet. .1 WO 92/15054

PCT/ GB91/ 00256 17 MESSAGE Each link interface is also provided with a
nmessage packet buffer whi-ch is used by the m croprocessor to build outbound
nessages to send t chet hedlixafron hogly mémaey DAShe 432 IV Db beffeace d degignatédi s
transfers data fropae &€ tRAedepterbilink @higsO(mabtRr CRRS Y &8 biRich dai ReddbdsCEromnder.

t he supervision of th irojler. DVA operations Data is transferred
bet ween the adapteF&%ﬁﬁEFﬁgqgghggdrler buf fer and between the device and

controller buffer by DVA. The controller
once in the DMA buffer, the MAILBOX task decodes the mailbox to

determine the type of operatioﬁ defined by the mailbox contents and if
it finds that it is a SEND_SCSI command, the mailbox is converted to a
SCSI_COMMAND message for transmission to the appropfiate controller. The
_SCSI_COMMAND message is sent from the 32 byte DMA buffer over the link

" in the data field of a messagé packet. The address field of the packet
contains the address of the destination which in this case is the..‘
controller microprocessor. If the command is destined for a controller
which is not serviced by the master chip, it is copied into the DMA

buffer in the other ALC and sent over the serial link.

The host defines a number of different operations as well as the
SEND_SCSI command, many of which are acted on by the adapter and do not
require transmission to the controller. However, two operations namely
ABORT_SCSI COMMAND and RESET are passed on to the appropriate controller
in the form of ABORT and RESET messages. Details of the format of these
messages are given in the list of Adapter-Controller messagés elsevwhere

in the description.

. .ABORT_SCSI COMMAND and RESET operations are handled by the adapter in
essentially the same way as the SEND_SCSI COMMAND operation. The MAILBOX
task decodes the mailbox and sends the ABORT or RESET message from the
DMA buffer to the appropriate controller. Again, depending on w*ich
controller is addressed, it may be necessary to copy the message into

the DMA buffer of the second ALC.

The adapter starts a timer for each commanﬁ that it issues. This serves
to detect lost commands or a hung controller without burdening the host
system with a large number of timers. The Adapter Idle Task periodically
updates the timer and checks that the operation has not timed out.

CONTROLLER



mi croprocesser includes a DVA controller which coordinates transfer between
the controller link chips and the shared data buffer. The Controller Link
Chip incorporates a DVA interface to transfer data between the packet
buffers in the CLC and the controller data buffer. The DVA interface is
supervi sed by the DVA controller contained within the m croprocessor chip.
The MP chip contains logic to arbitrate between DVA requests. DVA transfers

are - -preceded b itration phase during which the CLC CR&Q r | I oned
to signal requé@f@”&@% DVA channel s which require servicing. Egﬁﬂﬁﬁ%

controller issues a grant to one of these reguests, after which point the
CLC can initiate transfer. Each controller link chip can use 8 DVA channel s
to service data transfers. These DVMA channel s are assigned as foll ows;
Channel 0,1 : DA IR 0 (DAO in figure 5) Channel 2,3 : DA link no 1
(DAl in figure 5) Channels 4-7: Adapter Link (SAin figure 5) (the second
CLC uses channel s dpetdtidbof fhet batsahe Dy dahierd hybrpang of hasks adefmaddnent

al lows up to 2 DVA,chaBielSniOtmedtinate CaLfRod20ids st Orhate PMSs tthéksamtafe®r
link to be serviced i R to 4 QWK chapnel's. These WO 92/ 15054

PCT/ GB91/ 00256 in this processor. ese include: _ i

4 Device (DA) tasks which manage the interface with the_respective_

device.

An SA task which manages the interface with the adapter/host.

A Command Control Task which is the task with overall control. New SCSI
commands are passed to it from SA task. It gueues them, decodes them and
sends instructions to S5A task and appropriate device task. SA and DA

tasks perform the data transfer.

The controller uses the above tasks but the SA task and Command Control
task are extended via the concept of subtasks. The controller has a
number of processes which are implemented as an independent task or as a

subtask within a task. Subtasks are run under the con;rol of a subtask

schéduler.

Fig 6 is a block diagram showing the communication between the different

processes.
N

Control blocks are used in this communication, one process enters
information into control block and posts anather process which accesses

the information in the control block. Control Blocks.are passed between

processes,
Controller processes
SA RECEIVE MESSAGE (SARXMSG)

This process deals with all messages sent from the adapter to the
controller i.e. SCSI_COMMAND, ABORT, RESET & READY_FOR READ. The format



18 ¢hdnnel s can be used concurrently to exploit the packet nultiplexing
feature of the serial link. The device links are given priority over the
adapter link. The DVA bus allows a data transfer rate of up to 40 MBytes/s.
A 32 byte (DA) transfer from packet buffer to data buffer takes
approximately 1.2 mcroseconds. A 128 byte (SA) transfer takes 3.6
m croseconds. During arbitration, each CLC rai ses requests on the DVA bus
as follows: STwbBEfessites to the buffer) A DVA request w |pcip€pdiadossed on
recei pt of an inbound |ink packet, provided that the address field of the
packet indicates that the data was destined®¥or a DVA channel. FETCHES
(reads fromthe buffer) A DVA request will be raised for a DVA channel if
gitther one ?_r bot mfoafhe;tet ﬁesasg%eéaatbedfah.lwklspaﬁk@:in teu{ @Js%;i%‘:ﬁn?.nﬁtniéssa%m
ore operation: re.operations are uysed.to, ,nbQu packe
U for o7 DA Fot ceatss 2rt Sh SHReT IR eftfrot ARt AaBlRE Yot B SR RS
out bound packet bFfefle cqiwys tof Jibe fadres [fieldrinthel incpming gackst dAMsiGt e
packet buffer. Corbeasce Desegd pidoit (dieeryicefiy HeBhigh (potiosmahABORINtaglideRESET)
are stored in Comiange Reskhdé BL QI nd@MEANENREIRE Sor UKEBEF thd16a BURL¥eOhesaiget NE SA

RECEI VE MESSAGE prppc(’:cggss cX‘;ﬁ%‘s“ :i}: qgt\./o ?ﬁ‘eecjmrinarnétDeggrcigio\{'e&éue Entry (CDQE) at the
head of the free queue. The CDQE is then engueued to the Queue Manager
process. If the message is READY_FOR READ it is passed to the
appropriate SA XFER process {(ie the process associated with the device

which contains the data to be read).

QUEUE MANAGER

This process is a subtask of the Command Control Task and services

interrupts from the SA RECEIVE MESSAGE process. Normally, the message is
a SCSI_COMMAND message. It may also be an ABORT or RESET. The SA RECEIVE
MESSAGE Process has copied the message into the CDQE and transferred the
CDQE from the free queue to the 'New Command Queue' and.then posted this

process which then transfers the commands from the ‘new command' _queue
to the &eviée_specific queue and posts the appropriate command process.
: The QUEUE MANAGER process carries some limited processing of the message

in order to determine which -COMMAND process should be posted.

COMMAND

The‘Command process {(one of four subtasks of the command control task)
processes the SCSI commands on the Device Command queues. There are four
instances of the command process running in parallel, one for each of
the four supportéd devices. Normally, each process handles commands

addressed to its device.
Each Command process takes a command off its gqueue and : .

ensures that it is valid to execute at this time
invokes a routine which handles the individual commands which:



FREE queue: Initially all CDQE's are free. The FREE queue is a queue only
in:that one nmenber points to the next allowing all free CDQEs to be found.
No significance in the order of entries. WO 92/ 15054

PCT/ GB91/.00256 19 NEW COMVAND queue: when a new 'command arrives, the SA
task copies it into the CDQE at the head of the free queue. The CDQE is
removed fromthe free queue and added to the New Conmand queue. Abort.

messages are alywiPoRitpsd N a CDQE and added to the New Comman ﬁm VI CE
COMVAND Queue: There are four device comand queues - one for eac i ce.
Each queue is serviced by its own Command preécess. \Wen the QUEUE MANAGER
process finds a new conmand in a CDQE in the New Command queue, it finds

the device to which it is ssed and transfers the CDQE to the
correspondi ng Device Com*rf%'f?npgz"tesst%fe € gé&GE Quéue: when -command processi ng
conpletes, its CDQE is | oaded by the rel evant Command process with a SCSI
status nessage and transf @nsteebts ribensh (REEHDESA) cand BEMTAEN(DA Y peatess The Message
gueue is thus a queue of requests to the SA Transmt Message process. The

sanme queues -are used for SQJP@PA@%J@&@ Q/Aegndv{ma'hacivjefgo%ﬁ nt. Adapter |inks.
Returns SCSI status

Normally posts the SA TRANSMIT MESSAGE process to send SCSI status
to the adapter.

This procedure is repeated for each command in the Device Queue until
the queue is exhausted, then it suspends and is resumed when a new

command is added to the queue by the QUEUE MANAGER process.
DEVICE

One process per deyice (implemented as separate tasks). The DA process
handles the following requests from the COMMAND process:

1) Read:

the appropriate routine is called to process Read command requested
by the COMMAND process. The routine issues a SEEK order to the
aﬁhropriate DASD, initialises the DMA i.e. allocates a DMA channei,
calculates the buffer size available and if there is space available
sets up and issues a READ order to the DASD which initiates trarsfer of .
data from the DASD to the data buffer in the controller. The DMA address
‘is passed to the DASD in the READ order and is used in the address field
of'the.incoming data packets to identify the destination of the data.

When

2) Write: .

the routine issues a SEEK order if not already issued
3) Extend Current Operation
4) Stop Event



Queué Li nkage: The head and tail pointers for the Free, New Command and

Message queues are fields in the Message Control Block (MCB). The head and
tail pointers for the device command queues are in the correspondi ng Device
Control Block (DCB). The head addresses the first nmenber of the queue. The

tail addresses the last menber. Each CDQE contains a 'Next' pointer.
Al t hough a CDCQE may be in one of several queues it can never be in nore
than one at a WA/ operation of the adapter and controPCBIGBSI/M2560W be

descri bed. ADAPTER OPERATI ON Tasks defi ned vx! thin the high speed

m croprocessor control the operation of the ‘adapter. Tasks are initiated by
I nterrupts, which nmay be froma WO 92/ 15054

PCT/ GB91/ 00256 20 Riusdether menecspecigiised aommasdsf ¢ warkermatt®r¢.upt from anot her
task. Software interrupts are the neans where one task can set an interrupt

to another. The commmtp»svasp%mﬁ@aék?%mffn%h%atpgtré‘e%‘go g

Figure 6. Tasks Sta}E the status ta I'S responsi mana
to be presented t o™t Ht¥t®&St em Status is passed to this task from one

of
NEWREQ: signals to a device process that a new request is to be

started
EXTREQ: this event is used to extend a request
STOP: signals to device process to stop all work currently in

process

On receiving a request from the COMMAND process, the DEVICE process will
initiate the appropriate action to the DASD by sendihg the appropriate
DASD order over the serial link. '

DASD orders are low level read/write orders that are generated by the
controller. The folldwing orders are provided to allow the controllsr to
read and write data. Each of the orders defined below are sent to the
DASD over the sérial link in the data field of a packet. all 'order!
packets are addressed to the microprocessor in the DASD for execution or

for distribution to other components of the DASD.

STOP_AND_SEZEK order

ORDER CODE | CYLINDER HEAD -

This order instructs the DASD to terminate read-ahead (if active) and
seek to a specified cylinder and head. Also, for a write command, the
separate éeek order allows the controller to initiate the seek as soon
as it decodes the command and without waiting to receive the write data
from the adapter. If the STOP order is issued before the DASD has
completed a read or extended read order (status packet not returned),
the DASD terminates the read operation immediately, starts a seek to the
cylinder and head specified in the STOP_AND_SEEK order and returns a



the other tasks and may be directly presented by witing it to the
hatdware. Link: there is one link task to handle the 4 serial links to the
controllers. This task is responsible for interpreting any nessages
received fromthe controllers(s) and taking appropriate action. Mail box:
this manages the mail box interface fromthe host system It is responsible
for receiving each mail box fromthe system If the mailbox is SEND SCSI
Conmmand, it wl sed to the link task for transm ssio '
appropriate corﬁ?gﬁfﬁg‘f (There are other tasks defined but M&?&Pﬁow
descri bed as not being directly relevant togzghis description). Wen
instructed by the host processor, the adapter fetches commands from host
menory and forwards theminmediately to the appropriate controller for
execution. The mecREATFSRIFEE fProthen tiginessthBRE TP - dieptiatisnRachtt thaent
architecture of théhbgetsoysrdm and will vary accordingly. In this
description, the follow ng nmechanismis used on the Hi crochannel. The host

system initiates shsyshamousialhes dY sHBRDD lesdbt UPARR ke gag, bUT I

in host nenory. Each mailbox contalns_a unique ta . ntlfies that
particul ar conmand™ et BRR Pt d%eRftfent™ HE S f55% "ngﬂ‘egpef YiPhit At RN
operation in the subsystem it wll build the operation in the next

avai |l abl e mai | box geag omdrt € the Last Tag Register. Witing the Last Tag
Regi ster interrupts the MAILBOX task in the adapter mcroprocessor. The
MAI LBOX task instructs the adapter hardware to DHA

ORDER CODE | ADDRESS CYLINDER | HEAD LBA | COUNT

This order instructs the DASD to search for a particular Logical Block
Address (LBA) and read a specified number of blocks. The parameters are

as follows:

The physical cylinder and h:ad for verifying the seek, the logical block
address and a count of the number of blocks to be read. In addition, the
Address field contains the byte which is to be placed in the address

field of any data packets which are returned as a result of this order.

The DASD sends the requested data to the controller and checks the ECC
bytes at the end of each block. If the DASD encounters any blocks that
are marked as defective then it skips over them automatically. Finally

the DASD returns status.to indicate whether any errors were detected.
CONDITIONAL_READ order

This order has the same format as the READ order and invokes a seek
operation to the selected cylinder and head address. The sector
corresponding to the LBA contained in the order is located and as many
records as are specified in the count field are read from the disk. The
address field contains the byte that is placed in the Address field of
any data packets which are returned as a result of this order. Note that
the CONDITIONAL_READ order is issued-by the controller only when the
amount of read data requested by the host is larger than a selected’



W 92/15054 -
PCT/ (3B91/ 00256 21 the mail box from host nenory into the 32 byte DVA buffer

to a designated one of the adapter link chips (master chip) to which al
nmessages fromthe host are directed. Once in the DVA buffer, the MAI LBOX
task .decodes the mailbox to determ ne the type of operation defined by the
mai | box contents and if it finds that it is a SENDSCSI conmand, the mail box

is converted t _COMVAND nessage for transmission to the appropriate
controller. ThgmégéggkcwwﬁND message i s sent fromthe 32 byPEl/CRIU/092%6 cr

over the link in the data field of a nessage; packet. The address field of

t he packet contains the address of the destination which in this case is
the controller mcroprocessor. If the command is destined for a controller
which is not servi¥eWthyFitlhe amaunteqt ¢aip pequestedsiscemsibdhemths yseefDMVA buf f er
in the other ALC G9N¥PITTINRL_BBAY i het gemrarekd. i nk. The host defines a nunber
of different operations as well as the SEND SCSI command, nany of which are

fowever. tan oper ok pacieh Wiafids 18ty SIoh Rk ioRn o it LS HHE" BECEAmon 1o
t he app}opriate cHit®ol ler in the formof ABORT and RESET nessages. Details

of the fornmat of these :
WRITE order

This order instructs the DASD to search for a particular LBA and write a
specified number of.blocks. The parameters are the same as for a READ
order (see above) except that the controller also supplies the data to

be written. In addition there is no address field.

CONDITIONAL_WRITE order

The Conditional Write order has the same format as the WRITE order.

.

EXTEND order ' ) ,

ORDER CODE LBA COUNT

This order extends the operation of a preceding Read, Conditional_Read,
Write or Conditional Write order, The 'count’ parameter specifies the
number of individual sectors required to be read or written after the

current order completes.

The LBA field defines the address of the first block to be read or
written. This will be one more than the LBA of the last block to Se read
or written by the previous order if contiéuous reading or writing is
required. If the LBA field is not the first block after the last LBA of
the previous order, the blocks in between these LBA definitions are

skipped over and not read or written.

To be effective, the DASD must receive an EXTEND order befores the
previous order has completed. The controller uses EXTEND to perform a



nmessagés are.given in the list of Adapter-Controller nessages el sewhere in
t he description. ABORT_SCSI COMVAND and RESET operations are handl ed by the
adapter in essentially the same way as the SEND SCSI COMVAND operation. The
MAI'LBOX task decodes the mail box and sends the ABORT or RESET nessagé from
the DVA buffer to the appropriate controller. Again, depending on which
controller is addressed, it may be necessary to copy the nessage into the
DVA buffer of tweosaswsd ALC. .The adapter starts a tiner forpcrargsieessand
that it issues. This serves to detect |ost comuands or a hung controller

wi t hout burdening the host systemwith a |arfe nunber of tinmers. The
Adapter Idle Task periodically updates the tinmer and checks that the

operation has not ty,peds @uic wiTeNERPL ERhtinue\ W2 2hdsd)tthese operations are

PCT/ GB91/ 00256 22 ERATI.ON Operati, f the controller is achieved by
means of tasks def iqr;se‘!%ll"’r‘\1 ?ﬁ'(%qr%f)c%gaé‘?vq\'f?%'i'n t he Spi nnaker m croprocessor.

There are 8 tasks defined in this processor. These include: 4 Device (DA)
t asks whi ch nmanage vhire thenergifegrerafibh is [rempletepethe j appropriate event will be

posted back to the Command process.

SA XFER

Per device process which transfers data between host and a read or write
buffer in the controller. The COMMAND process can issue the. following

commands to the SA XFER process:

Send Read Data
Get Write Data

Stop Current Transfer

The parameters required to carry out the data transfer are passed from

the COMMAND process to the SA XFER process in a control block.

SA TRANSMIT (SATXMSG)

This process transmits messages (READY_FOR_WRITE, DATA_READY & STATUS)
to the adapter on behalf of other processes. READY_FOR_WRITE &
DATA_READY are passed to this process from the SA XFER process and
STATUS messages are passed from the COMMAND process.

EXAMPLE READ AND WRITE OPERATIONS

Examples of typical Read and Write 6perations beginning with receipt of

the command from host to presentation of completion status to the host

will now be described.



devi'ce. An SA task which manages the interface wwth the adapter/host. A
Command Control Task which is the task wwth overall control. New SCSI
commands are passed to it from SA task. It queues them decodes them and
sends instructions to SA task and appropriate device task. SA and DA tasks
performthe data transfer. The controller uses the above tasks but the SA
t ask and-Command Control task are extended via the concept of subtasks. The
control |l er has wooirdees of processes which are inplenmented geradBe1/00256

i ndependent task or as a subtask within a task. Subtasks are run under the
control of a subtask scheduler. Fig 6 is a b¥ock diagram show ng the
conmuni cation between the different processes. Control blocks are used in
this comuni cat ig@impr® READPGIRREGSN €Nt ers information into control bl ock and
posts anot her process which accesses the information in the control bl ock.
Control Bl ocks ap&#TPassed between presyeseBR. Control | er pasibcesses SA

RECEI VE MESSAGE “(SARXMSG) This process-deals with all nessages sent from
t he adapter to EP&_E&HL@OJREEJ 4];). e...SCSI COMVAND, ABORT, RESET & READYFOR

READ. The format Queue command
Decode command
Search buffers
Convert LBA to physical

STOP_AND_SEEK ---=--~=-=--- >
Stop ;ead-ahead
Comecmmcmmc e STATUS
Allocate buffer Seek

Initialise DASD DMA

CONDITIONAL_READ (3@K) ————>
Seek complete
LBA search
| .
) Read
Kosmsmsossmmm e ncenee DATA
First data in buffer
A b e D L DATA_READY
Initialise host DMA
READY FOR_READ ~-=~cvw=ec-=e > :
' Initialise SA DMA
Qmmmmmem e DATA PACKETS
Last data sent
_ Cmmemmemmmmoemaaeaaae SCSI_STATUS .
Queue status EXTEND_OPERATION (4K) -----> .

Present status
Save read-ghead data



92/15054 - .
PCT/GBQl/00256 23 of these nessages can be found el sewhere in this
_descrlptlon) A nmessage packet fromthe adapter is received in the inbound
packet buffer of the CLC. The contents of the address field of the incom ng
packet identify it as a message and it is serviced by the high performance
controller. If the nessage is a new COVWWAND, ABORT or RESET the SA Recejve

message process cQ into the Command Descriptor Queue E at
t he head of the fpgﬁﬁaﬁ@% The CDQE is then enqugued to the ﬁgaﬁgﬁggbr
process. |f the nessage is READY_ FOR READ it i o passed to the appropriate
SA XFER process (ie the process associated with the device which contains
the data to be read). QUEUE MANAGER This process is a subtask of the
Command Control Task and services interrupts fromthe SA RECEl VE MESSAGE
process. Nornally, t,he nessage is a SCSI_COWAND nmessage. It may also be an
ABORT or RESET. The SA RECEI VE MESSAGE Process has copi ed the nmessage into
the CDQE and transferred the CDQE fromthe free queue to the ' New Comrand
Queue' and t:hen pobt Sk Adepterprendse s SCHFAMANDveassegeatrsiuding ¢ READCoRtREA®S from
the 'new command’ gilexeecoBotd Be E@viol BrS[TRE inkis@gd] Ufiledeandie B@&tess ohahe

appropriate COMMaNngshrAGLESicn Ih@ LB R MANAGRR RLOLESE dndlvht @Ea,34TBn | 1 Mt ed
processi ng of the nessage In thhJ&hm et erm ne @hlch COVMAND pr ocess

shoul d be post ed. host meniory to w is to be sen

2. The Controller processes the command as described above and passeé
control to the device task which sends a STOP_AND_SEEK order to the
DASD. This terminates any currently active Read Ahead operation. (If no

read shead is currently accive, this order is not sent).

3. The DASD returns STATUS to the controller indicating the status of
the terminated Read Ahead operation and then begins the seek to the

-specified head and cylinder.

4. The controller device task allocates a 32K segment of the data buffer
for the read data that is to be transferred. The device task also
allocates a DMA channel over which the data is to be transferred to the

controller data buffer.

5. In this example the device -task then sends a CONDITIONAL_READ order
to the DASD including the address of the allocated DMA channel, the data
start address and the number of blocks to be transferred. As mentioned
previously if the amount of requested data is small & 'nogmali READ
order rather than a CONDITICNAL_READ order will be =ent. ‘

6. On receipt of the CONDITIONAL_READ order the DASD searches for the
LBA and begins transfer of the data. The address field of the data

packet(s) contains the address of the DMA channel.

7. The read data is transferred to the controller via the serial link

and into the allocated space in the controller data buffer.



COWRND The-Command process (one of four subtasks of the command control
task) processes the SCSI commands on the Device Command queues. There are
four instances of the comrand process running in parallel, one for each of
t he four supported devices. Normally, each process handl es comuands
addressed to its device. Each Command process takes a command off its queue
and ensures that it is valid to execute at this tinme invokes a routine

whi ch handl es Q? ﬂﬁhvidual conmands whi ch: WO 92/ 15054

PCT/ GB91/ 00256 dates the command Instructs the SA XFER (SA) and

DEVI CE (DA) process Suspends until the.SA aad DA have conpl eted Returns
SCSI status Normally posts the SA TRANSM T MESSAGE process to send SCslI

status to the agapte eated in the
Devi ce Queue un§J Irllh °ntr°q|1 Eeng eg‘w‘E R#&(% e th,s‘?u‘lﬁjagt W% d“l sse r esumed

when a new commEdhFE tad'&éﬂaf’lfet'ﬁé hgee B HV“'E‘*He‘”QUE%E‘ {¥F§“b‘? dtess.

to be transferred between controller and host memory. Although the above
flow diagram shows transmission of the DATA_READY message after receipt
of the first data into the buffer, it will be more commonly the case _
that the message is sent before any data is received in the buffer. The

purpose of this message is to iritialise host DMA ie to prepare the host

for receipt of data.

9. The adapter sends a READY_FOR_READ message to the controller in
response to the DATA_READY message. The READY_FOR_READ message, which
identifies the DMA channel initialised in the host, is received by the
controller SA RECEIVE message process and passed to the SA XFER process
which initialises the SA DHA ie allocates a DMA channel over which data

will be transferred from the data buffer.

10. As data is received in the data buffer from the DASD it is
transferred over the serial link into host memory. When the last data is
sent, the controller returns SCSI_STATUS to the adapter which queues the

status and presents it to the host.



DEVI CE One process per device (inplenented as separate tasks). The DA
pr.ocess handl es the follow ng requests fromthe COWAND process: 1) Read:
the appropriate routine is called to process Read conmand requested by the
COVMAND process. The routine issues a SEEK order to the appropriate DASD,
initialises the DVA i.e. allocates a.DVA channel, calculates the buffer
size avail abl e j ere is space avail able sets up and i D-
order to the DA%%SI?/\%:;S(‘:)#i nitiates transfer of data fromthe %%g%%?g‘”ﬁﬁé
data buffer.in the controller. The DVA address is passed to the DASD in the
READ order and is used in the address field of the incom ng data packets to
identify the dest&&&% fogg}g ata. Wen 2) Wite: the routine issues a
SEEK order if not gg’srgi 3) Extend Current QOperation 4) Stop Event
WO 92/ 15054 ADAPTER CONTROLLER DASD

PCT/ GB91/ 00256 25-pi-us ot her nore spectaklised conmands e-g¢- Format 1D s.

SCSI_COMMAND (WRITE) =----========~- >
Quene command
Decode command
Convert LBA to physical

STOP & SEEK ~--~-cce-ecee-- >
Stop read-ahead
Cummmcscsemcsccnosconn STATUS
Allocate buffer Seek

Initialise SA DMA
Comsmosmmsmesmessmses READY_FOR_WRITE
Aliocate DMA
DATA PACKETS =--=--wweececeecmmann >

First data in buffer
Initialise DA DMA

i CONDITIONAL WRITE -~~=-=---- >
DATA PACKETS ---=----=-==un- s
. LBA search

Write

EXTEND --=-cosmcemccmcacana- >

) DATA PACKETS -====-v=vewc-- >
Comoommemonoooaeos STATUS

Commosmeommemeeee e SCSI_STATUS

Queue status
Present status



A COMMAND process communi cates with a DEVI CE process by posting one of

t hese three events NEWREQ signals to a device process that a new request
is to be started EXTREQ this event is used to extend a request STOP:
signals to device process to stop all work currently in process On
receiving a request fromthe COMWAND process, the DEVICE process wl|
initiate the appropriate action to the DASD by sendi ng the appropriate DASD
order over the sWPi%15858nk. DASD orders are |ow | evel read/ w PCR/GBIIABRSS
that are.generated by the controller. The follpw ng orders are provided to
allow the controller to read and wite data. Each of the orders defined

bel ow are sent to the DASD over the serial link in the data field of a
packet. All 'ordeRITEpackets are addressed to the mi croprocessor in the DASD
for execution or for distribution to ot her conponents of the DASD.

STOP_AND_SEEK or der. g?@éﬁ HEA order JLucts the
DASD to term natg r ead- ahea s actrve and séek egﬂmég asﬁ'éétle °peﬂé cyﬁ i nder
and head. Also, f%8rths "\R}F‘irf’bleéom’rand t he separate seek order allows the
controller to initiate the seek as soon as it decodes the command and

Wit hout waiting tz0 mcceheeeurequwegge«a SRt Amhdn@ Wb MR AURRL Bk 11ekf ahd1e STOP
order is issued bgntqgﬁi gss@c’%%? JAQ‘%EVICE process from the COMMAND process. In
this example, the DEVICE process sends a STOP_AND_SEEK order to the DASD

(read shead operation is currently active).

3. The DASD stops read ahead and sends status to the controller
indicating the status of the read ahead operation just terminated. The
DASD begins.seeking to the cylinder and head specified in the STOP_AND
SEEK order.

4.The controller SA XFER process allocates space in the data buffer and
initialises the SA DMA channel to which the paékets of write data from
the host are to be addressed.

. I
5. The SA XFER process posts the SA TRANSMIT process which transmits 4
READY_FOR_WRITE message to the adapter. This message identifies the DMA

channel initialised in the last step.

6. The adapter LINK task allocates a DMA channel which is to be
employed to transfer data to host memory and then begins transmission of

packéts of write data to the controller.

7. The controller DEVICE task initialises a DMA channel to be used for
transfer of data between the data buffer and the DASD and in this
ek#mple sends a CONDITIONAL_WRITE order to the DASD identifying the LBA
and amount of write data which the DASD is to expect. The DASD begins
the LBA search.



corrbl'ef ed a read or extended read order (status packet not returned), the
DASD term nates the read operation inmmedi ately, starts a seek to the
cylinder and head specified in the STOP_AND SEEK order and returns a WO

92/ 15054

PCT/ GB91/ 00256 26 status packet for the term nated READ order. No Status
packet is sent for the STOP order. This order is also sent to the DASD on
recei pt of an ABORT_SCSI comrmand nessage fromthe adapter. In this case no
seek operation i ¥WO915p% ed. READ order ORDER CODE ' ADDRESS PCOYGBNZWRS6
HEAD LBA  COUNT This order instructs the DASD to search for a particul ar
Logi cal Bl ock Address (LBA) and read a specified nunber of bl ocks. The
paranmeters are as follows: The physical cylinder and head for verifying the
seek, the | ogi cals.bhochke exide dsmn tndecaieOiver ofie Diffechunndlicto tife bifdokst t 0 be

read. I n additionss tfagsseiliens Jel Bk bueQRtRENS debBshdlyihEenidie ind $1d @nde

pl aced i n'the addres L gl { 3fy data packets which are returned as a
result of this orgg?ﬂjc1 {Iiﬁg t%&%f) sends the requested data to the controller

and checks the ECC bytes at the end of each block. If the DASD encounters
any bl ocks t hat
READ AHEAD

Read Ahead'is a function provided by the controller to improve the
performance of a set of READ commands which together constitute a long
sequential read. This is achieved by continuing reading from the DASD
into the controller's buffer in anticipation of the next read as

follows:

A SCSI READ command causes the rontroller to instruct the DASD to
transfer the required number of sectors into the 32K segment of the
controller's data buffer that has been allocated to this read. In the
described embodiment, the controller will normally request 32K of data
(i.e. the_amount of data to £fill the ailocated buffer space) even when
the command from host requests a lesser amount. As the data requested by
the host arrives from the DASD it is transferred to the host. When the
transfer of the required data up to host is complete, status is
generated by the controller. Meanwhile the transfer of the read ahead
. data continues. S
If the READ order to the DASD specified a larger amount of data than
that requested by the host, the extra data will be stored in the
controller buffer. As the host makes buffer space available, the data
transfer is extended by an EXTEND order sent by the controller to the
DASD. On receipt of tﬁe EXTEND order, the DASD transfers the sectors
specified in the EXTEND order to the new end of the buffer.

As an exampie, if the READ command sent by the adapter requests &4k of
data (8 sectors) and the controller requests the device for 32K, then as

soon as the required 4k of data is transferred up to host there will he



are ‘marked as def.ective then it ski ps over them automatically. Finally the
DASD returns status to indicate whether any errors were detected.
CONDI TI ONAL_READ order This order has the sanme format as the READ order and
I nvokes -a -seek operation to the selected cylinder and head address. The
sector corresponding to the LBA contained in the order is |ocated and as
many records as are specified in the count field are read fromthe disk.

- The address fiplog/1smat ai ns the byte that is placed in the gsgepsiveobdse! d of
any data packets which are returned as a result of this order. Note that

t he CONDI Tl ONALREAD order is issued by the3Tontroller only when the anount
of read data requested by the host is larger than a selected WO 92/ 15054

PCT/ GB91/ 00256,¢24¢ qu thb Tk A1E. émpua&raﬁe,dams ra0keabesatS (SRR | then the

use of CONDI TI ONAL rder enables split read
oper ati on, rr[)rdé‘"cﬁ‘a’t’E’;teq'fesLl %1"%,\66" Exeta & fellp 5at oh gfeeV\RI TE order This order

I nstructs the DASD to search for a partlcul ar LBA and wite a specified
nunber of bl odasrecdipe gfathanike READAt@mindetfred ke adapter, theRimAEYoller

examines the buffer to see whether it already has the required data (or

is about to have). If so it transfers that to the host. 1f not, it

instructs the DASD for the new read, terminating any active read ahead.

The Read Ahead continues until the DASD is reinstructed for a nmew
"'transfer or when the Read Ahead buffer fills.

BACK TO BACK WRITES

Back to back writes are consecutive write commands writing consecutive
blocks. The first block of a subsequent write immediately follows the
last block of the previous write. Special support for back to back
writes in the controller and the DASD allow the writes to be effected
without the DASD taking the revolution between the commands which would

otherwise be required.

When the command specific routine(for the WRITE command reaches a point
where it could extend its currently active device transfer to include a
following consecutive write, it 'looks over its shoulder' and checks

whether the following CDQE contains such a write. If it does, it issues
an Extend Request to the device task which sends an EXTEND order to the
DASD. ff the DASD receives the EXTEND order before the preceding write
.is finished, it simply extends the count of the current write by the

amount specified by the Count parameter in the EXTEND order.

1f the EXTEND order reached the DASD too late, thg:DASD'presents status
after the first write in the normal way and rejects the EXTEND order
with a 'Missed' status. The controller then generates a normal write.

EXTEND orders are themselves candidates for extension.

Example:



order ‘(see above). except that the controller also supplies the data to be
w.itten. In addition there is no address field. COND TI ONALWRI TE order The’
Conditional Wite order has the sane format as the WRI TE order. EXTEND
order ORDER CODE LBA COUNT This order extends the operation of a -
precedi ng Read, Conditional Read, Wite or Conditional Wite order. The
‘count' paraneter specifies the nunber of individual sectors required to be
read or witten after the current order conpletes. The LBA field defines"

t he address of t hwO9RM$S4 bl ock to be read or witten. This w IPCTIGBIV0MERS6OI €
than the LBA of the last block to be read or w.itten by the previous order-
I f contiguous reading or witing is required. 3% the LBAfield is not the
first block after the last LBA of the previous order, the blocks in between
t hese LBA defi nitilwas sende SSRI ppire comend dndsexdérsr@ad? or witten. To be

effective, the DASRnfdtier BEfL URIBNofgd ENDs QG o Ref ore the previ ous order

has conpl et ed.  The, contloldoer Mses EXIFND L perforfpa WO 92/15054

Controller detects back-to-back write in queue

Controller issues EXTEND order for 8 sectors

If EXTEND oxder arrives before the end of the WRITE, the DASD extends
its current block count by 8 and does not return status after sector 7.

Instead it returns status after sector 15.

If the EXTEND order arrives too late, the DASD generates normal status
for the WRITE order and tells controller that EXTEND order was received
too late. The Controller then reissues a WRITE order for sectors 8-15.

Sectors 8 - 15 are then written on the next revolution.

Note that the implementation of back to back writes using the EXTEND
order employs the pacizet multiplexing feature of the serial link i.e.
the controller has to be able to send the EXTEND order -over theiSerial
link at the same time as it is transmitting the write data to the DASD.

SPLIT READ

Split Read is a performance enhancement gained by starting reading from
the DASD at the first sector, within the range of the current READ
operation, which appears under the head, as opposed to the fifst sector
of the range. For example, a read for sectors 4,5,6...15,16 might be
read in the order 6,7,8,...15,16,4,5 if the head happened to arrive too
late to read sector & but early enough to read sector 6. Thus, the
transfer from the DASD would complete 11 sectors (i.e 16 minus 5)

earlier than would otherwise be the case.

The optimisation is achieved by the controller instructing the DASD tc
read the first sector. If the DASD then finds that the sector is more
than a certain time away (1 millisecond for example), it aborts the read

. and returns the current LBA to the controller. The controller then makes



back to back wife and to continue read ahead. These operations are _
described in nore detail below Wen the entire operation is conplete, the
appropriate event will be posted back to the Command process. SA XFER Per
.device process which transfers data between host and a read or wite buffer
in the controller. The COWAND process can issye the follow ng comrands to
t he SA XFER process: Send Read Data Get Wite Data Stop Current Transfer

The paraneters required-to carry out the data transfer ar iga gromthe
COVVAND pr oce‘é’?’?’gsqsﬂe SA XFER process in a control bl ock%‘%%? 1T
(SATXMSG) This process transmts nessages (JREADY_FOR WRI TE, DATAREADY &

STATUS) to the adapter on behalf of other processes. READY FOR WRI TE &
DATA_READY are gasse.d.to this process fromthe SA XFER process and STATUS
nessages are pa8tdeciFigneHer COMPRNDS e cats resg X AVPL EPREALS AND $\RI TE
OPERATI ONS Exariptid$ refd vhigh ¢adns ReacFremdhd/\birrentopetart fobe beigifiohlored wi t h
recei pt of thevganmmad tds@ronbaStrahsrepy esaNitat 1106t Sdet&OBPhRE bide Feat us to
the host will npw.pg described. S

To support this, the CONDITIONAL READ order to the DASD, which is

aborted if there is a long delay to the first-sector, is available. The
data arrives in the cont:oller buffer, in the above example, 11 sectors
earlier than it would if the read had been done in the normal order. by
However if the contréller then has to rearrange the data to be sent to

the host in the normal order, then the performance benefit of split read

operations is greatly red:uced.

The technique described herein realises more of the potential of 'split
reads' by avoiding the need to reorder the data in the controller
buffer. This is achieved by defining the message interface between the
controller and the adapter to allow the controller the necessary control
over the host DMA addresses. In effect the controller has random access
to host memory.. The DATA_READY message sent from the controller to the
adapter when data is placed into the controller data buffer specifies
the. address in host memory to which the data should be directed. When a
split read operation is in progress, the controller calculates an
amended start address from the address sent in the initial command from
the host and sends this to the host in the DATA_READY message. For the
exémpi; given above, the controller is told the start address for sector
4 and is thus able to calculate the amended address in host where the -
first sector of the split read data (in this caée sector 6) should be
directed. If sectors 6 to 16 are already in the data buffer, then the
controller will issue a single DATA_READY message to initiate transfer
of sectors 6 to 16. The transfer of sectors 6 to 16 will complefe. When
the controller has sectors 1 to 5 in its buffer, it will then issue a
DATA_READY'messqge to the controller indicating readiness to transfer
sectors 1 to 5 and the address in host memory to wh{ch sector 1 is to be

directed.

SUBSTITUTE SHEET



WO 92/15054 ‘ '
RPCT/ GB91/ 00256 . 29 EXAMPLE READ CPERATICN ADAPTER
CONTROLLER DASD SCSI _COMVAND ( READ 4K) ----- > Queue

command BPecode- command Search buffers Convert LBA to physical STOP_AND SEEK
------------- > Stop read-ahead <---------------------STATUS Al | ocate buffer

Seek In|t|aI|se DASD DVA CONDI TI ONAL_READ ( 32K) ---->b8$$k conpl ete LBA
search Read <--- iR adsiches —---~--- - DATA First data in buffer
... O ?{/l%AREADY - PCT/GB91/00256
38
RAW READ

The controller's ability to randomly access areas of the host memory ie
control the host address also facilitates another performance benefit.
During any read operation when the DASD is in the process of
transferring multiple sectors of data to the controller buffer, the DASD
doesn't wait to the end of a sector (512 bytes) to check the ECC before
sending the sector up to the host. In the system described, the DASD
doesn't have sufficient buffering to store a sector's worth of data. The
data is read serially from the disk and compiled into 128 byte packets
for transmission to the the controller. At the end of the sector, the
device checks the ECC and czppends 6 ECC bytes to the end of the data. If
all the data in the sector was 'good', no error will be indicated and
the controller will continue transmission to host. It should be noted
that in this system, most of the sectér of data will have already been
transferred from the controller to the host before the device sends the
last packet of data to the controller and therefore before the device is
aware of any errors contained in the data. Thus the data already in the

host will be 'raw' data ie there was no checking before transfer to the
host.

=

For most data trﬁnsfers. thé raw data will also be.good data i.e. the
data is transferred from the device. Transfer of data directly to host
wiPhout checking provides a performance benefit over prior systems in
which each sector is checked any of the sector is transmitted to the
host. The time taken for multiple sectors of data to be received by the
host is reduced in the direct case by approximately the time taken for
“one sector of data to travel from device to host. In high performance
sstems such as described herein, this ﬁenefit can reduce the overall

overhead by a significant amount.

As described, for most data transfers the sending of raw data as opposed
to checked data results in a performance benefit. To be traded against
this is the reduced performance when there is an error in the

transferred data. In one prior svstem, if there is an error in the raw



Initialise host DVA READYFORREAD ----------n-- > |nitialise SA DVA

L L DATA PACKETS Last data sent <--------------------
SCSI STATUS Queue stat.us EXTENDOPERATI ON (4K) ----- >
Present status Save read-ahead data <------------------- STATUS VO
92/ 15054 '

PCT/ (B91/ 00256 30 READ: 1. The Adapter sends a SCSI _COMWAND nessage

i ncl udi ng a RweDd2msesdati on in the CDB to the controll er. Ther/cBsi3600ss

i ncl udes the address of the DASD from which the read data is to be
transferred and the address in host nenory3fo which the data is to be sent.
2. The Controller processes the conmand as descri bed above and passes
control to theddayithe whatekosVBAL Hats GRS ba rSkeRRmied SEEKhO pe@end 0 t he DASD. -

Thi's term nat e§,a0Viof Whb el lthe 36HcYS e FRAT  BGAT RPE L kb menblyf, H1Qre

is no need to retransmit all the data.

If, at the end of a sector, the DASD detects the presence of an error in
that data, the ECC bytes indicate this to the controller which is
alerted. When it has completed sending the current packet of data to the
host, the controller ceases transmission and sends a DATA_RETRY message
to the host. The controller requests retransmission of the sector which
contaiﬁed the error. The DASD retransmits the requested sector in 128
byte packets to the controller which stores the data in its buffer. If

the retransmitted block of data is good, the controller passes the data

up to the host.

The controller sends a DATA_RETRY message to the adapter which specifies
the address in host memory to which the retry data is to be directed.
The DATA_RETRY message instructs the adapter to set up a new DMA channel
over which the data is to be transferred into host memory. The adapter
responds to the DATA;RETR& message with a READY_FOR_READ message. The
DATA_RETRY message indicates the amount of data which is being retried.

If the retry data sent to the controller is still in error, the
controller will re-request thz data a number of times. If, after a
predetermined number of attempts, the controller still hasn't received
good data, it will attempt to correct the error in the data held in its
buffer. To this end, it sends 'Operate on ECC' order to the device,
which causes the device to calculate which bytes were in error and also
the correct data for those bytes. The number of bytes which may he
cbrrgcted is implémentatidn dgpendent: in the described system the.
number is two. The device sends the correction information to the
controller which corrects the data held in its buffer. The controller
now sends the block of data including the corrected bytes to the host.



read ahead i*s currently active, this order is not sent). 3. The DASD
returns STATUS to the controller Tndicating the status of the terninated
Read Ahead operation ﬂﬂ,ﬂmm,mamﬂmte seek to the specified head and
cylinder. 4. The contr al l ocates a 32K segnent of the data
buffer for the read data tthat i% tb be transferred. The device task al so

al l ocates a DVA channel over which the data is to be transferred to the
controller data buffer. 5. In this exanple the device task then sends a
CONDI TI ONAL_READV8A%d$05¢ 0 t he DASD i ncl uding the address of tR€I/GBIIGE25 ed
DVA channel, the datn start address and the nynber of blocks to be
transferred. As nentioned previously if the anount of requested data is
small a 'normal’ READ order rather than a CONDI TI ONAL_READ order will be
sent. 6. On receigitimsf t he CONDI TI ONAL_READ order the DASD searches for the
LBA and begins transfer of the data. The address field of the data

paCket ( S) contai qs tl&%e%grogsé:a&gfe;legg %, &Pu‘?‘qng taae‘%b a}b%ut{s?%gm Q:at a!'!s

transferred to the cont er via the serial Iin nto al |’0cat ed

ol | ) {
space in the cont¥HE £°65td5“bﬂf‘¥‘§§s?mg SYSgy- oY1 13/95%e Fystem comprising a

device controller connected for communication to a direct access storage

device on which the data is stored, the method comprising

sending a data transfer command from the system to the device controller
to initiate data transfer, the command specifying a sequence of blocks
of data to be transferred and the start address in host memory to which

the first block of the data sequence is to be transferred; and

transferring the sequence of data from the subsystem to the system in
response to the command, the controller being capable of respecifying

the start address in host memory.
2. A method of transferring data as claimed in claim 1;

in which the controller requests the transfer of said sequence of data
from the device in a non-sequential order, the controller using the
start address specified by the host to calculate an amended start
address in host memory to which the first block of the non-sequential
data is directed, the controller transferring the data in non-sequential
order to the host, the first block of the data being directed to the

amended start address.
3. A method of transferring data as claimed in claim 1:

the controller requesting transfer of data from the device in the same
order as specified in the command, the controller sending the first

block of said sequence of'data to the address specified by the host.

4. A method as claimed in claim 3, wherein on detection of an error in a
portion of the data sequence, the controller requests the device to

retransmit said portion and uses the add;ess_specified'iﬁ the command

Th-:'s Stieet Has Been Replaced -
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8. The Conterol er sends sage to the adapter which causes the
,host to initialise the h ‘via which the read data is to be
transferred between cont m m Hj nory. Al though the above fl ow

di agram-shows transm ssiont o DY nessage after receipt of the
first data into the buffer, it wll be mor e commonly the case that the
nessage is sent before any data is received in the buffer. The purpose of
this message is to initialise host DMAie to prepare the host for receipt
of data. 9. TW@’&Z'é?ﬂ‘er sends a READY_FOR READ nessage to RETEGBYMORS | er-in
response to the DATA READY nessage. The REAPY FOR READ nessage, which
identifies the DVA channel initialised in the host, is received by the
controll er SA RECEI VE nessage process and passed to the SA XFER process
which initialidem thechosp tpigalquiats| thcaddeess dn Rt ApmeRN &P wBHBr thehi ch dat a

wi Il be transf estresknfittednpbitaordad ao bbefdieected0. As data is received in the

data buffer fromthe DASD it is transferred over the serial link into host
menory. When e\ aShodIal &S SENLyesd 1S FOULLQLLSE LEkUILDS SCSI STATUS to
the adapter which Gueted Status and present T8°the host . WO
92/ 15054 retransmission of ssxd portxon 1.nt11 either the portion is received in

PCT/ GB91/ 00256 h&2 without error or retransmission has been attempted a predetermined
number of times whéreupon the controller requests correction data from
the device, corrects the errors in the portion and uses the address
specified in the command from the host to calculate the address in host

memory to which the corrected portion is to be directed.

6. A data storage subsystem for storing data accessible by a connected
host data processing system, the subsystem comprising a device
controller connected for communication to a direct access storage device
wherein in operation data is transferred from the device via the
controller to memory in the data processing system, characterised in
that the controller is capsble of specifying the start address in host
memory to which the data is transferred.

7. A data storage subsystem as claimed in claim 6, the controller
including & data buffer via which the data is transferred from the

device to host memory.

\\\
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EXAMPLE WRI FE GPERATI ON ADAPTER CONTROLLER

DASD SCSICOMWWAND (WRITE) ------------- > Queue conmand Decode conmand
Convert LBA to physical STOP & SEEK --------------- > Stop read-ahead

S T STATUS Al | ocate buffer Seek Initialise
SA DVA <----mmmmmm i o e READYFORWRI TE Al | ocat e DVA DATA PACKETS
--------------------- > First data in buffer Initialise DA DVA

CONDI T %’:}(\Fiﬁ)ﬁvsm BETWEEM K\DAFASTORAGE SUBSYSTENPANBAH@ST SYsYEM e
EXTEND -------—----o---o-2! DATA PACKETS ----- -t oa ot

Described‘ is a technique for trapsferring data from a data storage system to a connected
host data processing system. The subsystem comprises a device controller connected to one or
ntore direct access storage devices e.g. disk drives The system issues data transfer commands
to the subsystem to iniciate transfer of data between system and device(s). Read/write data is
transferred dlrectly from device to host via a buffer in the controller For a read operation,
the read command specifies the data to be transferred and the start address in host memory to
which it should be sent. The device controller is capable of amending the start address to
which it actually sends the data. This provides a performance benefit for split data transfers.

- In addition, 1f an error occurs during a read operation, the controller can specify the host

address to which the replacement (iata should be sent.

Fig. 1.
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< gte e R R SCSI _STATUS Queue status Present status WO

3@2/ 15054

PCT/GBQl/00256 33 WRITE: 1. The adapter sends a SCSI-_COVMAND nessage
defining a wite operation to the controller. 2. The controller processes
t he conmand (as described earlier) and control is passed to the DEVICE
process fromthe COVWAND process. In this exanple, the DEVI CE process sends
a STOPANDSEEK,-¢@ksst 0 t he DASD (read ahead operation is ROT/GEON256 act i ve) .
3. The DASD stops read ahead and sends status to the controller indicating
the status of the read ahead operation just term nated. The DASD begi ns
seeking to the cylinder and head specified/lIln the STOP_AND SEEK order.

4. The control |l er SA XFER process allocates space in the data buffer and
initialises the SA DVA channel to which the packets of wite data fromthe
host are to be addressed. 5. The SA XFER process posts the SA TRANSM T
process which transmts a

HOST

ADAPTER 10

forod

45— C T C

CONTROLLER 20

L -25 |26 27 |28

0ASO| | DASD| {DASD| {DASD

30/

FIG1



READY FOR WRI Tk nessage to the adapter. This nmessage identifies the DVA

ghannel initialised in the |ast step. 6. The adapter LINK task allocates._a..

DVA channel which is to be enployed to transfer data to host nmenory and
t.hen..begi.ns transm ssion of packets of wite data to the controller. 7. The
controller DEVICE task initialises a DVA channel to be used for transfer of
data between the data buffer and the DASD and in this exanple sends a
‘CONDI T1 ONAL _ der to the DASD'identifying the LBA t of wite
~data which tﬁ@” g%ﬁis to expect. The DASD begins the LB @Wsﬁ. WO

92/ 15054
PCT/ GB91/ 00256 34 8. As the wite data isjneceived over one DVA channel to
the buffer it is transferred out of the buffer over a second DVA channel
and via the serial link to the DASD. READ AHEAD Read Ahead is a function
provi ded by the controller to i nprove the performance of a set of READ
commands whi ch together constitute a | ong sequential read. This is achieved
by continuing reading fromthe DASD into the controller's buffer in
anticipation of the next read as

110)
MICROPROCESSOR
CHIP | STATIC
aan || EPrOM
15— CS BUS
1/0 BUS |
120 120
" Ll
. ADAPTER ADAPTER
2 LINKS - 2 LINKS
LINK CHIP LINK CHIP
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15 15

TRANSCE IVERS

Y

~ MICRO-
- CHANNEL

FIG. 2



fol I'ows: A $CSk READ conmand causes the controller to instruct the DASD to
dransfer the required nunber of sectors into the 32K segnent of the
controller's data buffer that has been allocated to this read. In the
descri bed enbodi nent, the controller will normally request 32K of data
(i.e. the ampbunt of data to fill the allocated buffer space) even when the
command from host requests a | esser amount. As the data requested by the
host arrives §pegnkdse DASD it is transferred to the host. piRiBoiARsé r ansfer
of the required data up to host is conplete, status is generated by the
“controller. Meanwhile the transfer of the read ahead data continues. If the
READ order to the DASD specified a |arger &@fBunt of data than that
requested by the host, the extra data will be stored in the controller
buffer. As the host nakes buffer space available, the data transfer is
extended by an EXTEND order sent by the controller to the DASD. On recei pt
of the EXTEND order, the DASD transfers the sectors specified in the EXTEND
order to the new end of the buffer. As an exanple, if the READ command sent
by the adapter requests 4k of data (8 sectors) and the controller requests
t he device for 32K, tMIEROas sooINTER-ChéP requi red 4k of data is transferred

~up to host there wi | CHASNEL CONTROLS
I 123 2 o
MICROCHANNEL I/ | DATA RAM STATUS RAM
| status {8 &
DATA
1
OUTBOUND INBOUND
LINK I/F LINK 1/F
_ |
CONTROL . 11
V1
)
| OUTBOUND INBOUND
HRC. I/F LINK MACRO LINK MACRO

L ]
115
15% 3 '/1
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WO 92/ 15054+ ¢ -

PCT/ GB91/ 00256 35 4K of space in the buffer. The controller sends an EXTEND
order to the device requesting 4K of new data to fill the buffer. On - :
recei pt of the next READ conmand fromthe adapter, the controller exam nes
the buffer to see whether.it already has the required data (or is about to
have). If so it transfers that to the host. If not, it instructs the DASD
for the newr & M nating any active read ahead. The gﬁﬁ%&gﬁﬂ?%

conti nues unti g¥he§EASD is reinstructed for a-new transfer or1 eﬁ t he
Read Ahead buffer fills. BACK TO BACK WRI TES Back to back wites are
consecutive wite commands writing consecygyfve bl ocks. The first block of a
subsequent wite imediately follows the |ast block of the previous wite.
Speci al support for back to back wites in the controller and the DASD
allow the wites to be effected without the DASD taking the revolution

bet ween the commands whi ch woul d ot herwi se be required. Wen the conmand
specific routine for the WRITE command reaches a point where it could
extend its currently active device transfer to include a follow ng

consecutive wite, it240e80ks over its skmnﬂ%ﬁz' and checks whet her the
foll ow ng CDQE conLaLns_zuch awite. |; it issues an Extend

Request to the devi ggaATHRSK Wwhich sends ND prder to the DASD. |If the
DASD recei ves t hel EXTEND orper bef ore the ihg wite
CS BUS
MICROPROCESSOR
BUFFER
210/ CHIP DRAM  |—220
DMA F"'
CONTROLLER
‘ _ _ OMA BUS - 2255
226 1/0 BUS
C(ONTROLLER ' CONTROLLER
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is finisheds it sinply extends the count of the current wite by the anount
sSpecified by the Count paraneter in the EXTEND order. If the EXTEND order
reached the DASD too | ate, the DASD presents status after the first wite
i-n the normal way and rejects the EXTEND order with a 'Mssed' status. The
controller then generates a normal wite. EXTEND orders are thenselves
candi dates for extension. Exanple: WD 92/ 15054 _ '

PCT/ GB91/ 00296 93MsespSt sends SCSI wite conmand for sect peryc8In00Zs6
Controller issues WRITE order for sectors O - 7 Host sends SCSI wite
command for sectors 8 - 15 Controller detgc s back-to-back wite in queue
Control | er i ssues EXTEND order for 8 sectd’d |f EXTEND order arrives before
the end of the WRITE, the DASD extends its current block count by 8 and
does not return status aftBrP.dector 7. Instead it returns status after
sector 15. If thgoEXTEND off@rBHBErivex2tt oo | ate, thdMABUFend2sites nor nal

status for the WRI/TE order 4nd te® 4 controller that #8EXTENROr der was
received too | atel|The COnu;oIIerighen rei ssues a WRETE ordgr for |sectors
8- 15. ' '
HPC '
INTERFACE OMA INTERFACE
PACKET PACKET
240~
BUFFERS STATUS Regs |2
L 2hﬁ) 244
LINK FSM LINK FSM LINK FSM
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_ J -
250 1 250~ . | ~250
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Sectors 8 - *15 ane then witten on the next revolution. Note that the
knpl enmentation of back to back wites using the EXTEND order enploys the
packet nultiplexing feature of the serial link i.e. the controller has to

. be able to send the EXTEND order-over the Serial link at the sane tine as

it istransmtting the wite data to the DASD. SPLIT READ Split Read is a
per for mance enhancenent gai ned by starting reading fromthe DASD at the
first sector, MARHP®H4t he range of the current READ oper at iP6H/GBAHPIZBS appear s
under the head, as opposed to the first sector of the range. For exanple, a
read for sectors 4,5,6...15,16 might be reggh in the order
6,7,8,...15,16,4,5 if the head happened to arrive too late to read sector 4
but early enough to read sector 6. Thus, the transfer fromthe DASD woul d
conplete 11 sectors (i.e 16 mnus 5) earlier than woul d otherw se be the
case. The optim sation is Leyled by the contgoljer instructing the DASD)
to read the first 08 : t i hat the sector is nore
than a certain tine away (1 m e), it aborts the read
and returns the current LBA | control |l er then makes
VO 92/ 15054 DASD—S | L -
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t he” deci si on mhether to reissue the sanme read, or to split it into a '"tail'’
;read which - transfers fromthe current sector to the end, followed by a
"head' read which transfers fromthe first sector to the start of the tail.
To support this, the CONDI TI ONAL READ order to the DASD, which is aborted
if there.is a long delay to the first sector, is available. The data
arrives in the controller buffer, in the above exanple, 11 sectors earlier
than it mou%ﬁ Jshe read had been done in the normal opdeigeotiosmeser if the
controller en ﬁas to rearrange the data to be sent to the host in the
normal order, then the performance benefiqt;of split read operations is
greatly reduced. The techni que descri bed herein realises nore of the
potential of '"split reads' by avoiding the need to reorder the data in the
controller buffer. This is achieved by defining the nessage interface
between the controller and the adapter to allow the controller the :
necessary control over the host DNA addresses. _|n effect the ¢ roll er has
random access to host fEngry. TAREADY ngssage a&ent ﬂrow th
controller to the adapter {when da@aﬁjg pllaced |i nt o #e=coltral G2} data
buf fer specifies the adiff dssfin hgss sendry to whi ghst He dat a| shpul d be
directed. Wien a split|regd gperati®n islin proaranF’rhp coni l.er
cal cul ates an.anended start .addregs fromthe addres|s sent in the initial
command fromthe host and sends this to the host in the DATAREADY sage.
For the exanple given above, the gontroller is told the start addre for
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4 and is thus able to calculate the anended address in host where the first
sector of the split read data (in this case sector 6) should be directed.
|f:sectors 6 to 16 are already in the data buffer, then the controller will
i ssue a single DATAREADY nessage to initiate transfer of sectors 6 to 16.
The transfer of sectors 6 to 16 will conplete. Wen the controller has
sectors 1 to 5inits buffer, it wll then issue a DATAREADY nessage to the
controller indicating readiness to transfer sectors 1 to 5 and the.address
in host menory to which sector 1 is to be directed. WO 92/ 15054

PCT/ GB91/ 00256 38 RAW READ The controller's ability to randomy access
areas of the host nenory ie control the #bst address also facilitates

anot her perfornmance benefit. During any read operation when the DASD is in
the process of transferring nultiple sectors of data to the controller

buf fer, th®OARSDORANSHER BREMEERN AtDATASTORAGE SUBSYSTEMLAND/HOST SYSTEM ck
the ECC before sending the sector up to the host. In the system descri bed,
t he DASD doesn't have sufficient buffering to store a sector's worth of
data. The hsread serially fromthe disk and conpiled into 128 byte
backet s ABSPrAGT y P y

Described is a technique for tra_nsferring data from a data storage system to :;1 connected
host data processing system. The subsystem comprises a device controller connected to one or
more direct access storage devices e.g. disk drives. The system issues data transfer commands
to the subsystem to iniciate transfer of data between system and device(s). Read/write dafa is
transferred directly from device to host via a buffer in the controller. For a read operation,
the read command specifies the data to be transferred and the start address in host memory to
which it should be sent. The device controller is capable of amending the start address to
which it actually sends the data. This provides a performance benefit for split data transfers.
In addition, if an error occurs during a read operation, the controller can épecify the host

address to which the replacement data should be sent.

Fig. 1.
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for transmission to the the controller. At the end of the sector, the

devi ce checks the ECC and appends 6 ECC bytes to the end of the data. If
all the data in the sector was 'good', no error will be indicated and the
controller will continue transm ssion tg host. It should be noted that in
this system nost of the sector of data will have already been transferred
fromthe controller to the host before the device sends the | ast packet of
data to the controller and therefore before the device is aware of any
errors contained in the data. Thus the data already_in the host wll be

‘raw data i dnttheBMystery/ 30 upthgr irchpique tis smplayed rwhereRy Hissqata ip seipst

tr ansf er RUEFCHT SR AIF GRGTecte the st PLpw bRtk deeke o Ty Seatingof “hiv)due

oot or 1 4a8 s b bR BIEC G bl YierBRd Bloe ST, ke W nET
taken foryhdld .hghéoﬁ ﬁfﬁﬂérﬁt@ﬂuﬁtl&ﬁ(’it@ tRfAsif '%hx q?%vp%e},hf dﬁgﬁan.k%erﬁgyged in

the direct case approximately the tinme take r one sector ato
travel frghntifie dsSeniplofédin the BysteMiB100irses WRES thede & A Errrinhthe SradGififitedbed
herein, this benefit can reduce the overall overhead by a significant
amount . Afitgleswhehatlis happen®)sit daheteisafntd eétsarshét & datienpodionr afviladataas
opposed to checked data results in a performance benefit. To be traded
agai nst tdrigindlly teljeestesihycthe host.f or nance when there is an error in the
transferred data. In one prior system- if there is an error in the raw

A number of performance enhancing techniques have been developed to speed up
transmission of data between device and host. One of these is split transfer which
reduces the latency caused when the required data is not under the head when the data is

_: requested. US patent 4 494 157 describes the use of split transfer to transfer data in two
' bursts to a buffer. Both bursts of data are received in the buffer before being sent up to

the host system.

SUMMARY OF THE INVENTION

It is an object of the présent invention to ameliorate one or more disadvantages of
the prior art. | |

According to one aspect of the present invention there is provided a method of
transferring data from a data storage subsystem to an attached host data processing
system having a host memory, said host memory having a plurality of addresses, the data
storége subsystem comprising a device controller connected for .communication to a
direct access storage device on which the data is storéd, the method comprising the steps
of: sending a data transfer command from the host data processing system to the device

controller of the data storage subsystem to initiate data transfer, the data transfer
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WO 92/ 15054 .

PCT/ GB91/ 00256 39 data, the whole of the data nust be retransmtted. In the
present invention wherein the controller has random access to host nenory,
there is no need to retransmt all the®ata. If, at the end of a sector,
the DASD detects the presence of an error in that data, the ECC bytes
indicate this to the controller which is alerted. Wien it has conpl et ed
sending the current packet of data to the host, the controller ceases
transm ssion and sends a DATARETRY nessage to the host. The controller
requests retransm ssion of the sector which contained the error. The DASD

i ch ot Sp auianR SoEARARE BAKBEIE! of BoCH o iR, B Bl Bd Bbleioe BF 1

e retransmtted

good, t he]es ifdhdr VonpisfRSa R seRbLbIEks! Mhdl 1 6ecBA® ket ofodRNEi!sbiens€Nds a
DATA RETRY nessage to the adapter which specifies the address in host

menory t of biockb ih Requedtiilyordat Whes at firsbset bf deuke bf dhbicisFANEwEEDRY seepfdoe
instructs the adapter to set up.a new DVA channel over which the data is to

be transkeirofcblockd of Hata; amd said ydatal trensfelaginemand: speoifgingt  stattcaddiess iRHRKY
nmessage W th a READY_FOR READ nessage. The DATA RETRY nessage indicates the
amount ofhostamemory tohwhichiths first biacki afthe first set of blocks of data in the sequence of
blocks of data is to be transferred; and transferring the sequence of blocks of data from
the data storage subsystem to the host data processing system in response to the data
transfer command as a first set of blocks and a separate second set of blocks, the device
controller of the data storage subsystem capable of calculating and specifying an
amended start address in host memory to which the second set of blocks is to be
transferred, said amended start address being different from the start address specified in

the data transfer command. i

According to another aspect of the present invention there is provided a data storage
subsystem for sioring data accessible by a connected host data processing system having
memory, the subsystem comﬁrising; a device controller connected for communication to
a direct access storage devic_é which transfers blocks of data from the direct access
storage device via the controller to memory in the host data processing system
responsive to a command from the host data processing system, said command from the
host specifying a start address in the memory of the host data processing system; said
device controller further including means for sending the blocks of data from the direct

access storage device to the memory in the host data processing system in other than
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If the retry data sent to the controller is still in error, the controller
W ll re-request the data a nunber of tines. If, after a predeterm ned
nunber of attenpts, the controller still hasn't received good data, it wll
attenpt to correct the error in the dataaheld in its buffer. To this end,
It sends 'Operate on ECC order to the device. which causes the device to
cal cul ate which bytes were in error and also the correct data for those
byt es. The nunber of bytes which may be corrected is inplenentation
dependent: in the described systemthe nunber is two. The device sends the
correction information to the controller which corrects the data held in

corr oot ca BRACSHRER AL, I8¢ R Rkt ARelr A B iF il RO m, .

froma dabepldd SER SAPEWSHEHds: C}né’rﬂox?vt tAWRRA 9%@&&?}2@% QFEERA 79 imiafy™

having a host menory, said host menory having a plu Ity of addresses, the
data st or a@asferiedy 54i@ BnfadBd isGirtsdRedeigifathNin Bk |RYice BoRL6N&IraIRr than
comuni cation to a direct access storage device on which the data is
stored, t e hedthiath procpssing sygtent)cansit @i améndedestalt addressddifferdnt Al e staenand
fromthe host data processing systemto the device controller of the data
st orage saddness specified by thediost dathprocessing systern) emebass for sendirfgea firstrportion
speci fying a sequence of blocks of data to be transferred, said sequence of
of data to the address specified in the command from the host data processing system so

that after sending the first portion of data to the memory of the host data processing
system, the data appears sequentially in the memory of the host processing system as if it

had been sent in sequential order.

Brief Descrintion of the Drawi

Figure 1 is a block diagram of the major functional units of a data storage subsystem
according to the present iﬁvention;

Figure 2 is a block diagram showing the main components of the adapter of Fig. 1;
Figure 3 shows the structure of the adapter link chip of Fig.2;

Figure 4 is a block diagram éhowing the main components of the controller of Fig.1;
Figure 5 is a block diagram showing the structure of the controller link chip of Fig.4;
Figure 6 is a block diagram showing the communication between tasks defined in the
controller microprocessor; "

Figure 7 is a block diagram showing the inbound and outbound serial links.
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bl ocks further_conprising a first set of blocks and a second set of bl ocks,
sai d sequence of blocks i n sequential order when a first set of blocks of
data is foll owﬂmmmnmmﬂu t of blocks of data, and said data transfer
comand speci f. ess in ape host nmenory to which the first

bl ock of the first®sét Jf Bl otks of data in the sequence of blocks of data

Is to be transferred; and transferri ng t he sequence of bl ocks of data from
the data storage subsystemto the hdsEARMS, processi ng systemin response

st of biocke HEedl BRTIERE, i BPnbk AR aes SbSEaL B SRR Exbabi o
f | cul.at.i 3 | fyi i N.:
i ch ¢ ndag S WEpl o TN ERAEEY LR b GESY ol 3 RN, X ©

addr ess ' i t r 1 i £ '

transfer Q@%%ﬁ,dmegasﬁ sf[%{éa%?e%%%? %orr@%%“gfrﬁi ng Dl fc:)égﬁgbﬂg? ég?fig&i&s%gf ai ned
i n cl ai medmRication t9'8 difeBPacebss! staragé aEvitd8n WhichS@e \dancR stiredlathe rhéthsa t he
data storage subsystemincludes the steps of: the device controller

request i egmptising thastépy ofof sai d sequence of data fromthe device controller
to the host in a non-sequential order, the device controller using the
start addr esserding tahdath i travisfer conhmandd fiom fthe hostsddta girodessing ssystens peeahé | ed
by the host and the length of the first set of blocks, to calculate an
amended deviee cammlbwfiﬂg:e Hata tstorage subsysienaip dnitiate alata transfas) dhekdasa tiansfesecond

set of blocks of data is directed, 41 : .
command specifying a sequence of blocks of data to be transferred, said sequence of

blocks further comprising a first set of blocks‘ and a se_cond set of blocks, said sequence
of blocks in sequential order when a first set of blocks of data is followed by a second
set of blocks of data, and said data transfer command specifying a start address in the
host memory to which the first block of the first set of blocks of data in the sequence of
blocks of data is to be fnénsferred; and _
transferring the seqﬁence of blocks of data from the data storage subsystem to the

host data processing system in response to the data transfer command as a first set of
blocks and a separate second set of blocks, the device controller of the data storage
subsystem capable of calcufating and specifying an amended start address in host
memory to which the secomi set of blocks is to be transferred, said amended start
address being different from the start address specified in the data transfer command.
2.  The method of transferring blocks of data as claimed in claim 1 wherein the step of
transferring the sequence of data from the data storage subsystem includes the steps of:

" the device controller’ requesting the transfer of said sequence of data from the
device controller to the host in a non-seq_uéntial order,

~the device controller using the start address for the first block of the first set of
blocks as specified by the host and the length of the first set of blocks, to calculate an
amended start addreés in host memory to which the first block of the second set of

blocks of data is directed.
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“the device er trans ring the second set of blocks of data before
the first set ﬂm“‘mu %ﬁatothe host, and the first block of the
second set of““‘“ ta directed to the anended start address. 3.
The met hod of tra‘hsferrlng data as clawumed in claim 1 wherein the step of
transferring the sequence of data fromthe data storage subsystem further-

i ncl udes the st s of devi ce.co roII n of .data
1. 355 rantiolfos CEnafEreiti e eeore] o6 O Piodks (SR REOTGARF GFG
Lresrnctehg gtte%é%f(g{ §QB§H§%“ rft set)sgof bl ocks of said sequence of data

to the a e™ost . 4. The nethod of transferring data

as cl ai med | rror
in the secon @tg&gl gc{on§§'tg§6q%b§§e6fsq§e g%tﬁggregéedbtpoc s o?&ﬁ}%‘? t he
devi ce cgaa{egg.l er using the start address for the first block of the first
set of blocks as specified by the host and the Il ength of the first set of
bl ocks, 80 caheuheitpdasf armkftetng tdatd aaddiiard o clhest 1 nwhereh tthe Waipe bt he
first block of the second set of blocks of data is direct ed, and the device
cont r ol | evansfetrimpnthe $ciquempet dfedate droml the Hata fstdrbge kubsfystomm ﬁ:lnthedamm&sahage
subsystemto the anmended start address in the host nmenory. 5. The net hod
of data stepnofier as claimed in claim4 wherein the step of the device

controller retransmtting the second set of_ blocks to the anended start
address is r&edeves controller requesting transfer of data from the device in the same order

as specified in the command, and _

the device confroller sending tﬁe first set of blocks of said sequence of data to the
address specified by the host.
4. The method of transferring data as claimed in claim 3, further comprising the steps
of: )

detecting an error in the second set of blocks of data in the sequence of blocks of
data,

the device corttroller using the start address for the first block of the first set of
blocks as specified by the host and the length of the first set of blocks, to calculate an
amended start address in host memory to which the first block of the second set of
blocks of data is directed, and

the device controller retransmitting the second set of blocks from the data storage
subsystem to the amended start address in the host memory.
5. The method of data transfer as claimed in claim 4 wherein the step of the device
controller retransmitting the second set of blocks to the amended start address is repeated
until the second set of blocks is received in host without error.
6. The method of data transfer as claimed in claim 4 wherein the step of the device
controller retransmitting the second set of blpcks to the amended start address further

comprises the steps of:
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unt i | the second I's received in host without error. 6. The
nmet hod of da mu“ glﬁb ﬂr aimed in claim4 wherein the step of the
devi ce contr «L1ng the second set of blocks to the anended
start address further conprises the stegas of: 42 the device controller

repeating the retransm ssion request a predeterm ned nunber of tines:
W t hout receiving a correct second set of b|ocks; the devjce control I er

requesting cdhf 8EYice GORERUET IEpFAtAg $he Ret@lnﬁmﬁsmflﬁé‘l‘@é‘i/? Peedetsmingd) gymber

t th .th ds . A dat t
gﬁﬁgggt erﬂ%ftg?es‘gﬁfé‘?‘ﬁjecﬁg‘flﬁg gé’??gt%gﬁnsﬁf:@&oi??gf&? act ed host dgtg ;S)rgcrsgggl ng
system havi n%@'ﬁ%@caﬁt{bﬁleﬂ?@é?ﬁrﬂ fEtEHBﬁ 9 Fronfa Q8K Gifecont rol er

connected for conmunicatl on access storage eV|ce whi ch

transfers bl agkenbe lifuifel ke b EbreRGRS SerBhPLAMY tcleVi Ce Vi a the

controller to menory Int ata processing systemresponsive to a
command f7,0m A heth Qedra dgkakﬁbs%teﬁef&l Storifiy da@Mccesyitle BYTEBGINESEdNHobe dhast
specifying a start address in the nenory of the host data processing
system grockssinyisystemdniving memofyy thdeubsyswah edmpgsingans for sending the

bl ocks of data fromthe direct access storage device to the nenory in the
host data pr acdedésngonyalles wonmectadnfor commmmivationto aatjreet access storige, deyived
device controll er capable of calculating and specifying an anended start
addr ess i whigh $ransfersoblockscofdatacfiom tbe disect agenss sloragsf @ 4evice yia the controller

to memory in the host data processmg system responsive to a command from the host

data processing system, said command from the host specifying a start address in the
memory of the host data processing system;

said device controller further including means for sending the blocks of data from
the direct access storage device to the memory in the host data processing system in
other than normal sequential order, said device controller capable of calculating and
specifying an amended start address in host memory to which a second portion of-data is
initially transferred, said amended start address originating in the device controller rather
than the host data processing system, and said amended start address different than the
start address specified by the host data processing system;

means for sending a first portion of data to the address specified in the command
from the host data processing system so that after sending the first portion of data to the
memory of the host data processing system, the data appears sequentially in the memofy
of the host processing system as if it had been sent in sequential order.
8. The data storage subsystem as claimed in claim 7, the device controller further
including a data buffer via which the blocks of data are transferred from the direct access

storage device to the memory of the host data processing system.
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initially transferred, said anended start address originating in the device
controller rather than the host data processing system and said anended
start address different than the start address specified by the host data
processi ng system neans for sending a first portion of data to the address
specified in the command fromthe host data processing systemso that after
sending the first portion of data to the nenory of the host data processing
system the data appears sequentially in the nenory of the host processing
systemas if it had been sent in sequential order. 8. The data storage
subsystemas clainmed in claim?7, the device controller further including a
data buffer via which the blocks of data @Be transferred fromthe direct
access storage device to the nmenory of the host data processing system

DATA TRANSFER BETWEEN A DATA STORAGE SUBSYSTEM AND HOST SYSTEM
ABSTRACT

Described is a technique for transferring data from a data storage system to a connected

host data processing. system. The subsystem comprises a device controller connected to one or

more direct access storage devices e.g. disk drives. The system issues data transfer commands

to the subsystem to iniciate transfer of data between system and device(s). Read/write data is
transferred directly from device to host via a buffer in the controller. For a read operation,
the read command specifies the data to be transferred and the start address in host memory to
which it should be sent. The device controller is capable of amending the start address to
which it actually sends the data. This provides a performance benefit for split data transfers.
In addition, if an error occurs during a read operation, the controller can specify the host
address to which the replacement data should be sent.

Fig. 1.
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