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CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of priority of US application No.
61/671,827 filed July 16, 2012 and US application No. 61/715,337 filed October 18,

2012, the contents of them being hereby incorporated by reference in their entirety for

all purposes.

TECHNICAL FIELD
[002] Various aspects of this disclosure relate to data storage systems, methods of
writing to storage in data storage systems, hard disks and methods of forming hard

disks.

BACKGROUND
[003] A conventional disk drive usually contains a single disk media for data
storage. For example, a conventional hard disk drive contains only magnetic disk
media, and a solid state drive (SSD) contains only flash media. Recently, hybrid
storage devices, which combine different storage media in a single device, have
drawn increasing interests from storage vendors and customers. Hybrid storage
devices could be in many different forms. Just to name a few, a hybrid disk drive may
contain a conventional disk media plus a non-volatile memory (NVM), in which the
NVM serves as a data cache to the disk media for performance and energy efficiency
purposes; an SSD may contain large capacity and low cost multi-level cells as well as
small capacity and high cost and performance phase change memory. Besides single

hybrid storage devices, a hybrid storage array is ofien seen in the market. A hybrid



[3] A conventional disk drive usually contains a single disk nedia
for data storage. For exanple, a conventional hard disk drive
contains only magnetic disk nedia, and a solid state drive (SSD)
contains only flash nmedia. Recently, hybrid storage devices, which
conbine different storage nmedia in a sjngle device, have drawn
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only be witten through appendi ng and not updating-in-place. SUMVARY
[5] In various enbodi nents, a data storage system may be provi ded.

The data storage system may incl udggnpiRiage. The storage may
include a first portion and a second portion. The data storage system
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manner. $§e6pnd poxigni bhe detaistarhgresistem alabralguhm igkludey dsterpinpiicn sttcuiThe
hard di sk may include a plurality of_ shingled nagnetic recording
zones. Theemigreeddiosqeterming Whetsr 19 Neite datagtoctha B pasHan ofde s pecond

Lo a st orBgEornTy: Ao et SPHom BRL Mg Be fr GVt Soubaay & °

may | nClUge ) Gk RO BB Btk BoRRAGLIAPLH thod may

i nclude determ _nlln Igﬁge%tgﬁer ?o w%fnts[g) ga é&é)_%)ﬂcﬁ‘[e}eq }-l;l:agi?&cgorti on or to

the fseconﬁ)ogpr U Bvariths efRbhREerR Y Hard HRRmdy 5 %@idéﬁ.nfﬁ@hérﬂ sk may

witing the data to the first portion in a I'og structure nmanner.
include a plurality of shingled magnetic recording zones. The hard disk may further
include a conventional magnetic recording zone.
[007] In various embodiments, a method of writing data to a storage in a data
storage system may be provided. The storage may include a first portion and a second
portion. The method may include determining whether to write data to the first
portion or to the second portion. The method may further include controlling writing
the data to the first portion in a log structure manner.

[008] In various embodiments, a method of forming a hard disk may be provided.

The method may include forming a plurality of shingled magnetic recording zones in



[8] In various enbodi nents, a method of formng a hard di sk may be
provi ded. The nethod may include formng a plurality of shingled
magnetic recording zones in 3 the hard disk. The nmethod may further
i nclude form ng a conventional nmagnetic recording zone in the hard
di sk. BRI EF DESCRI PTI ON OF THE DRAW NGS [009] The invention will be
better understood with reference to the detail ed description when

consi der ethej hard ghskinbha sstheidt way Harthesninelude tibrging xa sphvestionad magnetic
acconpanyi n rawi ngs,, i.n which: FIG 1 shows a hard di sk according
to vari ou¥® ﬁig%?%ﬁ’ﬂg?eqﬂf‘gﬂ‘sg shows a hard disk according to various
enbodi ment s.
BRIEF DESCRIPTION OF THE DRAWINGS

[009] The invention will be better understood with reference to the detailed

description when considered in conjunction with the non-limiting examples and the

accompanying drawings, in which:

FIG. 1 shows a hard disk according to various embodiments.

FIG. 2 shows a hard disk according to various embodiments.

FIG. 3 shows a storage array according to various embodiments.

FIG. 4 shows a data storage system for accessing a storage according to various

embodiments.

FIG. 5 shows a data storage system according to various embodiments.

FIG. 6A shows a data storage system according to various embodiments

FIG. 6B shows the data storage system in FIG. 6A further configured according to

various embodiments.

FIG. 6C shows the data storage system in FIG. 6A further configured according to

various embodiments.

FIG. 7A shows how data is stored in a hard disk.

FIG. 7B shows how data may be written to a storage according to various

embodiments, the storage including a first portion and a second portion.

FIG. 8A shows a data storage system according to various embodiments

FIG. 8B shows a data storage system according to various embodiments.

FIG. 8C is a graph of file system throughput (in kilobytes or kB) against file request

size (in kilobytes or kB) showing the write performance of the hybrid system in FIG.

8B according to various embodiments against Ext2 file system.



FIG 3 shows a storage array according to various enbodinents. FIG 4
shows a data storage systemfor accessing a storage according to
various enbodinents. FIG 5 shows a data storage system according to
vari ous enbodi ments. FIG 6A shows a data storage system according to
various embodinents FIG 6B shows the data storage systemin FIG 6A
further confi&gred according to various enbodi nents. FIG 6C shows
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embodiments coupled to a hybrid array.
FIG. 8F illustrates a data storage system shown in FIG. 8A according to various
embodiments coupled to a hybrid array.
FIG. 8G illustrates a data storage system shown in FIG. 8A according to various
embodiments coupled to a hybrid array.
FIG. 9 shows a tree structure according to various embodiments.
FIG. 10 shows a data storage system according to various embodiments.
FIG. 11 shows a storage array according to various embodiments.
FIG. 12 shows a storage according to various embodiments.
FIG. 13 shows a method of writing data to a storage in a data storage system

according to various embodiments

FIG. 14 shows a method of forming a hard disk according to various embodiments.

DETAILED DESCRIPTION
[010] The following detailed description refers to the accompanying drawings
that show, by way of illustration, specific details and embodiments in which the
invention may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the invention. Other embodiments may be
utilized and structural, and logical changes may be made without departing from the
scope of the invention. The various embodiments are not necessarily mutually
exclusive, as some embodiments can be combined with one or more other

embodiments to form new embodiments.



FIG 8Cis a graph of file systemthroughput (in kilobytes or kB)
against file request size (in kilobytes or kB) showing the wite
performance of the hybrid systemin FIG 8B according to various
enbodi ments against Ext2 file system 4 FIG 8D is a graph of file
system t hroughput (in kilobytes or kB), against file request size (in
ki | obytes or kB) showing the read performance of the hybrid systemin
FI G 8B abddildi ni erdex/thet thadnention mas begeatyiai understood 2nfl ipukingy pratigal
FIG 8E ilJustrates the data storage systemshown in FIG 8
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various enbodinents. FIG 11 shows a storage array according to

various e(8MH) a@idss02a, 102b. The hard disk may further include a conventional magnetic
recording (CMR) zone 104.
[013] In other words, the hard disk may include a zone configured for
conventional magnetic recording 104. The hard disks may further include a plurality
of zones configured for shingled magnetic recording 102a, 102b.
[014] In various embodiments, a first shingled magnetic recording zone, e.g. 102a
of the plurality of shingled magnetic recording zones 102a, 102b may be separated
from a second shingled magnetic recording zone, e.g. 102b of the plurality of shingled
magnetic recordihg zones 102a, 102b by an inter-zone gap. In other words, two
shingled magnetic recording zones 102a, 102b may be neighbouring to each other.
When two shingled magnetic recording zones 102, 102b are neighbouring to each
other, they are only separated by an inter-zone gap. Advantageously, the writing of
data 1n the first shingled magnetic recording zone 102a may not disturb or distort the
data in the second shingled recording zone 102b or any other shingled magnetic zones
neighbouring to the first shingled magnetic recording zone due to the inter-zone gap
Or gaps.
[015] In various alternate embodiments, a first shingled magnetic recording zone,
102a of the plurality of shingled magnetic recording zones 102a, 102b is separated
from a second shingled magnetic recording zone 102b of the plurality of shingled
magnetic recording zones 102a, 102b by the conventional magnetic recording zone
104.
[016] Each shingled magnetic recording (SMR)} zone 102a, 102b may include a

plurality of shingled or overlapping tracks. For instance, a first track may be



FIG 12 shows a storage according to various enbodiments. FIG 13
shows a nethod of witing data to a storage in a data storage system
according to various enbodi nents FIG 14 shows a nethod of formng a
hard di sk according to various enbodi nents. DETAI LED DESCRI PTI ON
[010] The followi ng detailed descriptiqn refers to the acconpanying
drawi ngs that show, by way of illustration, specific details and
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into practical effect, particular enbodi nents will now be descri bed

by way of cexgnmddesnigrd raat ditanfrdmtd single tedelt. Witlh titeefebitionlyewide witing

figures. element, the writing element may generate higher fields at the disk and allows the
disk coercivities to increase, grain size to decrease and recording densities of the SMR
zone to increase. Each shingled magnetic zone 102a, 102b may include more than two
shingled tracks.
[017] Each conventional magnetic recording (CMR) zone 104 may include one or
more isolated tracks. In other words, each track in the CMR zone is isolated from a
neighboring track by an inter-track gap.
[018] In various embodiments, the shingled magnetic recording (SMR) zones
may be configured to be written with data in a log structured manner. Data may be
written to the first portion in the form of a circular log in the first portion. The log
may have a header and an end defining the data written to the first portion. As new
data is written to the log, the header of the 1og moves relative to the end. In other
words, the header of the log moves one round around the circular log to meet the end
of the log as new data is appended to the header. Unwanted old data may be marked
(as invalid data). As the header moves past the end to rewrite new data on the old data,
the marked old data (i.e. the invalid data) may be discarded or removed. The
unmarked old data (i.e. the wanted data) may be appended to the header of the log as
new data.
[019] The first portion including the plurality of shingled or overlapping tracks
may not allow for random access write to any arbitrary track, because the need to
rewrite one track may cause overwriting of the information stored in neighbouring

shingled tracks.



[12] FIG 1 is a schematic 100 show ng a hard disk according to

vari ous enbodi nents. The hard disk may include a plurality of

shi ngl ed magnetic recording (SMR) zones 102a, 102b. The hard di sk may
further include a conventional magnetic recording (CVR) zone 104.

[13] In other words, the hard disk may i nclude a zone configured for
conventional magnetic recording 104. The hard di sks may further
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plurality of hard disks 304 may include a first portion 304a including the shingled
magnetic recording zones of the plurality of hard disks 304. The plurality of hard
disks 304 may further include a second portion including the conventional magnetic
recording zones of the plurality of hard disks 304.

[023] In various embodiments, the storage may include a redundant array of
independent disks (RAID) storage. The array circuit 302 may include a RAID
controller or a RAID architecture. The RAID controller may manage the address

mapping and translation of the plurality of hard disks 304, providing the upper level



[18] In various enbodi nents, the shingled nmagnetic recordi ng (SMR)
zones may be configured to be witten with data in a |l og structured
manner. Data may be witten to the first portion in the formof a
circular log in the first portion. The | og may have a header and an
end defining the data witten to the first portion. As new data is
witten to the | og, the header of the Ioahnnves relative to the end.
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array nayaﬂﬂ} #de an array circuit 302. The storage array may include
a plurality o hard di sks 304 controlled by or coupled to the array
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two or noré | ndepen | e systens contro by the unified

cont r ol | egontlodetb-cREleR endeRbusl drhifbdsnihts MefRohcs 86 tHeXdon@bl SeGHSS040may
portion of the storage. The unified file systemcontroller may be or
may i ncl utheludhecferhesstod tiat fiiahicantiot suk-cidiRt. andhe tikadeeorsl @hagksubydtoaln
may include a Io?-st(uctured_file system branch for controlling
and/ or actB8%i ngln varidus egtbogimentso the fitse coptral sub-siragjb nmuy decronfrgyred to
i nclude a conventjonal file %ysten1branch f or controlling‘and/or

accessi ngcUe! seitingdhsdate fothe Tirsteortaon wig lga stipeured maangs, Jhe pnified fde
dth tional .fil t i npl ted by th
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sub-circuirt may be electrically isolated fromthe fi

sub-circukd OmybEY Bt elysein | Thd | detepmpitiod tRclihetRi hedy GRddeola file
sub-circuit. In various enbodinments, the first control sub-circuit
and t he sembing/pacenrent medtle@nd/ova metmiatareamgpae@treoddle) vari ous

enbodi ments, the first control sub-circuit nmay be the second contro
sub- ci rcul@®0] | n arigers enbnsimarat the qoafrel einont 4¢4 (he therreeatd eontodii t

sub-circuit) may be further configured to control writing data to the second portion in



[29] The data storage systemmay instead be or include a single file
system such as a hybrid file system The determ nation circuit 402
may include a file caching/placenent nodul e and/ or a netadata
managenent nodule. [30] In various enbodinents, the control circuit
404 (e.g. the second control sub-circuyit) may be further configured
to control witing data to the second portion in 10 a random access
manner . Theauslont pedestmagngrt The sopteolgeirauiiet(di (et tho first slongobsw-¢irayit) )
may be configured_to control witing the data to the first portion_in
a | og strgey gwec@nﬁrawﬁéﬁo PPntf%ma@ige%ﬁi é&fi%ﬁ?e dirstrartion g g erieyed

t ite data tp.the first. gl T, trol ci it 40 .g. th
second coPBT 'Lt 8RR iy A0 SR B dnPv gt et pafe Bt pofon
the. doter ioartoh i TREEINR B MRubly8-GRIEM2FARRE ERRELH]

portion. o &hkrol WritAfel @Eaf foShBabERANRAESIRNE Sandde a6QRE hPinn& fGH t
404 (e.g. the second control sub-circuit) may be further configured

to cont r ofleteiriihaiing dhatd 40D delenBesRnorifedta toiihd secbiepdrégn.st ruct ured
manner. In other words, the control circuit (e.g. the first and
second cofBi bl shibvarious wlteshtenaybdskments,f thg woedolt arangriddole. guthe savgnd o
the first portion or to the second portion in the | og structured
manner wheantiel setreireiit anay hadwdier coptgnred 4o porfeal epmiting: datpvie thresecord
wite to the first portion qr to the second, portion. 324 I n va%ious
enbodi menf@HoR i ﬁr@r}Bg Strocipiee mRyneR dn @ies Wopds, Hie ¢antrof cisgit {egh thgtisgt

| og structuyyed nner. /may i.nclude tq conty ol it data i he.form
of Jaci rctlitarecr By SR et iR Biey s Sresraddly harhnafithe R leprEng

an end de{)](;rﬂ'gﬂgoﬁ he dat Q?é%ﬂt b&ioh Oird he fli:)ésgtnfbﬂfrteél Ofande? Nihehb e
e da e | og may

witing t tatot Irst portion 1n a’log structured manner

further i|ngémtlgaRPPaRditNemesddhes WacthbetohRaleto Me fikepb@an drhe thew
data causing the header to nove relative to the end. Witing data by

appendi ngsaeend patiant o t he header of the log may be referred to as the
circular |log based approach. [33] In other words, data may be stored
in the fol0dbf alncvartouk gmbbdignents, tcheontiol srritipgthe data ¢f theHasispastiayim a

The 1 og has a header and an _end, both the header and the end defining

the data SesFusurdmEReT M Mlutdp cangolwatingdpta nsths Sormiak aciralarderd
Lo Lhe Tof kB Rt TIPSR LAl b ) 08 AL 00
e e s R X T
various emheshr BBt BirthéOnc98¢ Eenink e RUatS (HahédbPot BE IRE RMEw data
portion in a |log structured manner may include to control” witing
data in t&msingrine Bdadar ©imiew @lative to the end. Writing data by appending new data to
the header of the log may be referred to as the circular log based approach.
[033] In other words, data may be stored in the form of a circular log on the first
portion of the storage. The log has a header and an end, both the header and the end
defining the data stored between the header and the end. As new data is added to the
log, the header moves relative to the log. As the log is circular, the header initially
moves away from the end. As new data is written to the log, the header of the log
moves one round to meet the end of the log as new data is appended to the header.

[034] In various embodiments, to control writing the data to the second portion in

a log structured manner may include to control writing data in the form of a circular



Il 1Tog in the second portion. [35] The data storage system may
further include a marking circuit configured to mark unwanted ol d
data on the first portion. In other words, the data storage system
may be configured to mark unwanted old data as invalid. [36] Ad
data nmay be referred to as data alreaﬁily witten on the storage. On
the other hand, new data may be referred to as data that is not

al ready slognetheomgceridgpastiar.age. [ 37] In various enbodi nents, to
control witing data to the first portion in the Iog_ structure_manner
may i ncl udB51 o cohe defp sigrags sigtest mapfudkaranelude a gnakiagroarchy capliguied ng

unmarked ol d data to .t header and taq renpve markedq o]l d data. In

ot her wor Eﬂ‘s‘}’ar?‘tlr@‘”ﬁﬁ?e??é’g‘f date gn ?%aﬁ%ﬂ’%f”& Qfhey “ioé‘i(sa {3 LOTRRR SR
dat a between,the fpead&er and the e dldﬁ%tt he. Iolgd The mar ked dat a
(invalid 15‘5¥368?n herhodhs |“8W85&e§)° ay‘rjl pedf'Star ded or del eted. The

data stor Sys j i I 0

di scard oﬁgglal et g@ﬁ?ﬁ?@d& g‘ﬁfa dtg'f5 glaggleﬁﬂ%\%g% ?git%gtog tp %'rs‘ﬂoga e'elo_ﬁgth%_p
occupi ed sRaCRand, MeWadit? WsayeHd SEHBN kS as (dBR Gaf RAAG ARhieeieed ohrthei t
and the marking circuit may be the sanme circuit. [38] In various
enbodi nenstsragé.he new data may overwite the unwanted ol d data as well
as the wanted old data. The wanted ol d data may be appended to the
header as[03éWw dalmavariqug @nbpHienenits, dolcantrélogritey datadd tlakefirst pbritoal intthe of
segnents. The first portion may include a plurality of shingled
magneti c kogc%wa?wa %ﬁ@smaEd%ﬂ“‘%“etﬁhﬁﬁltT%fwrﬂ%? pf E%Hatayflwﬁ; @ giFEnbs
may correspond to on r re.o e plurali of s netic
enor oi ngaipeniio SpRaked i BR8P e PR Elonengle el g Refio B Sl
witing d t i i i ruct

114100 bt Beblfdd 634 (PARAL 0 ) KIRkOf B P HEA TRNGE peocer
data wi thjp @aGRd% glii@f_lé_)% TRe faPlRAUERY (iBVallBENEDr AwAREHEMALdRd) may be

1
appendi ng node. [40 e data storage system may further include a
sel ect i ondigédir@ad ér dediéd. Jhkeldtd D08t Siterd MEySRHIENE cahg®Eolldd®r circuit

plurality of segnents for witing of the new data over
to discard or delete the marked old data or invalid data for freeing up occupied space.
In various embodiments, the garbage collected circuit and the marking circuit may be
the same circuit,
[038] In various embodiments, the new data may overwrite the unwanted old data
as well as the wanted old data. The wanted old data may be appended to the header as
new data.
[039] The circular log may include a plurality of segments. The first portion may
include a plurality of shingled magnetic recording zones. Each segment of the
plurality of segments may correspond to one or more of the plurality of shingled
magnetic recording zones. The control circuit 404 configured to control writing data
to the first portion in the log structured manner include the control circuit 404
configured to control writing the data within each segment in a sequential manner or
sequential appending mode.

[040] The data storage system may further include a selection circuit configured

to select one segment out of the plurality of segments for writing of the new data over



12 the old data. The selection circuit may be configured to sel ect

t he one segnent having the nost anmount of marked old data (invalid
data). The control circuit 404 may be further configured to control
writing of new data over old data by appendi ng unmarked ol d data to
t he header and to renove marked old dafa within the sel ected one
segnent. The witing of new data over ‘old data nay be carried out
sequent i atheyldathi Tha detecien eictwtimanbe senfiauned to\seiert thg ondecatzana having
sequenti al manner or sequential appending nmpode may include appendi ng
unnar ked BEdneREREt phERHEAR Y GevRlidieiakbe FpRal i PR VAW BE a

bot h,.t K .d dat th d t
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sequent i alvitANAe kelectbBopdtg et Wik Stha detatif @ seRRAGSTRAInet Bt deguédtial
st orage space. Each band/ segment may include an appendi ng pointer for
new dat a sppeagipemabdeonaylinelude apjekantlsngnaynarladsad data tp oheb@dert a3 mepvdata
relative to a fixed point (e.g. an end) in the segnent/band. Witing
dat a wi t hitl weEng Bzmegvs datderver heil the vsmgrkedt(vanted Neld dpga andihe moerked
appended &o t he agpendi ng pointer or the header. [42] Alternatively,
each band W@Hﬁ?ﬁl 3 ncl ude two pointers (a header and an end) and
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include a marking circuit configured to mark unwanted old data within
each segneahidramdy ih¢ludakbmiusliagivadtinge tHesdath ovititint ¢ach sepmehttgindaihaat o
the first portion in the log structure manner may include to control
witing ofequeial maaney dihedladdsisstgmentst dre the awhageotpmt nhitbahstotage space.
appendi ng_unnarked ol d data to the header and to renpve narked ol d
data. TheEerhband{segmgy mipsmnehdaay apmending poaptes 19 ngwelatn oapeend 9nThe
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band/ segnment based approac y further 1nclude controlling witing

data to tfpa2sel ealtesativéld/ &eBiand/sfmdnd enddl intlatié tyo @bintan ds heagramd s
inthe first portion. In various enbodi nents, to control witing the

data to teerd)msd npoags the basd/segpnidneadacidddador ifevbdste thayirrapacideday
further include to append old wanted data (unmarked data) as new data
to the apiervrdy. psinsredatpis addedethedirshpainive mayaneysewlpiwatio dhe sdpend
plurality of bands/segnment in the first portion. _[44] |n various
enbodi menPNtef:ol-8o e Seadfi TR gMEKe kixe 118 thee cadconirithg theflata, t
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or appending pointer and to renove marked ol d data. The data storage
syst em nmayritidg tdaer tol hel firsiep@tisgligchid Wy fiuctuté mabaaf mgyristudots bl
one segnent/band out of the plurality of segments/bands for witing
of the newritiag &af averdatcdhevenlott dath avithiiheachedegmentdrand ibycappendimy ulmaarked

old data to the header and to remove marked old data. The data storage system may



[45] In various enbodi nents, the determ nation circuit 402 nmay be
further 14 configured to determ ne whether to wite data to the
first portion or to the second portion based on the attributes of the
data such as type of file, file size, file popularity etc. In various
al ternate enbodi nents, the deterninatgon circuit 402 may be
configured to determ ne whether to wite data to the first portion or
to the sefiuihgr pwhudeonselegiionrditcoit dantigured 4o selecteonsr segmedt/eratlauittof the

| ocation such as the first portion.. [46] The determ nation circuit
402 may belupakity (ofrscgggpisandy ferowgiding rofi the ngvetdstsr ove thei old dafr-aThe
the first portion or to the cond portjqn based on whether

el evant SIRPIgR P maychs cantigradnig' ek (he o seamepyba dakingdhg most
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the file. o heOhReHoMRHSsinbN&R Binfi/skmSltosREd iaegﬁdaal $haY agehdr nelude

nodi fi ed or updated, the determnation circuit 402 may regard

dat a pert gdoMNéhg owtifige f Hdte &s thel evlesred obshdiaemeho dthahspphiraly Obf
nodified file. If the file is stored in the first portion, the

det er m nabamds/segmeantds in #@2finsh podiene fmvardous habbddiraentp dat @atrol wiibidg fthed
file be also stored in the first portion. [47] In various

embodi menfaa tq the fagtpertranizsingthe bprd/saemenpbaspd gpyeadhyneth Birtheoimrcluga ted
to determ ne whether to read th ta fromthe first portjon or from
the secon@PRsBY tci?‘i) vanieq %‘%Zﬁ‘mﬂﬁiﬁg ,%aféi Remewnde de s APRFNAESt ENGF P e
el enent ether.to.wjte,to the first rtion.or to the.second ..
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el ement er i ] .
por 1 on. 1 4ar EOBAEehbOMENE, o ohlroPRhlhEhellad o |G R0 in
el ement nRYoPerhiauRddmhihedrNBaP a8 meREs W6 | ofitrbe dditing[dH@d il Mhe/ &rhPWE
enbodi ments, the data storage system may further include an access
moni t or cChbarcleiségmaitd inghe estohd pomioh! BirvagiduaenBsHmpais] terconiddl wiieniddta
(such as the access pattern and/or access frequency of each file) in
t he fir sttopetseomdapndtiomhen geclogdtipomutd manneTeayavebsls townitrelr woting of t
may i nclude an access nonitor nodul e. The data storage system or
access no#iY drta@veceldidatayithinoapic pegmeat/band by srogpdine upmdiked o data to

hash. tabl e f di f th
(E) RSSO o SRS SOERE L LSLN Sl
fil ' . ;
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modul e) coRfdsaus ggggﬁy R \Eorhdifs/ IR HEWWRER owge gléﬁvv dhtaRREE HRNo1aRM:L he

second portion b on the access pattern: Irst portion,

wher ei n d@hé sélectiti difRit hily Be lcOBfiSirtded WEIGE AP RO ICHMekiYn®having the
configured to store infrequently accessed or sequentially accessed

dat a. Themsstcancumpaftaked vhledzta (indaliddats). dn iviatiews embadimanidpto eodres s

manner, may be configured to store frequently and randon1g accessed

dat a. writing to the second portion using the band/segment based approach may further
include controlling writing data to the selected band/segment of the plurality of
bands/segments in the second portion. In various other embodiments, to control
writing the data to the second portion using the band/segment based approach may
further include to append old wanted data (unmarked data) as new data to the
appending pointer or header of another band/segment of the plurality of

bands/segment in the second portion.

[045] In various embodiments, the determination circuit 402 may be further



[50] In various enbodi nents, the operation of the data storage
system including the operation of the file mgration circuit, my be
transparent to the user. [51] In various enbodi nents, the

determ nation circuit 402 may be further configured to determ ne

whet her the data is file data or file systemnetadata (or file
nmetadata). The determ nation circuit 2 may be configured to

det er mi necanfigwredtto digrmine whitef ta sritpdataitorthe firstheerident ar ks tie $egond
data. The determnation circuit 402 may be conflglgred to determ ne to
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(including higher performance zones) if the data is file system
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The file system netadata may be in the formof a tree structure
conpri si nfrsé gkt tht ydedérntigdrs, ceath 402 daag aleirinsid) gharethadagdated or
information of a programfile or a directory. The netadata

i nf or mat i mondites filmed aldestaredan the gt ortiost and/ or an extent list. The

extent list may indicate where the data of the file is stored in the
storage. 4] r stInnwéousa?nb@il@@mse&heedetmmaam@ﬁaulhdl@’é py bsofusther s .
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first porbébrused inthe samercadeyritshiedd.as in a local file systemin the
first portlon of the storage, [54] In various alternate enbodi ments,
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system may further include the st However, the data storage
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vari ous emeooiyyetot store hehash anlslgeformaycdodingrtheragcesnglattchen af llar datd] slg.

recording the access patterns and access frequency of the files at runtime.



17 [57] In various other enbodi nents, the storage may be or may
include a hybrid drive. The hybrid drive may include a first nmedium
and a second nedium For instance, the first nmediumnay be a nmagnetic
medi um and t he second nedi um may be a non-vol atile nmenory. The second
medi um may be configured to serve as ?Scache for the first medium In
anot her instance, the first nmediummay include nulti-Ilevel nenory

cel I s whi @PH9T edutle datststoragedsysteny indey fugher imclyde @afplaohigyationharessdesgd
medi um may i ncl ude phase change nmenory whi ch increases the
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i ncl ude one or re magneti c recordi ng zones. Each of the

pl uralitya ghndbai thcBéss kfamRy, Hakt BecohAglrbd &o OfEreOfredingy CAHAY edtdbanal
magneti c recordi ng zones. The storage array nmay instead include one

or nore hacdssdd dita. as wel | as one or nore solid state drives (or non
vol atile nmenory drives) controlled by the array circuit. [59] The
st orage n@p0] ncl ndriqus embedipisntsi tha operstioniphigetlhe stivbgrgysigmyaphading
recordi ng_zones .of the plurality of hard, disks. The storage may form
or i ncl ud®@cgpeationat ihe s BieraliprFirditngay he trepypgesat fodhassfagnet i ¢
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of hard disks. " [60] The storage array nay be or include a redundant

array of dagepdird@st pdréiodl ifthhs Kata(iRANIO}Hata Oniee Baerchidatida @fcuith®?2 may be
plurality of hard disks may be configured to store parity

i nf or mat | omfigiited tp eleterminegohvanitd ddiastoshefedoné ppttionadti thy deth ih &lasydiesk s
may be configured to store data. The parity information may be
conput ed m@g@tadﬁr filgemetadaia). e slptrand syptemhmctadatai(on Rlg meladate)i uwally

cub. bl ock&igh e akFey Broesoli ke Rl L e andifiglanay craw
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di sks. sequential requests. The determination circuit 402 may be configured to determine to
write data to the first portion (including lower performance zones) if the data is file
data, which is accessed sequentially and/or less frequently. On the other hand, the
determination circuit 402 may be configured to determine to write data to the second
portion (including higher performance zones) if the data is file system metadata (or
file metadata), which is accessed more frequently and/or more likely to be accessed
randomly. File system metadata (or file metadata) may be only about 2% of data but
may be read and written frequently (many inputs/outputs). File data may have large
size but may be read and written less frequently than file system metadata. File

system metadata may also be referred to as metadata.

[052] In various embodiments, the data storage system may further include a



[61] The storage may be a hybrid device or a hybrid storage devi ce.
The hybrid storage device may be a hybrid disk drive including two or
nore nmedi a. The storage nmay instead by a storage array. The storage
array may include of hybrid storage devices or nmay include different
ki nds of drives. The drives may be sehgcted froma group including
hard di sk drives (HDDs), solid state drives (SSDs), banded drives

(i ncl udi nye@OORY Zusteditamdn®iR wofigerd anstoteyiile isgsten imesardata. [Th2]file system
various enbodi ments, the first portion may have a first

char act er mstadataipay ke mHbe duapala fee sirerurgwpnpayiasa ruebhgof nodes, each

characteristic different fromthe first characterisfic, In.various
oTbod manPade CRPTIINEdT Sadaih SHPRRATON 4 A RIS AR 76 2dUREiom e IethSh o

and the seg¢ond..characteristic inclu i solated.tracks,. | n.various
anbod ment Lo En o BE IRl Aty RS 4efor S PRRE el By Rarep oty
porti on 1 sdfARS hllkeCleSHEN of AL H81ASIRY BEuR! Qb&lel R firsl inp3E may be
particul ar manner, e.g. 1n a log structured nanne iT'e the second
char act er igineGed®y d Bstbhdei0dbalia pBmitérk.r The REMtHdOArduft AANHiagUse eirttier be
stored in a second particular manner, e.g. in a random access nanner.
| n vari ousordighodi wewtriss fildeydiém shetadma ac tties oy toetie iseadnddgortion iat St
mat eri al such as a magnetic nmediumwhil e the second characteristics
may i ncl upkricdicimtayvials pnakern metadaie hhange opedationsd Tke dile Aystinumetadata may
various enbodi nents, the first characteristic may include a first

devi ce orb§ WAKEN fuihe serend poriondyades Hiedw metadata filest naterial such as

a hard di rive, or, magnetic di um of hybri d, dri,ve whil e the
second chiaft er Tuf He@ Hges Selfietd Sshbieet duiiiel S RaStot hHftaen
of a devi c ter a ' '

(s or SR SpimBed B ABE, A SEtcH nRlffRaThf ROl SRl Bt s
the firstsehanas e&?i‘aﬁgﬂﬁ?}f (SOL) YSidRL dbthbRE 00 FAChERIREdel TBhgR
first plurality of sub-portions nmaking up or formng the first
portion athd SQE laganrae Dhasnt@iseémbddigentsPihel dith Weladeheystde o, further
characteristics of a second plurality of 19 sub-portions making up or
f orm ng t meludedmnsiomget Thmefadataidatbagecmay bhdomtedringhe fresy pbeioa of the
storage array having a first partition formed by the nagnetic nedium
of a pl ur #piagg, syeh as/irg lgcal dile sxsten inghp firy porionad dhristprage.i ti on f or ned

by the sol| state caches of th brid drives., .[63] FILG 5.is
oY et & olsth S Plsvi At os A P RaBOS B hSEL SRy paapfibires to

;_2;? ror ot Vi B M IHR tsé@f“é?lg‘?#&;s@%igﬁ%ﬂetg%gﬂ@%5@%&@%@?3@%
Ile syst Qg“fglﬁ tfansl&tidr® Syt gﬁg@“? E'igﬁatlefc%éﬂpggle {Oaﬂﬁf%r&%?‘%ggnfﬂ%

conventi on | e system br 506) ¢ by the uni

control | efriad3nhe Gag Mhionge pepaits, Holwevey STEMiRINcEPBtFOdel ) infesRmSe a
portion of the storage. The unified file systemcontroller include a
read/ wri t gmstandhegynayativd ienpaot omthe diskgesformahicke) 508. The data
storage systemmay include the | og-structured file system branch 504
for contrSB] ng Endirsus gothedgnenys, tthe dhiarsterago pysitam ngpofurtiheinghida the
storage system_may include the conventional file system branch 506
for contr SPTaEﬁé{%‘ﬁWBrth%té%té §'9ragg sysiemgisednet seesady imefyude thp gtorage.

| 0g- st d fi t b h.504.. i npl ted by the first
control " SUBEE! r c BT SOHEE TRRPERAR SHAVIIRE B TSk BN BTG ST SH PR B
i mpl ement ed. Q - Ci it first;. rol.
Sub- of  cuy U PRSEERE e BRR R o bl P! nclblE o bl B bRy
circuit. binodifiehisRicdorablondy00s Bl hiiaL4aRdy fildiuify Shemdy anel o,
and the conventional file system branch 506" may be~i npl enented by the

control chheality of hhvd digadinwiricus shibdtiRgantd)BEIfigt peftioanACHmERY. Had ¢k e)
508 may be inplenented by a determnation circuit. [64] The

| 0g- st r uctnoreshifigle®nagsdtemetording(SMRY avays. (e veximis ubodinéms, tha sgend he

portion may include one or more conventional magnetic recording (CMR) zones



witing the data to the first portion in a |log structured manner. The
| og-structured file system branch 504 may be configured to control
witing data in the formof a circular log in the first portion. The
| og may have a header and an end defining the data witten to the
first portion. The |og-structured fil e system branch 504 nmay be
further configured to append new data to the header of the |og, the
new dat a BRI nglnt vezione ather embodimestsy tieatirege moy bher enag. inclpdsd hbrad
circular Log may include a plurality of segnents. The first portion
may i ncl udevea Pieuhdirid drise mai glwle ardgsfemediupeand @i pryopd Heedivgg Fpr
segnment of the ﬁlu ality of segrrents may cqorrespond to pne. or rmrg of
the pl ur al®f#)c% FH@‘F%‘H“HH@% § # megReRrgmAGA dhe s medium may be

| 0g- st 1 uch w2l ol n SN SH CTROLANE et Ry BE SR UL AL 0L GO Fhor
writing dat Y TN Pt po_retl%n PRTHEY 8“8 U e_8 YERAST
include the h@g-n%édhﬁﬁ.t W elofhb! SnsBiat eebRRAP Ghe 2R Wfih&Hé@@-t&lQ- evel
control witing wthin eac% segnent I n a sequential ‘manner 67]1 The

data st OrﬁGﬁio?y&Ill%fﬁrlﬂEh/rédﬁ_Sé E6kes AhdRH¥idB Gordafoe Wapace9NThasHCEAd hdiimt K
unwanted old data on the first portion. [68] The data storage system

may f urt heay imdbdedghaae skdreetrhanoy which inaedses gier paifotaasel eftthe atoeage.
segnent out of the plurality of segnents for witing of the new data
over the Thelfighpertiofemydatlude thedirgimesiivm and thesecarsirfordgen wdy inshyls|the t
t he one segnent having the nost anmount of marked old data (invalid
data). Th¥ECPwymsdifetured file system branch 504 may be further

fi trol iti dat ld d b di
cont | our SskP O oot 18,2l RN L2, Erob, dat o, apperdino
th I . iti.na.

e 51 0120, 005, SEATHAL ipeudO, I LASLCTORRLROYEL, Ok ity

storage syshgmityer hAgldde RnaSlRReE of @bhSIed 8 1 hieay) LirdiB:. HaSR&rdnd he
mar ked ol d data”or i1nvalid data for” freeing up occupi ed space. [69]

The mar ki pigratity 661hird difle 188} arhideroneior Ghidrt sathgicdrmbhetig @edoadifg zones.
collector circuit may inplenment a part of the log-structured file
syst em br Bathhob e @indility of herdudisks edystysthemnchrdt ravie| @r mb2convadtiorfal 0]
The unified systemcontroller 502 may be nounted and operated |ike a
nor mal f i magrglistieeardimgezonas. finepterpse ampx gy ripstead inshydle pag dsenore hard
configured to proyide a nerged view of the two file system branches
S04, 806 Sigks A MRILES el dr s 10LEk Biesdbea. (OF opiy YORS APPSR
controll Ly %%ﬁegrgi; ht%ea corg‘. i glzr ed not to store any data including file
data and Ti1€ Sys SR WY SHSEE. The unified control ler 502 may be

cont 20 0558 & ShoREH s SO0 REMETERL Spuse I
t o handl erdcbRlirdgd béhes YoFBEHARENtF dfORKSd disks. The storage may form or include a
second portion comprising the conventional magnetic recording zones of the plurality
of hard disks. In other words, the plurality of hard disks may include or form a first
portion including the shingled magnetic recording zones of the plurality of hard disks.
The plurality of hard disks may include or form a second portion comprising the
conventional magnetic recording zones of the plurality of hard disks.
[060] The storage array may be or include a redundant array of independent hard
disks (RAID). One hard disk of the plurality of hard disks may be configured to store
parity information. The remaining hard disks of the plurality of hard disks may be

configured to store data. The parity information may be computed based on the data



[72] The unified controller 502 may be configured to determ ne the
read/ wite strategy of the data. The unified controller 502 may
include a read/wite strategy nodule (or determ nation circuit) 508.
The read/wite strategy nodul e 508 may be configured to determ ne
whether to wite data to the first portion 510 or to the second
portion 512. The read/wite strategy dul e 508 may be further

conf i gur estoted idghe remaieinghletrt elisksoDatablofirsoof theelatd mety heodivided i6@0a or
fromthe second gortl on 512. For requests on an existing file

such as rBly#ilisy obpulirplesks. ﬁ@ledﬂu@@l}é?f PlEp-blnekst mpgp betskaed dn ghopfemagning
strategy ul.e 50 e, configu o .determ ether to

ot aabnasy L) F‘lﬁbmoflﬁe Fligs Pblafflt%ﬁ b pHR o rhebes st
portion based 0o et he |s | gcat of_updating a file or
del et i ng ‘é"‘?eSPO“ u‘g’é‘l %%oh vﬁ‘h[s%"? Caregytt e%aﬁ‘i‘%lsgﬁs may be confi gured

to wite t ‘,p&r t

based on %ﬁfheﬁggr&ﬁd van ol d hﬁﬁ%@&&l&ror ao?#b?l?ié&gg@&ieb Ee[P g‘?ir}%r
updat ed, &i6ra@@atieéinial Vehehfuridsdisioarivé BRI @o dhMBoanedid P dtb@Be
512. For request to create new files not already on the first portion
510 or thmaganaed porat storagh ki2rayt Mae rseaagemiraye nsdyr ichdy ofddblid G6@geray
be configured to wite to the first portion 510 by default. The first
portion 5d®vieea\or maapeinalude Wifderertiondsgel dréb;@achnéydlém mapybabdectekb from a
efficient for newly appended witi 74] The unified control]ler
502 may fgrroméaclwheg dpaéd QISkuqr@’eﬁn(ijpgkso,owhﬂLﬁ%@ idgiyes; (35 Dspn anded drives

SESTRC %@%@%@%ﬁ%”ﬁﬁsﬂﬁﬁ BB R o516 my bo cont i gur ed
Lo move g R bl AP FuoF 90 AREH SR

512. The |ed controlie her an access noni

noni t or i NgLiHehACLSAs pB?ti&neﬁfﬁg }ﬁ@e qaée%oﬁd eh&agetbistich@ bl B troRP Hld BRL
510 and the second portion 51 he access nonitor may be i npl enented
by an accéssgadi@iatit.orincontioed @hlﬁcﬂiﬂmtents,mﬁef fite ohgaabdeic fmuwictinclnd®16
may be configured to nove data between the first potion 510 and the
second pootdarlappibg 2rdvks endothet sreond chsmcipastice myy. inTheledatlatedt wackge In
system or access nonitor may further include a hash table for

r ecor di ngvarinas geghosamerds.t e nfist chayactegrstie, may gnelpde dadi the firsiepgtierds
patterns and access. f eq en of the file i me. The hash table
may be st%ﬂfgf fed %BCH& # %%F’éyn‘%‘?rﬁﬁo?q ¢ %Std%ﬁ‘“'éc‘é‘t‘rolﬁla@beﬂs?gt B’n? ?g

Do ont o nhlsflred el it hE ko Rlablefitid foaf st e SR B pb&onTEY
and the Sgﬁﬂ%ﬂfeﬁQB %b@ﬂ)réill% atsre@t?}'ﬁg;?aﬁ—ﬁéﬂlartlﬁmﬁlgf'%? rhé PntiBs a@?%gﬁpaﬂﬁ@r. of

the unifi e systemcontro r presente e user,

pat hname pf vaioh emdb@chehis) ey dh@f@t&sﬁé&h?ﬂﬁﬁﬂldéfatfﬁﬁt HhtgFaAtsubias a
[77] FIG 6Ais a schematic 600a show ng a data storage system

accor di ngmiagnetizr medisme widd i the Récnd Tdharadatratist aagdeaclags hesacomd nianaialide
a hybrid file system (Hybri dFS) 602. The hybrid file system 602 may

i ncl ude t swwhraarsagesesductoaiativm. (h various SNRIMmertsche first gbatatterig®4mand
a CVR managenent_nodul e 606) contraoll ed. by the hybrid file system

602. Eac hlmﬁﬁéﬁﬁtlﬂe"’f% @u figst tPﬁVloédﬁtard@VICS ,maéig @é%@rﬁ %‘iﬁﬁl é\*Flqu a hpgd

t he hybrid fil t 602 | .ud d/ t
o bdu o (o SE AN b Sebnes R B0 & hrhet G Tlauasrend deREersi nay
be confi 94 ﬁl%e a%ego%raltde L?ﬁ%?%(%r %ﬁ? S ﬁm&ev@v@éde o sjegtgthrilthgrl?l sug]b6

i ncl udi ng one or “nore ones managemnen

may be cogf 'agéﬁli%dstraf% aﬁ&eggsbyeorss%mn&aﬁoache%@é%gbﬂeIaﬁi}enqn%oqg

nore CMR zones/ bands. arious enbodi nments MR managenent

nodul e 604mBBdimiets! R ARERhAdCtBNstR fnhal ShclG@ tHeOfirss eRaréteddtick oftd Fisst
t he CVMR managenent nodul e 606 may be 1 nplenmented by a second control

sub- ci r cuplralithefsabgrdtiaaninakingsub-ot | foanink thayfile pettmat andc #id yecond

characteristics may include the second characteristics of a second plurality of



23 control sub-circuit and the second control sub-circuit may form
the control circuit. The read/wite policy nodule (or an access

nodul e) 608 nay be inplenented by a determnation circuit. [78] The
SMR managenment nodul e 604 may be configured to nanage the data stored
in the first portion, including rretad%ta, i ndex bl ocks, file data
etc. The CVR nmanagenent nodul e 606 nmay be configured to nanage the
dat a st or sdi-partiensenslang ng opdemiiog the seconddpartjomeicsdediance] thd eforddecois,
file data etc. [79] The SMR managenent nodul e 604 may be configured
to controbe @r§teriage afpay haxing e Jirsthpartifipn tfomagd by rihe mnagnelae) madivie tafrad

manner . 80].. The hyhrid file stem 602 e cqnfigur Q provide
o 1 RO iren e B 150 SR parvbin Sppien e Hena e Bihes
users. Th 4 i system 602 may be further configured to

provi de s&fat%g}f%%aélﬂé%gmtom zed read/wite interfaces to the user

| evel appjgsgati 645 QrscHaBhe 50%%%wa €a YA Brabl |sGstESE R0} F(]cgay

be configured to determne the read/wite strategy of “the data.
hybrid fi{Rio%ySéEBadentdB Y heNgathdfodgs eHeW inhdy RRIlidey anosifee $R%m
The read/wite policy nodule 608 may be configured to determ ne

whet her tomwiltreStialae datatstoragde systempnay imeindé 190 ditdependenefikesystanhs (i.e.
portion 612. The read/wite policy nodule 608 nmay be further

conf i gur ed lagstistusedriiite systemn heanch S0 cmd o eanventhanat ffile syspsn tbirameh 6906) or
fromthe second portion 612. The read/wite policy nodul e 608 may be
i npl ement gWtglled, byether whifisd ifHa compeliet 1502-[%# pdebendsnt §ler pystend B m

602 may further include da m. gr at i-on l.e 616. The ta

i gr ot | onC B Mot e Hagrps of s ftaft Jae Pt e SV AT o ¢

[ 83] The {. i i Nt i t V,

53] I el e gl PR R she SRRy

uni fied finkbRds i BRI FABUFQ! fil8lsySB BREncRTMH BHEGHIth g RtPor RYQIRB I thOT

data between the frrst portion 610 and the second portion 612

t r anspar efitst portian U @r The [d84] stdrhge s¥en $nay inclhaatid conveftibrahaild Higtehhe

data storage systemin FIG 6A further configured according to

various emboch Nt sfor | contiallingsandfdrodcemesing, thehesecond portion 512. The
log-structured file system branch 504 may be implemented by the first control
sub-circuit. The conventional file system branch 506 may be implemented by the
second control sub-circuit. The first control sub-circuit and the second control
sub-circuit may form the control circuit. In other words, the log-structured file system
branch 504 and the conventional file system branch 506 may be implemented by the
control circuit. The read/write strategy module (or an access module) 508 may be
implemented by a determination circuit.
[064] The log-structured file system branch 504 may be configured to manage the
data stored in the first portion, including metadata, index blocks, file data etc. The
conventional file system branch 506 may be configured to manage the data stored in
the second portion, including metadata, index blocks, file data etc. The conventional
file system branch 506 may be or may include a general-purpose file system such as

Ext 4.

[065] The log-structured file system branch 504 may be configured to control



24 SMR managenent nodul e 604 nay be configured to control witing
data to the first portion 610 in a |log structured manner. The SMR
managenent nodul e 604 may be ternmed as the Log File System (LogFS).
The CMR nmanagenent nodul e 606 nay be configured to control witing
data to the second portion 612 in a rgndom access manner. The CWVR
managenment nodul e 606 nmay be Ext3. AcCording.to various enbodi nents,
t he read/ wrilingthsadataip the diast@osds ioenbg gurnedredonatmen (Thiedeg-imedtired (o
wite data to the first portion 610 or to the second portion 612 may

i ncl ude t¥etereb@nch $94emay Pe conixged © eogobwrtipgdatadn ths fgen of aicHeular
whet h t i t 0t i t ti 10 to th d
oot on c0s e 5Bl 04 BBt P20 b bR R g
first I 1 . i . I i

el ovant S0 st 5L AP PRIE syl Bhorich 01K, & furtner

del eti ng/ mﬁglt@ehmg gfem SewOfRt & tHeMmdaler bF Rt 1og,0&fei Ry @&tg’cahgltﬁ% the

read/ wite policy ule 608 may be configured To wite the da

t he | ocath@bebendeclrbiRatiod @ atad.i s | ocated, on the first portion 610.
In various enbodi nents, the unwanted ol d data nay be di scarded and

t he dat a [pag] be Tlgciendardbg ynagppdudied pwsalite wf skneentsT ae viest pectionl day
data may be appended as new data in the first portion. [86] In the
event t haimcluge e @iuraldlydotighiagied magnetiedrecordinge zerssoddch segment of zhe
such as when deleting/nodifying a file located in the second portion

612, the Pla%iwfﬁég%w SAYNERITRS RS0 ABS/ Of M 9 tﬁ%mréweftf fﬁwm te

the data to the |ocation where,the old data ds |ocated an e _second
por 1 o 6TSIAE TREURE 2oKG- et BA THPEVHONS soReDe Sigtl, ShBRiaRt oo
ol d data € [ Wi 1] %1 d
data nmay {;%Xlglﬂ I%gctial C;/O%grger \X/frti:il%tedé Ff% P{%e?%gwﬂgi\%hggtat a.gI 18 Wgﬁ#g}
data m grathes ieplstubhRd Y siferk OfincH gbﬁ@oﬁﬁ)%ﬁ”@d/ & k]l Retinesathihe
first portion 610 and the second portion 612. Big files and cold
files mayedok sepned 04 sequghiddl @thnher.t he first portion while hot files
may be noved or nmigrated to the second portion. [88] If there is no
rel evant [®d] dat &hé duaswdagersysthm hay giclyslera maering citdug wetgurdd pomailon,
the read/wite policy nmodul e 608 may be configured to wite data to
t he firstunvanted old dafa on the first portion.
{068] The data storage system may further include a selection circuit configured
to select one segment out of the plurality of segments for writing of the new data over
the old data. The selection circuit may be configured to select the one segment having
the most amount of marked old data (invalid data). The log-structured file system
branch 504 may be further configured to control writing of new data over old data by
appending unmarked old data to the header and to remove marked old data within the
selected one segment. . The writing of new data over old data may be carried out
sequentially within the selected one segment. The data storage system may include a
garbage collector circuit to discard the marked old data or invalid data for frecing up
occupied space.
[069] The marking circuit, the selection circuit and/or the garbage collector

circuit may implement a part of the log-structured file system branch 504 and/or the

unified system controller 502.



portion by default. [89] FIG 6Cis a schematic 600c show ng the
data storage systemin FIG 6A further configured according to
various enbodi nents. In various enbodinents, the read/wite policy
nodul e 608 configured to determ ne whether to wite data to the first
portion 610 or to the second portion 2 may include the read/wite
policy nodule 608 configured to deterfli ne whether to wite data to
the first[0F6}ti ofhé boificd gystetrheorsmdlend@0Ponay be nEhdtdiagmt operated like a
information received fromuser applications 614. [90] The hybrid
file systesimebilagytene Themnifgdrystengopallerdd2 dapat insordiguigditp provide a
interface in l.ch e usefL. applicatiqgns 4 rovide informtion
on vt neReis Gy ot i ok SRt Braps BhosT o Be dher et GaligBions on
612. The Ser applications 614 may obtain the information froma Key
Val ue ( I'ndex Table 618. The Key Val ue I ndex Table 618 may be an

| ndexing i fict Uit iy Shott I%rk%n?a'}dbé’aéoﬁﬁ%tlll@flerl " QBB Loy Pl S
(Key-Val ue pairs). The Key-Val ue pairs may be aced in the indexlng
struct ur eingldfRipdfRgdite MACHT dfsten®@ifl@idat£ . The HRATRY Rhtrbe B&Y $nay Pe
user application may search for a key and match it to a val ue

cor r esponebnfiguted dshaedikmmychet of ingomingsrequdsedfiroranhsysel hevetl apdicsti@rsafre
system may include a Fil e-To-Band/ Bl ock Transl ati on Layer 620. The

Fi | e- To- BavedfiB} eysterrrardhgs iS04, 8§ ana2e qemfigired donfangler the fily sxsten ol
witing the data to the first portion in a |log structure manner. Wen
a file i nORFRMBrst portion 610 i s updated, the Fil e-To-Band/ Bl ock

ocati on GRAF e cRee B Ep o 0pdaf bo Ouhianad el e gamie? g sk ot

ked ol . . . :
W th new S DY oh HeL AL °th Th o e e ML R i e ACkeRUHE SRy
new dat a @pguit6r HERRAKESHOLEHGLFDSS ThE EUIBRTeYstAKRE Wb A1 B0V thdy HEW
data. Free space may be reclainmed through the witing of data on the

ol d dat a. cohifigufed| te-déeriBmedriBiias ko Wradgitatd tie flre)yRiti Ol "@ytohke second

i npl enented by the determnation circuit and/or the control circuit.

| n var i ougorgom ddi2nerhes reatlfvaitd attategyomadeles Y68 emynhy fogher codfighred to
storage system 91] FIG 7A shows a schematic 700a show ng how data
i s st or eddstermangywhethen tolead rogmthefirshpertion SkO anfromtbe sreend perdion 542ct or
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hard di sk may 1 nclude allocating space by oking up t it map 708,
writing dahethéht g dadcatedl Bor vpddting Ridd bndeldting aNgaht adadBvrite Qirategy
updating the bit map 708. File system netadata may include the region
head 706, mbidtlef@p mHBbacuhfigheedModeritealatacto A& firdtipbaiotiail® orety thersdconkd
the data area 712. A wite operation typically involves accessing
file systeortioetdbhased wolwhethes atrelerant old ¢3, iRl Be fiiBtahodelictad sthpdatad ¢
700b showi ng how data nmay be written to a storage including a first
portion 7640 18 tE"egb‘-ﬁBO’iS@Ptfl18@1@%“&6%13%}?1%5 & Rpareqiigst to create new

STost oo i s R Tl IR S St
1? irst por %‘?%%yﬁg&%g§ % élq atﬂ{)ﬁ? F%ﬁé"g&{ go Is?}%igk)er té) %?’Itgg?déﬁ{ é&gﬁafbﬁe&?au“'
frequent| yhagge é[%%nfs'lb?n@}fa%@ H‘d@ﬂeil@t%}%g;cﬁgicﬁt?raﬁé n&agf A0 he efﬁcierlgI f&r

non-vol atile, overall speéd of witing ncr eased. 93]

8A i s a sah@Fabpend@@eaitkigowi Nng a data storage system according to
vari ous enbodi nents. The data storage system may i nclude a hybrid

file syst@m(HybTheESfied0antrollee 503 hray durtlicr enchydetactite 8l gratiay firtibudes.a

The file migration function 516 may be implemented by a file migration circuit.



27 sub-circuit may be electrically isolated fromthe first control
sub-circuit or may be connected to the first control sub-circuit. The
hybrid file system 802 may i nclude a file caching/placenment nodul e
808 configured to determ ne whether to wite data to the first
portion or to the second portion. The_file caching/placenment nodul e
808 may be inplenented by a determ nafion circuit. Additionall y, a
met adat a [PEAhgenEhe fikoigreti@n Bingagn 416 erayadtei aoalfiguked tadoidvel datenbétyebre

i npl emented by the determ nation circuit. In varjous enbodi ments, the
net adat a WadEdcprtion fbdaneé tiee geeapd petioneddt The updiedcgnirgligganay further

i nmpl errent.edug t he control tfqi rcuit .. Iq_@various enbodi nent s, .thhe

hybr i d f i 16N 2 dccsbmontlyr 1E maniteTiag theckipess RRLENT 6 Gt plareddndng Brsbne

or nore subseq t rtions .94 various enbodi nment.s, .the hybrid
11 o syst Botnians ap®Rle <BhR wreh iy b el B R By
with a st ; i : -

Compat i bl A At P RO B T B B s L L B8 o o
the file gySsbesnihtd besffenStR ERst (JoUSHE)s 10 raatRK® Edcond [pdon! 51 Viedst@ WS the
enbodi ments, the file caching/placenent nodul e 808 and/or the

nmet adat a ameagenens. Tiodddte st8idse spsterh@r acaels gonedr hay flether incheewiatiner
the data is file data or file system netadata. The file

cachi ng/ plablseloe necondivglthe 808sapaiteon of He daid,caiat rgcordinggfbauacesspaiidras
816 may be configured to determne to wite data to the first portion

i f the dat¥ 3csess freugagactiihe ey @ rualimenEhehash dahlnmayheuttercg s adash or
t he net ada{)t’i rrangl%emglg%] m)gul e 81? ma{y] be conf.'tot%ured to determne to
wite dat@0EdNFREYIE NS IRETPTAEE RYSIEM PHACCHS{ ORI CIPW sy st em et adat a.
Fil e dat sy . i, R ' C

pat terns. VB0 o ayaf EHFEL MEHBUE Ao EIRY B boltiar B EbaREEE R ent of
requests yhi b&webh Sred@isBpdiBods $6 8B el s8SHdPottEdh Y2 farRBAURND ladlser. In
requests. The file caching/placenment nodul € 808 and/or the netadata
managene nthe ahes@icd dStheryiifd file Bfst@h cetirdler grRbaited ehé asenthé patladrae t 0
the first portion 810 (i.e. |lower performance zone) if the data is
file datagf avnigrited §ileamop ssean sechaoped atdrynigratibor | ess frequently. On
t he other hand, the file caching/placenent nodul e 808 and/or the

met adat a iFdAhgenBii. Hbdup sclsnmtieeP0p shewing 3y data dtarageBisenhperordiag to
wite data to 28 the second portion 812 (i.e. higher perforppnce
zone) if Yﬁ%‘é’“aaﬁl%bq%ém?‘?tﬁ-eﬂé‘?g‘?@rﬁtﬂfé‘@’%&éﬁt 0 RAY dﬂane Acdrdetlendystsm

f I | i kel b, d dond v.
oot 4 o o RSP TR Mo, PR
| N- Nenor y(i.@?taag‘»g‘h? n%ﬁg%gﬁkhy%?/’d@e 6Btleaﬁ61'amynﬂﬁ%%ﬂ%ﬁ thé&f _606% od

structure may nt ed menory ( adat a nory) configu
to store tdifroled daha hiheE fidd Epsednt!662. A4td MBAEREM chBYI0BE e 3nglY E6Hio€ or
random access rrerrgry (%RAI\/) he nmenmory may include one orﬂyrmre hash
t abl es f osccsgerghirtign upthestadst Ths agbid filpys@ @02Sinclufl®d reddivEite Doibpws
a schematic 900 of a tree structure according to various enbodi nents.
The tree soduet (9r ennageesnoloduls) €081 Thel SN whnagsdsst agriale 60 mayobec,
902d, 902e etc. Starting fromthe root director each file

, |
di r ect or ycafigresd torrophel andiraseesidye et BPﬁ@Eﬁlgén@H@nE G8e 06\“%(2?1 eMR
| it f d 02a,,.902b, 902c, 902d 02 tc. .in the t
el 1, S B 0 SO RO R 8 Sl 488
i st : ' ! o . ;
ast acoetBSd REEh iR SERE L ope QR ao e BT g o BHE AoeRiA i
may be a gat@Ri ﬁﬁ‘lﬁ#&eﬁthﬁomgSO@ﬁ‘fag%eﬂﬁlgiéﬁq&tédi bea ik ARoRPASuBRYrcuit

include a file extent list for indicCating where tthe data of the file

i s storedwhile teCMP hGigerréit BX NP L6 n29dR: Rlanaaed 8l ASsebénd Bentiopot
directory. Node 902b pertains to a directory and nodes 902c, 902d and

902e pert sibRgrdudt. The escond control sub-circuit may be electrically isolated from the first

control sub-circuit or may be connected to the first control sub-circuit. The first



[98] The plurality of nodes 902a, 902b, 902c, 902d, 902e nay be
connected to one anot her using pointers 904a, 904b, 904c, 904d, 906a,
906b, 906c, 906d, 908a, 908b. Each of the plurality of pointers 902a,
902b, 902c, 902d, 902e may be one of children, parent or nei ghbour
poi nters. For instance, for node 902a 3children poi nters 904a, 904b
may point to nodes 902b and nodes 902% for indicating the directory
pert ai ni nepntiol wulteir@OP bnd thet $egorid centpd rsubicmicnidy may foouiethd GRotralr @rcuit.
children of the root directory in node 902a. Parent pointers 906a,
906b i n nbdeEeadhue Hrkicy omdulecdop aa tacerss ynodyd) 08t aay, pe emplgmgnted by a
Chil dren Eointers 904c, 904d in node 902b may point to nodes 902d and
902e r espeTEPYRINPN GiChitcat ing that the files stored in node 29 902d

poi nt or s WOBE, “o0RASFHE maulehGab g 0l b PAE CullubiaS R il
node 902by IR0 ROHDE O 1o QR :ede: 02BiRRL NS ke AOIROBRR

whi | e nei ghbour pol nt 908b 1 n node 902t point to , I'ndicatlng

that the ghahgehRhymboBule@I6 22k efiiguRa thirhake 102 AbRANLHBNARUAS -
[ 099] The netadata file/change | og file nodul e 806 and/or the netadata

managenenportionlihaudihf neawadatze irdlonblaghs, éfde tHatawtci te fil e system net adat a
in the nenory to the second portion 812 at periodic intervals. The
system maftoaait a ‘g SHR wrenageoment onaduke &t ovnl hsoronfigwed 10 contred writing
netadata file. The infornation in the tree structure nay be

synchr oni P&datedo thefinserogtian i § logstryetgreddnaniietne second portion 812 at

5 515 (AR P TR T T Bl et
betveen SURELL AL 16RO UL AR P RAR01 oL LERS RIS KON o0

i ncl ude ampl, Ye @hrkteY cOfigRé@l R6vias sOU@IrH aRE tRGorhi-a8 ked/ Wit iftkitEeed &S a
nodul e 804 and/ or the netadat'a nanagenent nodul e 816 nay be

conf i gur ethetugerdevl applications 619 driveerdat a to each band in the first
portion in a log structured manner. Witing the data to each band in
a |l og stri@éilr edThahyleid fiwysystenl 6@femay ibeicogfigintd fo ditetntiee thehwend/virge a
rel evant old data or not, in a se&uential appendi ng manner. Witing

in a | og Sratemt ok e dannbhe hubrid dife syvpmoR0Zdmes ringude aceaddmsamelicy o
G sks. andPRHErOerbF B80T GOTEH TS CHAGHEY PE RBBBHENG SBHEE fmy
over 1 appi e bFL SrteadB 8 BUChIS RERIRPRL ob iy JRERE b Tortertinge ob"
cont i gur 6858 RS REr T o S0 A et RO RGRIE N od S ife Rt Rftead

per f or mangemz#Befirs8 %&tioﬁ @0t Befroph HRYseebhdl bR ITBMTHRY re@dl/waité Hadeyn
access manner. [0101]In various enbodi nents, the file data nodul e 804

and/ or t hmodelc®0& neayrteriagpimntedndul@cr@difativmycitoeitconf i gured to
control witing data to the first portion 810 in the |og structured

manner . C81821 ol | Theyhylerid ifikgsystenn 1962 fmays furiher inchniesy datia nmigtasioh ggodule
616. The data migration module 616 may be implemented by a file migration circuit.
[083] The file data migration module 616 may be configured to move data
between the first portion 610 and the second portion 612. The unified file system
controller may be configured to make movement of data between the first portion 610
and the second portion 612 transparent to a user.
[084] FIG. 6B is a schematic 600b showing the data storage system in FIG. 6A

further configured according to various embodiments. In various embodiments, the



30 structured manner may include controlling witing data in the form
of a circular log in the first portion 810, the |og having a header
and an end defining the data witten to the first portion 810. The
file data nodul e 804 and/ or the netadata nanagenent nodul e 816 nay be
further configured to append new data_.to the header of the |og, the
new data causing the header to nove réelative to the end. In various
enbodi menfBIR meageirest datlnlerfidduhey BO dordrmitask totdestraewating datado dlagefresht
nodul e 816 nmay be configured to control witing data to the first

portion S8AWQROAY 1 Bdop sagtyred Fasnnch S Bonaresmetomedye 604gnay be
iti to the fi t t ] 8 i t d/ t .b
hopr onch. RIS AUt do el S5t Mok Pt ORI BRRAS R MadhiRofo% gmey b
o : L . 0 el Ol
o oA Sl Vsl SRR e BALoo 8080190 ] RSl st ©

include sghech fie Qfl@Rsﬁﬁﬂ%eﬁﬁ%d%ie 606 2L EXIP! K RFGREEOL iidaNdS

inthe first portion 810. rolling witing to the first portion
810 usi ngerhb&iiand, HeGaRHvrikasattyanpd0aehs By fiduted AL etbibihe Gehether to
controlling witing data to the sel ected band/ segnent of the one or
nor e bandsritendatheofthe Sirstppeoitionnt 1816 tol ke fdcbrd gatteonndtilheny8iddludadher
t he nmetadata nanagenment nodul e 816 may be further configured to
append newadfatrie poliehmodplsedis eenfigwrad: tor deterades whptheon] write datp e ithe
file system 802 maﬁgfurt her inc]ude a iﬁace recl amati on nodul e 818

for fr egi ﬁll‘@t Bprigp & %go mssseam I?fﬁ’“g%é hmﬂtoadmﬂﬂ&rgarlﬁwmzﬁéd data is
epi aced (FRE b eEy PATICR FHEF Geer miin B Zapnr i cat i ons 814. The
space T eCﬂO% ti |01[} tgﬁ%% CelBht TRY alAG 1*:55?4@%& ?ﬂst%qrﬁo@?gqgg?- :«Iisnwhen

collector™Citcu /'or “a space reclanation cir

vari ous exdigdioMRAdiSying BFi1S RRER i€ AR porRoOLl kiR BAGWIRY pliRey module
configured to delete/nodify old data using a fil e-based approdach. The
space recéGBmby 68 configired Bl 8ritethe lataconlid Wostksh Wherenlhd eldalata wasdaed,
files stored on the storage as new data. The wanted files may include
al |l fil eson éhecKiendiipogtidd 68 elaied onbadapknats.ethewnwantgddaldedhtad anay by

t he user or user applications 814. The new data may be witten by
appendi ngdlﬁ@“ﬂqﬁﬂeal‘ﬁietgé datagpay he sequestially anpspdednasanesedefant The waaledold

I n various enbodi nents, .the new data be witten by appending to
e appentitBaay2e SBTRELET RERGRR n HRd ) RTdd s, | nel udi ng the ofd

d f i .’ filags,
overur ¢t CR0hy " THRaE iy B FOPG B 1 BTG i BE AP Bl L
the space,d GREATBEHOYTRAYINE SHR BRY PG GO gS’nfo_ﬁ ¢le! aielamelirdy
ol d data using a band-based-approach. The first portion 810 nay

i ncl ude ORI MEEIE CORRAT/$BHEIVNF gurled ¢H whRd eSREMBNhe MRYtION Hhb@Eh&
plurality of shingled or overlapping tracks. The space recl amation
nodul e 81@dndata ibdoaemif drgthe aecand pweticect1 20Aa the dateiewhtadsl medormntcess or
space reclamation. The wanted old data in the sel ected band/ segnent
may be appedeidbe wantedolhpie miympt beionewvriticaddethe oew alatat dndrthe unwanted
band/ segnent. of the one or nore bands/segnments as new data and the

ol d dat a, °ldsafamune dinectiaretritangvidaths "sWdl%%e unwanted ol d dat a,

are overV\detﬂ en ?MB ttjl?g cfzi?awmqgl:[a%bn module 616 may be configured to move data

between the first portion 610 and the second portion 612. Big files and cold files may
be moved or migrated to the first portion while hot files may be moved or migrated to
the second portion.

[088] If there is no relevant old data located in the first portion or the second

portion, the read/write policy module 608 may be configured to write data to the first



[0105] I n various enbodi nents, netadata file/change log file nodul e
806 and/or the netadata managenent nodul e 816 may be configured to
control witing data to the second portion 812 in the log structured
manner Controlling witing to the second portion 812 in the |og
structured manner may include control]ling witing data in the fon-n
of a circular log in the second porti©®on 812, the | og having a header
and an emgbrtlef bndefgulthe data witten to the second portion 812. The
netadata file/change | og file nodul e 806 and/ or the netadata
managenentO8fbdul @Cgﬁél ipedy sghemmtie OABS shayring dhe da soragspagmiany §atod t o
the header of the | og, the new data causing the header t ve
rel ative PEIPHEOUIRIEY sPCQulin fs VeI AR Ben R elnaPhoRs eribediheniy dhe

cont i gur etteda s apper e o G5 R PRaeRlls, IR OR U B 35

t he band/ a . e ht . h 3 -L.0N
812 Lol ng T RECRIRT R I AR gt 1 o e e R B he
data in thgdhiesos bnBiBed o GRESINGRMSHSL W WALSIAtN td R HACHoPOIE beN
812. The nmetadata file/change log file nodule 806 and/or the netadata
managemnenio thosktbad Bdbion®y2 baselliontihformeatiuif fegeiv ebifrtm wappptcnmns d&t.a to
the appendi ng poi nter/header. [0106] The file caching/placenment
modul e 80@98hd/ ofhe hbridefiladastemridld aganenconii@Rradid pirevidd Gustayized write
configured to control witing the data to the second portion_ 812 in a
| og st r uckifreage i Hiish e aiser dpplipations 044 inaayt progidgnprpaliryon whether for
considerati.ons. The further consigderations may i.nclude popul arit f
Che dat o Ve i i marisho OGS e sond Biritr it The hres ApReaflans 814
accessed ten. ] e i e
second porg‘f?& §P18 tl%g ﬁrgf'ragger pﬁ%ﬁ%@%&%@?g}éﬁ .II_tP I Isféa?i%g(?? %le\ﬂﬂﬁ?l e
si zes maypBex t8leLH{ £ arRetk bR hi&iSe c@NFuRGht iR &AE KePs WREUGRIeS TR |
random access to the fifst portion (|l ower perfornance zone) 810.
[0107] FI GyroBfed $n pal€ {EERNVa0uSPBls)S Tawi Kgy-Famat ﬁ’miﬁ;t Paade BMEEEN the
according to various enbodi nents. The hybrid file system 802 may be

i mpl enent indexing astrustare hesoedingitbea syddie noridas ézlg.ohashh @f RuSKefs.afe vwsek .
The hybrid file system 802 may further provide the standard POSI X

i nt er f aceappliatidtiemay ssardpior adyiaoa snatahis te 8 aplugspresneniisgdo givkayain

ﬁSHEFQi é?%a%fil“é %&%ﬁ&c: i gréﬂit%gt@?ayg%s?s“@%%éa&%ﬁﬁﬁg %@?#i‘@%%ﬁ%%
! _ rary’ s 5 !

ot or m neT oG TS Rbe Tok B TS BRETENE: TR ReR Babt 8 il e
second po&&mﬂreﬁ%-coﬁﬁﬁl Q/Yilﬁhg ‘?h% %i!latﬁ t6 Y A% %9%10%}‘1 abﬁ)gcs‘?:%fugélhﬁgnéro

det en- ni ne ether the dataTs e data or e syst€é€m netadata. The

hybrid fi{gesStiRMENS fii@YpoRod 916 Nelipdarafl HEUFRITWE h8/BlgdiaTiaslhiiéh
first portion 810 (through file data nodul e 804) if the hybrid file

syst em 80RayetcR0 mayehe tdiefigiaddatol wrifel the ddtatta thadbdationwiher ttatodd tatatihe
second portion 812 (through netadata nodule 806) if the hybrid file
syst em 80Rcafed en ihaBrst phrtiod £t18. The iatksd Djd atm(nesvanded data Thvilid datdat a
nodul e 804 nmay be configured to control witing to the first portjon

810 in a May bstoureEviitte WilinheY dgfaq The rupagksd eld datndronted Safah et Bre.
The Space.ecianaton ol o6 oy, Laslge Lo they L data gl

kil obyt €S a4k, r@g space may be reclaimed through the writing of data on the old data. The
File-To-Band/Block Translation Layer 620 may be implemented by the determination
circuit and/or the control circuit. In various embodiments, the data storage system

may be a cloud storage system.

[091] FIG. 7A shows a schematic 700a showing how data is stored in a hard disk.



against file request size (in kilobytes or kB) showing the wite
performance of the hybrid systemin FIG 8B according to various
enbodi nents against Ext2 file system FIG 8D is a graph 800d of file
system t hroughput (in kilobytes or kB) against file request size (in
kil obytes or 1cB) showing the read performance of the hybrid system
33 in FIG 8B according to various enbodi ment s against Ext2 file
system THie haridrdisk regsinede s heoe skctay MRiitdhdiegdadbainttoffzimgr profyaor i d
drive, the hybrid drive including a HDD and a SSD. The Ext2 file,

syst em us®Ich&e @n ppeiging systead vaeaaingng aetritthebard difemas e dipéedintang

wite perrSeRaALE. 3P e hécfﬁ»r?e o i;ﬁ;% %&?@oﬁﬁ%@?‘?}%ﬂﬂ e *é)%z%r? ’
P Ll ok IET b, B 81 TS PhabEsfRog2ul Hof Kb Pt "0
system acs §realklletaﬁhtla.e Wrﬁﬂtéeééta nfa: ha?t;] gﬁ%}k;‘%l:@y a’m%l?nfee El'lé't‘?itiﬁ%%})ace

pertaining to the read perfornance of t syste s above
the |ine B3RinBeIHiAE Bit Ahpt D8t RELHL Aska RE IHeQlabPREL 7 Of, ubBRinEXthe Trddkidble
system show ng the hybrid tile System has better performance over
the Ext 2710 4l wpdatirgniadiosap a8, Fild ystearmmesitiats inzasinclhOd (e refibfohefiE
is a schemati c 800e showing a data storage system shown in FIG 8A
accor di ng7@6 bitamio @8 arbibdiumsiettable Jip) Btk data mayyhdude the datp argh@l2. A
hybri d arra_ze may include a plurality, of_ shingled maganet i c recording
(SMR) dr i Ve @reiondugeallydnpelves accessingie sypterp girsadat maléipledimes- ( SVR)
drives SO r rred tq as shingled witing disks., The hybrid
o r oy g 068} ¢ ek 1Ga T Shaty ¢ yohsfract B8 Faplia by dafs Bty ‘B3uek Baan
etc. Each h - 4ty Qf Shi i C rding: (S\R),
drives 82%%&%%%11)@1@%%3%& %‘8{1%%;7&?%%?1%%% grpnib%l?m{lm%g agkfgglzn%nes.anﬁg%h
of the pl 4hBddik¥ntS! TROksHp&itioh &19 maSaclidOPhirddidewnBe 8RR ®snd fBon

i nclude one or nore mam)r{} zones. The plurality of shingled negnetic
recor di ng71 610 dees nG2 68lati B3BEm o2 Fhe €¢ddnd HWidnOT IB b bk ichsfigured
portion 810. The plurality of solid state drives (SSDs) 828a, 828b
etc. nay foostonetfile systemnmetadathi Ome @ik .poitiono? Hemawdedwnfipived fto rsedre file
portion ‘810 may include the SMR zones of the plurality of SWMR drives
826a, 826Mata.g2sthetrequeptly lascesked Glecastenporetader ®istoradyn ithee horteolahile,

menory zones ff t he SSDs 8283, .828b etc. The menory zones of the SSDs
may i ncl udeTal sRsRA AEWHHpE mpy ef‘P‘frgﬁsegorti on 810 may be configured to

store col ile wWhile the. s nd.portion 812 may bhe confi gured
T store K9Ph oyERLEA & dalclu YRR nBR g Y Bpi? Moy st B e
may furthgf.d : r LI GLU e r: Lt @t

ol ural 1 1y S STARIBIEL TR iy iidabe SOUBTRRP g EABAA fie PRiem
SSDs 828a(Hyb2lPSEiRe2. ThE hpbid alié tsysteh ﬁi\ﬁnﬁglmaﬁd@%ﬁm &2 o d®PH5804
etc. and the 34 plurality of SSDs 828a, 828b etc. may be controlled
by the ar¢afigaredauicontrdlneritiydtheciaga toay firsa pohdnqbafloger pafamancdzagie)
performance, high capacity and | ow cost storage array for cloud
and/ or ba8kKuin a Tgestpictwred maymesf THMRlaldity e ddtee¥Ddnoay be qupleseated by a
shingled translation |ayer (STL). A STL renmaps in-place update to

di f f er ent firsb et rﬁslbéireuw"féee%ytt Wefilgatyaterm P&y dppherdnelyde ametadata
ooy o mon Bl RSt S e 24 ol bt o3 o ot
RAI D ay, . | [ | f th t
o ude.  HEAG: BREYRnEE JoRDRREL TEN SandbhE pERE ABFRECE RIS Y fFhtue
schemati CoB00finBHQWnB %R;grié 318 spihth 398 n%aéﬁﬁ:%kﬁﬁ%{?ae g%&h&ta /change
o] e ybri

according to various e di ments coupl to a array. The

hybrid arroayfilgByiodile |g08econfiphiet abi dontrof witinB b ed seRad Sottfor] A0 Mkt
(SMR) drives 830a, 830b, 830c etc. The hybrid array may further a

pl uralitypafortmanct direlk A2 iitv @dog IHobsthireSBdaner SBROmetadataHilelohafgetlbg file

module 806 may be implemented by a second control sub-circuit. The second control



35 i,e, the hybrid array. [0111]FIG 8Gis a schematic 800g show ng a
data storage system shown in FIG 8A according to various enbodi nents
coupled to a hybrid array. The hybrid array may include a plurality
of hybrid drives 834a, 834b, 834c etc. In various enbodi nents, each
of the plurality of hybrid drives nayzinclude CMR and/or SMR zones as
wel | as non-volatile nmenories (NVMs). Non-vol atile nenories ( NVVEB)
may i ncl usib-ditcaghmane e rejgctndadly asa tadh denmitnfisst chmtral cmbextcenit or maaydben
access menory, Silicon-Oxide-Nitride-Oxide-Silicon (SONOS) nenory,

r ead- onl ycarageied & theobist eentradisye-cirawb rihegybridrile sgnrma$ll Bay SMiidones
f fi. ti 0 il t he. NV f th { d

o 1 on Tl eahng bR e ile U kpREEUTEL Ry (e RS NhaiRel LM dR o

CVR d/ ; i th Y tj .81.2 i |

s ol YR SRS or e el BEESRT IR Behif e PaP B e Mo s 0By,

while th t4l %ﬁw €.; fi 21t

net adat aegiﬁ&g{%ﬁleggah%?afl e dat lz(i)B eﬂ'sfﬁ gllﬁigg)ga%yé%jﬁtﬁ%{r hﬁﬁgge?uﬁcfgman
array cirgaiile 6phe¢ aft@nhti1CWRadd b1 yDRigS BRened Byt the dddéMainatitn
vari ous enbodi ments, the data storage systemnmay incl ude the storage,
i,e, the tiyduitl Th asra. enpidtifidérdts, Ghe hfdtddataanscdzenent moddlo@ 16 may atdedsst
data storage system according to various enbodi nents. The data

st or age shspatalipple inmdemdacd b fisrdodtrdl dircugy bt wamopHybodmshts e hybrithe
hybrid file system 1002 may include a file data nodul e 1004

conf i gur eflletysEBhEPomayrhe %{%ﬁ@elt renfigared foowster data to pas or B1pre sulseqyesier
performance,.zone) 1010 in a log structured manner The file data

nodul e 1 be inplenented by a first control sub-circuit. The

1
hybrid fi yst ' t i nt 06
confi gur e@@f coﬁﬁ%q%%gﬁegﬁéﬁgﬁl‘{ngggﬂen%{%ﬁﬁ% %5@%0%%%628 cl%hﬁgﬁrgd ¥
second POBoh Ri ser Qpplta8bRY SPErHif TBRGRIaAOPE}ablO bhelain®istteh RtdrRbe
structured manner or a random access manner. The netadata dat abase
1020 may trO310nH gumestitle iskdic. f The hsyHl eRtemtstdahay bdldevelapabissed
interface 1006 nmay be inplenented by a second control sub-circuit.
The seconoh therlle eystesmin gser sprct (FAYEbarebwatkr i cal |y i solated fromthe
first control sub-circuit or may be connected to the first control
sub- ci r cul®®3] Thelr3Grioyp emipodimentss fhst fllghcadone/alagement nyesiale89§ angl/or the
cachi ng/ pl acenent nodul e 104)%? g?gf iaggjr ed }_o det erni ne, V\/n%t er to
wite dat ZCagate FRARgrRentggeqyly May P RBLEWER Y dB‘GFPWSrYY ths data
cachi ng/ pl agenent dul e 1008 .may..pe.i nplemented by a det i nat i.on
cirour s PRaE Prg s et e ARL TRE Ale ARG RE Bl ruPd Hodlil fRTHIR &
al ter nat i el Mo @' mAAGLhLANAbAe Be6 iR SUERHERQY 1ol MeARMETWRA 18010

circuit. n vari ous ment s, et a a managenment no

may at | egstfirRSdp@dd ifahd Yath s filtRlaBIMaRE €l BAChindA1£RRchPMoghlIc®OB tand/or
[0113] I n various enbodi nents, the hybrid file system 1002 may be

conf i gur ethetrietadata management module 816 may be configured to determine to write data

to the second portion if the data is file system metadata. File data and system metadata
usually exhibit different access patterns. File system metadata may draw smaller and
more random requests while file data is accessed less often with sequential requests.
The file caching/placement module 808 and/or the metadata management module 8§16
may be configured to determine to write data to the first portion 810 (i.e. lower
performance zone) if the data is file data, which is accessed sequentially and/or less
frequently. On the other hand, the file caching/placement module 808 and/or the

metadata management module 816 may be configured to determine to write data to



provi de user applications 1014 with a standard portabl e operating
systeminterface (POSI X) - Conpatible interface. The hybrid system
1002 may be devel oped based on the file systemin user space (FUSE)
framework. [0114]In various enbodi nents, the file caching/pl acenent
nodul e 1008 and/ or the netadata rranaggrent nodul e 1016 may be
configured to determ ne whether the data is file data or file system
met adat a. thEhsechnd godmah8 Iy (ix. dughenperfoontahee Q8P ifinkk datat isefileesyattat a
managenent nodul e 1016 may be configured to determine to wite data
to the fimetadpier whigh i agdessedamgrg dregyendlydandior mese flikely to be accessed
cachi ng/ pl aﬁerrE‘Pt nodul e 1008 and/ or the netadata managenent nodul e
1016 may BEY¥8HAFi gured to determine to wite data to the second

portion i e data _i.s fil ystem petadata...The fil .

cachi ng/ p(og%gmsn T redtt%e e@@é@eﬁ%’ o) et%gmrggtf%%astyge%ﬁ%e%ﬁtm%&%l S
1916 may he j t0..d i i '

por t1 on’ 107BETP0, AbfiBits Aol BHELE TPl ko, ARk S Raldib may be.
which is pgresefed 59aUaRhbA (nYetaTat ﬁémb%?&:oﬁﬁ@lﬂ’é@% ktbre @0 rhdigdd hes
hand, the file caching/placenment nodul e 1008 and/or the netadata
managemnentruvndel he odebnorpyme be endygudie dalidont et esiniendrg (DRAN).dEha
to the second portion 1012 (i.e. higher performance zone) if the data
is file sypsmeony mstyatwlule oe oh niae dusle dsklds dor epdedimguem thstadeited Search
nore likely to be accessed randomy. [0115]1n various enbodi nents,

t he hybri ePL3™MEM 1002 may i nclude a netadata dat abase 1020. The

S”EE ZEZ? 2 ORRE"T o G Y oteninte S s Gl TSioe fpomibe diions
modul o 10T eaeCeh Bl B b e KRR TR e
| nt er f acegd0602d Gy Bia@iis HERDALITBifectdre4TR 1AL R AidabAPasRAIAR:

may be a Structured Query Language (SQ.) relational database and may
be accessggragbheyde Hdcalcangsagee of theviidalitisofedues DO 062b,191c, 902d,
met adat a dat abase 1020 may be hosted in the second portion (i.e.

hi gher pe?dXereranodhe e (trdd@di2. Bsclngpde hayg alclidel am atrbnentist Thiee httdialte
file systemmay al so host cached data (other than file system

met adat a) listimashschide alaibpies wf die fitpror, dimeptorpresnelii a8 aizealasfinesess 1020 andy

e SR A NETEL L LBl N
Chter f acets U BB A HARITL oles bl /bt BRichK Sk e pEmdfe.
over head gus‘?orte@ Ilﬁ hl% sg(?x%%g%g)? ekéﬁi@"e nJ&%E&@gfcﬂEgﬁ Tctjheol%F){ HiPekt }'Iﬁ{gge

include a plurality S or segnents. or segmnen

incl ude ao@lseatainsYo @iretbAMHAGodEs V2RI dEHRIRINAPOLE Békdns thiRed i | € data
nodul e 1004 and/or the netadata managenent nodul e 1016 nay be

confi gur ef989p comhe pluraiity toff MGddshE2d a2ER0H, 002G 028,002 cimayt becdrinested to
portion in a |log structured manner Witing the data to each band in a
| og strucong axbtharusarg peiptern804ad &0¢h,i 104eg S0k, H06an2idhe PO6HS06d] 808G,
rel evant old data or naot, in a sequential appendirﬁriﬂérranner Witing in

a | og str¥fhuFaeh rh heapluspkity phRAnicrpY Gae 8035 P086 Mid e Esripay be ope of

G sks. andH{iSEh Db T EQENAE GOTEF T deP G BE neds S0t AhiiGes SHEC Hmy
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configured to control witing to second portion (1.e. higher

per f or mangeZ@Rein Hod2 902aCiFaR@ pbiktess S064)CHOHLECh THABEIO0RH ahd 30IOM
access manner

respectively, point to node 902a. Children pointers 904c, 904d in node 902b may

point to nodes 902d and 902¢ respectively, indicating that the files stored in node



[0117] 1 n various enbodi nents, the file data nodul e 1004 and/or the
nmet adat a nmanagenent nodul e 1016 nmay be configured to control witing
data to the first portion 1010 in the |log structured nmanner.
Controlling witing to the first portion 38 1010 in the |og
structured manner may include controlling witing data in the form of
acircular log in the first portion 160, the | og having a header and
an end de$0di ang 202e. siztdmughtetstterthe diredteryf storsd opawtle 621 PDentT peinfdars e
data nodul e 1004 and/or the netadata managenent nodul e 1016 nay be

furt ger coHic Qgédaén;] nedep et an@\ﬁoagtraSplte@i\tebe neazidier nste 90D |Nféghbﬁné
i i . [0 T
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repl aced witidhoupdated data by the user or user applications 1014. The
space reclanation nodul e 1018 may be i npl enented by a garbage

col l ector EOQDI CUI Thd'm&a8NRCHle/ BhdTadd OfleCido@ilet 806 OdnkiPdr Mhe/ BhétaMiSa

enbodi nments,” the space reclamati on nodul e 1018 nay be
management module 816 may be configured to write file system metadata in the
memory to the second portion 812 at periodic intervals. The system metadata may be
written to the second portion 812 in a metadata file. The information in the free
structure may be synchronized to the metadata file stored in the second portion 8§12 at
periodic intervals. Metadata change operations may be recorded to a log file in the
second portion 812 for preventing metadata losses between synchronization intervals.
[0100] The first portion may include a plurality of bands or segments. Each band
or segment may include a plurality of shingled or overlapping tracks. The file data
module 804 and/or the metadata management module 816 may be configured to
control writing the data to each band in the first portion in a log structured manner.
Writing the data to each band in a log structured manner may include writing data,
whether there is a relevant old data or not, in a sequential appending manner. Writing
in a log structured manner may have improved performance compared to writing in a
random access manner on storage medias such as magnetic disks and flash memories.
Also, shingled magnetic recording zones may only be written in a log structured
manner or sequentially due to the overlapping tracks. On the other hand, the metadata
file/change log file module 806 and/or the metadata management module 8§16 may be
configured to control writing to a second portion (i.e. higher performance zone) 812
in either a log structured manner or a random access manner.
[0101] In various embodiments, the file data module 804 and/or the metadata

management module 816 may be configured to control writing data to the first portion

810 in the log structured manner. Controlling writing to the first portion 810 in the log



configured to delete/nodify old data using a fil e-based approach. The
space reclamati on nodul e 1018 may be configured to wite all wanted
files stored on the storage as new data. The wanted files include al
files, excluding files deleted or replaced with updated data by the
user or user applications 1014. The n m/data may be witten by
appending to the header of the circular log in a sequential manner.
The ol d dsitusturédvmlaomiirmapyt iheludé dordellangivriting datawatiedormf pf esirada lphe
old data of the wanted files, are overwwittenﬁ§¥dthe new dat a.

L 0120] In tharﬁrﬁwﬁgcpf}a%bﬁ, mgog, hatVifl@d% g%?@ér ki ‘?ﬁfﬂé% thel fljltalmiﬁem
e S e
space r octBIRIF 136 et B s R SRS aRU el PP Bld A B BT,
bands/ segieRks daff cRRAEEhE REAIBITRIhNE reldtfe W SR d Ot AR emBodififents,

sel ect ed band/ segnent are appended to the appendi ng pointer or header

of anot hefhe biadd8£ gAdiille BD4tHRY/RNBeOhetaBite HaREMSRIARAIR SI% ARW Bat a
and the old data, including the wanted old data and the unwanted ol d

dat a, ar ecomfignredi tot @mtiol wrhimgndata datlee fifsd pdit]donn8 ansiag she bhudsaparent,
metadata file/change log file nodule 1006 and/or 39 the netadata
nanagenenbasﬁd)éwreag‘o fenfrallingevaisrg togtheddst portom BBl 0 lusingi the handisagmentb
the second portion 1012 jn the |og, structured manner, Controlling
witing tepseherewaehaayoinelndn coptrolling WaEng datasins e tforma Pneiivnet Mess/

%22 ona’ ol Reereets 1 fnl' i3 S 300L Chuilitk Hrishetoufit iR morfon, B1d,0°
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new dat a causi ng the header to nove relative to the end. The
file cachfirg/fokta@ersaot usinguhe BHABcgneitobadetl capibatiatray mntge nRellde
nodul e 1016 may be configured to control witing the data to the
second poedntroHingOadtingdata ko thesselegtet ibardfsepmmané o Sieameidr nodre bdudsainithe
file data_based on further considerations. The further considerations

may i ncl ulist perpianai Pt Vhefile dpta gedaler§iand(oy the metadptaanampgemepyraodule
opul ar data/fi]e_.is accessed nore aoften, and be ,determ ned,to be

Do ea ity b firthel SO aP P B IevHes (O BF FRRea P PRHAR Y 2
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(lower  pegfofaRemgap¥phcell @iscarding the unwanted old data. The unwanted old data

may be data stored in the storage deleted or replaced with updated data by the user or
user applications 814. The space reclamation module 818 may be implemented by a
garbage collector circuit and/or a space reclamation circuit.

[0103] In various embodiments, the space reclamation module 818 may be
configured to delete/modify old data using a file-based approach. The space
reclamation module 818 may be configured to write all wanted files stored on the
storage as new data. The wanted files may include all files, excluding files deleted or
replaced with updated data by the user or user applications 814. The new data may be
written by appending to the header of the circular log in a sequential manner. In

various embodiments, the new data may be written by appending to the appending



[0123]FIG 11 is a schematic 1100 showing a storage array 1102
according to various enbodi nents. The storage array 1102 may al so be
referred to as a hybrid array. The storage array 1102 nmay include a
plurality of hybrid devices 1102a, 1102b etc. The plurality of hybrid
devi ces 1102a, 1102b nmay be controlle | or connected by an array
circuit. The storage array may include a first portion 1104 and a
second popeintenhdaties. Theadth datapmichdrg the olidl dta ob thelkGZintedeiles ad hde@ld
first portion 1104a, 1104b etc. and a second portion 1106a, 1106b
etc. The ¢atpsfthgyrantesifiles emoveryoien kx e ngwydatl so be referred to as a
106b etc. al so

| f . Th i 06a,

e of er rBRORD. o6 HorUg (BRR KORHOBesorlbe SHHE TPF RRp g0 ForBle 1 TR,

1104b etc,_of th | it fe D hd devi 1102 1102b b

combi ned o PuifeRed it sl 4 o 380" F et Bifs BPtey BhecBre

The secongbfgk t410N31a} 10BRde 1HAOP: Sk BhabNEnRbIY Bk oo/ EUARE dmy
2 ined to for

devi ces 1102a, 110 nmay be co 40 the first portion

1106 of thendt arpaRliaf 6Rhidde® or $h&1dpbingt trdeE t TN $padd Edtamatibd4Ro&IE -
may be independéﬁt fggnlth%@second p%?ﬁ?ons 1106a, 1106b etc. The

first por8ifomaybt@éafigirkd4d sadbe.onery nbare bands/segthents far shacé escdarhation.
manner than the second portions 1106a, 1106b etc. [0124]FIG 12 is a
schemat i cTh@wantstholl daja in theorelggied hend satimeyt may \barappersicd i i appending
The storage may incluyde a storage array. The storage nmay include an
array ci reqipier/heager Oﬁﬁéotb%rob@algésea%mfQﬁ/télﬁéaneiqﬁdwa agdsifegmentst 35 W

o the arfoky a0y M7 dBbbATAndng 1Y B AT RERY S1e EREHYbP KL e
systen1na%ggf?ﬁgpﬁiggﬁﬁg,&ﬁhinplenent the RAID function at the file

level. [O rst portion or the | ower performance zones may be

confi gur eh1b9] beyWdrddug %rﬂH&dﬁnér@%An%tﬁd&% BISHIRAN Ry P B6ANE 8D ahd/or
appendi ng node. The bl ock-1evel I D may not be suitable to be used

for the fiheshetpditd hRRagmdn @nddanes 1 PaT Gk rorAfiguré® Be fontldiBvritilgeddte Vel
RAID may be used for first portion or the | ower performance zones.
The secontheperondgortom § 2anthglogrstrpgnfedrmamere CoohreBingayritives todhd segonded
to be witten with data in the random access nmanner and rmay not
require de@rdon §1%én {9 logshuptrediaannsy mayt inglnde peyeradling wriging datpHa the

BL?? (I;; L,:xg)léln I?S%ig:@[arqgg gjns 'ﬁg sfeg(gndt I‘E]o?'tigr? g?ﬂd‘[hg ?orgt lilac\)/?ngog hgarél%r 21!1(9 Ql(l3 %nd
defining the data written to the second portion 812. The metadata file/change log file
module 806 and/or the metadata management module 816 may be further configured
to append new data to the header of the log, the new data causing the header to move
relative to the end. In various embodiments, metadata file/change file module 806
and/or the metadata management module 816 may be configured to control writing
data to the second portion 812 using the band/segment approach. Controlling writing
to the second portion 812 using the band/segment approach may include controlling
writing data in the form of one or more bands/segments in the second portion 812.
The metadata file/change log file module 806 and/or the metadata management
module 816 may be further configured to append new data to the appending

pointer/header.

[0106] The file caching/placement module 808 and/or the metadata management



[0126] I n various enbodi nents one hard di sks 1204d of the plurality of
hard di sks 1204a, 1204b, 1204c, 1204d etc. may be configured to store
parity information while the remaining hard di sks 1204a, 1204b, 1204c
etc. may be configured to store data. Each hard disk of the plurality
of hard disks 1204a, 1204b, 1204c, 1204d etc. may be a hybrid hard

di sk. The parity information may be cghputed based on the data stored
i n the remadwedo maydbedioskgured o ecanticbwsitiegitediateeiottbe satand piitioo l8d 2 of
the data (e.g. file blocks) may be divided into a plurality of

sub- bl ocks logBigtured gwpneriowa di thecdatariselilg|dataghased on ffudlgs-agngdations.

L
oot noP¥ A YRS SR 0 0 4 Sl
2eq32§tidﬁ&ggéﬁgﬁgcﬁgB%Z%%Q#P?gggﬁ?MT%%égkg?gﬁg$ﬁg&gﬁ ?E%ggﬁég&%ggé,

1206b, 128641 €& siZ8R¥ndEbO stReSdchsd 48 thEa6ddnd Wnkb P BK2 Qb fdebfee small
plurality of sub-blocks 1206a, 1206b, 1206c etc. may be stored

cor r espongndgh cta’ds ande fiast hoctiomk(Idier ipbformediae pomg 8hér d di sks 1204a,
1204b, 1204c etc. In other words, the sub-block 1206a nay be stored
in hard di03R71120BES. 8Bhe & atheblatic l800B GBbwingtd dataistorageesystetyuesrordihg to
sub- bl ock to sub-block 1206a, may be stored in hard di sk 1204b. The
sub- bl ockvarpysembafiments. The hbrikflsensteny S02upahbolnelemerehan? Bk level

oy be caevatbapaes cRahS < fimhoore Tt ey Bys EnBlof bl Brbe?®
stored 1 riERErTy SenEhE POt AU RIS AERE S, e SR Bebfedtns

stored i ng o hAe chhiuichichvif] the YRbR4 AFKS/stbdPED) thit 3Rk FUSIREmELRod A d
storing each sub-block of the plfurality of sub-bl ocks 1206a, 1206b,

1206¢c et cg2x@iifie FUSEdiahY814N ThBFUNEk&aEIGndddk 805 nidiebd @medrmdl Rgadear d
di sks 1204a, 1204b, 1204c etc. [0128]1n various enbodi nents, the
hybrid fiTke BylstdefiiensyteheS@omhy harcediifoed tgdetemane adiethdatawhitodita s
an i ndependent pa(ité stripe and wite the garity_strip to the

st orage athediystinoridayhl beretofthe pecond ppeio§lEe Therhebrid file systeakd)2mugy be

each of tHEMHIS Q e oistEr S SO ibNT AL B R HgTDResHe. The
hybrid file system 802 may be further configured write data to the first portion 810
(through file data module 804) if the hybrid file system 802 determines the data is file
data and to write data to the second portion 812 (through metadata module 806) if the
hybrid file system 802 determines the data is file system metadata. The file data
module 804 may be configured to control writing to the first portion 810 in a log
structured manner via a raw device read/write interface. The space reclamation
module 818 may reside in the file data module 804,
[0108] FIG. 8C is a graph 800c of file system throughput (in kilobytes or kB)
against file request size (in kilobytes or kB) showing the write performance of the
hybrid system in FIG. 8B according to various embodiments against Ext2 file system.
FIG. 8D is a graph 800d of file system throughput (in kilobytes or kB) against file

request size (in kilobytes or kB) showing the read performance of the hybrid system



[ 0129] Vari ous enbodi nents may all ow the hybrid file systemto
tolerate disk failure. Miultiple disk failures may be prevented by

usi ng erasure codes. The inplenentation of the RAID function at the
file level may allow the hybrid file systemto optim ze data
reconstructi on process when disk fail %{ae occurs. By traversing the
netadata tree the hybrid file systemmay only reconstruct the failed
bl ocks whincRIGar&B atdoodiag del veyoushenbodiments aghisst BK2 fie nystethe Tbe hgbrid
invalid or free blocks. [0130] FIG 13 is a schematic 1300 showi ng a
met hod of Syt isrigped 4@ ariteread slatgrtageom a hybed daive tbe Ayerid davencluding a

por t1 on SHIDEEEE D O P TN BB ASHAp MRS Qe forfsgpa DD °"
det I ni whet h . Ite.dat { fi { ti to, th
second pof 5 Sie Rgafilk Mol iy el bREbH e ke e B S50 bt e g
(0131 P BF yRE B BbiEe LF IinBAH OBy sty f i20e Bic e 0B (o ghe

data to tRftd pdrfdrmBRéd 6ORe ikt Ml@csiﬁs%@mowgt thehyBfid H1SRicATBas Hdi@r
met hod may further include, upon determnation t0O wite 'data to the

first porpérfumnagenéveditd g 2afilsrsystemoacedse Al ile taquennizeal Similatly, e tihe
data to the first portion in a |og structured nmanner. [0132] The

met hod ma834 pertaieng tnibic ueksl pasfarmende afghevhytridnigletsystentas abevs thtnéneg 83®nd
portion in a random access nmanner In various alternate enbodinents,

t he met hoRerteaing i thedwad patfemnance ¢f Wi Exing fil&ystpam. shpyingibe Jybpd dile

portion i snys&:rrll R bsegtrfn!J géryol}l%gngéa GVer thie Ext 2 file system across all file request sizes.
[0109] FIG. 8E is a schematic 800e showing a data storage system shown in FIG.
8A according to various embodiments coupled to a hybrid array. The hybrid array may
include a plurality of shingled magnetic recording (SMR) drives 826a, 826b, 826c etc.
Shingled magnetic recording (SMR) drives may also be referred to as shingled writing
disks. The hybrid array may further a plurality of solid state drives (SSDs) 828a, 828b
etc. Each of the plurality of shingled magnetic recording (SMR) drives 826a, 826b,
826¢ etc. may include one or more SMR zones. Each of the plurality of solid state
drives (S5Ds) 828a, 828b etc. may include one or more memory zones. The plurality of
shingled magnetic recording (SMR) drives 826a, 826b, 826¢ etc. may form the first
portion 810. The plurality of solid state drives (SSDs) 828a, 828b etc. may form the
second portion 812. In other words, the first portion 810 may include the SMR zones of
the plurality of SMR drives 826a, 826b, 826¢ etc. while the second portion 812 may
include the memory zones of the SSDs 828a, 828b etc. The memory zones of the SSDs
may include flash memory. The first portion 8§10 may be configured to store cold file
data while the second portion 812 may be configured to store file system metadata as
well as hot file data. The storage may further include an array circuit coupled or
connected to the plurality of SMR drives 826a, 826b, 826¢ etc. and the plurality of
SSDs 828a, 828b etc. The plurality of SMR drives 826a, 826b, 826¢ etc. and the



[0133] Controlling witing the data to the first portion in a |og
structure manner may include witing the data to the first portion in
the formof a circular log. The circular | og may have a header and an
end defining the data witten to the first portion. Controlling
witing the data to the first portion3in a log structure manner nmay
further include appendi ng new data to*t he header of the | og, the new
dat a causplomplithef B8R 284, B2Rbete. melydie aomtrpbed by thenatray] @4®4] The hpwidod
may further include nmarking unwanted old data on the first portion.
Cont r ol | i #¥EpYWnRY begonfigurgd ea atligh rerfeintagee, Jugh canpcity and 1oy costryieiess e
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cont r ol | i sugfigoiedi a3ga RAGDAatay. \Ih vhr suseagbodimginenthe katdstoraga sseepianiy al
include the storage, i,e, the hybrid array.
[0110]  FIG. 8F is a schematic 800f showing a data storage system shown in FIG. §A
according to various embodiments coupled to a hybrid array. The hybrid array may
include a plurality of shingled magnetic recording (SMR) drives §30a, 830b, 830c etc.
The hybrid array may further a plurality of hard disk drives (HDDs) 832a, 832b etc.
Each of the plurality of shingled magnetic recording (SMR) drives §30a, 830b, 830c etc.
may include one or more SMR zones. Each of the plurality of hard disk drives (HDDs)
832a, 832b may include conventional magnetic recording (CMR) zones. The plurality
of shingled magnetic recording (SMR) drives 830a, 830b, 830c etc. may form the first
portion 810. The plurality of hard disk drives (HDDs) 832a, 832b ctc. may form the
second portion 812. In other words, the first portion 810 may include the SMR zones of
the plurality of SMR drives 830a, 830b, 830c etc. while the second portion 812 may
include the CMR zones of the HDDs 832a, 832b etc. The first portion 810 may be
configured to store cold file data while the second portion 812 may be configured to
store file system metadata as well as hot file data. The storage may further include an
array circuit coupled or connected to the plurality of SMR drives 830a, 8§30b, 830c etc.
and the plurality of SSDs 832a, 8§32b etc. The plurality of SMR drives 830a, 830b, 830c
etc. and the plurality of SSDs 832a, 832b etc. may be controlled by the array circuit.
The hybrid storage may be configured as a cost effective solution for cloud and archival.
The hybrid array may not require a STL. The hybrid array may be configured as a

RAID array. In various embodimenits, the data storage system may include the storage,



43 manner. [0137] The nethod may further include selecting one
segnent/band out of the plurality of segnents for witing the new
data over the old data. Controlling witing the data to the
first/second portion in a log structure manner may further include
appendi ng unmar ked ol d data as neM/dagg.to t he appendi ng pointer or
header of another band/segnent of the™one or nore bands/segnments in
the firsti.sdéoomdrdortayon. Controlling witing the data to the
first/second portion in a |log structure manner may further include
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second portion. [0140] The nethod may further include determnin
whet her  t Blicem@xidreNdadaOridsryitipen (SONOSporemiony read-orlgmaenerieseepiiul
portion. disc memory etc. The CMR and/or SMR zones may form the first portion 810 while the
NVMs may form the second portion 8§12, In other words, the first portion 810 may
include the CMR and/or SMR zones while the second portion 8§12 may include the
NVMs. The first portion 810 may be configured to store cold file data while the second
portion 812 may be configured to store file system metadata as well as hot file data. The
storage may further include an array circuit coupled to the CMR and/or SMR zones and
the NVMs. In various embodiments, the data storage system may include the storage,
i,e, the hybrid array.
[0112] FIG. 10 is a schematic 1000 showing a data storage system according to
various embodiments. The data storage system may include a hybrid file system
(HybridFS) 1002. The hybrid file system 1002 may include a file data module 1004
configured to control writing the data to a first portion (i.e. lower performance zone)
1010 in a log structured manner. The file data module 1004 may be implemented by a
first control sub-circuit. The hybrid file system 1002 may further include a database
interface 1006 configured to control writing to a metadata database 1020 in the
second portion (i.e. higher performance zone) 1012 in either a log structured manner
or a random access manner. The metadata database 1020 may be configured to store
file system metadata. The database interface 1006 may be implemented by a second

control sub-circuit. The second control sub-circuit may be electrically isolated from

the first control sub-circuit or may be connected to the first control sub-circuit. The



[0141] The met hod may further include nonitoring an access pattern of
the data in the first portion and the second portion. [0142] The

nmet hod may further include noving the data between the first portion
and the second portion based on the access pattern. [0143]1n various
enbodi nents, the data is controlled tg be witten to the first
portion in a log structured manner if Yhe data is determined to be
written tlhyhrde filé rsysteport03nmay0ithidenav éild sachingblodémenit siodulee 1008 a
is controlled to be witten to the second portion in_a random access
manner i sCQibiguerdtte dedermine Mhether ta Frise dofiitotthe firy pavdon or to the second

portion. The file caching/placement module 1008 may be implemented by a
determination circuit. Additionally, a metadata management module 1016 may
alternatively or additionally be implemented by the determination circuit. In various
embodiments, the metadata management module 1016 may at least be partially be
implemented by the control circuit.

[0113] In various embodiments, the hybrid file system 1002 may be configured to
provide user applications 1014 with a standard portable operating system interface
(POSIX) — Compatible interface. The hybrid system 1002 may be developed based
on the file system in user space (FUSE) framework.

[0114] In various embodiments, the file caching/placement module 1008 and/or
the metadata management module 1016 may be configured to determine whether the
data is file data or file system metadata. The file caching/placement module 1008
and/or the metadata management module 1016 may be configured to determine to
write data to the first portion if the data is file data. The file caching/placement
module 1008 and/or the metadata management module 1016 may be configured to
determine to write data to the second portion if the data is file system metadata. The
file caching/placement module 1008 and/or the metadata management module 1916
may be configured to determine to write data to the first portion 1010 (i.e. lower
performance zone) if the data is file data, which is accessed sequentially and/or less
frequently. On the other hand, the file caching/placement module 1008 and/or the
metadata management module 1016 may be configured to determine to write data to
the second portion 1012 (i.e. higher performance zone) if the data is file system
metadata, which is accessed more frequently and/or more likely to be accessed
randomly.

[0115] In various embodiments, the hybrid system 1002 may include a metadata

database 1020. The metadata database 1020 may be configured to store file system



44 second portion. In various alternate enbodi nents, the data is
controlled to be witten to the second portion in a |og structured
manner is data is determned to be witten to the second portion.
[0145] Determ ning whether to wite data to the first portion or to

t he second portion may include deter '7ni ng whether the data is file
data to file system netadata. In various enbodi nents, the data may be
written twetabataf The filepsystenometadatamayibe atoresl dethe mpdtarkith dasalizee fl02@ as
data. The data may be witten to the second portion if the data is
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further include witi'ng the file syst ata (In
metadata database 1020 may be hosted in the second portion (1.e. higher performance

zone) 1012 using a local file system. The local file system may also host cached data
(other than file system metadata) in the second portion 1012. The metadata database
1020 may be managed by a database management system (DBMS). The database
management system may include the database interface 1006. Various embodiments
may provide greater flexibilities and/or richer interfaces. Various embodiments may
however, incur extra performance overhead due to the database layer.

[0116] The first portion may include a plurality of bands or segments. Each band
or segment may include a plurality of shingled or overlapping tracks. The file data
module 1004 and/or the metadata management module 1016 may be configured to
control writing the data to each band in the first portion in a log structured manner.
Writing the data to each band in a log structured manner may include writing data,
whether there is a relevant old data or not, in a sequential appending manner. Writing
in a log structured manner may have improved performance compared to writing in a
random access manner on storage medias such as magnetic disks and flash memories.
Also, shingled magnetic recording zones may only be written in a log structured
manner or sequentially due to the overlapping tracks. On the other hand, the metadata
file/change log file module 1006 and/or the metadata management module 1016 may
be configured to control writing to a second portion (i.e. higher performance zone)
1012 in either a log structured manner or a random access manner.

[0117] In various embodiments, the file data module 1004 and/or the metadata
management module 1016 may be configured to control writing data to the first

portion 1010 in the log structured manner. Controlling writing to the first portion



menory) to the second portion at periodic intervals, or after

net adat a change operations. [0149]1n various enbodi nents, the nethod
I ncl udes providing the storage including the first portion and the
second portion. [0150] The second portion may include one or nore
conventional nmagnetic recording (CNR)Szones. The first portion may

I ncl ude one or nore shingled magnetic %ecording (SMR) zones.
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header of the log, the new data causing the header to move relative to the end.
[0118] The hybrid file system 1002 may further include a space reclamation
module 1018 for freeing up space by discarding the unwanted old data. The unwanted
old data may be data stored in the storage deleted or replaced with updated data by the
user or user applications 1014. The space reclamation module 1018 may be
implemented by a garbage collector circuit or a space reclamation circuit.
[0119] In various embodiments, the space reclamation module 1018 may be
configured to delete/modify old data using a file-based approach. The space
reclamation module 1018 may be configured to write all wanted files stored on the
storage as new data. The wanted files include all files, excluding files deleted or
replaced with updated data by the user or user applications 1014. The new data may
be written by appending to the header of the circular log in a sequential manner. The
old data, including the old data of the unwanted files and the old data of the wanted
files, are overwritten by the new data.
[0120] In various embodiments, the space reclamation module 1018 may be
configured to delete/modify old data using a band-based approach. The first portion
1010 may include one or more bands/segments. Each band may include a plurality of
shingled or overlapping tracks. The space reclamation module 1018 may be
configured to select one or more bands/segments for space reclamation. The wanted
old data in the selected band/segment are appended to the appending pointer or header
of another band/segment of the one or more bands/segments as new data and the old
data, including the wanted old data and the unwanted old data, are overwritten by the

new data.

[0121]  In various embodiments, metadata file/change log file module 1006 and/or



coupled to the array circuit. Each of the plurality of hard di sks may
include a plurality 45 of shingled magnetic recording (SVR) zones.
Each of the plurality of hard disks nmay include a conventional
magneti c recording (CVMR) zone. [0153] The plurality of hard di sks may
formor include a first portion includjng the shingled magnetic
recordi ng zones of the plurality of hard disks. The plurality of hard
di sks maytht ongtadata masdgedenhnedulend ] ponayi encandigpredgo wgnirdlewriting data to
conventional magnetic recording zones of the pIurallty of hard di sks.
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of sub-bl ocks nay be stored correspondingly in one hard disk of the

r emai ni ngcdndizdredi tokeppend hol| dafd €@ tHkdhaademst theslohethet naw #4130caasing the
nmet hod of formng a hard di sk according to various enbodi nents. The
met hod neljeaidergb ugiere elativa@Rhe fod.ning a plurality of shingled magnetic
recordi ng SI\/R) zones in the hard disk. The nmethod may further
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zone in t hedu € 181(5j may be configured to control writing the data to the second portion 1012

in a log structured manner even if the data is file data based on further considerations.
The further considerations may include popularity of the data/file and file size. The
more popular data/file is accessed more often and may be determined to be
stored/cached in the second portion (higher performance zone) 1012. Files having
small file sizes may be stored/cached in the second portion 1012 to reduce small
random access to the first portion (lower performance zone) 1010.

[0123] FIG. 11 is a schematic 1100 showing a storage array 1102 according to
various embodiments. The storage array 1102 may also be referred to as a hybrid
array. The storage array 1102 may include a plurality of hybrid devices 1102a, 1102b
etc. The plurality of hybrid devices 1102a, 1102b may be controlled or connected by
an array circuit. The storage array may include a first portion 1104 and a second
portion 1106. Each hybrid drive 1102a or 1102b may include a first portion 1104a,
1104b etc. and a second portion 1106a, 1106b etc. The first portion 1104a, 1104b
etc. may also be referred to as a low performance zone. The second portion 1106a,
1106b etc. may also be referred to as a high performance zone. The first portions
1104a, 1104b etc. of the plurality of hybrid devices 1102a, 1102b may be combined to
form the first portion 1104 of the storage array 1102. The second portions 1106a,

1106b etc. of the plurality of hybrid devices 1102a, 1102b may be combined to form



[0156] I n other words, a method of fabricating a hard disk may incl ude
patterning or form ng a conventional magnetic recording zone. The

nmet hod may further include patterning or formng a plurality of
shingl ed magnetic recording (SVMR) zones. [0157]1n various

enbodi ments, a first shingled magneti g, recor di ng zone of the
plurality of shingl ed magnetic recording zones may be separated from
a second hifirgl pedtiomghest olcthe stooagti argpyzbia. Fhe finsg pprtmnallllt)% df104b etc.
shingl ed magnet.i ¢ recordlng zones by an inter-zone gap.
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shi ngl ed er%Qeﬁ'o%bchcord' ng zones by the conventional magnetic
recordi ng zone.

[0124] FIG. 12 is a schematic 1200 showing a storage according to various
embodiments. The storage may include a storage array. The storage may include an
array circuit 1202. The storage may further include a plurality of hard disks 1204a,
1204b, 1204c, 1204d etc. controlled and/or coupled to the array circuit 1202. In
various embodiments, the hybrid file system may be configured to implement the
RAID function at the file level.

[0125]  The first portion or the lower performance zones may be configured to be
written in a log structure manner or sequential appending mode. The block-level
RAID may not be suitable to be used for the first portion or the lower performance
zones. The file-level RAID may be used for first portion or the lower performance
zones. The second portion or the higher performance zones may be configured to be
written with data in the random access manner and may not require data to be written
in the sequential appending mode. The block-level RAID may be used for the second
portion or the higher performance zones.

[0126] In various embodiments one hard disks 1204d of the plurality of hard
disks 1204a, 1204b, 1204c, 12044 etc. may be configured to store parity information
while the remaining hard disks 1204a, 1204b, 1204c¢ etc. may be configured to store
data. Each hard disk of the plurality of hard disks 1204a, 1204b, 1204c, 1204d etc.
may be a hybrid hard disk. The parity information may be computed based on the data
stored in the remaining hard disks. In various embodiments, data blocks of the data
(e.g. file blocks) may be divided into a plurality of sub-blocks 1206a, 1206b, 1206d
etc. The plurality of sub-blocks 1206a, 1206b, 1206d ctc may be stored in the
remaining hard disks 1204a, 1204b, 1204c etc.. Each sub-block of the plurality of

sub-blocks may be stored correspondingly in one hard disk of the remaining hard



[ 0159] Each shingl ed nmagnetic recording zone may include a plurality
of shingled tracks. Each conventional nagnetic recordi ng zone may

I ncl ude one or nore isolated tracks. [0160] In various enbodi nents,

t he shingl ed magnetic recording zones nmay be configured to be witten
with data in a log structured manner.  I'n vari ous enbodi nents, the
conventional magnetic recording zones nmay be configured to be witten
wi t h dat adisks BR0dan@dAbaddds stcmanner. [0161] I n various enbodi nents, a

met hod of formng a storage arra¥<t may be provided, The nethod may
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W t hout departing fromthe spirit and scope of the invention as
defined bspbtteckapH¥aderydieaitoned i hardsdisipd204b. {lie sibubdoski RO6cswhichds
i ndi cated_by the appended clains and all changes which cgone within
the meani HE SEIRPIHENYE-RpckMTpaIestc {2050, ma8 teisiras mperdidigs Bce The
| ntended [ga%t)l? %n%%gt?gnquOS 4nZayCl5él c':\e/lr?culated as the XOR sum of the plurality of
sub-blocks 1206a, 1206b, 1206c etc. Various embodiments may allow data to be
stored in the first portion to be stored by dividing the data to be stored into the
plurality of sub-blocks 1206a, 1206b, 1206c etc. and storing each sub-block of the
plurality of sub-blocks 1206a, 1206b, 1206c¢ etc. correspondingly in the one hard disk
of the remaining hard disks 1204a, 1204b, 1204c etc.
[0128] In various embodiments, the hybrid file system may be configured to
organize each data block as an independent parity stripe and write the parity strip to
the storage array through one full-stripe write. The file blocks may be written to the
storage array in appending mode such that writes to each of the hybrid hard disks also
follow the appending mode.
[0129]  Various embodiments may allow the hybrid file system to tolerate disk
failure. Multiple disk failures may be prevented by using erasure codes. The
implementation of the RAID function at the file level may allow the hybrid file
system to optimize data reconstruction process when disk failure occurs. By
traversing the metadata tree the hybrid file system may only reconstruct the failed
blocks which are allocated by the file blocks, skipping the other invalid or free blocks.
[0130] FIG. 13 is a schematic 1300 showing a method of writing data to a storage

in a data storage system according to various embodiments. The storage may include



1. A data storage systemfor accessing a storage, the storage
conprising a first portion and a second portion, the data storage
system conprising: a determnation circuit configured to determ ne
whether to wite data to the first portion or to the second portion;
and a control circuit configured to control witing the data to the
first portion in a log structured nmanner. 2. The data storage system
accor di nga figstglogtion and evsegoai pottinn. dbatmeshod nay dicludss i p@haletermining
configured to control witing data to the second portion in a random
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an end de |nﬁﬁ58%ﬁgaaata witten to the first portion; and to
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header to nove relative to the end.

first portion or to a second portion of a storage. The method may further include, upon

determination to write data to the first portion, controlling a writing element to control
writing the data to the first portion in a log structured manner.

[0132] The method may further include controlling writing the data to the second
portion in a random access manner. In various alternate embodiments, the method
may include controlling writing the data to the second portion in a log structured
manner.

[0133] Cont.rolling writing the data to the first portion in a log structure manner
may include writing the data to the first portion in the form of a circular log. The
circular log may have a header and an end defining the data written to the first portion.
Controlling writing the data to the first portion in a log structure manner may further
include appending new data to the header of the log, the new data causing the header
to move relative to the end.

[0134] The method may further include marking unwanted old data on the first
portion. Controlling writing the data to the first portion in a log structure manner may
further include writing of new data over old data by appending unmarked old data to
the header and removing or discarding marked old data.

[0135] In various embodiments, the circular log may include a plurality of
segments/bands. The first portion may include a plurality of shingled magnetic
recording zones. Each segment/band of the plurality of segments may correspond to
one or more of the plurality of shingled magnetic zones.

[0136] Controlling writing the data to the first portion in a log structure manner

may include controlling writing the data within each segment/band in a sequential



4. The data storage system according to claim3, the data storage
system further conprising: a marking circuit configured to mark
unwanted old data on the first portion. 5. The data storage system
according to claim4, 48 wherein to control witing data to the
first portion in the log structure mapner conprises: to control
witing of new data over old data by appendi ng unmarked ol d data to
t he heademagmd. t o renove nmarked ol d data. 6. The data storage system

according to claim1l, wherein the determnpation circuit is _further
confi gur e®184l detles metodnmay Hapther include selecting one segment/band out of the

plurality of segments for writing the new data over the old data. Controlling writing
the data to the first/second portion in a log structure manner may further include
appending unmarked old data as new data to the appending pointer or header of
another band/segment of the one or more bands/segments in the first/second portion.
Controlling writing the data to the first/second portion in a log structure manner may
further include writing of new data over old data by appending unmarked old data to
the header or the appending pointer of another band/segments of the one or more
bands/segments and removing or discarding marked old data.

[0138] Determining whether to write data to the first portion or to the second
portion may include determining whether to write data to the first portion or to the
second portion based on the attributes of the data.

[0139] Determining whether to write data to the first portion or to the second
portion may include determining whether to write data to the first portion or to the
second portion based on whether a relevant old data is located in the first portion or
the second portion.

[0140] The method may further include determining whether to read the data from
the first portion or from the second portion.

[0141] The method may further include monitoring an access pattern of the data in
the first portion and the second portion. _

[0142] The method may further include moving the data between the first portion
and the second portion based on the access pattern.

[0143] In various embodiments, the data is controlled to be written to the first
portion in a log structured manner if the data is determined to be written to the first
portion.

[0144] In various embodiments, the data is controlled to be written to the second

portion in a random access manner is the data is determined to be written to the



to wite data to the first portion or to the second portion based on
the attributes of the data. 7. The data storage system according to
claim1, wherein the determnation circuit is further configured to
determ ne whether to wite data to the first portion or to the second
portion based on whether a relevant old data is |located in the first
portion or the second portion. 8 The data storage system according
t o cl ai m secondporganalnstasiong alterpate embpdvmants; theodnst isstontyollethtogdcwgten
nonitor circuit configured to nonitqQr an access pattern of the data
in the fitod eﬁ?ﬁofl&@ﬁ“%dntaﬂﬁgét&m Wﬁrolﬁ.da@.w%ﬁ@ﬂa%ét%%%@n to
system acy grsdé ng tﬁ. %I aim 8, the data storage system further

conpri si ng: PP }ﬂgration circuit configured to nove the data
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the data is file data or file sSystem netadat a.
In various embodiments, the data may be written to the first portion if the data is
determined to be file data. The data may be written to the second portion if the data is
determined to be file system metadata.
[0146] In various embodiments, the method includes storing the file system
metadata. The file system metadata may be stored in a memory (metadata memory).
[0147] The file system metadata may be stored in the form of a tree structure
including a plurality of nodes, each node including metadata information of a program
file or a directory.
[0148] The method may further include writing the file system metadata (in the
memory) to the second portion at periodic intervals, or after metadata change
operations.
[0149] In various embodiments, the method includes providing the storage
including the first portion and the second portion.
[0150] The second portion may include one or more conventional magnetic
recording (CMR) zones. The first portion may include one or more shingled magnetic
recording (SMR) zones.
[0151] The storage may include a hard disk. The storage may include a hybrid
drive. The hybrid drive may include a first medium and a second medium. The first
portion may include the first medium and the second portion may include the second
medium.
[0152]  The storage may include a storage array. The storage may include an array

circuit. The storage may further include a plurality of hard disks controlled by or

coupled to the array circuit. Each of the plurality of hard disks may include a plurality



49 11. The data storage system according to claim 10, wherein the
control circuit is further configured to wite data to the first
portion if the determnation circuit determnes the data is file data
and to wite data to the second portion of the data if the

determ nation circuit determ nes the tais file system netadat a.

12. The data storage system according to claim1, the data storage
syst em f uefi shénslesompgnesic necordingePdRy zowsst Egely eldthe plusralgy of handedigipgnasm
net adata., 13.. The data storage system according to claim 12, wherein
the file @9@9@%‘5%‘@5‘8%3&@@?% ieRdimg (MR) 2P7€r ee structure

comprisi r%153] The plurality of hard disks may form or include a first portion including the

shingled magnetic recording zones of the plurality of hard disks. The plurality of hard
disks may form or include a second portion comprising the conventional magnetic
recording zones of the plurality of hard disks.

[0154] The storage array may be or include a redundant array of independent hard
disks (RAID). One hard disk of the plurality of hard disks may be configured to store
parity information. The remaining hard disks of the plurality of hard disks may be
configured to store data. The parity information may be computed based on the data
stored in the remaining hard disks. Data blocks of the data may be divided into a
plurality of sub-blocks. The plurality of sub-blocks may be stored in the remaining
hard disks. Each sub-block of the plurality of sub-blocks may be stored
correspondingly in one hard disk of the remaining hard disks.

[0155] FIG. 14 shows a schematic 1400 of a method of forming a hard disk
according to various embodiments. The method may include, in 1402, forming a
plurality of shingled magnetic recording (SMR) zones in the hard disk. The method
may further include, in 1404, forming a conventional magnetic recording (CMR) zone
in the hard disk.

[0156] In other words, a method of fabricating a hard disk may include patterning
or forming a conventional magnetic recording zone. The method may further include
patterning or forming a plurality of shingled magnetic recording (SMR) zones.

[0157] In various embodiments, a first shingled magnetic recording zone of the
plurality of shingled magnetic recording zones may be separated from a second
shingled magnetic recording zone of the plurality of shingled magnetic recording
zones by an inter-zone gap.

[0158] In various embodiments, a first shingled magnetic recording zone of the

plurality of shingled magnetic recording zones may be separated from a second



a plurality of nodes, each node conprising netadata information of a
programfile or a directory. 14. The data storage system according to
claim 12, wherein the control circuit is further configured to wite
file systemnetadata in the nenory to the second portion at periodic
intervals. 15. The data storage systep according to claim1l, the data
storage system further conprising: a netadata database, the netadata
dat abase #upgleduragsctio r@pgi@g fzpne of \fhe pHratity sefaghanglad maphetiel sgogrding

storage syste ccording to claim 1, the data storage system further

conpri si n@or{eﬁg]yglledioglj"e‘{tm?ﬁ]em%?léé@o D8 EPC he first portion and the

second pOfOtl BQP EaSc% s]”n?rigléad r%%é:geti%'réc‘%rﬁi%g%ﬁes r'n%? include a plurality of shingled

tracks. Each conventional magnetic recording zone may include one or more isolated
tracks.

[0160] In various embodiments, the shingled magnetic recording zones may be
configured to be written with data in a log structured manner. In various embodiments,
the conventional magnetic recording zones may be configured to be written with data
in a random access manner.

[0161] In various embodiments, a method of forming a storage array may be
provided. The method may include providing an array circuit. The method may
further include providing a plurality of hard disks controlled by or coupled to the
array circuit. The plurality of hard disks may include a first portion including the
shingled magnetic recording zones of the plurality of hard disks. The plurality of hard
disks may further include a second portion including the conventional magnetic
recording zones of the plurality of hard disks.

[0162] While the invention has been particularly shown and described with
reference to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims. The scope of
the invention is thus indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims are therefore intended to

be embraced.



a plurality ofshingled nagnetic recording zones; and a conventi onal
magneti c recording zone. 18. The hard disk according to claim17,
wherein a first shingled magnetic recording zone of the plurality of
shi ngl ed magnetic recording zones is separated froma second shingl ed
magnetic recording zone of the pluraljty of shingled magnetic
recordi ng zones by an inter-zone gap. 19. A storage array conprising:
an array €LAIMS; and a plurality of hard disks according to claim 17
controlled by the array circuit; wherein the plurality of hard disks
conprises: a first portion conprising the shingled magnetic recording

zones of th |urality of hard disks; and a segcon ortion.conprising
Fhe conveht PRl TRES PRPo kG AF RS TEhALTBIS (e FORar TERFGTE Rap
di sks. 20. ﬁﬁﬁ] f it in. ata storage
system the%§ prE%ga%?&?ﬁ&ﬁ?%ﬁ#ﬁﬁ&%%g??%ﬁggﬁgggmggggﬁ portion, the
et hod conpri sigtermination circuit configured to determine whether to write data to the

first portion or to the second portion; and

a control circuit configured to control writing the data to the first portion in a

log structured manner.

2. The data storage system according to claim 1,
wherein the control circuit is further configured to control writing data to the

second portion in a random access manner.

3. The data storage system according to claim 1,
wherein to control writing data to the first portion in the log structured
manner comprises
to control writing data in the form of a circular log in the first portion,
the log having a header and an end defining the data written to the first
portion; and
to append new data to the header of the log, the new data causing the

header to move relative to the end.
4. The data storage system according to claim 3, the data storage system further
comprising:

a marking circuit configured to mark unwanted old data on the first portion.

5. The data storage system according to claim 4,



determ ning whether to wite data to the first portion or to the
second portion; and controlling witing the data to the first portion
in alog structured manner.
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wherein to control writing data to the first portion in the log structure manner
COMPIISES:
to control writing of new data over old data by appending unmarked old

data to the header and to remove marked old data.

6. The data storage system according to claim 1,
wherein the determination circuit is further configured to determine whether
to write data to the first portion or to the second portion based on the

attributes of the data.

7. The data storage system according to claim 1,
wherein the determination circuit is further configured to determine whether
to write data to the first portion or to the second portion based on whether a

relevant old data is located in the first portion or the second portion.

8. The data storage system according to claim 1, the data storage system further
comprising:
an access monitor circuit configured to monitor an access pattern of the data

in the first portion and the second portion.

9. The data storage system according to claim 8, the data storage system further
comprising:
a file migration circuit configured to move the data between the first portion

and the second portion based on the access pattern.

10. The data storage system according to claim 1,
wherein the determination circuit is further configured to determine

whether the data is file data or file system metadata.



11.

12

13.

14.

15.

16.
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The data storage system according to claim 10,
wherein the control circuit is further configured to write data to the first
portion if the determination circuit determines the data is file data and to
write data to the second portion of the data if the determination circuit

determines the data is file system metadata.

. The data storage system according to claim 1, the data storage system further

comprising:

a memory configured to store file system metadata.

The data storage system according to claim 12,
wherein the file system metadata is in the form of a tree structure comprising
a plurality of nodes, each node comprising metadata information of a

program file or a directory.

The data storage system according to claim 12,
wherein the control circuit is further configured to write file system metadata

in the memory to the second portion at periodic intervals.

The data storage system according to claim 1, the data storage system further
comprising:
a metadata database, the metadata database configured to store file system

metadata.

The data storage system according to claim 1, the data storage system further

comprising the storage, the storage having the first portion and the second portion.
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17. A hard disk comprising:

a plurality ofshingled magnetic recording zones; and

a conventional magnetic recording zone.

18. The hard disk according to claim 17,
wherein a first shingled magnetic recording zone of the plurality of shingled
magnetic recording zones is separated from a second shingled magnetic
recording zone of the plurality of shingled magnetic recording zones by an

inter-zone gap.

19. A storage array comprising:
an array circuit; and
a plurality of hard disks according to claim 17 controlled by the array circuit;
wherein the plurality of hard disks comprises:
a first portion comprising the shingled magnetic recording zones of the
plurality of hard disks; and
a second portion comprising the conventional magnetic recording zones

of the plurality of hard disks.

20. A method of writing data to a storage in a data storage system, the storage having
a first portion and a second portion, the method comprising:
determining whether to write data to the first portion or to the second portion;
and

controlling writing the data to the first portion in a log structured manner.



