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(57) Abstract: A method for loading a cache is disclosed. Data in a computer file is stored on a storage device. The computer file
is associated with a computer program. The first step is to determine which logical memory blocks on the storage device corre-
spond to the computer file (402). The next step is to take the data stored m the logical memory bloels and load it into a cache
(404). The. data is loaded into the cache before daia from the file is requested by the computer program.
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BACKGROUND

3

19861} Read caches load blucks of data from slowsr storage devices like disk

%

drives mto h.igher &pwd storage devices like random access memory (RAM). Subsequent

es therehy avoiding the latency due to the

slower memory devices. Read caches algorithins can opportunistically lvad blocks of
data that may be seeessed in the funwe. By loading blocks of data from the slower
storage devics before the data is needed, the initial latency due to the slower storage
device may bo avoided. There may be multiple read caches in a system. Oue typical

location for a road cache is on the storage controller for the slower memary devicss.

18862} One method voud vaches use 1o store blocks of data that may be nsed in the

o~

fature is by selecting the next logical blocks of data stoved afler the block of data that was

b

o

fust requested. This technique is typically called a read-ahead algorithm,  Undortunately,

&

the data used and stored by most computer prograns is ovganized by files and the data

from a file may not be stored in contigaous memory blocks on the slower memory
devices.

O3 Figure 1 is a block diagram of a segment of a file system 100 from a slower
apead stovage device: Figore 1 shows a header block 102 followed by a plaraiity of
togical storage blocks | —N. The plurality of logical storage blocks | — N may be along a
single rack of & disk drive, or may be distributed acvoss a plurality of disk drives, for

¥

example in 2 RAID configuration. Tach logical storage block canstore the same amount
of data, for example 5312 Mbytes, In this exa ng\i\,\ data from two different files are stored

inn the fogical memory blocks | = N File A requires three different memon

\ e 3

stored. File B can be stored using only two }ogicai storage blocks, The &

data from file A is stored in logieal storage block 1, the second part of the data from file



WO 2012/015396 PCT/US2010/043472

e

T

A is stored in Jogical storage block £, and the third part of the data from {ile A is storad in

o

logica! storage block 5. The first part of the data from file B is stored in logical storage

&

N

black 2 and the second part of the data from file B is stored in logival storage hiock N.

7

Logical storage block 3 is open and does not contain any data.

{98841 When a computer program needs the data stored in file A, the program
“opens” file A by sending a request to the operating systemn. The operating system

Rl R z

typically has a logical map betweesn the name of the file (file A) and a location or addres

3

in reemory space where the daia is stored, as well as the sinount of data or fength of the

o

file. The operating system typically does the mupping between the file name and the

locations in memery space where the dasa is stored. The operating systera will send &

request for data {2 data read) to the siorage contro aller using the mapped data boeation,

The read request will typically have a starting location or address in memory space and &
fength. The operating systein mmay break the request for data from the file into a nember

of differerst read requests. In this example, the operating system may break the request

into three different read requests. The first read request may correspond 10 the data

stored in the fivst part of file A

{DO6S] When the oparating system sends the first read request, corresponding to
the data stored in the first part of file A, to the storage controiler, the storage controtier
may check its eache to determine if the data has been loaded into the cache. When the

3 3

data has not been loaded into the cache, the storage controller will access the slower

&
e

memory device and read block 1. The storage controller will return the dats from block §
to the operating system. The storage controller may alse foad the data from block mto
its cache. I the cache in the storags controller is using a read ahead algovithm, the

&

storage controller may also read the data from bloek 2 and load it into cache. T this

example, reading the data from block 2 will not help reduce the latency due to the stower
storage device. When the operating system requests the data from the next part of file &

b

{the second part}, the operating system will request the data from block 4. The data from

e
7
L)

ck 2 that was loaded into the cache will not be used. Because the data from file A

not stored in contiguous logical storage blocks, the read ahead cache algorithm may not



WO 2012/015396 PCT/US2010/043472

3
1 i

fve In reducing the latency of the slower storage devices. The storage contrafler

o
L¢3
453
forie,
e
1
(93
5
o
oot

typically does not have any file level information that maps which blocks are assigned to

which files.

BRIEY DESCRIPTION OF THE DRAWINGS

{0006} FIG. 1 is a block diagram of a segment of a file system 100 from a slower
specd storage device {Prior avt)

19667} FIG. 2 16 2 dingram of a computer system 200 in an example endbodiment
of the tnvention.

8] FIG, 315 g block diagram of & slorage blade 218 in an example
embodiment of the invention.

{05497 FIG. 4 is # flow chart fr @ method of file based cache loading in an

DETAILED DESCRIPTION

—+

{16181 FIG. 1~ 4, and the following deseription depict specifie examples to teach
those skilled o the art how o make and use the begt mode of the invention, For the
1.

purpose of teaching inventive principles, sorue conventional aspects have besn siplified

or ornitted. Those skilied in the art will appreciate variations from these exampies that

fd
74
Ep
o)
pnie
e,
(0]
1o
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E.;:“
L]
8
o
P
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{54
=
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s
&
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41-
=
e
e

fall within the scope of the investion. Those
features described below can be combined in various ways to form muitiple variations of
the invention. As aresult, the invention is not limited to the specific examples described

below, but only by the claims and their equivalents,
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4
LEURR Figure 2 is a diagram of 2 compuier system 200 in an example embodiment
of the invention. Computer system 200 comprises rack 202, processor blades 204,

w
e

controlier 210, bus 216, ¥0 board 220, suraibiary blades

f”)

8, and pc}w*** systen: 222,
Processor blades 204, controller 210, VO board 220, auxiliary blades 218, and powe
systern 223 are monnted nside rack 202 and couple to bus 216, Bus 216 may be any
type of communications bus or fabric, for example 2 PUTe bus. Processor blades 204
may comprise one of more proceasors 206 and memory 208, Auxiliary blades 218 may
comprise memory blades, siorage blades, additional VO blades or the ke, Controller

210 may comprise one or more processor 212 and memory 214, Controtler 21 may be a

baseboard management controblor (BMC). Power system may cOniprise one of moere
power suppliss and one or more power controllers, Power system 18 also coupied to the
different components with a power bus {not shown for elarity) that provides power fram
the power system to the other conponents. In one example embodimeant of the invention,

multiple computer systemms 200 will be coupled together and operated as a group, for
_ i3 2 5 g ;

example in & data center.

N

e In operation, the processors 206 on the processor blades 204 may be
executing code. The code may be a computer program. A computer program may be one

or more operating systems, application programs, finmware routines, basio mput output

% "

routines (RIQS), or the like. Controller & 1 may be numing code that moniters the
operation of computer system 200 including the operations of the ons or more operating
systerns and/or the operation of one or more of the auxiliary blades 218, In nne example

1 o

embodiment of the invention, one or more of the auxiliary blades 218 may be 2 storage
a H 3

blade. Figure 3 is a block dingram of a storage blade 218 in an example embodiment of

the imvention.

{6613} Storage blade 218 comprises storage controlier 320 and a plurality of
storage devices 326, Storage devices may be hard disk drives, solid state drives, ovthe

torage controller 320 is coupled to, aud controls, the p

NS
336, Storage controlier 320 stores data onto storage devices 326 in logica] storage
B S &

o
i

ocks. Storage blade 218 is coupled to bus 216 in computer system 200, Storage



WO 2012/015396 PCT/US2010/043472

somtrolier 320 comprises one of roore processors 332 and cache 324, Storage controller

324
320 uses cache 324 1o reduce the latency due to storage devices 326, In other exanple

S N

nbodiments of the invent O.A.. he stors H8RYSIC sism may be external o compaier S}’Siiﬂ-‘}'{'ﬁ

200, for example a network attached storage system.

S HHEY in one example enabodiment of the invention, storage controlier 320 loads

the data from 3 plurality of logical memory blocks on the storage devices info cache 324

fad

The logical storage blocks loaded into cache 324 correspond o ong or more {iles storad

Jl

onte the storsge deviees 326, The logical storage blocks loaded into the cache may not

be from contiguous storage blocks because the data in the files may ot be stored in

241
ﬁ')..
1-4

oitiguous mernory blocks. Once the data 13 loaded nto the cache, the data 18 marked as

ans

wrsistent. Data marked as persistent remains “pinned”

..,.3

in the cache until the persistent
nature of the data is cleared, When a compuier progran, for example an application
program or an operating system, requests the data saved in the file, the storage controfler

320 can read the data directly from the read cache 324 versus the storage devices and

smediately retum the daia to the requesting program.

X

HHENY The {ile(s) may be associated with a particulsr application program or an
instantiation of an operating system.  In one example erbodiment of the invertion, the

files used or associated with a computer program are identified. Once the files are
identified, the logical storage blocks vorresponding to the files are identified. When the
oropram is lannched or instantiated, the data contained in the logival storage blocks ar
loaded into g cache. When the program opens its associated files, the data from the ftles

N

will already be loaded into the cache, thereby reducing the access thime for the data.

~

{60161 In some example embodiments of the invention, the Sles used or associated

with a program may depend on whe lmunched the program. For exaraple, when the

'

program is & web based program used by a plurality of users, each instantiation of the
program may b associated with & different sct of files. For example, a first user may

3

have a first set of images, songs, or data, stored in files aecessed by the program, aud 8

(44

second user may have a second set of images, songs or data accessed by the same
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g

Q

prograny when launched by the second vser. In one example embodimaent of the
invention, the storage blocks loaded into the cache may correspond to the files associated
with an instantiation of the program that corresponds to a speeific user 1. In other
example embodiments of the invention, the files associated with the prograny may not be

dependent on the user of the progran.

{9617} The files associated with a program or an operating systeny can be
determined in a number of different ways. In one example embodiment of the invention,
an adminisirator nray make a list of files used by 2 program. In another example
embodiment of the invention, the operating system may keep track of the fies used by
different programs. The operating system may keep wack of the files used by a program
for rach ditferent user tha laanches the program. In vet another exaraple embodiment of

T

the inveniion, & tracking program, running on controiler 210, may track which files are
associated with each program or operafing systent ronning on one of more of the

43

he fracking program may be started before the program to be

e

processor blades 204
tracked s lavnched, and stopped after the program to be tracked is ended. Unce the list
of Giles sssociated with a program have been detenmnined, the logieal stovage blocks

associated with the Hies s determined

B Determining the logical storage blocks associated with & file can be done in

o)

o

a mumber of ways. In one example embodiment of the invention, a file walking program

&3]

can be used. The e walking program takes the Hst of files and “wouches”™ or accesses

alking program tracks which fogical blocks in the storage devices are
faciiy o

:.4

cach file. The file wa

accessed as it reads or touches each of the files. In this way the file walking program

generates a list of logical storage blocks that corresponds to each of the files associated

3 &

with a program, In another example emnbodiment of the nvention, the wacking program,

X

¢ on controfer 210, may divectly track which logical storage hlocks are associated
T

with cach program, instead of tracking which files are associated with each program. In

£y

another exmmple embodiment of the invention, the storage controlier may track the

N
jogical memory blocks used after veceiving a “start tracking” command. The storage

™

controller would stop tracking which logical blocks were loaded affer receiving 2 “stop
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7

tracking”™ command. The list of logical memory block associated with & Sle or a program

an be stored for later use.

{9619 Quce the Hstof logical blocks associated with a file or a program have
been deternuned, the data stored iy the Ust of logical blocks can be read froam the logical

storage blocks and moved into cache. The data can be moved into cache using a number

<
Py
£

different triggers. In one example embodiment of the invention, the frigger 1o move

by

57
[y
[z

the data into cache can be a user or administrator conunangd, Once the data has been

Ny

ioaded into cache the data may be marked s persistent. A second user or administrator

o
('J

cornmand may be wed 1o clear the persistent property of the data so that the data may be
flushed from cache psing the normal cache algorithm. There may be a thivd conungnd

that tmmedi t{.iy flushes the data from cache. In some embodiments the second and t

{80207 In another example embodiment of the invention, the frigger o load the

data into cache may be when the program is launched or instantiated. When the logieal

P

storage blocks are assoctated with a program launched by a specific yser, only the data

from the logical stovage blocks that are associated with that user are loaded fnto cachs
when the user launches the program.  The trigger to Sush the cache may be when the

program s closed or ends

Bz Figure 4 is # How chart for a method of file based cache loading inan
exanple embodiment of the invention. The method relates to moving the data stored as g

file on 2 storage device into » cache, The data in the file is stored on the storage devices

starage biocks that correspond to a file are determined. At stop 404, the data from the set
of logieal storage blocks s read from the storags devicss and loaded into a cache. The
data from the logical storage blocks is moved inte the cache before a program associated

with the file requests the data from the file.
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8
CLAIMS
What is claimed st
i A method for loading a cache, comprising:

determining a phurality of logical memory blocks that correspond to at
least one computer file (402), wherein data in the at least one computer file is
stored on a first storage device in the plurality of logical memory blocks, wherein
the at loast one computer fle is associated with 8 first instantiation of a computer
program;

igading the data from the plurality of logical memory blocks from the first
storage device into 2 cache before data fron the file is requested by the fust

instantistion of the computer program (404},

2 The method fur loading & cache of claim 1, further comprising:
marking the data leaded into the cache as persistent.
3 The method for loading a cache of elaims 1 and 2, wherein the data 1s loaded mito

cache when the first instentiation of the computer program is Iaunched.

4. The method for ‘§;03ding a cache of claims 3, wherein the data is thushed from the

cache when the first instan

L3

The method for loading a cache of claims 1 and 2, wherein the computer program
i5 selected from the group consisting of: an operating system, an apphication program
&. The method for loading a cache of claim 1, wherein the determuining of the at loast

one compuier file associated with the computer program is done during a tracking period.

bag
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7. The nwethod for loading a cache of claim 1, further comprisin

determining

=

cond plurality of log

i & second computer file; wherein

gal memory blogks ¢

PCT/US2010/043472

{3

i

bat correspond

fata in the second computer file is stored on

the first storage device and the second computer file s associated with a second

instantiation of the computer prograny
foading the data from the second phurslity of lo
the cache before data from the second file 18 reguested by the

of the computer prograni.

The method for loading a cache of claim 7, wherein the

conymiter program is launched using & frst user 113 and the second v

compiier program a second, different, user 1D,

9. A coptpuer sysiem, Comprismng:
a storage controlier {(326), the storage contreller haw:
a plurality of storage deviess {326} coupled to,
siorage contreller {320}

1 the ocowrence of a single event, wherein the plurality of logical

correspond to & plurahity of computer filss,
10, The computer system of olatm 9, wherein the ccowrence

selscted from the

fetd

with the plurality of files.

t1. Thee

(324} is

o
Empe

of claims ¥ and 16, wherg

b3

compuier system

marked as persistont,
12,

The computer system of claims € apd 14, further

on the plurality of storage devices {32631

of the

he data loaded fng

COmMprismg:

agical memaory blocks o

second instantiation

first instantiation of the

wiantiation of the

cache {324

%

and controlied by, the

e controfler (320} configured to load data from a plurality of

nto the sache (324)

torage biocks

single event is

group tonsisting oft a command, the launching of a program associates

~

o the cache
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whergin the oo

arrence of the single event is when a firat user Isunches a
program associated with the phurality of computer files;

the storage controller {320} loading data from a second plurality of logical
stovage blocks stored on the plurality of storage devices {326} into the cache (324 on the
oecurrence of a second 8B

ngle event, wherein the second phurality of logical storag
hiocks correspond to a second plurality of corputer files and where the seo
of computer files are associated with the progrant when th

cond pharality

second usey

e program 18 launched by a
, Sifferont than the fiest user,

13, The computer systom of claims 9 and 10, further comprising

a controller {210} couplad
{210} sending a

to-the storage controller (320), the controlier

(h

ist of the pluval

(320} on the scourrence of the single event.

Hity of logival storage blocks to the storage controller
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