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1 Introduction

The Outlook Personal Folders (.pst) File Format specifies the necessary technical information
required to read and write the contents of a Personal Folders File (PST). This document also
specifies the minimum requirements for a PST file to be recognizable as valid in order for
implementers to create PST files that can be mounted and used by other implementations of the
specification.

Sections 1.7 and 2 of this specification are normative and can contain the terms MAY, SHOULD,
MUST, MUST NOT, and SHOULD NOT as defined in [RFEC2119]. All other sections and examples in
this specification are informative.

1.1 Glossary
The following terms are defined in [MS-OFCGLOS]:

Attachment object

binary large object (BLOB)
cyclic redundancy check (CRC)
FAI contents table

folder associated information (FAI)
Folder object

Message object

message store

named property

property ID

property identifier

property set

property tag

property type

spam

The following terms are specific to this document:

MAY, SHOULD, MUST, SHOULD NOT, MUST NOT: These terms (in all caps) are used as

defined in [RFC2119]. All statements of optional behavior use either MAY, SHOULD, or
SHOULD NOT.

1.2 References

References to Microsoft Open Specification documents do not include a publishing year because links
are to the latest version of the documents, which are updated frequently. References to other
documents include a publishing year when one is available.

1.2.1 Normative References

We conduct frequent surveys of the normative references to assure their continued availability. If
you have any issue with finding a normative reference, please contact dochelp@microsoft.com. We
will assist you in finding the relevant information.

[MS-DTYP] Microsoft Corporation, "Windows Data Types".

[MS-OXCDATA] Microsoft Corporation, "Data Structures".

[MS-OXCFOLD] Microsoft Corporation, "Folder Object Protocol".

11 /201

[MS-PST] — v20141019
Outlook Personal Folders (.pst) File Format

Copyright © 2014 Microsoft Corporation.

Release: October 30, 2014
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http://go.microsoft.com/fwlink/?LinkId=90317
mailto:dochelp@microsoft.com
%5bMS-DTYP%5d.pdf
%5bMS-OXCDATA%5d.pdf
%5bMS-OXCFOLD%5d.pdf

[MS-OXCMSG] Microsoft Corporation, "Message and Attachment Object Protocol".

[MS-OXOMSG] Microsoft Corporation, "Email Object Protocol".

[MS-OXPROPS] Microsoft Corporation, "Exchange Server Protocols Master Property List".

[RFC2119] Bradner, S., "Key words for use in RFCs to Indicate Requirement Levels", BCP 14, RFC
2119, March 1997, http://www.rfc-editor.org/rfc/rfc2119.txt

1.2.2 Informative References

[MS-OFCGLOS] Microsoft Corporation, "Microsoft Office Master Glossary".

[RFC1321] Rivest, R., "The MD5 Message-Digest Algorithm", RFC 1321, April 1992,
http://www.ietf.org/rfc/rfc1321.txt

1.3 Structure Overview

This file format is a stand-alone, self-contained, structured binary file format that does not require
any external dependencies. Each PST file represents a message store that contains an arbitrary
hierarchy of Folder objects, which contains Message objects, which can contain Attachment
objects. Information about Folder objects, Message objects, and Attachment objects are stored in
properties, which collectively contain all of the information about the particular item.

1.3.1 Logical Architecture of a PST File

The PST file structures are logically arranged in three layers: the NDB (Node Database) layer, the
LTP (Lists, Tables, and Properties) layer, and the Messaging layer. The following diagram illustrates
the logical hierarchy of these layers, and what abstractions are handled by each layer.

Messaging Layer
(Message Store, Folders,
Messages, Attachments)

LTP Layer
(Heap, BTree, Property bags, Tables)

NDB Layer
(Mode Database, basic storage)

Figure 1: Logical layers of a PST file

1.3.1.1 Node Database (NDB) Layer

The NDB layer consists of a database of nodes, which represents the lower-level storage facilities of
the PST file format. From an implementation standpoint, the NDB layer consists of the header, file
allocation information, blocks, nodes, and two BTrees: the Node BTree (NBT) and the Block BTree
(BBT).
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The NBT contains references to all of the accessible nodes in the PST file. Its BTree implementation
allows for efficient searches to locate any specific node. Each node reference is represented using a
set of four properties that includes its NID, parent NID, data BID, and subnode BID. The data BID
points to the block that contains the data associated with the node, and the subnode BID points to
the block that contains references to subnodes of this node. Top-level NIDs are unique across the
PST and are searchable from the NBT. Subnode NIDs are only unique within a node and are not
searchable (or found) from the NBT. The parent NID is an optimization for the higher layers and has
no meaning for the NDB Layer.

The BBT contains references to all of the data blocks of the PST file. Its BTree implementation allows
for efficient searches to locate any specific block. A block reference is represented using a set of four
properties, which includes its BID, IB, CB, and CREF. The IB is the offset within the file where the
block is located. The CB is the count of bytes stored within the block. The CREF is the count of
references to the data stored within the block.

The roots of the NBT and BBT can be accessed from the header of the PST file.
The following diagram illustrates the high-level relationship between nodes and blocks.

NID = 100

Search
NID = 100

NBT
(Node BTree)

BET
(Block BTree)

Search
Found BID = 200  Found (Offset, Size)
NID = 100
Data Block
Data BID = 200 BID = 200
(Data)
Subnode BID = 0

Figure 2: Relationship between nodes and blocks

The preceding figure illustrates how the data of a node with NID=100 can be accessed. The NBT is
searched to find the record with NID=100. Once found, the record contains the BID (200) of the
block that contains the node's data. With the BID, the BBT can be searched to locate the block that
contains the node's data. As shown in the diagram, it is always necessary to search both the NBT
and BBT to locate the data for a top-level node.

1.3.1.2 Lists, Tables, and Properties (LTP) Layer

The LTP layer implements higher-level concepts on top of the NDB construct. The core elements of
the LTP Layer are the Property Context (PC) and Table Context (TC). A PC represents a collection of
properties. A TC represents a two-dimensional table. The rows represent a collection of properties.
The columns represent which properties are within the rows.

From a high-level implementation standpoint, each PC or TC is stored as data in a single node. The
LTP layer uses NIDs to identify PCs and TCs.
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To implement PCs and TCs efficiently, the LTP layer employs the following two types of data
structures on top of each NDB node.

1.3.1.2.1 Heap-on-Node (HN)

A Heap-on-Node is a heap data structure that is implemented on top of a node. The HN enables sub-
allocating the data stream of a node into small, variable-sized fragments. The prime example of HN
usage is to store various string values into a single block. More complex data structures are built on

top of the HN.

1.3.1.2.2 BTree-on-Heap (BTH)

A BTree-on-Heap data structure is implemented by building inside of an HN structure. The HN
provides a quick way to access the BTree structures, whereas the BTH provides an expedient way to

search through data. PCs are implemented as BTHs.

1.3.1.3 Messaging Layer

The Messaging layer consists of the higher-level rules and business logic that allow the structures of
the LTP and NDB layers to be combined and interpreted as Folder objects, Message objects,
Attachment objects, and properties. The Messaging layer also defines the rules and requirements
that need to be followed when modifying the contents of a PST file so that the modified PST file can

still be successfully read by implementations of this file format.
1.3.2 Physical Organization of the PST File Format

This section provides an overview of the physical layout of the various concepts that were
introduced in section 1.3.1. The following diagram illustrates the high-level file organization of a

PST.
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Figure 3: Physical organization of the PST file format
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This file format is organized with a header element followed by allocation information pages at
regular intervals that are interspersed with extensible data blocks. The header section includes
metadata about the PST and information that points to the data sections that contain the message
store and its contents. The following sections cover each of these elements in further detail.

1.3.2.1 Header

The header resides at the very beginning of the file, and contains three main groups of information:
Metadata, root record, and initial free map (FMap) and free page map (FPMap). For more
information about the HEADER structure, see section 2.2.2.6.

1.3.2.1.1 Metadata and State of the PST File

The metadata includes information such as version numbers, checksums, persistent counters, and
namespace tables. Using this information, an implementation can determine the version and format
of the PST file, which determines the layout of the subsequent data in the file.

1.3.2.1.2 Root Record

The root record contains information about the actual data that is stored in the PST file. This
includes the root of the NBT and BBT, size and allocation information required to manage the free
space and file growth, as well as file integrity information. For more information about the ROOT
structure, see section 2.2.2.5.

1.3.2.1.3 Initial Free Map (FMap) and Free Page Map (FPMap)

Free Maps (FMaps) and Free Page Maps (FPMaps) are used to search for contiguous free space
within a PST file.<1> FMaps and FPMaps are further described in greater detail in sections section
1.3.2.7 and section 1.3.2.8.

1.3.2.2 Reserved Data

A number of octets have been reserved between the end of the HEADER and the beginning of the
Density List (DList). Part of this space is reserved for future expansion of the PST file HEADER
structure, while the rest is reserved for persisting transient, implementation-specific data.

1.3.2.3 Density List (DList)

The Density List consists of an ordered list of references to Allocation Map (AMap) pages (see
section 1.3.2.4). It is sorted in order of ascending density (that is, by descending amount of free
space available). Its function is to optimize the space allocation so that space referred to by pages
with the most abundant free space (that is, lowest density) is allocated first. There is only one DList
in the PST, which is always located at a fixed offset in the PST file. For more details about the
technical details of the DList, see section 2.2.2.7.4.<2>

1.3.2.4 Allocation Map (AMap)

An Allocation Map page is a fixed-size page that is used to track the allocation status of the data
section that immediately follows the AMap page in the file. The entire AMap page can be viewed as
an array of bits, where each bit corresponds to the allocation state of 64 bytes of data. An AMap
page appears roughly every 250 kilobytes in the PST (see the diagram in section 1.3.2). For more
details about the AMap, see section 2.2.2.7.2.

15/201

[MS-PST] — v20141019
Outlook Personal Folders (.pst) File Format

Copyright © 2014 Microsoft Corporation.

Release: October 30, 2014



1.3.2.5 Page Map (PMap)

A Page Map is a block of data that is 512 bytes in size (including overhead), which is used for
storing almost all of the metadata in the PST (that is, the BBT and NBT). The PMap is created to
optimize for the search of available pages. The PMap is almost identical to the AMap, except that
each bit in the PMap maps the allocation state of 512 bytes rather than instead of 64 because each
bit in the PMap covers eight times the data of an AMap, a PMap page appears roughly every 2

megabytes (or one PMap for every eight AMaps). For more details about the PMap, see section
2.2.2.7.3.

1.3.2.6 Data Section

Data sections are groups of data roughly 250 kilobytes in size that contain allocations. Each
individual allocation is aligned to a 64-byte boundary, and is in sizes that are multiples of 64 bytes.
All of the blocks referred to by the BBT are allocated out of these data sections. Data sections are
represented by the blocks labeled "Data" in the diagram in section 1.3.2.

1.3.2.7 Free Map (FMap)

An FMap page provides a mechanism to quickly locate contiguous free space. Each byte in the FMap
corresponds to one AMap page. The value of each byte indicates the longest number of free bits
found in the corresponding AMap page. Because each bit in the AMap maps to 64 bytes, the FMap
contains the maximum amount of contiguous free space in that AMap, up to about 16 kilobytes.
Generally, because each AMap covers about 250 kilobytes of data, each FMap page (496 bytes)
covers around 125 megabytes of data.

However, a special case exists for the initial FMap. As shown in the diagram in section 1.3.2, the

HEADER contains an initial FMap, which is only 128 bytes, and which covers the first 32 megabytes
of data.

1.3.2.8 Free Page Maps (FPMap)

An FPMap is similar to the FMap except that it is used to quickly find free pages. Each bit in the
FPMap corresponds to a PMap page, and the value of the bit indicates whether there are any free
pages within that PMap page. With each PMap covering about 2 megabytes, and an FPMap page at
496 bytes, it follows that an FPMap page covers about 8 gigabytes of space.

However, a special case exists for the initial FPMap. As shown in the diagram in section 1.3.2, the
HEADER contains an initial FPMap, which is only 128 bytes, which covers the first 2 gigabytes of
data.

ANSI PST files only contain the initial FPMap in the HEADER and no additional FPMap pages. This
limits the size of an ANSI PST file to about 2 gigabytes.

1.4 Relationship to Protocols and Other Structures

This file format uses structures described in [MS-OXCDATA] and property tags described in [MS-
OXPROPS].

1.5 Applicability Statement

This file format allows implementers to read and write PST files that are compatible with other
implementations of this file format specification.
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1.6 Versioning and Localization

None.

1.7 Vendor-Extensible Fields

None.
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2 Structures

This section provides detailed technical information about all of the data structures that are used in
the PST file format, as applicable to the scope of this document.

2.1 Property and Data Type Definitions

2.1.1 Data Types

The following data types are specified in [MS-DTYP]:

bit

byte

DWORD

GUID

ULONGLONG

LONG
WORD

The following data types are specified in [MS-OXCDATA] section 2.11.1:

PtypBinary
PtypBoolean

PtypGuid
PtypInteger32
PtypInteger64
PtypMultipleInteger32
PtypObject

PtypString
PtypString8

PtypTime

This specification uses the notations described in the following table to indicate data size.

Notation Meaning Value

KB kilobyte 1024 bytes

MB megabyte 1024 kilobytes
GB gigabyte 1024 megabytes
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2.1.2 Properties

This file format specification defines the property tags described in the following table. The
PropertyTag structure is specified in [MS-OXCDATA] section 2.9.

Canonical name

PropertyTag.Propertyld

PropertyTag.PropertyType

PidTagNameidBucketCount 0x0001 PtypInteger32
PidTagNameidStreamGuid 0x0002 PtypBinary
PidTagNameidStreamEntry 0x0003 PtypBinary
PidTagNameidStreamString 0x0004 PtypBinary
PidTagNameidBucketBase 0x1000 PtypBinary
PidTagItemTemporaryFlags 0x1097 PtypInteger32
PidTagPstBestBodyProptag 0x661D PtypInteger32
PidTagPstHiddenCount 0x6635 PtypInteger32
PidTagPstHiddenUnread 0x6636 PtypInteger32
PidTagPstIpmsubTreeDescendant 0x6705 PtypBoolean
PidTagPstSubTreeContainer 0x6772 PtypInteger32
PidTagLtpParentNid 0x67F1 PtypInteger32
PidTagLtpRowld 0x67F2 PtypInteger32
PidTagLtpRowVer 0x67F3 PtypInteger32
PidTagPstPassword 0x67FF PtypInteger32
PidTagMapiFormComposeCommand 0x682F PtypString

2.2 NDB Layer

The following sections describe the data structures used in the NDB Layer of the PST file.

2.2.1 Fundamental Concepts

The NDB layer provides the abstractions to:

= Divide the PST file into logical streams.

= Establish hierarchical relationships between the streams.

= Provide transaction functionality when modifying data within the streams.

2.2.1.1 Nodes

The NDB layer uses the concept of nodes to divide the data in the PST file into logical streams. A
node is an abstraction that consists of a stream of bytes and a collection of subnodes. It is
implemented by the NDB layer as a data block (section 2.2.2.8.3.1) and a subnode BTree (section
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2.2.2.8.3.3). The NBTENTRY structures in the Node BTree (section 2.2.2.7.7.4) exist to define
which blocks combine to form nodes.

2.2.1.2 ANSI Versus Unicode

There are currently two versions of the PST file format: ANSI and Unicode. The ANSI PST file format
is the legacy format and SHOULD NOT be used to create new PST files. The Unicode PST file format
is the currently-used format.<3>

While the nomenclature suggests a difference in how the internal strings are represented in the PST
file, there are other significant differences between the ANSI and Unicode PST file formats. The most
significant difference is the sizes of various core data elements that are used throughout the NDB
layer. Specifically, the ANSI version uses 32-bit values to represent block IDs (BIDs) and absolute
file offsets (IB). The Unicode version uses 64-bit values instead. Some other values that were
represented using 32-bits have also been extended to use 64-bits. Those cases are discussed on a
case-by-case basis.

Because BIDs and IBs are used extensively throughout the NDB layer, the version-specific size
differences affect most of the NDB data structures. ANSI and Unicode versions of the data structures
are defined separately whenever there are material differences between the two versions.

2.2.2 Data Structures

2.2.2.1 NID (Node ID)

Nodes provide the primary abstraction used to reference data stored in the PST file that is not
interpreted by the NDB layer. Each node is identified using its NID. Each NID is unique within the
namespace in which it is used. Each node referenced by the NBT MUST have a unique NID.
However, two subnodes of two different nodes can have identical NIDs, but two subnodes of the
same node MUST have different NIDs.

Unicode / ANSI.:

0|1{2({3(4|5|/6|7(8|9|/0|1|2(3|4|5|6[7|8|9|0(1(2|3|4|5|6(7|8|9|0(1

nidType nidIndex

nidType (5 bits): Identifies the type of the node represented by the NID. The following table
specifies a list of values for nidType. However, it is worth noting that nidType has no
meaning to the structures defined in the NDB Layer.

Value | Friendly name Description

0x00 NID_TYPE_HID Heap node

0x01 NID_TYPE_INTERNAL Internal node (section 2.4.1)
0x02 NID_TYPE_NORMAL_FOLDER Normal Folder object (PC)
0x03 NID_TYPE_SEARCH_FOLDER Search Folder object (PC)
0x04 NID_TYPE_NORMAL_MESSAGE Normal Message object (PC)
0x05 NID_TYPE_ATTACHMENT Attachment object (PC)
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Value

Friendly name

Description

0x06

NID_TYPE_SEARCH_UPDATE_QUEUE

Queue of changed objects for search Folder
objects

0x07

NID_TYPE_SEARCH_CRITERIA_OBJECT

Defines the search criteria for a search Folder
object

0x08

NID_TYPE_ASSOC_MESSAGE

Folder associated information (FAI)
Message object (PC)

Ox0A

NID_TYPE_CONTENTS_TABLE_INDEX

Internal, persisted view-related

0X0B

NID_TYPE_RECEIVE_FOLDER_TABLE

Receive Folder object (Inbox)

0x0C

NID_TYPE_OUTGOING_QUEUE_TABLE

Outbound queue (Outbox)

0x0D

NID_TYPE_HIERARCHY_TABLE

Hierarchy table (TC)

O0x0E

NID_TYPE_CONTENTS_TABLE

Contents table (TC)

0xO0F

NID_TYPE_ASSOC_CONTENTS_TABLE

FAI contents table (TC)

0x10

NID_TYPE_SEARCH_CONTENTS_TABLE

Contents table (TC) of a search Folder object

Ox11

NID_TYPE_ATTACHMENT_TABLE

Attachment table (TC)

0x12

NID_TYPE_RECIPIENT_TABLE

Recipient table (TC)

0x13

NID_TYPE_SEARCH_TABLE_INDEX

Internal, persisted view-related

Ox1F

NID_TYPE_LTP

LTP

nidIndex (27 bits): The identification portion of the NID.

2.2.2.2 BID (Block ID)

Every block allocated in the PST file is identified using the BID structure. This structure varies in size
according the format of the file. In the case of ANSI files, the structure is a 32-bit unsigned value,

while in Unicode files it is a 64-bit unsigned long. In addition, there are two types of BIDs:

1. Page BIDs use all of the bits of the structure and are incremented by 1.

2. Data Block BIDs reserve the two least significant bits for internal use; as a result these increment
by 4 each time a new one is assigned. Third-party implementations MUST ignore these bits and

assign them a value of 0.

2.2.2.3 1B (Byte Index)

The IB (Byte Index) is used to represent an absolute offset within the PST file with respect to the
beginning of the file. The IB is a simple unsigned integer value and is 64 bits in Unicode versions
and 32 bits in ANSI versions.

2.2.2.4 BREF

The BREF is a record that maps a BID to its absolute file offset location.

Unicode:
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%5bMS-OFCGLOS%5d.pdf
%5bMS-OFCGLOS%5d.pdf

1 2 3
0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1(2[3|4(5|6|7(8|9(0]1
bid
ib

ANSI:
1 2 3}

bid (Unicode: 64 bits; ANSI: 32 bits): A BID structure, as specified in section 2.2.2.2.
ib (Unicode: 64 bits; ANSI: 32 bits): An IB structure, as specified in section 2.2.2.3.
2.2.2.5 ROOT

The ROOT structure contains current file state.

Unicode:

-
N
w

0|1{2({3(4|5|/6|7(8|9|/0|1|2|3|4|5|6[7|8|9|0(1(2|3|4|5|6(7|8|9|0(1

dwReserved

ibFileEof

ibAMapLast

cbAMapFree

cbPMapFree

22 /201

[MS-PST] — v20141019
Outlook Personal Folders (.pst) File Format

Copyright © 2014 Microsoft Corporation.

Release: October 30, 2014



BREFNBT (16 bytes)

BREFBBT (16 bytes)

fAMapValid

bReserved

wReserved

ANSI:

=

4(5(6|7

dwReserved

ibFileEof

ibAMapLast

cbAMapFree

cbPMapFree

BREFNBT

BREFBBT

fAMapValid

bReserved

wReserved

dwReserved (4 bytes): Implementations SHOULD ignore this value and SHOULD NOT modify
it. Creators of a new PST file MUST initialize this value to zero.<4>

ibFileEof (Unicode: 8 bytes; ANSI 4 bytes): The size of the PST file, in bytes.

ibAMapLast (Unicode: 8 bytes; ANSI 4 bytes): An IB structure (section 2.2.2.3) that
contains the absolute file offset to the last AMap page of the PST file.

cbAMapFree (Unicode: 8 bytes; ANSI 4 bytes): The total free space in all AMaps, combined.
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cbPMapFree (Unicode: 8 bytes; ANSI 4 bytes): The total free space in all PMaps, combined.
Because the PMap is deprecated, this value SHOULD be zero. Creators of new PST files MUST
initialize this value to zero.

BREFNBT (Unicode: 16 bytes; ANSI: 8 bytes): A BREF structure (section 2.2.2.4) that
references the root page of the Node BTree (NBT).

BREFBBT (Unicode: 16 bytes; ANSI: 8 bytes): A BREF structure that references the root
page of the Block BTree (BBT).

fAMapValid (1 byte): Indicates whether all of the AMaps in this PST file are valid. For more
details, see section 2.6.1.3.7. This value MUST be set to one of the pre-defined values
specified in the following table.

Friendly
Value | name Meaning

0x00 INVALID_AMAP One or more AMaps in the PST are INVALID

0x01 VALID_AMAP1 Deprecated. Implementations SHOULD NOT use this value. The AMaps
are VALID.<5>

0x02 VALID_AMAP2 The AMaps are VALID.

bReserved (1 byte): Implementations SHOULD ignore this value and SHOULD NOT modify it.
Creators of a new PST file MUST initialize this value to zero.<6>

wReserved (2 bytes): Implementations SHOULD ignore this value and SHOULD NOT modify it.
Creators of a new PST file MUST initialize this value to zero.<7>

2.2.2.6 HEADER

The HEADER structure is located at the beginning of the PST file (absolute file offset 0), and
contains metadata about the PST file, as well as the ROOT information to access the NDB Layer data
structures. Note that the layout of the HEADER structure, including the location and relative ordering
of some fields, differs between the Unicode and ANSI versions.

Unicode:

1 2 3
0(1|/2(3|4|5|6|7|8|9|0|1|2|3|4|5|6|7|8|9|0(1|2|3|4|5|6[7|8]|9|0]1
dwMagic
dwCRCPartial
wMagicClient wVer
wVerClient bPlatformCreate bPlatformAccess

dwReserved1
dwReserved2
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bidUnused

bidNextP

dwUnique

rgnid[] (128 bytes)

root (76 bytes)

rgbFM (128 bytes)

rgbFP (128 bytes)

bSentinel bCryptMethod rgbReserved

bidNextB

dwCRCFull

rgbReserved2 bReserved

rgbReserved3 (32 bytes)

ANSI:

—
N
w

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4(5|6|7(8|9(0]1

dwMagic

dwCRCPartial

wMagicClient wVer
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wVerClient

bPlatformCreate

bPlatformAccess

dwReserved1

dwReserved2

bidNextB

bidNextP

dwUnique

rgnid[] (128 bytes)

root (40 bytes)

rgbFM (128 bytes)

rgbFP (128 bytes)

bSentinel

bCryptMethod

rgbReserved

ullReserved

dwReserved

rgbReserved2

bReserved

rgbReserved3 (32 bytes)

dwMagic (4 bytes): MUST be "{ 0x21, 0x42, 0x44, OX4E } ("!BDN")".

dwCRCPartial (4 bytes): The 32-bit cyclic redundancy check (CRC) value of the 471 bytes
of data starting from wMagicClient (Offset 0x0008)
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%5bMS-OFCGLOS%5d.pdf

wMagicClient (2 bytes): MUST be "{ 0x53, 0x4D }".

wVer (2 bytes): File format version. This value MUST be 14 or 15 if the file is an ANSI PST file,
and MUST be 23 if the file is a Unicode PST file.

wVerClient (2 bytes): Client file format version. The version that corresponds to the format
described in this document is 19. Creators of a new PST file based on this document SHOULD
initialize this value to 19.

bPlatformCreate (1 byte): This value MUST be set to 0x01.
bPlatformAccess (1 byte): This value MUST be set to 0x01.

dwReservedl (4 bytes): Implementations SHOULD ignore this value and SHOULD NOT modify
it. Creators of a new PST file MUST initialize this value to zero.<8>

dwReserved2 (4 bytes): Implementations SHOULD ignore this value and SHOULD NOT modify
it. Creators of a new PST file MUST initialize this value to zero.<9>

bidUnused (8 bytes Unicode only): Unused padding added when the Unicode PST file format
was created.

bidNextP (Unicode: 8 bytes; ANSI: 4 bytes): Next page BID. Pages have a special counter
for allocating bidIndex values. The value of bidIndex for BIDs for pages is allocated from
this counter.

bidNextB (4 bytes ANSI only): Next BID. This value is the monotonic counter that indicates
the BID to be assigned for the next allocated block. BID values advance in increments of 4.
For more details, see section 2.2.2.2.

dwUnique (4 bytes): This is a monotonically-increasing value that is modified every time the
PST file's HEADER structure is modified. The function of this value is to provide a unique
value, and to ensure that the HEADER CRCs are different after each header modification.

rgnid[] (128 bytes): A fixed array of 32 NIDs, each corresponding to one of the 32 possible
NID_TYPEs (section 2.2.2.1). Different NID_TYPEs can have different starting nidIndex
values. When a blank PST file is created, these values are initialized by NID_TYPE according to
the following table. Each of these NIDs indicates the last nidIndex value that had been
allocated for the corresponding NID_TYPE. When an NID of a particular type is assigned, the
corresponding slot in rgnid is also incremented by 1.

NID_TYPE Starting nidIndex
NID_TYPE_NORMAL_FOLDER 1024 (0x400)
NID_TYPE_SEARCH_FOLDER 16384 (0x4000)
NID_TYPE_NORMAL_MESSAGE 65536 (0x10000)
NID_TYPE_ASSOC_MESSAGE 32768 (0x8000)
Any other NID_TYPE 1024 (0x400)

qwUnused (8 bytes): Unused space; MUST be set to zero. Unicode PST file format only.
root (Unicode: 72 bytes; ANSI: 40 bytes): A ROOT structure (section 2.2.2.5).

dwAlign (4 bytes): Unused alignment bytes; MUST be set to zero. Unicode PST file format only.
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rgbFM (128 bytes): Deprecated FMap. This is no longer used and MUST be filled with OxFF.
Readers SHOULD ignore the value of these bytes.

rgbFP (128 bytes): Deprecated FPMap. This is no longer used and MUST be filled with OxFF.
Readers SHOULD ignore the value of these bytes.

bSentinel (1 byte): MUST be set to 0x80.

bCryptMethod (1 byte): Indicates how the data within the PST file is encoded. MUST be set to
one of the pre-defined values described in the following table.

Value Friendly name Meaning

0x00 NDB_CRYPT_NONE Data blocks are not encoded.

0x01 NDB_CRYPT_PERMUTE Encoded with the Permutation algorithm (section 5.1).
0x02 NDB_CRYPT_CYCLIC Encoded with the Cyclic algorithm (section 5.2).

rgbReserved (2 bytes): Reserved; MUST be set to zero.
bidNextB (8 bytes): Indicates the next available BID value. Unicode PST file format only.

bidNextB (Unicode ONLY: 8 bytes): Next BID. This value is the monotonic counter that
indicates the BID to be assigned for the next allocated block. BID values advance in
increments of 4. For more details, see section 2.2.2.2.

dwCRCFull (4 bytes): The 32-bit CRC value of the 516 bytes of data starting from
wMagicClient to bidNextB, inclusive. Unicode PST file format only.

ullReserved (8 bytes): Reserved; MUST be set to zero. ANSI PST file format only.
dwReserved (4 bytes): Reserved; MUST be set to zero. ANSI PST file format only.

rgbReserved2 (3 bytes): Implementations SHOULD ignore this value and SHOULD NOT modify
it. Creators of a new PST MUST initialize this value to zero.<10>

bReserved (1 byte): Implementations SHOULD ignore this value and SHOULD NOT modify it.
Creators of a new PST file MUST initialize this value to zero.<11>

rgbReserved3 (32 bytes): Implementations SHOULD ignore this value and SHOULD NOT
modify it. Creators of a new PST MUST initialize this value to zero.<12>

2.2.2.7 Pages

A page is a fixed-size structure of 512 bytes that is used in the NDB Layer to represent allocation
metadata and BTree data structures. A page trailer is placed at the very end of every page such that
the end of the page trailer is aligned with the end of the page.

2.2.2.7.1 PAGETRAILER

A PAGETRAILER structure contains information about the page in which it is contained.
PAGETRAILER structure is present at the very end of each page in a PST file.

Unicode:
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0123456789(1)123456789312345678981
ptype ptypeRepeat wSig
dwCRC
bid
ANSI:
1 2 3

ptype ptypeRepeat wSig

bid

dwCRC

ptype (1 byte): This value indicates the type of data contained within the page. This field MUST
contain one of the following values.

Value Friendly name Meaning wSig value

0x80 ptypeBBT Block BTree page. Block or page signature (section 5.5).
0x81 ptypeNBT Node BTree page. Block or page signature (section 5.5).
0x82 ptypeFMap Free Map page. 0x0000

0x83 ptypePMap Allocation Page Map page. 0x0000

0x84 ptypeAMap Allocation Map page. 0x0000

0x85 ptypeFPMap Free Page Map page. 0x0000

0x86 ptypeDL Density List page. Block or page signature (section 5.5).

ptypeRepeat (1 byte): MUST be set to the same value as ptype.

wSig (2 bytes): Page signature. This value depends on the value of the ptype field. This value
is zero (0x0000) for AMap, PMap, FMap, and FPMap pages. For BBT, NBT, and DList pages, a
page / block signature is computed (see section 5.5).

dwCRC (4 bytes): 32-bit CRC of the page data, excluding the page trailer. See section 5.3 for
the CRC algorithm. Note the locations of the dwCRC and bid are differs between the Unicode
and ANSI version of this structure.

bid (Unicode: 8 bytes; ANSI 4 bytes): The BID of the page's block. AMap, PMap, FMap, and
FPMap pages have a special convention where their BID is assigned the same value as their IB
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(that is, the absolute file offset of the page). The bidIndex for other page types are allocated
from the special bidNextP counter in the HEADER structure.

2.2.2.7.2 AMap (Allocation Map) Page

An AMap page contains an array of 496 bytes that is used to track the space allocation within the
data section that immediately follows the AMap page. Each bit in the array maps to a block of 64
bytes in the data section. Specifically, the first bit maps to the first 64 bytes of the data section, the
second bit maps to the next 64 bytes of data, and so on. AMap pages map a data section that
consists of 253,952 bytes (496 * 8 * 64 ).

An AMap is allocated out of the data section and, therefore, it actually "maps itself". What this
means is that the AMap actually occupies the first page of the data section and the first byte (that
is, 8 bits) of the AMap is OxFF, which indicates that the first 512 bytes are allocated for the AMap.

The first AMap of a PST file is located at absolute file offset 0x4400, and subsequent AMaps appear
at intervals of 253,952 bytes thereafter. The following is the structural representation of an AMap

page.
2.2.2.7.2.1 AMAPPAGE

Unicode:

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4|(5|6|7(8|9(0]1

rgbAMapBits (496 bytes)

pageTrailer (16 bytes)

ANSI:

-
N
w

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4(5|6|7(8|9(0]1

dwPadding

rgbAMapBits (496 bytes)

pageTrailer
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dwPadding (ANSI file format only, 4 bytes): Unused padding; MUST be set to zero.

rgbAMapBits (496 bytes): AMap data. This is represented as a sequence of bits that marks
whether blocks of 64 bytes of data have been allocated. If the n' bit is set to 1, then the nt
block of 64 bytes has been allocated. Alternatively, if the n'" bit is set to 0, the n'" block of 64
bytes is not allocated (free).

pageTrailer (Unicode: 16 bytes; ANSI: 12 bytes): A PAGETRAILER structure (section
2.2.2.7.1). The ptype subfield of pageTrailer MUST be set to ptypeAMap. The other
subfields of pageTrailer MUST be set as specified in section 2.2.2.7.1.

2.2.2.7.3 PMap (Page Map) Page

A PMap is the same as an AMap, except that each bit in the PMap tracks 512-byte pages instead of
blocks of 64 bytes. Because a page is equivalent to eight 64-byte blocks in size, one PMap appears
for every eight AMaps. The purpose of the PMap is to optimize locating frequently-needed free pages
for allocating metadata and BTree data structures. PMap pages, similar to AMap pages, are allocated
from the data section whose allocation is also mapped in the corresponding AMap.

The PMap works by pre-allocating 4 kilobytes (eight pages) of memory from the AMap at a time.
Once the memory is reserved from the AMap, the corresponding byte (eight pages equals 8 bits) in
the PMap is zeroed out to indicate reserved pages. Implementations seeking to allocate a page
search for bits set to 0 in the PMap to find free pages. The coverage of a PMap page is 2,031,616
bytes (496 * 8 * 512 ) of data space.

The functionality of the PMap has been deprecated by the Density List. If a Density List is present in
the PST file, then implementations SHOULD NOT use the PMap to locate free pages, and SHOULD
instead use the Density List instead.<13> However, implementations MUST ensure the presence of
PMaps at the correct intervals and maintain valid checksums to ensure backward-compatibility with
older clients.

The first PMap of a PST file is located at absolute file offset 0x4600. The following is the structural
representation of a PMap page.

2.2.2.7.3.1 PMAPPAGE

Unicode:

-
N
w

0|1{2(3(4|5|/6|7(8|9|/0|1|2(3|4|5|6[7(8|9|0(1(2|3|4|5|6(7|8|9|0(1

rgbPMapBits (496 bytes)

pageTrailer (16 bytes)

ANSI:
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0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1(2[3|4(5|6|7(8|9(0]1

dwPadding

rgbPMapBits (496 bytes)

pageTrailer

dwPadding (ANSI file format only, 4 bytes): Unused padding; MUST be set to zero.

rgbPMapBits (496 bytes): PMap data. Each 0 bit corresponds to an available page that can
be allocated. The meaning of 1 bits is ambiguous and SHOULD be ignored.

pageTrailer (Unicode: 16 bytes; ANSI: 12 bytes): A PAGETRAILER structure (section
2.2.2.7.1). The ptype subfield of pageTrailer MUST be set to ptypePMap. The other
subfields of pageTrailer MUST be set as specified in section 2.2.2.7.1.

2.2.2.7.4 Density List (DList)

The Density List is a list of references to AMap pages that is sorted in order of ascending density
(descending amount of free space available). Its purpose is to optimize the space allocation strategy
where allocations are made from the pages with the most abundant free space first. The DList is an
optional part of a PST file. However, implementations SHOULD create and use DLists.

There is at most one DList page in each PST file. If present, this page is located at absolute file
offset 0x4200. To maintain backward compatibility with older clients, the location of the DList is
allocated out of the Reserved data area (section 1.3.2.2) that is also used for transient storage.
Because of the fact that this area is not dedicated exclusively for the DList, the DList can be over-
written at any time by other transient processes and, therefore, the DList is not guaranteed to be
valid. If a DList page contains an invalid CRC, then its contents MUST NOT be used and SHOULD be
recreated by using the information from all of the AMap pages in the PST file. Implementations
SHOULD use the DList when a valid DList exists.<14>

2.2.2.7.4.1 DLISTPAGEENT

Each DLISTPAGEENT record in the DList represents a reference to an AMap PAGE in the PST file.

1 2 3
0(1/2(3|4(5|6|7(8|9(0(1|2|3|4(5|6|7|8|9(0|1(2[3|4(5|6|7(8|9(0]1

dwPageNum dwFreeSlots
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dwPageNum (20 bits): AMap page number. This is the zero-based index to the AMap page that

corresponds to this entry. A dwPageNum of "n" corresponds to the n'" AMap from the

beginning of PST file.

dwFreeSlots (12 bits): Total number of free slots in the AMap. This value is the aggregate sum

of all free 64-byte slots in the AMap. Note that the free slots can be of any random
configuration, and are not guaranteed to be contiguous.

2.2.2.7.4.2 DLISTPAGE

Unicode:
1 3
0|1|{2({3|4|5|6|7(8|9|0|1|2|3|4|5|6|7|8 2|3|4 0|1
bFlags cEntDList wPadding
ulCurrentPage
rgDListPageEnt (476 bytes)
pageTrailer (16 bytes)
ANSI:
1 3
0({1|2(3|4|5|6|7|8|9|0|1|2|3|4|5|6|7|8 2(3|4 0|1
bFlags cEntDList wPadding

ulCurrentPage

rgDListPageEnt (480 bytes)

pageTrailer

bFlags (1 byte): Flags; MUST be set to zero or a combination of the defined values described in

the following table.
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Value Friendly name Meaning

0x01 DFL_BACKFILL_COMPLETE A DList backfill is not in progress

cEntDList (1 byte): Number of entries in the rgDListPageEnt array.
wPadding (2 bytes): Padding bytes; MUST be set to zero.

ulCurrentPage (4 bytes): The meaning of this field depends on the value of bFlags. If
DFL_BACKFILL _COMPLETE is set in bFlags, then this value indicates the AMap page index
that is used in the next allocation. If DFL_BACKFILL_COMPLETE is not set in bFlags, then this
value indicates the AMap page index that is attempted for backfilling in the next allocation.
See section 2.6.1.3.4 for more information regarding Backfilling.

rgDListPageEnt (Unicode: 476 bytes; ANSI: 480 bytes): DList page entries. This is an array
of DLISTPAGEENT records with cEntDList entries that constitute the DList. Each record
contains an AMap page index and the aggregate amount of free slots available in that AMap.
Note that, while the size of the field is fixed, the size of valid data within the field is not.
Implementations MUST only read the number of DLISTPAGEENT entries from the array
indicated by cEntDList.

pageTrailer (Unicode: 16 bytes; ANSI: 12 bytes): A PAGETRAILER structure (section
2.2.2.7.1). The ptype subfield of pageTrailer MUST be set to ptypeDL. The other subfields
of pageTrailer MUST be set as specified in section 2.2.2.7.1.

2.2.2.7.5 FMap (Free Map) Page

The general layout of an FMap is identical to that of an AMap, except that each byte in the FMap
corresponds to one AMap page. The value of each byte indicates the longest number of free bits
found in the corresponding AMap page. Generally, because each AMap covers about 250 kilobytes of
data, each FMap page (496 bytes) covers around 125 megabytes of data.

Implementations SHOULD NOT use FMaps. The Density List SHOULD be used for location free
space.<15> However, the presence of FMap pages at the correct intervals MUST be preserved, and
all corresponding checksums MUST be maintained for a PST file to remain valid.

2.2.2.7.5.1 FMAPPAGE

Unicode:

-
N
w

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4|5|6|7(8|9(0]1

rgbFMapBits (496 bytes)

pageTrailer (16 bytes)

ANSI:
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0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1(2[3|4(5|6|7(8|9(0]1

dwPadding

rgbFMapBits (496 bytes)

pageTrailer

dwPadding (ANSI only, 4 bytes): Unused padding; MUST be set to zero.

rgbFMapBits (496 bytes): FMap data. Each byte represents the maximum number of
contiguous "0" bits in the corresponding AMap (up to 16 kilobytes).

pageTrailer (Unicode: 16 bytes; ANSI: 12 bytes): A PAGETRAILER structure (section
2.2.2.7.1). The ptype subfield of pageTrailer MUST be set to ptypeFMap. The other
subfields of pageTrailer MUST be set as specified in section 2.2.2.7.1.

2.2.2.7.6 FPMap (Free Page Map) Page

The general layout of an FPMap is identical to that of an AMap, except that each bit in the FPMap
corresponds to a PMap page, and the value of the bit indicates whether there are any free pages
within that PMap page. With each PMap covering about 2 megabytes and an FPMap page at 496
bytes, an FPMap page covers about 8 gigabytes of space.

Implementations SHOULD NOT use FPMaps. The Density List SHOULD be used for location free

space.<16> However, the presence of FPMap pages at the correct intervals MUST be preserved, and
all corresponding checksums MUST be maintained for a PST file to remain valid.

2.2.2.7.6.1 FPMAPPAGE

Unicode only:

0|1{2({3(4|5|/6|7(8|9|/0|1|2(|3|4|5|6[7(8|9|0(1(2|3|4|5|6(7|8|9|0(1

rgbFPMapBits (496 bytes)

pageTrailer (16 bytes)
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rgbFPMapBits (496 bytes): FPMap data. Each bit corresponds to a PMap page. If the n*" bit is
set to 0, then the n™ PMap page from the beginning of the PST File has free pages. If the nt
bit is set to 1, then the n'" PMap page has no free pages.

pageTrailer (Unicode: 16 bytes): A PAGETRAILER structure (section 2.2.2.7.1). The ptype
subfield of pageTrailer MUST be set to ptypeFPMap. The other subfields of pageTrailer
MUST be set as specified in section 2.2.2.7.1.

2.2.2.7.7 BTrees

BTrees are widely used throughout the PST file format. In the NDB Layer, BTrees are the building
blocks for the NBT and BBT, which are used to quickly navigate and search nodes and blocks. The
PST file format uses a general BTree implementation that supports up to 8 intermediate levels.

2.2.2.7.7.1 BTPAGE
A BTPAGE structure implements a generic BTree using 512-byte pages.

Unicode:

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4|(5|6|7(8|9(0]1

rgentries (488 bytes)

cEnt cEntMax cbEnt cLevel

dwPadding

pageTrailer (16 bytes)

ANSI:

—
N
w

0|1{2({3(4|5|/6|7(8|9|/0|1|2(|3|4|5|6[7(8|9|0(1(2|3|4|5|6(7|8|9|0(1

rgentries (496 bytes)

cEnt cEntMax cbEnt cLevel

pageTrailer (12 bytes)
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rgentries (Unicode: 488 bytes; ANSI: 496 bytes): Entries of the BTree array. The entries in
the array depend on the value of the cLevel field. If cLevel is greater than 0, then each entry
in the array is of type BTENTRY. If cLevel is 0, then each entry is either of type BBTENTRY or
NBTENTRY, depending on the ptype of the page.

cEnt (1 byte): The number of BTree entries stored in the page data.
cEntMax (1 byte): The maximum number of entries that can fit inside the page data.

cbEnt (1 byte): The size of each BTree entry, in bytes. Note that in some cases, cbEnt can be
greater than the corresponding size of the corresponding rgentries structure because of
alignment or other considerations. Implementations MUST use the size specified in cbEnt to
advance to the next entry.

BTree Type cLevel rgentries structure cbEnt (bytes)

NBT 0 NBTENTRY ANSI: 16, Unicode: 32
Greater than 0 BTENTRY ANSI: 12, Unicode: 24

BBT 0 BBTENTRY ANSI: 12, Unicode: 24
Less than 0 BTENTRY ANSI: 12, Unicode: 24

cLevel (1 byte): The depth level of this page. Leaf pages have a level of zero, whereas
intermediate pages have a level greater than 0. This value determines the type of the entries
in rgentries, and is interpreted as unsigned.

dwPadding (Unicode: 4 bytes): Padding; MUST be set to zero. Note there is no padding in the
ANSI version of this structure.

pageTrailer (Unicode: 16 bytes; ANSI: 12 bytes): A PAGETRAILER structure (section
2.2.2.7.1). The ptype subfield of pageTrailer MUST be set to ptypeBBT for a Block BTree
page, or ptypeNBT for a Node BTree page. The other subfields of pageTrailer MUST be set
as specified in section 2.2.2.7.1.

2.2.2.7.7.2 BTENTRY (Intermediate Entries)

BTENTRY records contain a key value (NID or BID) and a reference to a child BTPAGE page in the
BTree.

Unicode:

—
N
w

btkey

BREF (16 bytes)
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ANSI:

-
N
w

btkey

BREF

btkey (Unicode: 8 bytes; ANSI: 4 bytes): The key value associated with this BTENTRY. All the
entries in the child BTPAGE referenced by BREF have key values greater than or equal to this
key value. The btkey is either an NID (zero extended to 8 bytes for Unicode PSTs) or a BID,
depending on the ptype of the page.

BREF (Unicode: 16 bytes; ANSI: 8 bytes): BREF structure (section 2.2.2.4) that points to
the child BTPAGE.

2.2.2.7.7.3 BBTENTRY (Leaf BBT Entry)

BBTENTRY records contain information about blocks and are found in BTPAGES with cLevel equal to
0, with the ptype of "ptypeBBT". These are the leaf entries of the BBT. As noted in section
2.2.2.7.7.1, these structures MAY NOT be tightly packed and the cbEnt field of the BTPAGE SHOULD
be used to iterate over the entries.

Unicode:

-
N
w

0|1{2({3(4|5|/6|7(8|9|/0|1|2(3|4|5|6[7|8|9|0(1(2|3|4|5|6(7|8|9|0(1

BREF (16 bytes)

cb cRef

dwPadding

ANSI:

—
N
w

BREF
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cb cRef

BREF (Unicode: 16 bytes; ANSI: 8 bytes): BREF structure (section 2.2.2.4) that contains the
BID and IB of the block that the BBTENTRY references.

cb (2 bytes): The count of bytes of the raw data contained in the block referenced by BREF
excluding the block trailer and alignment padding, if any.

cRef (2 bytes): Reference count indicating the count of references to this block. See section
2.2.2.7.7.3.1 regarding how reference counts work.

dwPadding (Unicode file format only, 4 bytes): Padding; MUST be set to zero.

2.2.2.7.7.3.1 Reference Counts

To improve storage efficiency, the NDB supports single-instancing by allowing multiple entities to
reference the same data block. This is supported at the BBT level by having reference counts for
blocks.

For example, when a node is copied, a new node is created with a new NID, but instead of making a
separate copy of the entire contents of the node, the new node simply references the existing
immediate data and subnode blocks by incrementing the reference count of each block.

The single-instance is only broken when the data referenced needs to be changed by a referencing
node. This requires creation of a new block into which the new data is written and the reference
count to the original block is decremented. When the reference count of a block reaches one, then
the block is no longer use in use and is marked as "Free" in the corresponding AMap. Finally, the
corresponding leaf BBT entry is removed from the BBT.

In addition to the BBTENTRY, other types of structures can also hold references to a block. The
following is a list of structures that can hold reference counts to a block:

= Leaf BBTENTRY: Any leaf BBT entry that points to a BID holds a reference count to it.

= NBTENTRY: A reference count is held if a block is referenced in the bidData or bidSub fields of
a NBTENTRY.

= SLBLOCK: a reference count is held if a block is referenced in the bidData or bidSub fields of
an SLENTRY.

= Data tree: A reference count is held if a block is referenced in an rgbid slot of an XBLOCK.

For example, consider a node called "Nodel". The data block of Nodel has a reference count of 2
(BBTENTRY and Nodel's NBTENTRY.bidData). If a copy of Nodel is made (Node2), then the block's
reference count becomes 3 (Node2's NBTENTRY.bidData). If a change is made to Node2's data,
then a new data block is created for the modified copy with a reference count of 2 (BBTENTRY,
Node2's NBTENTRY.bidData), and the reference count of Nodel's data block returns to 2
(BBTENTRY, Nodel's NBTENTRY.bidData).

2.2.2.7.7.4 NBTENTRY (Leaf NBT Entry)

NBTENTRY records contain information about nodes and are found in BTPAGES with cLevel equal to
0, with the ptype of ptypeNBT. These are the leaf entries of the NBT.

Unicode:
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1 2 3
0(1(2|3|4|5|6(7|8|9|0|1(2|3|4|5|6(7|8|9|0(1[2[3|4|5(|6(7|8|9|0]1
nid
bidData
bidSub
nidParent
dwPadding

ANSI:
1 2 3

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4|5|6|7(8|9(0]1

nid

bidData

bidSub

nidParent

nid (Unicode: 8 bytes; ANSI: 4 bytes): The NID (section 2.2.2.1) of the entry. Note that the
NID is a 4-byte value for both Unicode and ANSI formats. However, to stay consistent with the
size of the btkey member in BTENTRY, the 4-byte NID is extended to its 8-byte equivalent for
Unicode PST files.

bidData (Unicode: 8 bytes; ANSI: 4 bytes): The BID of the data block for this node.

bidSub (Unicode: 8 bytes; ANSI: 4 bytes): The BID of the subnode block for this node. If this
value is zero, a subnode block does not exist for this node.

nidParent (4 bytes): If this node represents a child of a Folder object defined in the Messaging
Layer, then this value is nonzero and contains the NID of the parent Folder object's node.
Otherwise, this value is zero. See section 2.2.2.7.7.4.1 for more information. This field is not
interpreted by any structure defined at the NDB Layer.

dwPadding (Unicode file format only, 4 bytes): Padding; MUST be set to zero.
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2.2.2.7.7.4.1 Parent NID

A specific challenge exists when a simple node database is used to represent hierarchical concepts
such as a tree of Folder objects where top-level nodes are disjoint items that do not contain
hierarchical semantics. While subnodes have a hierarchical structure, the fact that internal subnodes
are not addressable outside of the NDB Layer makes them unsuitable for this purpose.

The concept of a parent NID (nidParent) is introduced to address this challenge, providing a simple
and efficient way for each Folder object node to point back to its parent Folder object node in the
hierarchy. This link enables traversing up the Folder object tree to find its parent Folder objects,
which is necessary and common for many Folder object-related operations, without having to read
the raw data associated with each node.

The parent NID concept described here is separate from the node/subnode relationship. The parent
NID, as described here has no meaning to the NDB layer and is merely maintained as an
optimization for the Messaging layer.

2.2.2.8 Blocks

Blocks are the fundamental units of data storage at the NDB layer. Blocks are assigned in sizes that
are multiples of 64 bytes and are aligned on 64-byte boundaries. The maximum size of any block is
8 kilobytes (8192 bytes).

Similar to pages, each block stores its metadata in a block trailer placed at the very end of the block
so that the end of the trailer is aligned with the end of the block.

Blocks generally fall into one of two categories: data blocks and subnode blocks. Data blocks are
used to store raw data, where subnode blocks are used to represent nodes contained within a node.

The storage capacity of each data block is the size of the data block (from 64 to 8192 bytes) minus
the size of the trailer block.

2.2.2.8.1 BLOCKTRAILER

Unicode:

cb wSig

dwCRC

bid

ANSI:
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cb wSig

bid

dwCRC

cb (2 bytes): The amount of data, in bytes, contained within the data section of the block. This
value does not include the block trailer or any unused bytes that can exist after the end of the
data and before the start of the block trailer.

wSig (2 bytes): Block signature. See section 5.5 for the algorithm to calculate the block
signature.

dwCRC (4 bytes): 32-bit CRC of the cb bytes of raw data, see section 5.3 for the algorithm to
calculate the CRC. Note the locations of the dwCRC and bid are differs between the Unicode
and ANSI version of this structure.

bid (Unicode: 8 bytes; ANSI 4 bytes): The BID (section 2.2.2.2) of the data block.

2.2.2.8.2 Anatomy of a Block

The following example attempts to illustrate the anatomy of a block allocated at absolute file offset
0x5000 to store 236 (OXEC) bytes of raw data in a Unicode PST file.

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4|(5|6|7(8|9(0]1

data (236 bytes)

padding

cb wSig

dwCRC

Bid

data (236 bytes): Raw data.
padding (4 bytes): Reserved.

cb (2 bytes): The amount of data, in bytes, contained within the data section of the block. This
value does not include the block trailer or any unused bytes that can exist after the end of the
data and before the start of the block trailer.
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wSig (2 bytes): Block signature. See section 5.5 for the algorithm to calculate the block
signature.

dwCRC (4 bytes): 32-bit CRC of the cb bytes of raw data, see section 5.3 for the algorithm to
calculate the CRC

Bid (8 bytes): The BID (section 2.2.2.2) of the data block.

Given the raw data size of 236 bytes and a block trailer size of 16 bytes, the smallest multiple of 64
that can hold both items is 256 (0x100). Thus, the size of the data block required is 256 bytes.
However, the raw data and the trailer only add up to 252 bytes, which results in a 4-byte gap
between the end of the raw data and the beginning of the trailer. This gap of "wasted space" is
necessitated by the alignment of the trailer block with respect to the end of the block and can be as
large as 63 bytes.

Because the data in the padding field is undetermined (that is, not guaranteed to be zero-filled),
implementers MUST NOT include unused data in CRC calculations. In this particular case, the value
of cb is 236 (not 240) and the calculation for the value in dwCRC MUST NOT include the 4 bytes of
unused data in the padding field.

The data contained in the data section of most blocks within a PST file have no meaning to the
structures defined at the NDB Layer. However, some blocks contain metadata that is interpreted by
the NDB Layer.

2.2.2.8.3 Block Types

Several types of blocks are defined at the NDB Layer. The following table defines the block type
mapping.

Block type Data structure Internal BID? Header level Array content
Data Tree Data block No N/A Bytes
XBLOCK Yes 1 XBLOCK reference
XXBLOCK 2 Data block reference
Subnode BTree data SLBLOCK 0 SLENTRY
SIBLOCK 1 SIENTRY

2.2.2.8.3.1 Data Blocks

A data block is a block that is "External" (that is, not marked "Internal") and contains data streamed
from higher layer structures. The data contained in data blocks have no meaning to the structures
defined at the NDB Layer.

Unicode:

0(1/2(3|4(5|6|7(8|9(0{1|2|3|4|5|6|7|8|9(0|1|2[3|4|(5|6|7(8|9(0]1

data (variable)
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padding (variable, optional)

blockTrailer (16 bytes)

ANSI:

=
N
w

0|1|{2({3(4|5|6|7(8|9|/0|1|2(3|4|5|6[7|8|9|0(1(2|3|4|5|6(7|8|9|0(1

data (variable)

padding (variable, optional)

blockTrailer

data (variable): The value of this field SHOULD be treated as an opaque binary large object
(BLOB) by the NDB Layer. The size of this field is indicated by the cb subfield of the
blockTrailer field.

padding (variable, optional): This field is present if the size of the data field plus the size of
the blockTrailer field is not a multiple of 64. The size of this field is the smallest number of

bytes required to make the size of the data block a multiple of 64. Implementations MUST
ignore this field.

blockTrailer (Unicode: 16 bytes; ANSI: 12 bytes): A BLOCKTRAILER structure (section
2.2.2.8.1).

2.2.2.8.3.1.1 Data Block Encoding/Obfuscation

A special case exists when a PST file is configured to encode its contents. In that case, the NDB
Layer encodes the data field of data blocks to obfuscate the data using one of two keyless ciphers.
Section 5.1 and section 5.2 contain further information about the two cipher algorithms used to
encode the data. Only the data field is encoded. The padding and blockTrailer are not encoded.

2.2.2.8.3.2 Data Tree

A data tree collectively refers to all the elements that are used to store data. In the simplest case, a
data tree consists of a single data block, which can hold up to 8,176 bytes. If the data is more than
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%5bMS-OFCGLOS%5d.pdf
%5bMS-OFCGLOS%5d.pdf

8,176 bytes, a construct using XBLOCKs and XXBLOCKs is used to store the data in a series of data
blocks arranged in a tree format. The layout of the XBLOCK and XXBLOCK structures are defined in

the following sections. Outlook requires all of the blocks except for the final one to be fully utilized

(contain 8,176 bytes) or it will consider the file to be corrupt implementations and writers should be
away of this constraint to ensure their files are not considered corrupted.

2.2.2.8.3.2.1 XBLOCK

XBLOCKSs are used when the data associated with a node data that exceeds 8,176 bytes in size. The
XBLOCK expands the data that is associated with a node by using an array of BIDs that reference
data blocks that contain the data stream associated with the node. A BLOCKTRAILER is present at
the end of an XBLOCK, and the end of the BLOCKTRAILER MUST be aligned on a 64-byte boundary.

Unicode:

0|1|{2(3(4|5|6|7(8|9|/0|12|3|4|5|6[7(8|9|0(1(2|3|4|5|6(7|8|9|0(1

btype cLevel cEnt

IcbTotal

rgbid (variable)

rgbPadding (variable, optional)

blockTrailer (16 bytes)

ANSI:

—
N
w

btype cLevel cEnt

IcbTotal

rgbid (variable)

rgbPadding (variable, optional)
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blockTrailer

btype (1 byte): Block type; MUST be set to 0x01 to indicate an XBLOCK or XXBLOCK.
cLevel (1 byte): MUST be set to 0x01 to indicate an XBLOCK.
cEnt (2 bytes): The count of BID entries in the XBLOCK.

IcbTotal (4 bytes): Total count of bytes of all the external data stored in the data blocks
referenced by XBLOCK.

rgbid (variable): Array of BIDs that reference data blocks. The size is equal to the number of

entries indicated by cEnt multiplied by the size of a BID (8 bytes for Unicode PST files, 4
bytes for ANSI PST files).

rgbPadding (variable, optional): This field is present if the total size of all of the other fields is
not a multiple of 64. The size of this field is the smallest number of bytes required to make
the size of the XBLOCK a multiple of 64. Implementations MUST ignore this field.

blockTrailer (ANSI: 12 bytes; Unicode: 16 bytes): A BLOCKTRAILER structure (section
2.2.2.8.1).

2.2.2.8.3.2.2 XXBLOCK

The XXBLOCK further expands the data that is associated with a node by using an array of BIDs that
reference XBLOCKs. A BLOCKTRAILER is present at the end of an XXBLOCK, and the end of the
BLOCKTRAILER MUST be aligned on a 64-byte boundary.

Unicode:

btype cLevel cEnt

IcbTotal

rgbid (variable)

rgbPadding (variable, optional)
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blockTrailer (16 bytes)

ANSI:

—
N

0[{1|/2(3|4|5|6|7(8|9|0(1]|2|3|4|5/6|7|8|9|0]|1

btype cLevel

cEnt

IcbTotal

rgbid (variable)

rgbPadding (variable, optional)

blockTrailer

btype (1 byte): Block type; MUST be set to 0x01 to indicate an XBLOCK or XXBLOCK.

cLevel (1 byte): MUST be set to 0x02 to indicate and XXBLOCK.
cEnt (2 bytes): The count of BID entries in the XXBLOCK.

IcbTotal (4 bytes): Total count of bytes of all the external data stored in XBLOCKs under this

XXBLOCK.

rgbid (variable): Array of BIDs that reference XBLOCKs. The size is equal to the number of
entries indicated by cEnt multiplied by the size of a BID (8 bytes for Unicode PST files, 4

bytes for ANSI PST Files).

rgbPadding (variable, optional): This field is present if the total size of all of the other fields is
not a multiple of 64. The size of this field is the smallest number of bytes required to make

the size of the XXBLOCK a multiple of 64. Implementations MUST ignore this field.

blockTrailer (ANSI: 12 bytes; Unicode: 16 bytes): A BLOCKTRAILER structure (section

2.2.2.8.1).
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2.2.2.8.3.3 Subnode BTree

The subnode BTree collectively refers to all the elements that make up a subnode. The subnode
BTree is a BTree that is made up of SIBLOCK and SLBLOCK structures, which contain SIENTRY and
SLENTRY structures, respectively. These structures are defined in the following sections.

2.2.2.8.3.3.1 SLBLOCKs

An SLBLOCK is a block that contains an array of SLENTRYSs. It is used to reference the subnodes of a
node.

2.2.2.8.3.3.1.1 SLENTRY (Leaf Block Entry)
SLENTRY are records that refer to internal subnodes of a node.

Unicode:

nid

bidData

bidSub

ANSI:

—
N
w

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4(5|6|7(8|9(0]1

nid

bidData

bidSub

nid (Unicode: 8 bytes; ANSI: 4 bytes): Local NID of the subnode. This NID is guaranteed to
be unique only within the parent node.

bidData (Unicode: 8 bytes; ANSI: 4 bytes): The BID of the data block associated with the
subnode.

bidSub (Unicode: 8 bytes; ANSI: 4 bytes): If nonzero, the BID of the subnode of this
subnode.
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2.2.2.8.3.3.1.2 SLBLOCK

Unicode:

0(1/2(3|4(5|6|7(8|9(0{1|2|3|4|5|6|7|8|9(0|1(2[3|4(5|6|7(8|9(0]1

btype cLevel cEnt

dwPadding

rgentries (variable)

rgbPadding (variable, optional)

blockTrailer (16 bytes)

ANSI:

—
N
w

btype cLevel cEnt

dwPadding

rgentries (variable)

rgbPadding (variable, optional)

blockTrailer

btype (1 byte): Block type; MUST be set to 0x02.
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cLevel (1 byte): MUST be set to 0x00.

cEnt (2 bytes): The number of SLENTRYs in the SLBLOCK. This value and the number of
elements in the rgentries array MUST be non-zero. When this value transitions to zero, it is
required for the block to be deleted.

dwPadding (4 bytes): Padding; MUST be set to zero.

rgentries (variable size): Array of SLENTRY structures. The size is equal to the number of
entries indicated by cEnt multiplied by the size of an SLENTRY (24 bytes for Unicode PST
files, 12 bytes for ANSI PST Files).

rgbPadding (optional, variable): This field is present if the total size of all of the other fields is
not a multiple of 64. The size of this field is the smallest number of bytes required to make
the size of the SLBLOCK a multiple of 64. Implementations MUST ignore this field.

blockTrailer (ANSI: 12 bytes; Unicode: 16 bytes): A BLOCKTRAILER structure (section
2.2.2.8.1).

2.2.2.8.3.3.2 SIBLOCKs

An SIBLOCK is a block that contains an array of SIENTRYs. It is used to extend the nhumber of
subnodes that a node can reference by chaining SLBLOCKS.

2.2.2.8.3.3.2.1 SIENTRY (Intermediate Block Entry)
SIENTRY are intermediate records that point to SLBLOCKSs.

Unicode:

nid

bid

ANSI:

-
N
w

0|1{2({3(4|5|/6|7(8|9|/0|1|2(|3|4|5|6[7(8|9|0(1(2|3|4|5|6(7|8|9|0(1

nid

bid

nid (Unicode: 8 bytes; ANSI: 4 bytes): The key NID value to the next-level child block. This
NID is only unique within the parent node. The NID is extended to 8 bytes in order for Unicode
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PST files to follow the general convention of 8-byte indices (see section 2.2.2.7.7.4 for
details).

bid (Unicode: 8 bytes; ANSI: 4 bytes): The BID of the SLBLOCK.

2.2.2.8.3.3.2.2 SIBLOCK

Unicode:

btype cLevel cEnt

dwPadding

rgentries (variable)

rgbPadding (variable, optional)

blockTrailer (16 bytes)

ANSI:

-
N
w

btype cLevel cEnt

dwPadding

rgentries (variable)

rgbPadding (variable, optional)

blockTrailer
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btype (1 byte): Block type; MUST be set to 0x02.

cLevel (1 byte): MUST be set to 0x01.

cEnt (2 bytes): The number of SIENTRYs in the SIBLOCK.
dwPadding (4 bytes): Padding; MUST be set to zero.

rgentries (variable size): Array of SIENTRY structures. The size is equal to the number of
entries indicated by cEnt multiplied by the size of an SIENTRY (16 bytes for Unicode PST files,
8 bytes for ANSI PST Files).

rgbPadding (optional, variable): This field is present if the total size of all of the other fields is
not a multiple of 64. The size of this field is the smallest number of bytes required to make
the size of the SIBLOCK a multiple of 64. Implementations MUST ignore this field.

blockTrailer (ANSI: 12 bytes; Unicode: 16 bytes): A BLOCKTRAILER structure (section
2.2.2.8.1).

2.3 LTP Layer

The LTP layer builds on top of the NDB infrastructure to provide the structured storage elements
that are required to represent complex messaging-related objects such as Folder objects, Message
objects and Attachment objects.

The LTP defines a heap on an NDB node as well as a BTree that is defined within the heap structure.

The LTP uses these abstractions to further define property contexts and table contexts which
represent collections of property-value pairs and tables consisting of rows of columns, respectively.

2.3.1 HN (Heap-on-Node)

The Heap-on-Node defines a standard heap over a node's data stream. Taking advantage of the
flexible structure of the node, the organization of the heap data can take on several forms,
depending on how much data is stored in the heap.

For heaps whose size exceed the amount of data that can fit in one data block, the first data block in
the HN contains a full header record and a trailer record. With the exception of blocks that require
an HNBITMAPHDR structure, subsequent data blocks only have an abridged header and a trailer.
This is explained in more detail in the following sections. Because the heap is a structure that is
defined at a higher layer than the NDB, the heap structures are written to the external data sections
of data blocks and do not use any information from the data block's NDB structure.

2.3.1.1 HID

An HID is a 4-byte value that identifies an item allocated from the heap. The value is unique only
within the heap itself. The following is the structure of an HID.

Unicode / ANSI:

1 2 3
0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4(5|6|7(8|9(0]1

hidType hidIndex hidBlockIndex
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hidType (5 bits): HID Type; MUST be set to 0 (NID_TYPE_HID) to indicate a valid HID.

hidIndex (11 bits): HID index. This is the 1-based index value that identifies an item allocated
from the heap node. This value MUST NOT be zero.

hidBlockIndex (16 bits): This is the zero-based data block index. This number indicates the
zero-based index of the data block in which this heap item resides.

2.3.1.2 HNHDR

The HNHDR record resides at the beginning of the first data block in the HN (an HN can span
several blocks), which contains root information about the HN.

Unicode / ANSI:

-
N
w

0|1|{2({3(4|5|/6|7(8|9|/0|12(3|4|5|6[7|8|9|0(1(2|3|4|5|6(7|8|9|0(1

ibHnpm bSig bClientSig

hidUserRoot

rgbFillLevel

ibHnpm (2 bytes): The byte offset to the HN page Map record (section 2.3.1.5), with respect to
the beginning of the HNHDR structure.

bSig (1 byte): Block signature; MUST be set to OxEC to indicate an HN.

bClientSig (1 byte): Client signature. This value describes the higher-level structure that is
implemented on top of the HN. This value is intended as a hint for a higher-level structure and
has no meaning for structures defined at the HN level. The following values are pre-defined for
bClientSig. All other values not described in the following table are reserved and MUST NOT
be assigned or used.

Value Friendly name Meaning

0x6C bTypeReservedl Reserved

0x7C bTypeTC Table Context (TC/HN)
0x8C bTypeReserved2 Reserved

0x9C bTypeReserved3 Reserved

OxA5 bTypeReserved4 Reserved

OxAC bTypeReserved5 Reserved

0xB5 bTypeBTH BTree-on-Heap (BTH)
0xBC bTypePC Property Context (PC/BTH)
0xCC bTypeReserved6 Reserved
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hidUserRoot (4 bytes): HID that points to the User Root record. The User Root record contains
data that is specific to the higher level.

rgbFillLevel (4 bytes): Per-block Fill Level Map. This array consists of eight 4-bit values that
indicate the fill level for each of the first 8 data blocks (including this header block). If the HN
has fewer than 8 data blocks, then the values corresponding to the non-existent data blocks
MUST be set to zero. The following table explains the values indicated by each 4-bit value.

Value Friendly name Meaning

0x0 FILL_LEVEL_EMPTY At least 3584 bytes free / data block does not exist
0x1 FILL_LEVEL_1 2560-3584 bytes free

0x2 FILL_LEVEL_2 2048-2560 bytes free

0x3 FILL_LEVEL_3 1792-2048 bytes free

0x4 FILL_LEVEL_4 1536-1792 bytes free

0x5 FILL_LEVEL_5 1280-1536 bytes free

0x6 FILL_LEVEL_6 1024-1280 bytes free

0x7 FILL_LEVEL_7 768-1024 bytes free

0x8 FILL_LEVEL_8 512-768 bytes free

0x9 FILL_LEVEL_9 256-512 bytes free

OxA FILL_LEVEL_10 128-256 bytes free

0xB FILL_LEVEL_11 64-128 bytes free

0oxC FILL_LEVEL 12 32-64 bytes free

0xD FILL_LEVEL 13 16-32 bytes free

OxE FILL_LEVEL_ 14 8-16 bytes free

OxF FILL_LEVEL_FULL Data block has less than 8 bytes free

2.3.1.3 HNPAGEHDR

This is the header record used in subsequent data blocks of the HN that do not require a new Fill
Level Map (see next section). This is only used when multiple data blocks are present.

Unicode / ANSI:

=

0[{1|2(3|4|5|6|7(8|9|0/1

ibHnpm

ibHnpm (2 bytes): The bytes offset to the HNPAGEMAP record (section 2.3.1.5), with respect
to the beginning of the HNPAGEHDR structure.
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2.3.1.4 HNBITMAPHDR

Beginning with the eighth data block, a new Fill Level Map is required. An HNBITMAPHDR fulfills this
requirement. The Fill Level Map in the HNBITMAPHDR can map 128 blocks. This means that an
HNBITMAPHDR appears at data block 8 (the first data block is data block 0) and thereafter every
128 blocks. (that is, data block 8, data block 136, data block 264, and so on).

Unicode / ANSI.:

-
N
w

0(1/2(3|4(5|6|7(8|9(0(1|2[3|4|5|6|7|8|9(0|1(2[3|4|(5|6|7(8|9(0]1

ibHnpm rgbFillLevel (64 bytes)

ibHnpm (2 bytes): The byte offset to the HNPAGEMAP record (section 2.3.1.5) relative to the
beginning of the HNBITMAPHDR structure.

rgbFillLevel (64 bytes): Per-block Fill Level Map. This array consists of one hundred and
twenty-eight (128) 4-bit values that indicate the fill level for the next 128 data blocks
(including this data block). If the HN has fewer than 128 data blocks after this data block,
then the values corresponding to the non-existent data blocks MUST be set to zero. See
rgbFillLevel in section 2.3.1.2 for possible values.

2.3.1.5 HNPAGEMAP

The HNPAGEMAP is the last item in the variable length data portion of the block immediately
following the last heap item. There can be anywhere from 0 to 63 bytes of padding between the
HNPAGEMAP and the block trailer. The beginning of the HNPAGEMAP is aligned on a 2-byte

boundary so there can be an additional 1 byte of padding between the last heap item and the
HNPAGEMAP.

The HNPAGEMAP structure contains the information about the allocations in the page. The
HNPAGEMAP is located using the ibHnpm field in the HNHDR, HNPAGEHDR and
HNBITMAPHDR records.

Unicode / ANSI:

0|1{2({3(4|5|/6|7(8|9|/0|1|2(3|4|5|6[7|8|9|0(1(2|3|4|5|6(7|8|9|0(1

cAlloc cFree

rgibAlloc (variable)

cAlloc (2 bytes): Allocation count. This represents the number of items (allocations) in the HN.

cFree (2 bytes): Free count. This represents the number of freed items in the HN.
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rgibAlloc (variable): Allocation table. This contains cAlloc + 1 entries. Each entry is a WORD
value that is the byte offset to the beginning of the allocation. An extra entry exists at the
cAlloc + 1% position to mark the offset of the next available slot. Therefore, the n' allocation
starts at offset rgibAlloc[n] (from the beginning of the HN header), and its size is calculated
as rgibAlloc[n + 1] T rgibAlloc[n] bytes.

2.3.1.6 Anatomy of HN Data Blocks

The following diagram shows the organization of a Heap node.

Data Blocks
HNHDR
1. Single-Block Cenfiguration 2. XBLOCK Configuration Block #0
NID NID
Data Block Data Tree (XBLOCK) HNPAGEMAP
bidData B bidData p—pm= :
HNHDR :
bidSub bidSub - .
Heap Itemn HNPAGEHDR.
Heap Item Block #1-7
(7 Blocks)
Heap Item HNPAGEMAP
HNPAGEMAP HNBITMAPHDR
Block #8
HNPAGEMAP
e :
HNPAGEHDR
Block #9-135
(127 Blocks)
HNPAGEMAP
> :
HNBITMAPHDR
Block #136
HNPAGEMAP

Figure 4: Data organization of a Heap node

This illustrates the data organization for an HN that consists of a single data block, and an HN that
consists of multiple data blocks through the use of a data tree construct. Note than an XXBLOCK
can be used if the space required exceeds the capacity of an XBLOCK.
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2.3.1.6.1 Single-Block Configuration

The single-block HN consists of a single data block with an HNHDR header structure and an
HNPAGEMAP trailer structure at the end. The diagram in section 2.3.1.6 also shows how all the

items allocated from the heap are located in the space between the HNHDR and the HNPAGEMAP
structures.

2.3.1.6.2 Data Tree Configuration

In the case of the multi-block HN, a data tree is used to fan out into multiple data blocks. An
XXBLOCK is used if the HN exceeds the capacity of an XBLOCK, but the maximum number of
blocks is 2 to the 16" power because of the 16-bit capacity of hidBlockIndex (section 2.3.1.1).
The first data block is identical to the single-block case. Because the HNHDR has eight Fill Level
Map slots, the next seven blocks only have the abbreviated HNPAGEHDR header structure. The
eighth block, however, only has an HNBITMAPHDR header structure because a new Fill Level Map
is needed. Because HNBITMAPHDR has 128 slots, it is only required once every 128 blocks
thereafter. All the blocks in-between have the HNPAGEHDR header instead.

In terms of data arrangement, the data tree case is an extension to the single-block case, where
individual heap items are allocated from the leaf data blocks in a similar manner.

2.3.2 BTree-on-Heap (BTH)

A BTree-on-Heap implements a classic BTree on a heap node. A BTH consists of several parts: A
header, the BTree records, and optional BTree data. The following diagram shows a high-level
schematic of a BTH.

[ Level 1 Indices ] [Level O Data]
HID = OwAD
£

HID = Ox20 HID = Ox60 Key Data
BTHHEADER ] Key | hid = OwAD Key Data
bldwl evels=2 : kay Data

hidRoot = 0x40 : :

ey | hid = 0x580 :
kiay Data

L bl ey g —sizecf(HID)—p=
HID = 00
HID = Ox5A0
Key hid = ox60 | >
HID = 0x80 Ky Data
Key hid = 0x80 [

Key | hid = OxSAQ Key Data

bk ey d—sizeof{HID ) —- T T

: | |

[ Lewvel 2 Indices ] | I

|
Ky Data
Key | hid = D:(XD
- chi =y ag—CcbhEnt—pm

Figure 5: Data organization of a BTH

The preceding diagram shows a BTH with two levels of indices. The top-level index (Key, HID) value
pairs actually point to heap items that contain the Level 1 Indices, which, in turn, point to heap
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items that contain the leaf (Key, data) value pairs. Each of the six boxes in the diagram actually
represents six separate items allocated out of the same HN, as indicated by their associated HIDs.

2.3.2.1 BTHHEADER

The BTHHEADER contains the BTH metadata, which instructs the reader how to access the other
objects of the BTH structure.

Unicode / ANSI.:

1 2 3
0|1|{2(3|4|5|6|7(8|9|0|1|2|3|4|5|6[7(8|9|0(1(2|3|4|5|6(7|8|9|0(1
bType cbKey cbEnt bIdxLevels
hidRoot

bType (1 byte): MUST be bTypeBTH.

cbKey (1 byte): Size of the BTree Key value, in bytes. This value MUST be set to 2, 4, 8, or
16.

cbEnt (1 byte): Size of the data value, in bytes. This MUST be greater than zero and less than
or equal to 32.

bIldxLevels (1 byte): Index depth. This number indicates how many levels of intermediate
indices exist in the BTH. Note that this number is zero-based, meaning that a value of zero
actually means that the BTH has one level of indices. If this value is greater than zero, then
its value indicates how many intermediate index levels are present.

hidRoot (4 bytes): This is the HID that points to the BTH entries for this BTHHEADER. The
data consists of an array of BTH records. This value is set to zero if the BTH is empty.

2.3.2.2 Intermediate BTH (Index) Records

Index records do not contain actual data, but point to other index records or leaf records. The
format of the intermediate index record is as follows. The number of index records can be
determined based on the size of the heap allocation.

Unicode / ANSI:

0(1/2(3|4(5|6|7(8|9(0{1|2|3|4|5|6|7|8|9(0|1|2[3|4|5|6|7(8|9(0]1

key (variable)

hidNextLevel

key (variable): This is the key of the first record in the next level index record array. The size
of the key is specified in the cbKey field in the corresponding BTHHEADER structure (section
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2.3.2.1). The size and contents of the key are specific to the higher level structure that
implements this BTH.

hidNextLevel (4 bytes): HID of the next level index record array. This contains the HID of the
heap item that contains the next level index record array.

2.3.2.3 Leaf BTH (Data) Records

Leaf BTH records contain the actual data associated with each key entry. The BTH records are
tightly packed (that is, byte-aligned), and each record is exactly cbKey + cbEnt bytes in size. The
number of data records can be determined based on the size of the heap allocation.

Unicode / ANSI.:

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1(2[3|4|(5|6|7(8|9(0]1

key (variable)

data (variable)

key (variable): This is the key of the record. The size of the key is specified in the cbKey field
in the corresponding BTHHEADER structure(section 2.3.2.1). The size and contents of the
key are specific to the higher level structure that implements this BTH.

data (variable): This contains the actual data associated with the key. The size of the data is
specified in the cbEnt field in the corresponding BTHHEADER structure. The size and
contents of the data are specific to the higher level structure that implements this BTH.

2.3.3 Property Context (PC)

The Property Context is built directly on top of a BTH. The existence of a PC is indicated at the HN
level, where bClientSig is set to bTypePC. Implementation-wise, the PC is simply a BTH with
cbKey set to 2 and cbEnt set to 6 (see section 2.3.3.3). The following section explains the layout of
a PC BTH record.

Each property is stored as an entry in the BTH. Accessing a specific property is just a matter of

searching the BTH for a key that matches the property identifier of the desired property, as the
following data structure illustrates.

2.3.3.1 Accessing the PC BTHHEADER

The BTHHEADER structure of a PC is accessed through the hidUserRoot of the HNHDR structure of
the containing HN.
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%5bMS-OFCGLOS%5d.pdf

2.3.3.2 HNID
An HNID is a 32-bit hybrid value that represents either an HID or an NID. The determination is
made by examining the hidType (or equivalently, nidType) value. The HNID refers to an HID if the
hidType is NID_TYPE_HID. Otherwise, the HNID refers to an NID.
An HNID that refers to an HID indicates that the item is stored in the data block. An HNID that

refers to an NID indicates that the item is stored in the subnode block, and the NID is the local NID
under the subnode where the raw data is located.

2.3.3.3 PC BTH Record

Unicode / ANSI.:

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|(5|6|7|8|9(0|1(2[3|4(5|6|7(8|9(0]1

wPropld wPropType

dwValueHnid

wPropld (2 bytes): Property ID, as specified in [MS-OXCDATA] section 2.9. This is the upper
16 bits of the property tag value. This is a manifestation of the BTH record (section 2.3.2.3)
and constitutes the key of this record.

wPropType (2 bytes): Property type. This is the lower 16 bits of the property tag value,
which identifies the type of data that is associated with the property. The complete list of
property type values and their data sizes are specified in [MS-OXCDATA] section 2.11.1.

dwValueHnid (4 bytes): Depending on the data size of the property type indicated by
wPropType and a few other factors, this field represents different values. The following table
explains the value contained in dwValueHnid based on the different scenarios. In the event
where the dwValueHnid value contains an HID or NID (section 2.3.3.2), the actual data is
stored in the corresponding heap or subnode entry, respectively.

Variable Fixed data NID_TYPE(dwValueHnid) ==
size? size NID_TYPE_HID? dwValueHnid
N <= 4 bytes - Data Value
> 4 bytes Y HID
\% - Y HID (<= 3580 bytes)
N NID (subnode, > 3580
bytes)

2.3.3.4 Multi-Valued Properties

Multi-valued (MV) properties are properties that contain an array of values. A Multi-Valued property
can be derived from any basic property type, for example: PtypInteger32, PtypGuid, PtypString,
PtypBinary ([MS-OXCDATA] section 2.11.1). The value of an MV property is stored using an HNID,
and is encoded in a packed binary format. The following explains the data format for Multi-valued
properties:
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2.3.3.4.1 MV Properties with Fixed-size Base Type

When an MV property contains elements of fixed size, such as PtypInteger32 or PtypGuid, the
data layout is very straightforward. The number of elements present is determined by dividing the
size of the heap or node data size by the size of the data type. Each data element is aligned with
respect to its own data type, which results in a tightly-packed array of elements.

For example, if the HID points to an allocation of 64 bytes, and the Fixed-size type is a
PtypInteger64 (8 bytes), then the number of items in the MV property is 64 / 8 = 8 items. The
size of the heap or node data MUST be an integer multiple of the data type size.

2.3.3.4.2 MV Properties with Variable-size Base Type

When the MV property contains variable-size elements, such as PtypBinary, PtypString, or
PtypString8), the data layout is more complex. The following is the data format of a multi-valued
property with variable-size base type.

Unicode / ANSI.:

0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1|2[3|4|(5|6|7(8|9(0]1

ulCount

rgulDataOffsets (variable)

rgDataltems (variable)

ulCount (4 bytes): Number of data items in the array.

rgulDataOffsets (variable): An array of ULONG values that represent offsets to the start of
each data item for the MV array. Offsets are relative to the beginning of the MV property data
record. The length of the N*" data item is calculated as: rgulOffsets[N+1] -
rgulOffsets[N], with the exception of the last item, in which the total size of the MV property
data record is used instead of rgulOffsets[N+1].

rgDataltems (variable): A byte-aligned array of data items. Individual items are delineated
using the rgulOffsets values.

2.3.3.5 PtypObject Properties

When a property of type PtypObject is stored in a PC, the dwValueHnid value described in section

2.3.3.3 points to a heap allocation that contains a structure that defines the size and location of the
object data.

Unicode / ANSI:
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0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1(2[3|4(5|6|7(8|9(0]1

Nid

ulSize

Nid (4 bytes): The subnode identifier that contains the object data.

ulSize (4 bytes): The total size of the object.

2.3.3.6 Anatomy of a PC

The following diagram provides a visual representation how the various storage scenarios play out in
a PC.

MID
Data Block (BTHY
bidData -
- HMHDE.
. hidUserRoot = O0x20
BTHHEADER
HID=0x20 hidRaat = 0x40
PT_LOMG Yalue
HID=0%<40 PT_BIMNARY HMID — PC BTH Records
¢ PT_UNICODE HMID
] subnode BTree 4
HID=0x=60 wariable-size data
HANFP AGEMAR
wariable-size data |-

PC implemented on a BTH with additional storage in subnodes

Figure 6: Data organization of a property context

This example shows a PC that is represented using a single data block and the subnode. For a small
BTH, a subnode is not used. The data block points to an HN, which in turn contains a BTH that is
built on top of an HN as shown. For a PC, the hidUserRoot of the HN points to the BTHHEADER
(allocated form the heap with HID set to 0x20). The hidRoot of the BTHHEADER points to the array
of PC BTH records, which is also allocated from the heap (with HID set to 0x40).

The property-value pairs in the PC BTH records are stored using the rules described in the previous
sections. For a 32-bit PtypInteger32 ([MS-OXCDATA] section 2.11.1) property, the value is stored
inline. For variable-size properties such as strings and binary BLOBs, an HNID is used to reference
the data location. For the PtypString ([MS-OXCDATA] section 2.11.1) case, the data fits into the
available space in the heap, and therefore is stored in the heap (HNID=0x60).

In the PtypBinary ([MS-OXCDATA] section 2.11.1) case, because the BLOB is too large to fit within
the heap (larger than 3580 bytes), the subnode is used to store the data. In this case, the value of
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HNID is set to the subnode NID that contains the binary data. Note that the subnode structure in
the diagram is significantly simplified for illustrative purposes.

2.3.4 Table Context (TC)

A Table Context represents a table with rows of columns. From an implementation perspective, a TC
is a complex, composite structure that is built on top of an HN. The presence of a TC is indicated at
both the NDB and LTP Layers. At the NDB Layer, a TC is indicated through one of the special
NID_TYPEs, and at the LTP Layer, a value of bTypeTC for bClientSig in the HNHEADER structure is
reserved for TCs. The underlying TC data is separated into 3 entries: a header with Column
descriptors, a RowIndex (a nested BTH), and the actual table data (known as the Row Matrix).

The Row Matrix contains the actual row data for the TC. New rows are appended to the end of the
Row Matrix, which means that the rows are not sorted in any meaningful manner. To provide a way
to efficiently search the Row Matrix for a particular data row, each TC also contains an embedded
BTH, known as the RowIndex, to provide a 32-bit "primary index" for the Row Matrix. Each 32-bit
value is a key that uniquely identifies a row within the Row Matrix.

In practice, the Row Matrix is stored in a subnode because of its typical size, but in rare cases, a TC
can fit into a single data block if it is small enough. To facilitate navigation between rows, each row
of data is of the same size, and the size is stored in the TCINFO header structure (section 2.3.4.1).
To further help with data packing and alignment, the data values are grouped according to its
corresponding data size. DWORD and ULONGLONG values are grouped first, followed by WORD-
sized data, and then byte-sized data. The TCINFO structure contains an array of offsets that points
to the starting offset of each group of data.

The TC also includes a construct known as a Cell Existence Bitmap (CEB), which is used to denote
whether a particular column in a particular row actually "exists". A CEB is present at the end of each
row of data in the Row Matrix that indicates which columns in that row exists and which columns
don't exist.

The following diagram depicts the various elements of a TC, and how they relate to each other.
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Figure 7: Data organization of a Table Context

The preceding example illustrates a typical TC arrangement, where the metadata is stored in the
main data block (a data tree can be used if the TC is large), and the RowMatrix is stored in the
corresponding subnode. Note that the numerical values used in the example are for reference
purposes only.

The hidUserRoot of the HNHDR points to the TC header, which is allocated from the heap with
HID=0x20. The TC header contains a TCINFO structure, followed by an array of column descriptors.
The TCINFO structure contains pointers that point to the RowIndex (hidRowIndex) and The Row
Matrix (hnidRowData). The RowlIndex is allocated off the heap, whereas the Row Matrix is stored in
the subnode (in rare cases where the TC is very small, the Row Matrix can be stored in a heap
allocation instead. Note that the subnode structure in the diagram is significantly simplified for
illustrative purposes.

The next sections describe actual data structures associated with Table Contexts:

2.3.4.1 TCINFO

TCINFO is the header structure for the TC. The TCINFO is accessed using the hidUserRoot field in
the HNHDR structure of the containing HN. The header contains the column definitions and other
relevant data.

Unicode / ANSI:
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hidRowIndex

hnidRows

hidIndex

rgTCOLDESC (variable)

bType (1 byte): TC sighature; MUST be set to bTypeTC.
cCols (1 byte): Column count. This specifies the number of columns in the TC.

rgib (8 bytes): This is an array of 4 16-bit values that specify the offsets of various groups of
data in the actual row data. The application of this array is specified in section 2.3.4.4, which
covers the data layout of the Row Matrix. The following table lists the meaning of each value:

Index Friendly name Meaning of rgib[Index] value

0 TCI_4b Ending offset of 8- and 4-byte data value group.
1 TCI_2b Ending offset of 2-byte data value group.

2 TCI_1b Ending offset of 1-byte data value group.

3 TCI_bm Ending offset of the Cell Existence Block.

hidRowIndex (4 bytes): HID to the Row ID BTH. The Row ID BTH contains (RowID, RowIndex)
value pairs that correspond to each row of the TC. The RowlID is a value that is associated
with the row identified by the RowIndex, whose meaning depends on the higher level
structure that implements this TC. The RowlIndex is the zero-based index to a particular row in
the Row Matrix.

hnidRows (4 bytes): HNID to the Row Matrix (that is, actual table data). This value is set to
zero if the TC contains no rows.

hidIndex (4 bytes): Deprecated. Implementations SHOULD ignore this value, and creators of a
new PST MUST set this value to zero.

rgTCOLDESC (variable): Array of Column Descriptors. This array contains cCol entries of type
TCOLDESC structures that define each TC column. The entries in this array MUST be sorted
by the tag field of TCOLDESC.

2.3.4.2 TCOLDESC

The TCOLDESC structure describes a single column in the TC, which includes metadata about the
size of the data associated with this column, as well as whether a column exists, and how to locate
the column data from the Row Matrix.

Unicode / ANSI:
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tag

ibData cbData iBit

tag (4 bytes): This field specifies that 32-bit tag that is associated with the column.

ibData (2 bytes): Data Offset. This field indicates the offset from the beginning of the row data
(in the Row Matrix) where the data for this column can be retrieved. Because each data row is
laid out the same way in the Row Matrix, the Column data for each row can be found at the
same offset.

cbData (1 byte): Data size. This field specifies the size of the data associated with this column
(that is, "width" of the column), in bytes per row. However, in the case of variable-sized data,
this value is set to the size of an HNID instead. This is explained further in section 2.3.4.4.

iBit (1 byte): Cell Existence Bitmap Index. This value is the 0-based index into the CEB bit that
corresponds to this Column. A detailed explanation of the mapping mechanism will be
discussed in section 2.3.4.4.1.

2.3.4.3 The RowIndex

The hnidRowID member in TCINFO points to an embedded BTH that contains an array of
(dwRowlID, dwRowIndex) value pairs, which provides a 32-bit primary index for searching the
Row Matrix. Simply put, the RowIndex maps dwRowlID, a unique identifier, to the index of a
particular row in the Row Matrix.

The RowlIndex itself is a generic mechanism to provide a 32-bit primary key and therefore it is up
to the implementation to decide what value to use for the primary key. However, an NID value is
used as the primary key because of its uniqueness within a PST.

The following is the layout of the BTH data record used in the RowIndex.

2.3.4.3.1 TCROWID

The TCROWID structure is a manifestation of the BTH data record (section 2.3.2.3). The size of the
TCROWID structure varies depending on the version of the PST. For the Unicode PST, each record
in the BTH are 8 bytes in size, where cbKey is set to 4 and cEnt is set to 4. For an ANSI PST, each
record is 6 bytes in size, where cbKey is set to 4 and cEnt is set to 2. The following is the binary
layout of the TCROWID structure.

Unicode:

-
N
w
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dwRowID

dwRowIndex

ANSI:
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dwRowID

dwRowIndex

dwRowlID (4 bytes): This is the 32-bit primary key value that uniquely identifies a row in the
Row Matrix.

dwRowIndex (Unicode: 4 bytes; ANSI: 2 bytes): The 0-based index to the corresponding
row in the Row Matrix. Note that for ANSI PSTs, the maximum number of rows is 2°16.

2.3.4.4 Row Matrix

The Row Matrix contains the actual data for the rows and columns of the TC. The data is physically
arranged in rows; each row contains the data for each of its columns. Each row of column data in
the Row Matrix is of the same size and is arranged in the same layout, and the size of each row is
specified in the rgib[TCI_bm] value in the TCINFO header structure.

However, in many cases, the Row Matrix is larger than 8 kilobytes and therefore cannot fit in a
single data block, which means that a data tree is used to store the Row Matrix in separate data
blocks. This means that the row data is partitioned across two or more data blocks and needs
special handling considerations.

The design of a TC dictates that each data block MUST store an integral number of rows, which
means that rows cannot span across two blocks, and that each block MUST start with a fresh row.
This also means that in order for a client to access a particular row in the Row Matrix, it first
calculates how many rows fit in a block, and calculates the row index within that block at which the
row data is located. The general formula to calculate the block index and row index for the N*" row
are as follows:

RowsPerBlock = Floor((sizeof(block) — sizeof(BLOCKTRAILER)) / TCINFO.rgib[TCI_bm])
BlockIndex = N / RowsPerBlock
RowIndex = N % RowsPerBlock
Where sizeof(block) is 8192 bytes.

The following diagram illustrates how the data in the Row Matrix is organized.
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Figure 8: Data organization of the Row Matrix

In addition to showing the data organization of the Row Matrix, this diagram also illustrates how the
rows in the RowIndex relate to the row data in the Row Matrix. As illustrated by the crossing of
dotted lines between the two structures, the Row Matrix data is unsorted, which makes searching
inefficient. The RowIndex, which is implemented using an embedded BTH indexed by dwRowlID,
provides the primary search key to lookup specific rows in the Row Matrix.

It is also worth noting that because of the fact that partial rows are not allowed, there might be
unused space at the end of the data block (shaded in gray in the diagram). Readers MUST ignore
any such "dead space" and MUST NOT interpret its contents.

2.3.4.4.1 Row Data Format

The following is the organization of a single row of data in the Row Matrix. Rows of data are tightly-
packed in the Row Matrix, and the size of each data row is TCINFO.rgib[TCI_bm] bytes. The
following constraints exist for the columns within the structure.

1.

2
3
4.
5
6
7

Columns MUST be sorted
. PidTagLtpRowld must be assigned iBit ==
. PidTagLtpRowId must be assigned ibData ==

PidTagLtpRowVer must be assigned iBit ==

Unicode / ANSI:

. PidTagLtpRowVer must be assigned ibData ==
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0(1/2(3|4(5|6|7(8|9(0(1|2|3|4|5|6|7|8|9(0|1(2[3|4(5|6|7(8|9(0]1

dwRowID

rgdwData (variable)

rgwData (variable)

rgbData (variable)

rgbCEB (variable)

dwRowlID (4 bytes): The 32-bit value that corresponds to the dwRowlID value in this row's
corresponding TCROWID record. Note that this value corresponds to the PidTagLtpRowlId
property.

rgdwData (variable): 4-byte-aligned Column data. This region contains data with a size that is
a multiple of 4 bytes. The types of data stored in this region are 4-byte and 8-byte values.

rgwData (variable): 2-byte-aligned Column data. This region contains data that are 2 bytes in
size.

rgbData (variable): Byte-aligned Column data. This region contains data that are byte-sized.

rgbCEB (variable): Cell Existence Block. This array of bits comprises the CEB, in which each bit
corresponds to a particular Column in the current row. The mapping between CEB bits and
actual Columns is based on the iBit member of each TCOLDESC (section 2.3.4.2), where an
iBit value of zero maps to the MSB of the Oth byte of the CEB array (rgCEB[0] ). Subsequent
iBit values map to the next less-significant bit until the LSB is reached, where the subsequent
iBit can be found in the MSB of the next byte in the CEB array and the process repeats itself.
Programmatically, the Cell Existence Bit that corresponds to iBit can be extracted as follows:

BOOL fCEB = !|(rgCEB(iBit / 8] & (1 << (7 - (iBit % 8))));

Space is reserved for a column in the Row Matrix, regardless of the corresponding CEB bit value for
that column. Specifically, an fCEB bit value of TRUE indicates that the corresponding column value in
the Row matrix is valid and should be returned if requested. However, an fCEB bit value of false
indicates that the corresponding column value in the Row matrix is "not set" or "invalid". In this
case, the property MUST be "not found" if requested.

The size of rgCEB is CEIL(TCINFO.cCols / 8) bytes. Extra lower-order bits SHOULD be ignored.
Creators of a new PST MUST set the extra lower-order bits to zero.
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2.3.4.4.2 Variable-sized Data

With respect to the TC, variable-sized data is defined as any data type that allows a variable size
(such as strings), or any fixed-size data type that exceeds 8 bytes (for example, a GUID). In the
case of variable-sized data, the actual data is stored elsewhere in the heap or in a subnode, and the
HNID that references the data is stored the corresponding rgdwData slot instead. The following is a
list of the property types that are stored using an HNID. A complete list of property types is
specified in [MS-OXCDATA] section 2.11.1.

= PtypString

= PtypString8

= PtypBinary

= PtypObject

= PtypGuid

= All multi-valued types

The following table illustrates the handling of fixed- and variable-sized data in the TC (see section
2.3.3.2 for determining if an HNID is an HID or an NID).

Variable Fixed data NID_TYPE(dwValueHnid) ==
size? size NID_TYPE_HID? rgdwData value
N <= 8 bytes* - Data value
> 8 bytes* Y HID
Y - Y HID (<= 3580 bytes)
N NID (subnode, > 3580
bytes)

This contrasts with the PC in that the TC stores 8-byte values inline (in rgdwData), whereas a PC
would use an HNID for any data that exceeds 4-bytes in size.

2.3.4.4.3 Cell Existence Test

Despite the existence of the CEB, the size of each row of column data is still the same for every row.
This means that a data slot exists for a column, whether or not the column exists for that row.
Because the data slot of a non-existent column contains random values, third-party
implementations MUST first check the CEB to determine if a column exists, and only process the
column data if the column exists. This prevents any confusion resulting from interpreting invalid
data from non-existent columns. Implementations MUST set the value of a non-existent column to
zero.

2.4 Messaging Layer

The Messaging layer is a high-level layer that exposes functionality provided in the LTP Layer
through Messaging semantics. Instead of primitive Property and Table Contexts, the Messaging
Layer exposes objects in terms of message store, Folder objects, Message objects and Attachment
objects, and defines the composite structures for each of these objects, as well as defines the rules
that interrelate these objects with each other.
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2.4.1 Special Internal NIDs

This section focuses on a special NID_TYPE: NID_TYPE_INTERNAL (0x01). As specified in section
2.2.2.1, the nidType of an NID is ignored by the NDB Layer, and is left for the interpretation by
higher level implementations.