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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTIMEDIA HOME SERVER SYSTEMS -

IEC 2015

FILE ALLOCATION SYSTEM WITH MINIMIZED REALLOCATION

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote

2)

3)

4)

5)

6)

7)

8)

9)

Internatignal (Standard IEC 62842 has been prepared by technical aerea 8: Multime
systems pnd applications for end-user network of IEC technical committee 100: Aug
and multimedfa systems and equipment.

internatjeral-ce-operation—on

c fields. To

this engl and in addition to other activities, IEC publishes International Standards, Technical Spgcifications,

b as “IEC

Publicafion(s)”). Their preparation is entrusted to technical committees; any IEC National Cemmittegq interested

and non-

with the International Organization for Standardization (ISO) in accordance with Conditions det¢rmined by
agreement between the two organizations.
The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an ifjternational

consensus of opinion on the relevant subjects since each technical comniittee has representati
interested IEC National Committees.

n from all

IEC Puplications have the form of recommendations for international use'and are accepted by IHC National

Commiftees in that sense. While all reasonable efforts are made to{ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible for the way in which they are used
misintefpretation by any end user.

ent of IEC
or for any

In ordef to promote international uniformity, IEC National Committees undertake to apply IEC Hublications

transpafently to the maximum extent possible in their national and regional publications. Any
betweeh any IEC Publication and the corresponding natiofal or regional publication shall be clearly
the lattq

=

IEC its¢lf does not provide any attestation of conformity. Independent certification bodies provide
assessinent services and, in some areas, access{to |IEC marks of conformity. IEC is not responsi
service$ carried out by independent certification-bodies.

All useris should ensure that they have the, latest edition of this publication.

No liabflity shall attach to IEC or its directors, employees, servants or agents including individual €
membefs of its technical committees and IEC National Committees for any personal injury, property
other damage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expensgs arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publicalions.

Attentign is drawn to the(Noermative references cited in this publication. Use of the referenced pul
indispepsable for the carrect application of this publication.

Attentign is drawn {4o.the possibility that some of the elements of this IEC Publication may be thg
patent fights. IEC shall not be held responsible for identifying any or all such patent rights.

divergence
ndicated in

conformity

ble for any

xperts and
damage or
fees) and
other IEC

lications is

subject of

Hia home
io, video

The text of this technical report is based on the following documents:

CbhV Report on voting
100/2367/CDV 100/2459/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

Recently, hard disk and Blu-ray Disc! recorders have become popular in the home to record
television programmes. Normally a Hard Disk Recorder (HDR) is used for time shift and a Blu-
ray Disc (BD) is used for library. When an HDR is used for time shift, television programmes
are recorded and played, then many of them are deleted to reuse the spaces for other
programmes to be recorded. These programmes are stored as files in a hard disk drive (HDD)
using a file system. Continuous recording and deletion of programmes involves the
continuous storing and deletion of files in the file system. Television programme streams
include at least videos and an electronic programme guide (EPG). The HDR stores videos in a
long, variable length file depending on the quality and recording hours. Compared with videos,
EPG related information is stored in a shorter file or files but is often updated. This continuous
creation, deletion and updating of files of different lengths finally causes the files to be stored
in fragmgnts, and the system performance becomes very low.

In a computer, defragmentation tools are provided to solve the problem of.a fragmented file
system. Normally defragmentation with reallocation of files in sequence takes’a long|time and
the end yser cannot but wait for the completion of the defragmentation with no othef activity.
In the home server environment, a smarter solution to resolve this~problem needs to be
provided

The recept newly developed HDD features will be reflected in the next version of the|standard.

1 Blu-ray Disc™ is a trademark of the Blu-ray Disc Association. This information is given for the convenience of
users of this document and does not constitute and endorsement by IEC of the product named.
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MULTIMEDIA HOME SERVER SYSTEMS -

FILE ALLOCATION SYSTEM WITH MINIMIZED REALLOCATION

1 Scope

This International Standard specifies the method for allocating requested file space with no
fragmentation, to minimize the need for reallocation of fragmented files in the Universal Disc
Format (UDF) file system applied to hard disk drives used in hard disk recorders.

2 Norr

The follo
are indis
undated

amendments) applies.

ISO/IEC
and rewri

ISO/IEC
rewritabl

ISO/IEC
rewritabl
structure

ISO/IEC
rewritabl
structure

OSTA U
Revision

Secure
Associat

hative references

ving documents, in whole or in part, are normatively referenced in this docu
bensable for its application. For dated references, only the edition*cited ap
references, the Ilatest edition of the referenced document (inclug

13346 (all parts), Information technology — Volume and file structure of w
table media using non-sequential recording for information

13346-1:1995, Information technology — Volume and file structure of write-
b media using non-sequential recording for infermation interchange — Part 1:

13346-3:1999, Information technology‘= Volume and file structure of write-
b media using non-sequential recording for information interchange — Part 3

13346-4:1999, Information teehnology — Volume and file structure of write-
b media using non-sequential recording for information interchange — Pa

DF2.01:200, Information technology — OSTA Universal Disk Format Spe
2.01

Universal <Disk Format Specification Revision 1.00, Optical Storage T¢
on (OSTA), http://www.osta.org/

ment and
blies. For
ing any

rite-once
bnce and
General
pnce and

: Volume

pnce and
It 4: File

cification,

chnology

3 Tern

ns, definitions, abbreviations and notation

3.1 Te

For the p

3.11
partition
region all

3.1.2

rms and definitions

urposes of this document, the following terms and definitions apply.

ocated to a file system by a disk volume space management system

virtual container partition
virtual partition containing a partition which has a minimum size of power-of-2 of allocation

unit size

of the disk
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region allocation method where a given region having a power-of-2 unit size is recursively
divided into two equal size regions (as 'buddies') until it reaches to one unit in size and, if a
region of a given size is requested, the smallest free power-of-2 unit size region that can
contain the requested size region is allocated

3.1.4

Concatenation of power of 2

CoPo2

basic allocation method of this standard

3.1.5

divide

process
applying
partition

3.1.6
master-d

process ¢f identifying the master-divided-partition in the first process of dividing

Note 1 to
master-divi

Note 2 to 4
the power-
sequence (g

3.1.7
master-d
divided p

3.1.8
one unit
predetern

3.1.9

divided-
partition
half until

3.1.10
divided-

pf obtaining divided-partitions through first identifying master-divided partiti
the buddy method to them to get divided-partitions and finally allocating
humbers

ividing

bntry:  When the size of a partition is a power-of-2 unit size; the partition as a whole cd
ded partition.

ntry: When the size of a partition is expressed as thesum of mutually different power-of-2

f those sizes as master-divided partitions in decreasing order of size.

ivided-partition
artition identified by master-dividing

in size
hined minimum unit of memory size that can be allocated

bartition
dentified by-dividing the master-divided partitions in a given partition recu
it reachesOne unit in size

bartition level

bns, then
divided-

nstitutes a

sizes with

of-2 size that constitutes the sum, constitute the¢partition as a concatenation of the afeas in the

Fsively in

level value of a divided-partition expressed by the power-oi-Z value of the divided partition
compared to unit size

Note 1 to e

3.1.11
partition
level n

ntry: This is often abbreviated as level n (where n specifies level number).

level

abbreviation of divided-partition level, normally used in a simple form, 'level n'

3.1.12

divided-partition pair
pair of divided-partition formed by dividing a divided-partition into two halves as buddies
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3.1.13

divided-partition number

number assigned to divided-partitions in the process of dividing a given partition from top
level to the lowest level incrementally

Note 1 to entry: Numbers are assigned to each divided-partition from top to bottom and from left to right in the
same level with the starting number 1, counting up by one.

3.1.14
master-divided-partition number
divided-partition number assigned to each master-divided-partition

3.1.15
master-divided partitions table
table for managing the master-divided partitions

3.1.16
master-divided-partition number management table
table for managing the master-divided-partition number in contrast with each divided-partition
level

3.1.17
end position management table
table for [managing the maximum divided-partition numberassigned in each divided-partition
level

3.1.18
highest divided-partition level management table
table for managing the highest divided-partition level for the partition

3.1.19
multilevel-divided partition management tables
three tables for managing the divided=partitions

Note 1 to ¢ntry: The three tables are the master divided-partition number management table, the epd position
managemept table and the highest divided-partition level management table.

3.1.20
multilevel-divided-partition allocation table
table for managing«the multilevel-divided partitions state in each level with 2 bits

3.1.21
segmentl
region tolhe taken or allocated from a partition

Note 1 to entry: If the size of a region is power-of-2 unit size, the region consists of one divided partition.

Note 2 to entry: If the size of a region is a sum of polynomials of power-of-2 of a unit size, the region consists of a
concatenation of multilevel divided-partitions, each corresponding to one polynomial component, and it is taken
from the container divided-partition for a segment.

3.1.22

multilevel-dividing

procedure for obtaining a region as a segment, consisting of the concatenation of multilevel
divided-partition decreasing order in size, of which each corresponds to one power-of-2
polynomial component
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3.1.23

container divided partition for a segment

simple power-of-2 region determined by rounding up the size of a polynomial-based requested
segment to the size of the nearest simple power-of-2 region and that simple region will consist
of the segment to be allocated and adjacent-multilevel-segment

3.1.24

adjacent-multilevel-segment

segment adjacent to the allocated multilevel-segment of which each component divided-
partition is allocated in increasing order of size, and which constitutes the rest of the
container divided-partition for a segment

3.1.25
first-pasls-allocation
first step|to allocate a segment, to obtain a minimum divided partition includingcthe requested
segment

Note 1 to gntry: If a segment is a single level divided-partition, the allocation is completed, but if a segment is
multilevel, the process continues to a second-pass allocation.

3.1.26
second-pass-allocation
second dtep to allocate a multilevel segment, in a segment dllocation, where the multilevel-
dividing is applied to the divided-partition obtained from thelfirst-pass-allocation

3.1.27
provisional-allocation
procedurg to get a segment, where, if a divided-partition including the target segment is not
found, a|search for the available upper level\of a divided-partition is requested| and the
divided-plartition found is allocated as provisional allocation

Note 1 to entry: After getting a provisional divided-partition, first-pass-allocation continues and in the case of
allocating 4 multilevel-segment, second-pass-allocation continues.

3.1.28
allocatioln state
divided-plartition state in view\of allocation, classified into available, occupied and reslerved

3.1.29
availablg
allocation state shewing the divided-partition is free to use, meaning available

Note 1 to |entry._) Divided-partitions are classified into first-pass-available and second-pass-availgble. When
searching for '@ free divided-partition, start by searching for first-pass-available and then search for seicond-pass-
available.

3.1.30
first-pass-available
initial available state assigned to free divided-partitions

Note 1 to entry: When an occupied divided-partition becomes free, its allocation state is set as first-pass-
available.

3.1.31

second-pass-available

available allocation state assigned to each component divided-partition of adjacent-multilevel-
segments, after allocation of the multilevel-segment

3.1.32
occupied
allocation state showing the divided-partition is in use
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3.1.33
reserved

divided-partition allocation state that is not appropriate to classify into available or occupied

Note 1 to entry: Divided-partitions other than available or occupied are set as reserved. When getting a segment
through provisional-allocation, the allocated top divided-partition and the divided-partitions in lower levels shall be

set as reserved.

3.1.34
master boot record
conventional partitioning record in logical block address 0 of HDD

3.1.35

logical bfockaddress
address $cheme used for HDD volume space

3.1.36
logical sector number
address $cheme used for UDF volume in HDD volume space

Note 1 to eptry: UDF volume might be restricted in the first partition of HDD. LSN.=-LBA - 63.

3.1.37
logical block number
address $cheme used for UDF partition in UDF volume space

Note 1 to eptry: LBN = LSN - 257.

3.2 Ahbreviations

HDD Hprd Disk Drive

MBR Miaster Boot Record
LBA Lo¢gical Block Address
LSN Lo¢gical Sector Number
LBN Logical Block Number
oS Operating System
UDF Upiversal Disk Format

3.3 Ngtation

Universa| disk—format (UDF) is an application of the ISO/IEC 13346

series |and the

specificafion \of the data structure always has a reference to the corresponding part of
ISO/IEC [18346 in the form of “ISO/IEC-x.a.b.c” where x is a part number and a.h.c is the

paragraph number. In Clause Y, data structure I1s described In C-like torm.

he fields in the

form that need explanation are written in bold, and the explanation is provided just after the

structure.

These standard-specific compound words are expressed by words concatenation with hyphen.

4 Precondition and the policy

4.1 Preconditions

When applying UDF on HDD, the preconditions considered are as follows:

a) a disk volume is configured with partitions managed by the partition manager for the HDD

system. Each partition is a contiguous region;
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b) a partition is a contiguous region which is an integer multiple of a cluster, which is an
integer multiple of a sector.

4.2 Policy

This standard applies the allocation method which tries to allocate the larger free space as far
as possible. Using this method of allocation, the possibilities of fragmentation and reallocation
are minimized.

The buddy system can allocate the minimum contiguous power-of-2 cluster region which
contains the requested size. The region of the clusters left over the requested size, which are
waste, are called slack. The slack size becomes larger and larger, when the requested size
become larger. This is the reason why the buddy system only applies to memory management
systems [n The small system and does not apply to the iile sysiem.

The CoPp2 (concatenation of power-of-2) resolves the problem of buddy, which“helps to use
the slack, and can be applied to the file system which minimizes the -possibilities of
fragmentation and reallocation.

5 Method to be applied-CoPo2

In buddy| a region expressed in binary 1000 in cluster size, a)possible divided par{ition that
could be [allocated can be expressed as a tree of divided pattitions from size 1000 (I¢vel 3) to
0001 (level 0):

Divided-partition level

(#0,#1) level 3
(sige=1000)

(#0,#2) (#1,#3) level 2
(sige=0100)

(#d,#4) (#1,45) (#2,#6) (#3,#7) level 1
(sike=0010)

(#0,#8) | (#1,#9) (#2,#10), (#3,#11) (#4,#12) (#5#13) (#6,#14) (#7,#15) level 0
(sige=0001)

In the above treeeach divided partition is expressed as “(#level-internal-divided{partition-
number, fdivided-partition-number-in-tree)”. In other words, in two parenthesis, the hash sign
expressefs a_ sequential number, followed by the divided partition number followed by a
comma tp sepadrate the following expression followed by a hash sign to express a sgquential
number fpllowed by the divided-partition number in the total tree.

To obtain a 0101 size segment in the tree, a solution is getting divided partition number in
tree #2 and #12. (in the following, #n expresses divided-partition-number-in-tree). In buddy
this solution is not available, instead the minimum size of divided-partition that contains #2
and #12 is obtained, which is #1. In reality #2 and #12 are used in #1, and the #13 and #7 are
left and become slack and could not be used.

In buddy, a cluster that is the multiple of a sector is used as the basic allocation unit. To
manage the cluster allocation state in buddy, one bit is used to express 'occupied' or
'available'. With this method, the slack cannot be managed. To manage slack, each divided-
partition state requires two bits for state management.

The key states of a divided-partition can be 'occupied' or 'available'. Initially, only #1 is
available where a space can be allocated. The other divided-partitions belong to the #1 and
cannot be allocated. But when a size 0101 segment is allocated, #1 gives control for space
management to the lower layer divided-partitions and #2 and #12 become occupied and
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concatenated together to form a segment of size 0101. As a result, the states of the upper
and lower layer divided-partitions change. In this process #13 and #7, that is a slack in buddy,
form an adjacent-multilevel-segment and become available space in the adjacent area of the
allocated segment.

Considering the practicality of optimum usage of 2 bits, divided-partitions are classified as
follows:

a) available(0x), where space can be allocated, is classified in two states as available1(00)
and available2(01) that is normally a slack area in buddy but available in this system.

b) occupied(1x), where space cannot be allocated, is classified in two states as in-use(11)
and reserved(10). In-use is used for allocated divided-partitions. Reserved is used for the
divided- iti i ivided-partition in
allocations and are reserved for allocation decision.

In summary, the state states shrink into four, as follows:

— availgble(0x)

e available1(00)-available in normal;

e avaiable2(01)-become available in adjacent-multilevel-segment;
— occupied(1x)

e relserved(10);

n-use(11).

Using thgse states explains the state change using a’simple partition:

The initigl state of a partition in tree form is as follows:
(#0,#100) level 3
(size=1000)

(#0,#2;10) (#1,#3;10) level 2
(size=0100)
(#0,#4;1Q) (#1,#5,10) (#2,#6;10) (#3,#7;10) level 1
(size=0010)

(#0,#8;10) (#1[#9;10) (#2,#10;10) (#3,#11;10) (#4,#12;10) (#5,#13;10) (#6,#14;10) (#7,#15;10) level 0
(size=0001)

only #1 [s available1 (00) and the others are all reserved(10). If a size 0101 segment is
allocated| the states change as follows:

— #1 changes to reserved(10);

— #2 changes to in-use(11) and no change in the lower level divided-partitions in the group;
— #3 has no change, but

— #12 changes to in-use(11);

— #7 and #13 change to available2;

— #14 and #15 have no change.
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The following are the changes made expressed in tree form:
(#0,#1;10) level 3
(size=1000)
(#0,#2;11) (#1,#3;10) level 2
(size=0100)
(#0,#4;10) (#1,#5;10) (#2,#6;10) (#3,#7;01) level 1
(size=0010)
(#0,#8;10) (#1,#9;10) (#2,#10;10) (#3,#11;10) (#4,#12;11) (#5,#13;01) (#6,#14;10) (#7,#15;10) level O
(size=0001)
6 Explanation of basic method CoPo2
6.1 Basics
In the higtory of file allocation, space management was based on the(ecCupation stgte states
of basic gllocation unit. Each allocation unit has a one bit state showing occupied gr free. In
order to pllocate a long file, free allocation units are requested<gf sufficient total gize. This
bottom up approach is time-consuming and the algorithm itselfihas the basic problgm that it
causes flagmentation.
The bettgr way is taking a top-down approach using buddy and improving the buddy to make
slack available. Using this, any size expressed by binary notation can be fllocated
contiguouysly with concatenation of the divided-partitions each mapped to the binary ones of
the binary size.
Based orn these considerations, the methodis named CoPo2 (concatenation of powelf-of-2).
6.2 Two choices to apply CoPo2 to-an existing partition scheme
6.2.1 General
Unfortunately existing partitions do not use a power-of-two size of basic allocation] unit. To
apply budldy to such existing partitions, two approaches can be considered. These arg applied
to existing partitions and_to virtual container partitions.
6.2.2 Applying-to an existing partition
Buddy cquld (hat be applied to size 1011 of basic allocation unit of a partition. If thig partition
is considered as a concatenatlon of buddy d|V|ded partltlons of S|zes 1000(8) 0010(2) and
0001(1) ofbas seatontrit—buddy d each-divided-pa raster. Let

this method of partltlonlng be called master part|t|on|ng and name the divided-partitions as
master divided-partitions. This configuration of partition is defined by a master divided-
partition table and expressed as 1011.

In the following, #1, #8 and #19 are the master divided-partitions and quoted with double
parentheses. In this divided-partition numbering, put the most upper level divided-partition as
#1 and put continuous numbers to downward and left to right in the same level.
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size(11=8+2+1) ((8 ) ((2 ) ((1))
level 3(size8)  ((#1 )

level 2(size4)  (#2 ) (#3 )

level 1(size2)  (#4 ) (#5 ) (#6 ) (#7 ) ((#8 )

level O(size1)  (#9) (#10) (#11) (#12) (#13) (#14) (#15) (#16) (#17) (#18) ((#19))

This master divided-partition number management table is used for managing the master
divided-partition at each level If 3 master divided-partition does not exist in the level, it is set

-1. If the ftotal levels are 6, in the above case, the table is set as (-1, -1, 1, -1, 8, 19):

The starf position management table is used for managing the starting. -divided-partition
number df each level and in above case it is set as (-1, -1, 1, 2, 4, 9).

Total number of divided-partitions is managed by the total-number-of<divided-partitipns table
and it is set as 19, in above case.

The multjlevel-divided-partition allocation table is used for,ma@naging the allocation state of
each divided-partition of each level. The initial states of mdster divided-partitions afe set as
availablef1(00) and others are set reserved(10).

In the above case, if we use “/” as delimiter of each-level, the allocation state of the above
four levels is expressed as (00/10,10/10,10,10,10,0/10,10,10,10,10,10,10,10,10,10,00).

The divided-partition number of adjacent.divided-partitions in lower levels can be jdentified
based onl the target divided-partition with ealculations using the tables.

6.2.3 Applying to a virtual container partition

A virtual |container partition is,a~-minimum power-of-2 unit size virtual partition that|contains
the given partition. The buddy divided-partition numbering can be applied to the virtual
containel partition.

From a gize (11=8+2+1) partition expressed as concatenation of the following threq divided-
partitiong “((8 N2 ))((1))”, we can form a virtual container partition w|th buddy
divided-plartitionnnumbering.

level4(sizeld®) (#1 virtual divided-partition forming virtual container partition )
level3(size8) ((#2 ) #3is a virtual divided-partition
level2(sized) (#4 ) (#5 ) #6 and #7 are virtual divided-partitions

levell(size2) (#8 ) (#9 ) (#10 ) (#11) ((#12 )) #13,#14 and #15 are virtual divided-
partitions

levelO(size1) (#16)(#17) (#18)(#19) (#20)(#21) (#22)(#23) (#24)(#25) ((#26)) #27 to #31 are
virtual divided-partitions

Figure 1 shows the graphical illustration of the above virtual container partition.
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Figure 1 — Virtual container partition

6.2.4 Choice conclusion

With two choices, this standard chose the application of virtual container partition evaluating
the benefit of the simplicity of natural extension of buddy.

6.3 Management tables for CoPo2
6.3.1 General

Figure 2 shows the management tables for the standard. In the figure, the divided-partition
level is abbreviated as 'partition level'.
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6.3.2 Region configuration master partition table

This table manages the master-divided partitions which configure a region that constitutes a
partition.

6.3.3 Multilevel-divided-partition management tables
6.3.3.1 General

The tables are master-divided-partition number management table, endpoint management
table and upper most level number management table.

6.3.3.2 Master-divided-partition number management table

This tablk manages the numbers that contain the master-divided-partitions. The Yalue “-1”
means n¢ assignment in the level.

6.3.3.3 Endpoint management table

This table manages the endpoint divided-partition number of the level”’The value “-” means
no assignment in the level.

6.3.3.4 Upper most level number management table

This tabl¢ manages the uppermost level number possible)in‘the partition.

6.3.3.5 Multilevel-divided-partition state management table

This table manages the allocation state of the *divided-partitions in multilevel. The states are
first-pasg-available(00), second-pass-available(01), reserved(10) and in-use(11).

6.4 Functions required to implement CoPo2
6.4.1 General

This subg¢lause explains the functions required to implement CoPo2.

6.4.2 nitialize
6.4.2.1 Get-partition-size

This fundtion gets“the size of the partition from the Operating System (OS) and cr¢ates the
region cdnfiglration master partition table.

6.4.2.2 Create multilevel-divided-partition state management table
In the multilevel-divided-partition state management table, set all the divided-partitions in use,

then set reserved until the endpoint of each level and set first-pass available in master-
divided-partition numbers pointed by endpoint management table.

6.4.3 Manage-multilevel-divided-partitions
6.4.3.1 Search-for-available-divided-partition

First search for first-available divided-partition and secondly search for second-available
divided-partition.

6.4.3.2 Allocate-segment

Search for an available minimum divided-partition that contains the requested segment size
as follows:
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a) If the divided-partition is found, execute first-pass allocation with the following:
— the single divided-partition segment case: return the segment;

— multilevel-divided-partition segment case: execute a second-pass allocation to get a
multilevel-divided-partition and leave the rest as a adjacent-multilevel-segment;

b) if the divided-partition is not found, search for the available divided-partition in an upper
level:

— if it is found, execute the provisional-allocation, then execute first-pass allocation and
set the adjacent-multilevel-segment as second-pass available.

6.4.3.3 Freeing a segment

To free the requested segment, check the adjacent-multilevel-segment together with the
segment [and execute the following:

a) If twg same level contiguous divided-partitions, each of which belongs to)the requested
segmient and the adjacent-multilevel-segment are available, set the two divided-partitions
as rgserve and set the upper layer divided-partition containing the\two as f|rst-pass-
available. While the upper layer of the two same level contiguous divided-partitions can be
set fifst-pass-available, keep the same procedure recursively.

b) In other cases, set the divided-partitions belonging to the requested segment f|rst-pass-
available.

7 Congpiderations on the size of management tables

71 Gqgneral

The biggest management table is a multilevel=divided-partition allocation table and| the size
depends [on the sector size and size of the partition.

7.2 Muyltilevel-divided-partition allocation table size

7.21 Blu-ray

Sector sige: 2 KB

Total siz¢: 128 GB

Total segtors: 64 M

Total number of divided-partitions: 128 M

Total table size: 256 Mbit = 32 MB = 16 K sectors = 1/4 000 of total sectors
7.2.2 HDD

Sector sigé: 512 B

Total size: 27TB

Total sectors: 4G

Total number of divided-partitions: 8 G
Total table size: 16 Gbit = 2 GB = 4 MB sectors = 1/1 000 of total sectors

8 Applying CoPo2 to UDF

8.1 Storage media to be applied

The HDD recorder has an issue of fragmentation in the market with no tool to resolve the
problem. To resolve the problem, apply the standard to HDD.
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8.2 Basics when UDF volume format is applied to HDD

To conform to the existing HDD space management, apply the UDF in a partition of the HDD
as an UDF volume following the existing HDD space management.

Existing HDD has a space addressed by logical block address (LBA). LBA 0 has the master
boot record (MBR) for managing partitions. LBA 1 to 62 is reserved. Partitions managed by
MBR are allocated after LBA 63.

LBA 63 is the starting point of UDF volume. The UDF volume address is managed by logical
sector number (LSN) and starting from LSN 0. LSN 0 to 63 are reserved and UDF volume
recognition descriptors are allocated from LSN 64 to 256. LSN 257 is a starting point of UDF

partition and managed by logical block number (I BN) starting with | BN 0

The relatjonship with LBA, LSN and LBN is as follows:
LBN = LBA - 63, LBN = LSN - 257.

8.3 Bdgsics to apply management tables to UDF
8.3.1 Master divided-partition table

Set this ipformation to the partition length of the partition de&criptor.

8.3.2 Using the implementation use field of the partition descriptor
8.3.2.1 General

Set the following into the implementation use field of the partition descriptor:
Total number of divided partitions;

Highest divided-partition level mandgement table;

Master divided-partition levelimanagement table;

LevelEndPositions.

8.3.2.2 Total number of divided-partitions

Reserve B byte,(Unit64) field.

8.3.2.3 Highest divided-partition level management table

Maximum level number is 31. Reserve one byte field as MaximumLevel.

8.3.24 Master divided-partitions table

The maximum volume size that the UDF file system can cover as a partition is 2TB, 4G
(512 byte) sectors.

The maximum sector number can be expressed by 4 bytes. The maximum number of divided-
partition is double the maximum sector number. Reserve 8 bytes (Unit64) for each level.
Maximum level is 31.

8.3.2.5 End position management table

Reserve 8 bytes (Unit64) for each level. Maximum level is 31.
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8.3.3 Multilevel-divided-partition allocation table

UDF can cover 2TB as maximum. Based on the sector size 512 B, total sectors are 4 G, total
divided-partitions are 8 G and the required number of bits to manage the UDF file system is
16 G (2 GB, 4 M sectors).

The UDF file system region is managed by space bitmap descriptor pointed from unallocated
space descriptor.

9 Data structures applied to UDF

9.1 General

9.1.1 ntity identifier
struct EnfityID { /* ISO/IEC 13346-1/7.4 */

Ujnt8 Flags;
char Identifier[23];
char IdentifierSuffix[8]; }

9.1.2 dentifierSuffix

The format of the IdentifierSuffix field is dependent” on the type of the |dentifier.
IdentifierBuffix in Domainldentifier in logical volume descriptor specified in OSTA UDF2.01 is
extended,.

9.2 Vdlume structure
9.2.1 | ogical volume descriptor

9.2.1.1 General

struct LogicalVolumeDescriptor{ /* ISO/IEC 13346-3/10.6 */
strucfl tag DescriptorTag;
Uint3p VolumeDescriptorSequenceNumber;
struct charspec DescriptorCharacterSet;
dstring LogicalVolumeldentifier[128];
Uint3p LogicalBlockSize;
struct] EqtitylD Domainldentifier;
byte LCogicalVolumeContenisUse[T16];
Uint32 MapTableLength;
Uint32 NumberofPartitionMaps;
struct EntitylD Implementationldentifier;
byte ImplementationUse[128];
extent_ad IntegritySequenceExtent;
byte PartitionMaps]];}

9.2.1.2 Domain identifier

This field shall indicate that the content of this logical volume conforms to the domain defined
in this standard, therefore the Domainldentifier shall be set to:

"*OSTA UDF Compliant”
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9.2.1.3 Identifier suffix
9.2.1.3.1 General

Table 1 states the domain identifier suffix field format.

Table 1 — Domain identifier suffix field format

RBP Length Name Contents
0 2 UDF revision Unit16 (= #0500)
2 1 Domain flags Unit8
3 5 CoPo2 version Unit8
8 4 (Reserved) bytes (= #00)

9.2.1.3.2 UDF revision

Set #0A00 (which means UDFA.00) specifying the starting number of GoPo2 applied UDF.

9.2.1.3.3 CoPo2 version

Set CoPq2 version.

9.2.1.34 Domain flags

Set the flag to apply CoPo2 bit map management for space, as shown in Table 2.

Table 2 —;Domain flags

Bit Description
0 Hard write-protect
1 Soft write-protect
2 Secure UDF given in _secure universal disk format specification
3 CoPo2 bit map §pace management applied
4-7 Reserved

9.2.2 | ogical*volume integrity descriptor

9.2.2.1 Geéneral

struct LogicalVolumelntegrityDesc{ /* ISO/IEC 13346-3/10.10 */
struct tag DescriptorTag;
Timestamp RecordingDateAndTime;
Uint32 IntegrityType;
struct extend_ad NextintegrityExtent;
byte LogicalVolumeContentsUse[32];
Uint32 NumberOfPartitions;
Uint32 LengthOflImplementationUse;
Uint32 FreeSpaceTable]];
Uint32 SizeTable[];

byte ImplementationUse[];}


https://iecnorm.com/api/?name=2b8e8290f9018e9eab55d8c49de1c69a

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions, abbreviations and notation
	3.1 Terms and definitions
	3.2 Abbreviations
	3.3 Notation

	4 Precondition and the policy
	4.1 Preconditions
	4.2 Policy

	5 Method to be applied-CoPo2
	6 Explanation of basic method CoPo2
	6.1 Basics
	6.2 Two choices to apply CoPo2 to an existing partition scheme
	6.2.1 General
	6.2.2 Applying to an existing partition
	6.2.3 Applying to a virtual container partition
	6.2.4 Choice conclusion

	6.3 Management tables for CoPo2
	6.3.1 General
	6.3.2 Region configuration master partition table
	6.3.3 Multilevel-divided-partition management tables

	6.4 Functions required to implement CoPo2
	6.4.1 General
	6.4.2 Initialize
	6.4.3 Manage-multilevel-divided-partitions


	7 Considerations on the size of management tables
	7.1 General
	7.2 Multilevel-divided-partition allocation table size
	7.2.1 Blu-ray
	7.2.2 HDD


	8 Applying CoPo2 to UDF
	8.1 Storage media to be applied
	8.2 Basics when UDF volume format is applied to HDD
	8.3 Basics to apply management tables to UDF
	8.3.1 Master divided-partition table
	8.3.2 Using the implementation use field of the partition descriptor
	8.3.3 Multilevel-divided-partition allocation table


	9 Data structures applied to UDF
	9.1 General
	9.1.1 Entity identifier
	9.1.2 IdentifierSuffix

	9.2 Volume structure
	9.2.1 Logical volume descriptor
	9.2.2 Logical volume integrity descriptor
	9.2.3 Partition descriptor

	9.3 File data structures
	9.3.1 Partition header descriptor
	9.3.2 CoPo2 partition header descriptor
	9.3.3 Space bitmap descriptor


	Figures 
	Figure 1 – Virtual container partition
	Figure 2 – Management tables for CoPo2

	Tables 
	Table 1 – Domain identifier suffix field format
	Table 2 – Domain flags
	Table 3 – ImplementationUse format
	Table 4 – CoPo2ManageTable




