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relates to the ordering of comands on a disk drive and nore particularly,
to the determ nati on of whether to issqe a conmmand to a disk drive based on

a priority level of the command and anavailability of the disk drive.
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system 100. Its main conponents are a host conputer 110, a disk controller
115 and a di sk drive 125. QN CQYIVIORYEY RISK PRIVEomer ci al |

of f-the-shel f, conponent, sonetines referred to as a commodity disk drive,
that conforns to the small conputer systeminterface (SCSI) protocol

Host computsdr,d 1&F OPgE atRYERPTdRt @ stored on di sk drive 125. Wen host
conputer 170 wshes to read data, it issues a read-command, which '
identifies the data, to disk controller 115. In turn, disk controller 115

lssues - a read-cfwgaggeggnt invention relates to the ordering of

commands on a -disk drive and more particularly, to the
determination of whether to issue a command to a disk drive
based on a priority level of the command and an availability

of_the'disk drive.

BACKGROUND OF THE INVENTION

Fig. 1 is a block diagram of a computer system 100. Its
main components are a host computer 110, a disk controller
115 and a disk drive 125. Disk drive 125 méy be a
commercial, off-the-shelf, component, sometimes referred to
as a -commodity disk drive, thaf conforms to the small

computer system interface (SCSI) protocol.

Host computer 110 operates oh data stored on disk drive
125. When host computer 110 wishes to read data, it issues a
read-command, which identifies the data, to disk controller
115. In turn, disk controller 115 issues a read-command to
disk drive 125. When disk drive 125 executes the read-
command, it sends the data to disk controller 115, which
‘passes the data to host computerlllo. For the case where

host computer 110 wishes to write data, it issues a write-



*di sk drive 125. Wen disk drive 125 executes the read- command, it sends
the data to disk controller 115, which passes the data to host conputer

110. For the case where host conputer 110 wishes to wite data, it issues a
wite- -2- command, and sends

associ ated data, to disk controller 115. Thereafter, disk controller 115

I ssues a wite-command to disk drive 125. Wen disk drive 125 is prepared

to execut edniiand, thd BRI, addodDitdd e§ath skesoni sRI bent 2dd1ewhinals sends
the associated data to di sk drive 125. Di sk controller 115 includes

a processSmemﬁﬁﬁ%ﬁﬁﬂwﬁkﬂkxp¢ﬁ#ﬁﬁ¥1QH811%ri%&%%@tan@er©C§Q@mé§drépated to

the excha 5201 o0 L bpsi £oupyser 1 110,80, diiskodiie, 125 11

al'so inclu es a con ro conmmand™ queue arns commvan
have yet ttheeyiissatarbrimantd skitrmoeifides disk cobts&liervalb25walieh
i ncl udes sonme_ local intelligence in the formof a ﬁ ocessor (not shown) and

rel ated n&fH3S B FFTH 2 FRE (RS2 aF Qi SkSHrfTEveotfand queue 130. Di sk

drive command queue 130 contains commands that have been issued to, but not
yet been executed by, disk drive 125.
Disk controller 115 includes a processor 117 and related

memory 118 for executing procédures related to the exchanges
of information with host computer 110 and disk drive 125. It
also includes a controller command gueue 120 that contains

commands that have yet to be issued to disk drive 125.

Disk drive 125 also includes some local intelligence in
the form of a processor (not shown) and related memofy 128,
which includes a disk drive command queue 130. Disk drive
command gqueue 130 contains commands that have been issued to, .

but not yet been executed by, disk drive 125.

The performance of a system such as computer system 100
is often evaluated in terms of response time and throughput.
Response time, also referred to as latency, is the interval
of time between when a command is issued and when it is
executed. A short response time is preferable to a long
response time. Throughput is the total humber of commands
processed by a system dufing a specified period of time. A

greater throughput is preferable to a lesser throughput.

Disk controller 115 and disk drive 125 each include



The performance of a system such as conputer system 100 is often eval uat ed
in terns of response tinme and throughput. Response tine, also referred to
as latency, is the interval of time between when a conmand is issued and
when it is executed. A short response tine is preferable to a | ong response
time. Throughput is the total nunber of3tommands processed by a system
during a specified period of tinme. A greater throughput is preferable to a
| esser thr degitnutes that af® skntended! ter rédbcendedpsksdr itimel 2mdach

i ncl ude ures .that .are intended

: -3-, feat
to reduce ﬁ&ﬁﬁﬁﬁﬁ?tﬁnﬁp%ﬁRP?EcreEE%'Fﬁ?BHﬁﬁﬁuﬁPciﬁgefQgﬂﬁﬁ&§%%ﬁHQMe
prioritizi %ﬁﬁﬂ%‘%@@r@éﬂﬁﬂiﬁb Nghé hgg%ﬂaﬁaad%nogogg%rﬂlelxe e drnamdad

queue 120 and di sk drive conmand Queue contraller 115 .
assigns a priereé t120 eavmdl dbskadhivenmemdandaguetewlBO.i ssue to disk drive
125. Commands of the greatest inportance are assigned the highest priority
| evel . Three priority levels are relevant to this discussion, they are,

demand stage, presiRgeorfdoUBsiages assignsThepaedandystiagelpri®rédan! evel

is the highest priority level. It is associated with_commands where host

conputer ~command that it will issue to disk drive 125. Commands of
the greatest importance are assigned the highest priority
level. Three priority levels are relevant to this

discussion, they are, demand stage, prestage and destage.

The demand stage priority level is the highest priority
level. It is associated with commands where host computer
110 wishes to read data. Generally, when host computer 110
issues a read-command to disk controller 115, host computer
110 has an immediate need for the data. Accordingly, when
disk controller 115 receives a read-command from host
computer 110, it assigns the demand stage priority level to

the read-command.

The prestage priority level is the next highest priority
level. It is assigned to read-commands that are initiated by
.disk controller 115, as opposed to.read-commands initiated by
host computer 110. Disk controller 115 evaluates a receﬁt
history of commands received from host computer 110, and
attempts to predict the next command that host computer 110
will issue. For example, in a case where host computer 110

has issued read-commands for two adjacent data blocks, disk



110 wi shes to read data. Generally, when host conputer 110 issues a
read-command to di sk controller 115, host conputer 110 has an i medi ate
need for the data. Accordingly, when disk controller 115 receives a
read- command from host conputer 110, it assigns the demand stage priority
| evel ‘to the read-conmmand. The pgestage priority level is the next
hi ghest priority level. It is assigned to read-commands that are initiated
by di sk comandinadrler] 51 agmapposedicno et ‘ﬁmmmemﬂs conhantiefiroy host

t 1 Di.sk roll.er 115 eval uates a cent ist ry of commands
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conput er 110 has issued read-comands for two ahégcent dat a blocks, sk
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| ower than the pr est age

The destage priority level is lower than the prestage
priority level. Disk controller 115 assigns the destage
priority level to write-commands with which it wishes to
write data to disk drive 125. When host computer 110 writes
data to a storage device, it generally has finished
processing the data, at least for the short term. Host
computer 110 passes the data to disk controller 115 and then
moves on to other business. Host computer 110 does not wait
fqr disk controller 115 to actually write the data to disk
drive 125, so there is no immediate urgency for disk drive

125 to execute a write-command.

Disk controller 115 organizes commands on controller
command queue 120 in order of priority. That is, commands
with the highest priority level are placed at the front of
controller command queue 120, while commands with the lowest
priority levél are placed at the end of controller command
queue 120. Commands with the same priority level are ordered
according to the amount of time they have been on gueue.

That is, commands are ordered according to priority and age.



‘priority level. Disk controller 115 assigns the destage priority level to
wite-commands- with which it wishes to wite data to disk drive 125.- Wien
host conputer 110 wites data to a storage device, it generally has
finished processing the data, at |least for the short term Host conputer
110 passes the data to disk-controller 115 and then noves on to ot her

busi ness. Host conputer 110 does not wart for disk controller 115 to

actual |y whipt ectigidfta thdiskotl iye é&&répléfeé&mhénaoqumdu@be i¥ gency
for disk drive 125 to execute a wite-command. Di sk controller 115
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“have beentsg strmmiorit v effRIRA%r e ordered according to priority and
age. -5- The command at the front of
control l er command queue 120 is the next conmand that disk controller 115
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controll er command queue, 120 IS |ntenq$d é ze resEonse time for the
hi ghest pPrESHAPS y level to t eman age priority level.

When such a command is promoted to demand stage, the command
is placed among other commands of the demand stage priority,
and further ordered accqrding to the age of the commands.
When a command is promoted, disk controller 115 will reorder
controller command queue 120, if necessary. Note that
commands of the destage priority level are not eligible for

promotion.

Disk controller 115 also employs an aging algorithm that
advances the priority level of all commands on controller
command qgueue 120 after a predetermined period of time. More
specifically, after the predetermined time has elapsed, all
commands on controller command queue 120 are advanced to a
higher priority level. The aging algorithm is intended to
prevent a low priority command from starving, i.e., not being
serviced, in the case where new commands are of a higher
priority level. Note that the aging algorithm applies to all
commands regardless of priority level, but it does not

reorder command queue 120.



Di sk controller 115 can pronote conmmands fromthe prestage priority |eve

to the demand stage priority |evel. Wen such a command is pronoted to
dermand stage, the command is placed anong ot her commands of the demand
stage priority, and further ordered according to the age of the commuands.
When a command is pronoted, disk controléer 115 will reorder controller
command queue 120, if necessary. Note that commands of the destage priority
level are not elRigilpidrive pfenbeidn. commandsp yhighniitohpsr yets5tal so
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seek time and rotational latency between execution of

consecutive commands, and thus improve throughput.

In Reorder Mode, as the number of commands on disk drive
command gueue 130 increases, disk drive 125 becomes more
efficient because it has more commands from which to choose
when selecting the next command to execute. Therefore,
throughput increases. However, as the number of commands on
disk drive command queue 130 increases; the potential maximum
latency for a given command also increases. Also, note that
disk drive 125 is not aware of the priority level used by
disk controller 115, and consequently, in Reorder Mode it may
execute one or more low priority commands before a high

priority command.

Another feature, referred to as the Head of Queue
Option, allows disk controller 115 to assert that a
particular command shall be placed at the head of disk drive
command queue 130. When disk controller 115 issues a command

and deéignates the Head of Queue Option, the designation



Reorder Mvde, During In Order Mde, disk drive 125 places conmands onto

di sk drive command queue 130, and executes the commands, in the order they
have been received fromdisk controller 115. In Reorder Mde, disk drive
125 changes the order of commands on disk drive command queue 130 to
mnimze seek tine and rotational |atepcy betmeen execution of consecutive
commands, and thus inprove throughput. Reorder Mpde, -as the

nunber .of BERIFERES 6ASH skiye (ﬁﬁﬁﬂﬂf%ﬁﬁQﬁFHﬁﬁ)@%%ke%%ége grErRagd; ve
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execute one or nore’low priority conmmands before a high priority command.
Anot her feater n défsdr daiveo comnand HpeenefliPeue Option, allows di sk
controller 115 to assert that a particular command shall be placed at the
head of disk drive command queue 130. When di sk controller 115 issues a
command and desmglp&toﬁzﬂetnhe)dzkmﬂs ofn Qeslec&¥é i whers heeteshynaticerssive

commands are issued with the Head of Queue Option faster than
the rate at which disk drive 125 can execute the commands.
Three commands issued with the Head of Queue Option in the
sequence of Cl, C2 and Cé will be executed in the order of
C3, C2 and Cl. The oldest command, Cl, will be the last
executed regardless of its priority level. Also, because of
the Head of Queue Option, the disk drive cannot reorder the
commands to improve throughput. Consequently, in this case,
the Head of Queue Option adversely impacts the response time
of command Cl1 and the overall throughput of computer syétem
100.

An ideal system would minimize response time while
maximizing throughput. The following patents are
representative of some prior art techniques employed to

address this challenge.

U.S. Patent No. 4,425,615 provides for a Hierarchical
Memory System Having Cache/Disk Subsystem With Command Queues

For Plural Disks. It describeé a disk subsystem including a



-7- prevents disk drive 125 fromreordering disk drive command queue 130,
and the designated command will be the next to be executed by disk drive
125. This feature mnimzes |atency for the designated command, but
sacrifices disk drive efficiency and increases the | atency of other
commands that are on disk drive commandgqueue 130. - A probl em occurs
in the case_where several, successive commands are issued with the Head of

Queue Opti BAUEAIHdY HafiHe Fat Rt WRRTRHR R SROUNRHE IPEULak SeR&OTEathe
conmands. I {.ssped wit ; e ' [ :
sequence o?gﬁfea‘ég an C3dvv| | i b\(,aA e%:ﬁjt'ele ?ﬂaf?ﬁ%%rﬁge?%%h%%flb%zhgﬁlge&.
The ol dest aremamsd,gréd tw |dadie ¢dmmianmstgqexeeusedthagattkebdgbesitt s
priority level. Also, because of the ad of eue, Option, e- di,sk drive
cannot reoP&éPIPﬁé’éﬂﬁﬂﬁﬁg§¥ﬁﬂn?m%r% ?ﬂr%ﬁg%%ﬁ?gt n?gﬁﬁe%gﬁyzlﬁ this
case, the HeaqeOlcdMRUHERIIMD BEVEns eh¥ehdPBEESMERE 1HESRONSE tine of
command Cl1 and the overall throughput Of conputer system 100. An

i deal system would mnimze response tinme while maxim zing throughput. The

foll owi ng paten re, representati 0f 80 : | r nigues enpl oyed
to address thiSR§ﬁ§1ﬁgﬁﬁgﬂ:%ﬁo'aé’%ﬁgzsgéié%?gkégg4g4 §%§%§ gggbides for a
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For Plural Disks. It describes a disk subsystemincluding a ,
Queue Reordering Process.‘ This” invention descCribes a method
for calculating least-latency, maintaining the dependency
information in a disk drive command queue, and using this
information to constrain command reordering in a time and

computationally efficient manner.

U.S. Patent No. 5,469,560 provides for Prioritizing
Pending Read Redguests In An Automated Storage Library. It
describes an information processing system having a

- prioritized method of reading objects from disks in-.an

automated storage library to minimize latency.

U.S. Patent No. 5,729,718 provides a System For
Determining Lead Time Latehcy As Function Of Head Switch,
Seek, And Rotational.latencies And Utilizing Embedded Disk
Drive Controller For Command Queue Recording. It describes a

-system for réordering commands recei?ed by a disk drive.
Lead time latencies are determined for commands in a queue
with respect to an active command. The command having the

least lead time latency is selected and promoted to the front



-8- plurality of disk drives wherein a command queue is provided for each
disk drive. "A priority value and a sequence nunber are assigned to each
command queue so that the highest priority queued comrand nunber is
execut ed when the di sk drive corresponding to the queue becones idle.

U S. Patent No. 5,548,795 provides a Method For Determ ning Commuand
Executi on Dependencies Wthin Command Qleue Reordering Process. This

i nventi on alesthébgseaenwhbed fiar wiallc beakxegulteas bfitaireratys awtiintai ni ng t he
dependency infornmation in a disk drive command queue, and using this

i nf or mat i dFPEB2RSnstrai n conmmand reordering in a tine and conmputational |y
efficient manner. U. S. Patent No. 5,469,560 provides for
Prioritizing Pending Read Requests In An Automated Storage Library. It
descri bes an |nHoﬁnaPabanprHoes§hﬁé8sﬂ§ﬁemnmmmdﬁ§ziqnlanﬁnloﬁﬁtxmeﬁod of

readi ng o ects fro dis tona storag br, to m.nmze

| at ency. Bt 9§t Eﬁ?oﬂg é?@r?i@m&rg\“ 2‘ éj]&}gct @%]r MR mi ni ng
Lead Tine EL}%@@&Y AR E@ﬁ%"rb@nm@canléeaﬁt@&'nt ehdiseelgriArd a@lé%(}) @Q%lorlty
Latencies And Utilizing Enbedded Di sk Drive Controller For Queue

Recordlng'V¢%UG§SE®|QQ@mén§y§P§§Pﬁ§rbWE§9@§W%ﬁ§(ﬁﬂﬁﬁﬁiﬁﬁrﬂﬁﬁnﬁﬁﬁp¥@ea di sk
drive. aghélggyﬁghgnﬁbgﬁngr%?%ehgg%b%%d rqggnands in a queue with

respect to an active conma phaw n

The prior art techniques for reducing response time or
maximizing throughput are generally directed to methods fhat
actively reprioritize commands or reorder a queue to improve
system efficiency. Typically, an improvement in terms of
response time is accompanied by an impairment in throughput,
or vice versa. Also, these techniques are often complex and

are not necessarily compatible with commodity disk drives.

Accordingly, it is an object of the present invention to
provide a disk controller and method for determining whether
to issue a command to a disk drive that minimizes response
time for high priority commands and maximizes throughput for-

all commands.

It is another object of the present invention to provide
such a disk controller and method that is compatible with the

operation of a commodity disk drive.



| east Tead tine latency is selected and pronoted to the front of
the queue where it will be executed after the active command. U S
Pat ent No. 5,848,226 provides for a Prioritized Data Transfer Through
Buffer Menory In ADigital Printing System A control nmeans within a disk
drive assigns priority values to command outputs by software.entities and

‘executes the command having the highesi®-priority: The prior art
t echni ques SPMMARY] @OF] ITHE SHNORNEIQN me or naxi m zi ng t hroughput are

generally directed to nmethods that actively reprioritize commands or
reorder a queue to inprove systemefficiency. Typically, an inprovenent in

terns of responge f@ MRS WP Ut hy1 @i ngPal ATBRT coAt B o8ghARE, 207
vice versa. Al so, these technidques are often conplex and are not

necessari | giskmeaiive e tliq Misomeentyolek drtewsines whetherorai Agisype ia -
IS ah obj e%%nﬁfantoh%oortefiseen&is';knvgﬁix}eorb}t/ C)conside'ring both a priority
level associated with the command, and an availability of the

disk drive.

In the preferred embodiment, the disk controller
maintains a count of outstanding commands, that is, commands
which have been issued to, but not yet executed by, the disk
drive.- When considering whether to issue a command to the
disk drive, the disk controller first determines the priority
level of the command. If the command priority is of the
highest level, the command will be issued only.if the
outstanding command count is less than 8. If the command
priority is not of the highest level, the command will be

issued only if the outstanding command. count is less than 2.

By using a first threshold value of 8 outstanding
commands when considering a high priority command, and a
'secqnd threshold value of 2 outstanding commands when
considering a lower priority command, the disk controller
readily accommodates the need to minimize response times for
the high priority commands without adversely impacting the

throughput of the disk drive with regard to all commands.



provide a di sk controller and nmethod for determ ning whether to issue a
command to a disk drive that mninizes response tinme for high priority
commands and maxi m zes throughput for all commands. It is another
object of the present invention to provide such a disk controller and

met hod that is conpatible with the operation of a cormmodity disk drive.
-10- SUMVARY OF THE INVENTICN In a conputer systemincluding a disk
control | er BRIER 3 g RRAWHNGD| | er determ nes whether.to

i ssue a command to the dISk drive by considering both a priority |evel
associated with the command, and an availability of the disk drive.

In the preferrediappbodi ieni,bibekdiskgeant 68l hecofipuibai BY st ef0Wticarding
out st andi ng commands, that is, commands which have been issued to, but not
yet execut lﬁhetnﬁﬂQﬁsﬁrHrlve Vlhen consi dering whether to i-ssue a
command to the disk drive, the disk controller first deternines the
priority level of the command. If the conmand priority is of the highest

| evel , the commemidgwi2|ibeaissdek dhbygraf bfiea computer system

particularly adapted to carry out the present invention; and

Fig. 3 is a flowchart of a process for determining
whether to issue a command to a disk drive, according to the

present invention.

DETATLED DESCRIPTION OF THE TINVENTION

. Fig. 2 is a block diagram of a computer system 200. The
main components are a host computer 210, a disk controller
215 and a disk drive 225. The operation of these components,
and their relationship to one another, is similar to that

described in the context of Fig.'l, above.

Disk drive 225 may be a commercial, off-the-shelf,
component, sometimes referred to as a commodity disk.drive,
that conforms to the small computer system interface (SCSI)
protocol. However, the present invention is not limited to
the SCSI protocol, but can be applied to any disk drive that

reorders commands based on execution command efficiency.



out st ahdi ng command count is less than 8. |If the command priority is not of
the highest level, the coomand will be issued only if the outstanding
command count is |ess than 2. By using a first threshold value of 8
out st andi ng conmands when considering a high priority command, and a second
t hreshol d val ue of 2 outstandi ng conmangs when considering a |lower priority
command, the disk controller readily accomobdates the need to mnim ze
response tines DésktNeiMqﬂ?Zﬁikndhqdesnanpmbc&$$@bu(neﬂveheﬂhy Baplact i ng
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conput er S!Sbe”‘Eﬁ%QT@ﬁM}etébﬂﬂ&hd”#d&ué”230 contalﬁsgcoﬁméﬁdé Rhagk
dlagran1of a conputer systemparticularly adapted to carry out- the present

i nventi on; hawg been issupd 3d.,s butf Ingiehet been precutedf by, ddiskmdxing
225. Disk drive 225 is capable of reordering commands on

disk drive command queue .230.

Disk controller 215 includes a processor 216 and related
memory 217 for executing procedures related to the exchanges
of information with host computer 210 and disk drive 225. A
controller command queue 220 contains commands that have yet
to be issued to disk drive 225. Disk controller 215 also
maintains a disk availability wvalue 218 that indicates an
availability of disk drive 225. Disk availability wvalue 218
can be any quantitative indicator that represents the
availability.of disk drive 225, such as estimated time to
execute outstanding commands or a number of outstanding
commands. Command issuing process 219 determines whether to

issue a command to disk drive 225.

In the preferred embodiment, the disk availability valué
218 is:an outstanding command count (OCC), that is, a count
of commands that have been issued to, but not yet executed
by, disk drive 225. In other-words, disk availability wvalue
218 indicates the number of commands on disk drive command
queue 230. When disk controller 215 issues a command to disk
drive 225, it increments the outstanding command count in

disk availability value 218. When disk drive 225 executes a



whet her to issue a command to a disk drive, according to the.present

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON - ~ Fig. 2isa

bl ock di agram of a conputer system 200. The nmi n conponents are a host
conputer 210, a disk controller 215 and a disk drive 225. The operation of
these conponents, and their relatlonshlﬁ;to one another, is simlar to that
described in the context of Fig. 1, above. D sk dr|ve 225 may be a
commer ci al confmbnthedik&l tontamlArant2l S awiramn refidie eshit ot asdbngommodi ty
di sk drive, that conforns to the small conputer systeminterface (SCSI)
profocol . FEREABE, CONBLpASs &K AVEHtladH Jidhofati%i4Ek: to the SCSI
protocol, but can be applied to any disk drive that reorders commands based
on execution command efficiency. C-12-

Disk drive 225 Dusku@eataoﬂﬂmneéﬁhﬁ dSEMgnﬁuaMgrxnmhtxﬂbﬁw@ﬂnbmnequZB
whi ch includes a di sk drive

‘cont ai ns cGAMERGS H&vé“ﬁéer?‘qrggjseuq ue 2 Lﬂrnn\ge%( ;g%é eé%nga g qd” 230

by, . di sk dgb¥@e, in the context of Flg..l, demand stage is the highest
' priority level. 1In the preferred embodiment, a command
priority can be at demand stage, or it can be at a- lower
priority level. The lower priority levels are not
distinguished from one another. That is, a command priority
is either at demand stage, or it is not at demand stage.
However, in the general case, the invention can operate with

any number of priority levels.

When considering whether to issue a command to disk
drive 225, command issuing process 219 first determines the
priority level of the command. If the command priority is at
demand stage, the command will be issued only if the
outstanding command count is less than 8. If the command
priority is not at demand stage, the command will be issued

only if the outstanding command count is less than 2.

This algorithm allows up to 8 commands to be enqueued on
disk drive command queue 230 when computer system 200 is busy
enough to accumulate 8 demand stage commands, when 8 lower
priority commands have aged to the demand stage, or a
combination of these two cases. If computer system 200 is

operating under a light workload, then a demand stage command



225. Disk drive 225 is capable of reordering commands on di sk drive conmand
queue. 230. Di sk controller. 215 includes a processor 216 and rel ated
menory 217 for executing procedures related to the exchanges of information
wi th host conputer 210 and di sk drive 225. A controller command queue 220
contai ns conmands that have yet to be dlgsued to disk drive 225.. Disk
controller 215 also maintains a disk availability value 218 that indicates.
an avai |l abvillywaefitdbekiad ne 2R5e Dhsin v @deattidusly vid e IGmwands. any

uantitatiye.indicator that represents the availahility. of disk drive 225,
T b el B ar SRBRL ol 8, PEREIEN S Al Sttt d XaHai S S0l V!
out st andi ngofRANBEIS 0 MAMTENG e $PEiN] HAsPeRise Zhhalst afdt Nas ANESREr at 8k

i ssue a command to disk drive 225. In the preferred enbodi ment, the
di sk avai | @6iVet $20altge reogdesr SemBRnstsapd fi o Rmpandaneuehdsli s,

a.count of,_co : h en issued to, but not yet executed by, disk
cFoRTIEAR L S BRI

drive 225. er “wor dvai l abil'ity value 218 indicates the nunber
of .commands on di sk drive command queue 230. \Wen disk controller 215
i ssues a command . to disk drive 225, it _increnents the outstandi ng command

count in disk abaPlrabi LSt @ FHOYERREE 3Rk P Ti CHMANG el IDEL DG RTPE]SE

- 13- 219. Command issuing process 219 is invoked when disk
controller 215 must decide whether to issue a command to disk
drive 225. This would occur when a new command is received
from host computer 110, when a previously issued command has
been completed by disk drive 125, or when a command has been
promoted to a higher priority level. The command under
consideration is the command at the front of controller

command queue 220.

As mentioned earlier, disk availability 218 indicates an
availability of disk drive 225, and in the preferred
embodiment it holds an outstanding command count. As shown
in Fig. 3, command issuing process 219 evaluates outstanding
command count (OCC) 305.

In step 310, the process begins by determining whether
the command under consideration has a demand stage priority
level. 1If the priority level is at demand stage, then the
process advances to sfep 315. 1If the priority level is not
at demand stage, then the process advances to step 325. Note

that in this embodiment, demand stage is a threshold priority



comand, disk controller 215 decrenents the outstanding conmand count in

disk availability val ue 218. Di sk controller 215 assigns a priority
| evel to each command that it will issue to disk drive 22.5. As di scussed
above, in the context of Fig. |, demand stage is the highest priority

l evel . In the preferred enbodi nent, a gonmand priority can be at demand

stage, or it can be at a lower priorify level. The lower priority levels
are not di dewvedyi sinell thraae ae anatded . tdhaenssden themeadepoifority is
either at demand ,stage, or it is t at demand stage. However, in th
genéral caB&IOTHEY ﬁ%e‘}rﬁ]i &F%%?F%B@?%‘E AR R a?\%ﬂ%@f:a'df’ep?ifa@?f‘ij Sleté’\gé s.
Wien consi dar ich@ WiRiHEt (bd SiRe Sp£0oFRRY 18vEl sk HbhEec225incoReand

i ssuing process 219 first determines the priority level of the command. If
t he commundepeirali tdpdes, dithelcrrrskek@eoriveleymrevelweedbioksbgedhenl y i f

e oy

conmand cowhletih®d adfe td@mand prioril{i SewbPoist Yreatkewshdp be 8qemmands
to be enqueued_on di sk drive command queue 230 when conputer system 200 is
busy enough©t bt S RiehRRHt ¥t b8 Ltommuands, when 8 lower priority
commands have aged to the denmand stage, or a conbination of these two
cases. If conputer system 200 is operating under a |ight workload, then a
demand stage cofimarstep 315, the process determines whether the

outstanding command count 305 is less than a first fhreshold
of 8 counts. In other words, it determines whether disk
drive command queue 230 contains less than 8 outstanding
commands. If the outstanding command count is less than 8,
then the process advances to step 320. If the outstanding
command count is not less than 8, then the process advances
to step 335.

In step 320, the process issues the command under
consideration to disk drive 225. Thereafter, the process

advances to step 335.

In step 325, the process determines whether the
outstanding command count 305 is less than a second threshold
of 2 counts. In other words, it determines whether disk
drive command queue 230 contains less than 2 outstanding
commands. If the outstanding command count is less than 2,
then the process advances to step 330. If the outstanding

command count is not less than 2, then the process advances



-14- wll wait behind no nore than 2 previously issued commands. This
schene gives preferential treatnment to demand stage conmands to nininize
their response tines, yet it allows disk drive 225 to reorder commands on
di sk drive command queue 230 to maxim ze throughput. Fig. 3is a
flowchart 300 of command issuing process 219. Conmmand issuing process 219
is invoked when disk controller 215 nus“idecide whet her to issue a command
to disk dritR 328 3%Ps woul d occur when a new command is received from
host. conputer 110, when a previously issued command has been conpl eted by
di sk drive 125, or when a command has been pronoted to a higher priority
| evel . The commuinm sineler 380pnsther proeesiss ikbaesommmendciimaddie Jdduy  of
controll er conmand queue 220. . As nentioned earlier, disk

avai | abi | i t%f’%ﬁ?%'i:%feegoaﬂlabaﬂrém PEy -of ThexRaditiore LB RERFSSSt he
preferred emathdetcdtsHohdszgn outstanding command count. As shown in
Fig. 3, command i1ssuing process 219 eval uat es outstandi ng conmand count
(0OCC) 305. In step 310, the process begi ns by determ ni ng whet her

t he command und consi derati has a demand _stage priority level. If the
priority Ieveli-neﬁtﬁ%néig’sggﬁePrPHgﬁspﬁgrﬂﬂ8€g§§'advances to step 315.

If the priority level is not at demand stage, then the process advances to
step 325. Note ] i
Note that command issuing process 220 does not use the

Head of Queue Option that was discussed.'earlier. Disk drive
225 can operate in Reorder Mode and reorder commands on disk
drive command queue 230. This permits disk drive 230 to |

optimize its throughput to the extent available in Reorder
Mode.

While the procedures required to execute the invention
heredf are indicated as already loaded into memory 217 of
disk controller 215, they may be configured on a storage
media, such as data memory 250 in Fig. 2, for subsequent

loading into memory 217.

It should be understood that the foregoing description
is only illustrative of the invention. Various alternatives
and modifications can be devised by those skilled in the art
without departing from the invention. For example, the
process is not necessarily limited to two priority levels or
two disk availability thresholds. Multiple priority levelé

and thresholds can be considered. Secondly, the disk



that i'n this enbodiment, demand stage is a threshold priority

-15- level, and there is no need to consider the case of a priority |evel
greater than demand stage because denand stage is the highest possible
priority level. However, in the general case, the threshold priority |evel
need not be the highest priority |evel-j7and the process woul d determ ne
whet her the command priority level is greater than or equal to the

t hr eshol d BPRBFPLyeFe@ed not be'|3 shand-AXONe HeORPOREEE Ast EPRIRSENTtEd
whet h t : i Ut 5 4 ; fi h hol d of
et her hﬁxogéﬁkaESth§ﬁ9¥¥ngﬁ?QHP FPS 23 $ﬁfslﬁ€€§aé, L ESEah g@ﬁ old o

8 .counts. er wor erm nes” whet her dis rirve conmand queue
230 cont ai embkddedt han afoiitest adwirite cosmeindss hést heomptseandilfg cadrsmd

count is less than 8, then the ocess  advances to step 320. |4 the
Ut ot andi nEREoATRB LAY ot ] 1TEGEod o B CONBRES FoSKP beils BoHtPEn QY o

step 335. one diskNoRli&R 320y thes PSOGRSF: HISSHES | PR CANBRNAYRES!, disk
consideration to disk drive 225. ereafter, the process advances to step

335. conkrefldpr32L,5 el praices 2 dedrt nd héer whermandt Ageue 220 and a
disk availability 218 for each of the multiple disk drives.

Accordingly, the present invention is intended to embrace all
such alternatives, modifications and variances that fall

within the scope of the appended claims.



‘out st andi ng ¢ommand count 305 is |less than a second threshold of 2 counts.
In other words, it determ nes whether disk drive command queue 230 contains
| ess than 2 outstanding commands. |f the outstanding conmand count is |ess
than 2, then the process advances to step 330. If the outstandi ng command
count is not less than 2, then the procgss advances

-16- to steg 335. In step 330, the process issues the command under
consi der at$let di sk drive 225. Thereafter, the process advances to step
335. In step 335, the process term nates. Not e that command
| Ssui.ng process 220 does not use the Head of Queue Option that was

di scussed Waati &s.cDaskedriige 225 can operate in Reorder Mdde-and reorder
commands on di sk drive command queue 230. This pernits disk drive 230 to
optinmize its throughput to the extent available in Reorder Mde.

Wi l.e the procefunéshbadebredet @ raXadige whdt hietv el Ii¥ue a command
from a disk controller to a disk drive, said disk controller
maintaining a disk availability wvalue that quantitatively
represents an availability of said disk drive, said command
having an associated priority level, said disk controller

performing the steps of:

(A} determining whether said priority level is greater than

or equal to a threshold priority level;

(B) determining whether said disk availability value is
less than a first threshold value, when step A
determines said priority level is greater than or equal

to said threshold priority level;

(C) determining whether said disk availability value is
less than a second threshold value, when step A
determines said priority level is not greater than or

equal to said threshold priority level; and

(D) 1issuing said command to said disk drive when either
-step B determines said disk availability wvalue is less
than said first threshold value, or step C determines

said disk availability value is less than said second

-

-



hereof are indicated as already | oaded into nmenory 217 of disk controller
215, they may be configured on a storage nedia, such as data nenory 250 in
Fig. 2, for subsequent |loading into nenory 217. It should be
understood that the foregoing description is only illustrative of the
invention. Various alternatives and nodifications can be devi sed by those
skilled in the art w thout departing f1dm t he inventi on. For -exanpl e, the
process i s not ueceskaldl yalluei.ted to two priority levels or two disk
availability thresholds. Multiple priority |levels and thresholds can be
consi dered. Secondly, the disk -17-

control | erz needrnat mBenhadsirardt2lone caFpanant wife ¥ eseid edi ¥ diske
controller 215 in Fig. 2, but instead, it can be enbedded in anot her

devi ce, _sumch@dﬁésa d@ﬁt&ug@ﬁugl@onmag@mqﬁ@uuﬁmdm|%ommnqi$ nthad to a.
conput er ne,dis ri t pIe di sk
drives, dIS con?gﬁ gFQE?St gﬁlggﬂh contf&?ﬁnﬁﬁf1ﬁﬂéw%£%%g%%£ 20 and a

di sk avai labitéty 218 for each of the multiple disk drives. Accordingly,
the present invention is intended to enbrace all such alternatives,
nodi fications and variances that fall within the scope of the appended

cl ai ns. 3. The method recited in claim 2, wherein said disk drive
is capable of reordering said outstanding commands on said

disk queue.

4. The method recited in claim 1, wherein said disk
availability value is a count of outstanding commands, which
have been issued to, but not yet executed by, said disk

drive.

5. The method recited in claim 4, wherein said count of
outstanding commands is incremented when said- command is
issued to said disk drive, and decremented when said command

is executed by said disk drive.

6. The method recited in claim 1, wherein said priority

level is one of a plurality of priority levels.

7. The method recited in claim 1, wherein said controller

includes a gueue containing unissued commands.

8. A disk controller that determines whether to issue a

—_—

O O



-18- CLAIMB " Wiat is clainmed is: 1. A method for determ ning whether to
I ssue a command froma disk controller to a disk drive, said disk
controller maintaining a disk availability value that quantitatively
represents an availability of said disk drive, said command having an
associated priority level, said disk cogtroller performng the steps of:

(A) determ ning whether said priority ['evel is greater than or equal

to a threstwieandi 061 éydiskehrlve( B a ide temfianidn g awtieighein s sbeli stked
availability value is | ess than a first threshold val ue, when step A
det er ni nePEhPBLBY| seVeL: | 80df ddskr sansrodigr sOMBFINing:  to said
threshold priority |evel; (C determning whether said disk availability
val ue is - less than a second threshold val ue, when step A-
detérninesL&hidapdiskiayaiéabﬁlﬁtyndhdgceab&rfbhamamntaininguﬁudi@ksaid
threshold prlorl%gli blklty value that guantitatively represents an

availability of said disk drive;

(B) a first comparator for determining whether said
priority level is greater than or equal to a threshold

priority level;

(C) a second comparator for determining whether said disk
availability value is less than a first threshold
value, when said first comparator determines that said
priority level is greater than.or equal to said

threshold priority level;

(D) a third comparator for determining whether said disk
availability value is less than a second threshold
value, when said first comparator determines that said
priority level is not greater than or equal to said

threshold priority level; and

(E) a command issuer for issuing said command to said disk
drive when either said second comparator determines
said disk availability value is less than said first

_threshold value, or said third comparator determines

said disk availability value is less than said second

AR



(D) issuing said command to said disk drive when either step B

determ nes said disk availability value is |ess than said first

t hreshol d val ue, or step C determ nes said disk availability value S
| ess than said second -19-

t hreshol d val ue. 2. The nethod reciyted in claiml, wherein said disk

drive includes a di sk queue contai ni ng“out standi ng conmands t hat have been

i ssued to, but dresitolskenrkwrl by, said disk drive. 3. The met hod
recited in claim2, wherein said disk drive is capable of reordering said .
outétanding commands on said di sk queue. 4. The nethod recited in claim

1, . 'wher ei ngsai d Tes i iasiaidarti td 1 Ve v at eigi t 6d ai g ouD& imf 8 pukBbaednngagenmands,
whi ch have been issued to, but not yet executed by, said disk-drive. 5.

The ‘met hod ¥ (5 Vien INGIuAeS ik raeene eikhalping outstanding
commands that have been issued to, but not yet executed by,

said disk drive.

10. The disk controller recited in claim 9, wherein said
disk drive is capable of reordering said outstanding

commands on said disk queue.

11. The disk controller recited in claim 8, wherein said
disk availability value is a count of outstanding commands,
which have been issued to, but not yet executed by, said

disk drive.

12. The disk controller recited in claim 11, wherein said
disk availability indicator increments said count of
outstanding commands when said command is issued to said
disk drive, and.decrements said count of outstanding '

commands when said command is executed by said disk drive.

13. The disk controller recited in claim 8, wherein said

priority level is one of a plurality of priority levels.

14._ The disk controller recited in claim 8, further

comprising a queue containing unissued commands.

) 0 OO



bUtstahdihg commands i s increnmented when said conmand is issued to said
di sk drive, and décrenented when said command is executed by said disk

drive. 6. The nmethod recited in claiml1, wherein said priority level ‘is
one of a plurality of priority |evels. 7. The method recited in claim
1, wherein said controller includes a 2ue contai ni ng uni ssued conmands.

8. . Adisk controller that determn nes ether to issue a
-20- commuhd .t o Rangimskrwimiadda sdiat ciirmmesl hapogram Eesozidied priority

| evel , said disk.contrgller, conpr.ising:,: A a2 disk availability, indicator
For “mai nt aPRPigG o 1T i hat” Ak ine i o d¥ed e e Son bl po
represent sgagk driwyaidaaly ldisk Hors@tsh XbsknAintv@ining B @iskrst |
conparat or for determ ni ng whether said _priority Tevel is greater than
or équal tavaidigkbddHidiw value that quantitatively represents an
availability of said disk drive, said command having an

associated priority level, said memory media comprising:

(A) means for controlling said disk controller to determine
whether said priority level is greater than or equal to

a threshold priority level;

(BY means for controlling said disk controller to determine
whether said disk availability value is less than a
first threshold value, when means A determines said
priority level is greater than or equal to said

threshold priority level;

{C) means for controlling said disk controller to determine
whether said disk availability value is less than a
second threshold value, when means A determines said
priority level is-not greater than or equal to said

threshold priority level; and

(D) means for controlling said disk controller to issue
said command to said disk drive when either means B
determines said disk availability value is less than
said first threshold value, or means C détermines'said )

disk availability value is less than said second

_

(A



priority level; (C©) a second conparator for determ ning whether said disk
availability value is less than a first threshold val ue, when said

- first conparator determnes that said priority level is greater than
or equal to said threshold priority |evel; (D) a third conparator
for determ ning whet her said disk availability value is less than a
second threshol d val ue, when sai d234 rst conpar at or determ nes that

sai d priorthyesboétd valnet greater than or -equal to said

threshold priority |evel; and (E) a command issuer for issuing said
command to said disk drive when either said second conparator

determ nesig, Thal flefibgk Avadibabelklitydvahuelissn a%s tWiadrsin dsdidsdisk
threshol d value, or _said third conparator determ nes sai d- di sk
avai | abi | i95ival teclydeess dngk QuPYesEEBk@ining outstanding commands
-21- E{g}é@sﬂgbg ¥8kHe s ssua +5N€ plitS otOYtOld &l tasd s, T 4h £ A MR
wherein sa

drive.

17. The memory media recited in claim 16, wherein said disk
drive is capable of reordering said outstanding commands on

said disk queue.

18. The memory media recited in claim 15, wherein said disk
availability value is a count of outstanding commands, which
have been issued to, but not yet executed by, said disk

drive.

19. The memory media recited in claim 18, further
comprising means for controlling said.disk controller to
increment said count of outstanding commands when said
command is issued to said disk drive, and decrement said
count of outstanding commands when said command is executed

by said disk drive.

20. The memory media recited in claim 15, wherein said

priority level is one of a plurality of-priority levels.

21. The memory media recited in claim 15, wherein said disk

controller includes a queue containing unissued commands.

* c L M s *



di sk drive includes a di sk queue containing outstandi ng coonmands that have
been issued to, but not yet executed by, said disk drive. 10. The di sk
controller recited in claim9, wherein said disk drive is capabl e of
reordering said outstandi ng commands on said di sk queue. 11. The disk
controller recited in claim8, wherein said disk availability value is a
count of outstandi ng conmands, which hdde been issued to, but not yet

Sxeeuted 2. UG A0 SmenCro Beliis BBkl EERMENRR ¢l ' "

out st andi ng commands when NG COMBODITYIESKEDRIVESai d di sk drive, and
decrenents said count of outstanding commands when said command i s executed

by said disk drive. 13. The disk controller recited in claim@8, wherein
sai d pr|0r|‘+ stl,ae\{el is one of a plurality of priority levels. 14. The
di.sk contr Tecited in claims8, further conprising a queue containing

uni ssued Cc}n a co(ilnputer system (200) including -a disk controller (215) and a disk drive (225),
the disk controller (215) determines whether to issue a command to the disk drive

(225) by considering both a priority level associated with the command, and an

availability of the disk drive (225).

Fig 2



-22- 15. A nenory nedia that stores a programfor a disk controller that
determi nes whether to issue a command to.a disk drive, said disk controller
mai ntai ning a disk availability value that quantitatively represents an
avai lability of said.disk drive, said command having an associated priority
| evel , said nenory nmedia conprising: (A means for controlling said disk
controller to deternm ne whet her said priority level is greater than or
equal to a threshold priority |evel; (B) nmeans for controlling said
di sk controller to determ ne whet her said disk availability value is

| ess than a - first threshold val ue,"#hen means A determines said
priority level is greater than or equal to said threshold priority

| evel ; (C© means for controlling sai'd disk controller to determ ne

whet her said disk availability value is less than a’ second threshol d
val ue, when nmeans A determ nes said priority level is not greater than
or equal to said threshold priority level; and (D) neans for
controlling said disk controller to issue said command to said disk
drive when either neans B determ nes said disk availability value is

| ess than said first threshold value, or neans C determ nes said

disk availability value is |less than said second
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- 23- t hreshol d val ue. 16. The nmenory nedia recited in clai m15,
wherein said disk drive includes a di sk queue containi ng outstandi ng
commands that have been issued to, but not yet executed by, said disk
drive. 17. The menory nmedia recited in claim 16, wherein said disk drive
i s capable of reordering said outstanding commands on sai d di sk queue.

18. The nenory nedia recited in claim15, wherein said disk availability
value is a count of outstandi ng commands, which have been issued to, but
not yet executed by, said disk drive. 19. The nmenory nedia recited in
claim 18, further conprising means for2@ontrolling said disk controller to
i ncrenent said count of outstanding conmands when said command is issued to
sai d. di sk drive, and decrenent said count of outstanding commands when said
command i s executed by said disk drive.

o
o~
o~
Yo C N
~ E<L""
gz Sz .
= B5S G
=< Ll

MEMORY

’////—zoo
228—""
2301

w = <o
by S =
o~ =
&= lx= = =2 - o=
o < N Uiy
- | o [723 7} —S =1
o o o bt vl =L
S & = <§ =0
S 1= — | = = SO
= O
T o= = o \
S |t S
\ = Q. [
(wn] o
~ (o) o3 [
o~ ~N o~ N

210
//.

HOST
COMPUTER




-
i

20. The-nenbfy media recited in claim15, wherein said priority level is

one of a plurality of-priority |evels. 21. The nmenory nedia recited in
claim 15, wherein said disk controller includes a queue containing unissued
conmmands. _ * C L M S *
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