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1 Introduction

1 Introduction

1.1 License Notices

1.1.1 Public Documentation License Notice

The contents of this Documentation are subject to the Public Documentation License Version 1.0 (the "License"); you
may only use this Documentation if you comply with the terms of this License. A copy of the License is available at

# http://www.openoffice.org/licenses/PDL.html.

The Original Documentation is "OpenOffice.org's Documentation of the Microsoft Excel File Format".

The Initial Writer of the Original Documentation is Sun Microsystems, Inc., Copyright © 2003. All Rights Reserved.
See title page for Author contact and Contributors.

All Trademarks are properties of their respective owners.

1.1.2 Wikipedia

Wikipedia Disclaimer: @ http://en.wikipedia.org/wiki/Wikipedia:General disclaimer



http://en.wikipedia.org/wiki/Wikipedia:General_disclaimer
http://www.openoffice.org/licenses/PDL.html

1.2 Abstract

1.2 Abstract

This document contains a description of the binary file format of Microsoft Excel, including all available Excel versions
(for Windows) from Excel 2.x to the current Excel 2003.

This project has been started in June 2001 and is still in progress. At several places the remark “2do” indicates an
incomplete section of the documentation.

1.2.1 Project Status

Chapter Contents Status
1 Introduction Common information Done
2 Document Structure Document structure overview Done
3 Formulas - Structure of RPN token arrays Done
- Detailed description of all tokens In progress
4 Worksheet/Workbook Stream Abstract description of complex features represented  In progress
by several records
5 Worksheet/Workbook Records Detailed description of all records of the In progress
worksheet/workbook stream
6 Drawing Objects Not started
7 Charts Internals of chart sheets and chart objects In progress
8 PivotTables Not started
9 Change Tracking Not started
10 Workspace Documents In progress




1 Introduction

1.2.2 Used Terms, Symbols, and Formatting

« References

A reference to another chapter is symbolised by a little arrow: =1.1.

 Definitions

Definitions of important terms are shown in a box with light-grey background.

Definition:
This is an example of a definition box.

- Examples

An example is indented and marked with a light-grey border.

This is an example.

- Important Passages

Text passages with important information contain a leading exclamation mark.
' This is an important passage.

« Numbers and Strings

Numerical values are shown in several number systems:

Number system Marking Example
Decimal None 1234
Hexadecimal Trailing “H” 1234y
Binary Trailing “2” 1001;

Constant strings are enclosed in quotation marks. They may contain specific values (control characters, unprintable
characters). These values are enclosed in angle brackets.

Example of a string containing a control character: “abcdef<01,>ghij”.

+ Record Listings

A record listing shows a bundle of records in the required order. A dark grey rectangle stands for a single record, a light
grey rectangle stands for a group of records. Either this is a group representing a specific feature and is referred with the
Record Group Name, or it is a group of various unspecified records that do not matter in this context.

RECORD NAME Comments

Record Group Name Comments




+ Record Content Listings

1.2 Abstract

 Data offsets enclosed in square brackets indicate record content that may be omitted (the remark “optional” may point

out this).

* The term “Not used” means: Ignore the data on import and write zero bytes on export. The same applies for unmen-

tioned bits in bit fields.

+ The term “Unknown” describes data fields with fixed but unknown contents. On export these fields have to be written

as shown.

cases this is a field containing a size value, which is used later in the “Size” column of the record content listing. An

example can be found in =2.4.

+ Algorithm Listings

Algorithms given in pseudo-code are shown in a box with light-grey background.

ALGORITHM Example Algorithm

1) Command 1
2) Command 2

Notation conventions used in algorithms:

Notation
commandl ;

var <« value

JUMP X)

command?2

RETURN [value]

IF cond THEN command

AND

OR

XOR

= <> < > <=
array/[]

array[O0]

1.3 Byte Order

>=

Description

Two commands in one line, first execute commandi, then command2
The value value is assigned to the variable var

Continue with line x) in the algorithm

Returns value value if specified, otherwise returns without a return value
Execute command only, if condition cond evaluatesto true
Binary AND operation

Binary OR operation

Binary XOR (exclusive or) operation

Comparison operators for conditional execution

An array consisting of equal typed elements

The first element of the array array[] (arrays are used zero-based)

All data items containing more than one byte are stored using the Little-Endian method'. That means the least significant
byte is stored first and the most significant byte last. This applies for all data types like 16-bit integers, 32-bit integers,
floating-point values and Unicode characters.

Example: The 32-bit integer value 13579BDFy is converted into the byte sequence DFy 9By 574 13

! For more information see http://en.wikipedia.org/wiki/Endianness.


http://en.wikipedia.org/wiki/Endianness

2 Document Structure

2 Document Structure

2.1 Document Types

2.1.1 Microsoft Excel Releases

The following table shows the different Excel versions released for Microsoft Windows and Apple Macintosh?:

Excel version ‘ MS Windows Release year Apple Macintosh Release year
Excel 2.x Excel 2.0 1987 Excel 2.2 1989

Excel 3.0 Excel 3.0 1990 Excel 3.0 1990

Excel 4.0 Excel 4.0 1992 Excel 4.0 1992

Excel 5.0 Excel 5.0 1993 Excel 5.0 1993

Excel 7.0 Excel 95 1995 -

Excel 8.0 Excel 97 1997 Excel 98 1998

Excel 9.0 Excel 2000 1999 Excel 2001 2000

Excel 10.0 Excel XP 2001 Excel v.X 2001

Excel 11.0 Excel 2003 2003 Excel 2004 2004

2.1.2 Worksheet Document

Definition: Worksheet Document

A worksheet document consists of a single sheet only. Various kinds of sheets are possible, for instance a regular
sheet (containing values and formulas), a chart sheet (=7.1.1), or a macro sheet. The default file extension of
worksheet documents is “XLS”.

General structure of a worksheet document:

Worksheet document
Sheet

2 Source: http://en.wikipedia.org/wiki/Microsoft Excel.
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2.1 Document Types

2.1.3 Workbook Document

Definition: Workbook document

A workbook document contains several sheets. It is possible to combine sheets of all types into the workbook,
for instance regular sheets, chart sheets (-7.1.2), macro sheets, or Visual Basic modules. Each workbook

document contains global settings for the workbook, called the workbook globals. The default file extension of
workbook documents is “XLS”.

' Note the difference: A sheet is part of a worksheet document as well as a workbook document. A workbook
o document containing only one sheet is possible, but it is still called a workbook document.
General structure of a workbook document:

Workbook document
Sheet 3
Sheet 2
Sheet 1
Workbook globals

2.1.4 Workspace Document

Definition: Workspace document

A workspace document contains links to several worksheet and/or workbook documents. It stores the file name,

window size, and window position of each document that is part of the workspace. The default file extension of
workspace documents is “XLW”.

Note the difference: A workbook document contains several sheets, but a workspace document contains links to
worksheet or workbook documents that are stored in several files.

No rule without exception: A workspace document written by Excel 4.0 is in fact a combination of a workbook
document and a workspace document: It may contain links to worksheet documents, and embedded sheets that are
loaded from an existing worksheet file or created from scratch. The workspace document contains the complete data
of all embedded sheets.

General structure of a workspace document:

¢ ——m) ¢ —uD

Workspace document

Link to worksheet/workbook document 1 &

Link to worksheet/workbook document 2 / 0\

Link to worksheet/workbook document 3 ) ’\
Worksheet or Worksheet or Worksheet or
workbook document 1 workbook document 2 workbook document 3

The detailed structure of workspace documents is described in chapter =10.

11



2 Document Structure

2.1.5 Availability of the Document Types

The following illustration shows which document types are available in the different Excel versions:

H Excel 2.x worksheet H

H Excel 3.0 worksheet H ‘ Excel 3.0 workspace ‘
/
H Excel 4.0 worksheet H ‘ Excel 4.0 combined workbook/workspace ‘
/ \
H Excel 5.0/7.0 workbook ‘ ‘ Excel 5.0/7.0 workspace ‘
' '
H Excel 8.0+ workbook ‘ ‘ Excel 8.0+ workspace ‘

12



2.2 The Binary Interchange File Format

2.2 The Binary Interchange File Format

The Excel file format is named BIFF (Binary Interchange File Format). It is used to store all types of documents:
worksheet documents (=2.1.2), workbook documents (=2.1.3), and workspace documents (=2.1.4). There are different
versions of this file format, depending on the version of Excel that has written the file (=2.1.1), and depending on the
document type.

2.2.1 BIFF Versions for Worksheet/Workbook Documents

The following table shows which Excel version writes which file format for worksheet and workbook documents:

Excel version BIFF version Document type
Excel 2.x BIFF2 Worksheet
Excel 3.0 BIFF3 Worksheet
Excel 4.0 BIFF4 Worksheet
Excel 5.0 BIFF5 Workbook
Excel 7.0 BIFF5 Workbook
Excel 8.0 BIFF8 Workbook
Excel 9.0 BIFF8 Workbook
Excel 10.0 BIFF8 Workbook
Excel 11.0 BIFF8 Workbook

BIFFS8 contains major changes towards older BIFF versions, for instance the handling of Unicode strings.

2.2.2 BIFF Versions for Workspace Documents

The following table shows which Excel version writes which file format for workspace documents:

Excel version BIFF version Document type

Excel 2.x - -

Excel 3.0 BIFF3W Workspace

Excel 4.0 BIFF4W Combined workbook/workspace
Excel 5.0 BIFF5W Workspace

Excel 7.0 BIFF5W Workspace

Excel 8.0 BIFF8W Workspace

Excel 9.0 BIFF8W Workspace

Excel 10.0 BIFF8W Workspace

Excel 11.0 BIFF8W Workspace

13



2 Document Structure

2.3 File Structure

2.3.1 Stream File

All document types and BIFF versions can be stored in a simple stream file, most of them are always stored this way.
The only exception are BIFF5-BIFF8 workbook documents, which are usually stored as compound document files (see
below). If these documents are stored as stream files, the entire file consists of the “Book” stream (BIFF5) or
“Workbook” stream (BIFF8) only.

2.3.2 Compound Document File (BIFF5-BIFFS)

A workbook document with several sheets (BIFF5-BIFFS8) is usually stored using the compound document file format
(also known as “OLE2 storage file format” or “Microsoft Office compatible storage file format). It contains several
streams for different types of data. A complete documentation of the format of compound document files can be found at

# http://sc.openoffice.org/compdocfileformat.pdf.

The following table lists names of possible streams.

Stream name Contents

Book BIFF5 Workbook Stream (=2.3.3)
Workbook BIFF8 Workbook Stream (=2.3.3)
<05y>SummaryInformation Document settings
<055>DocumentSummarylnformation Document settings

Ctls Formatting of form controls

User Names User names in shared workbooks (=9)
Revision Log Change tracking log stream (=9)

It is possible to create substorages like subdirectories in a file system, for instance for the PivotTable streams. These
storages contain substreams itself.

Storage name Contents

LNKXXXXXXXX Storage for a linked OLE object (-=6)

MBDXXXXXXXX Storage for an embedded OLE object (=6)

_SX DB CUR Pivot cache storage. The streams contain cached values for PivotTables (=8).
_VBA_PROJECT_CUR Visual BASIC project storage

In BIFFS, the Escher stream describing drawing objects (=6) is not stored as separate stream in the compound
o document file, but split and embedded in several MSODRAWING records that are part of the Workbook Stream.

14
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2.3 File Structure

2.3.3 Worksheet/Workbook/Workspace Stream

Depending on the document type, different names are used for the stream(s) they contain.

Definition: Worksheet Stream
BIFF2-BIFF4 worksheet documents (=2.1.2) are stored as stream files (=2.3.1). The entire stream is called the
Worksheet Stream.

The Worksheet Stream is described in detail in -4.1.1.

Definition: Workbook Stream

BIFF5-BIFF8 workbook documents (-2.1.3) that are stored in a compound document file (=2.3.2) contain a
stream in the root storage called the Workbook Stream. The name of this stream in the compound document file is
“Book” for BIFF5 workbooks, and “Workbook” for BIFF8 workbooks.

If a BIFF5-BIFF8 workbook document is stored as stream file (=2.3.1), the entire stream is called the Workbook
Stream.

The Worksheet Stream is described in detail in 24.1.2.

Definition: Workspace Stream

BIFF3W-BIFFS8W workspace documents (-2.1.4) are stored as stream files (=2.3.1). The entire stream is called
the Workspace Stream.

The Workspace Stream is described in detail in chapter =10.

2.3.4 Substreams

The BIFF5-BIFF8 Workbook Stream (-2.3.3) is divided into several parts that describe the workbook globals and the
contained sheets (=2.1.3). Each of this parts is called a substream, defined by a starting and end position in the stream.
Definition: Workbook Globals Substream

The substream that contains the global information of a workbook is called the Workbook Globals Substream. It
is part of the Workbook Stream of BIFF5-BIFF8 workbooks.

Definition: Sheet Substream

A substream that describes a sheet in a workbook is called Sheet Substream. 1t is part of the BIFF5-BIFF8
Workbook Stream as well as the BIFF4W Workspace Stream.

The Sheet Substream in a Workbook Stream can be regarded as a Worksheet Stream, because both describe one sheet
and are very similar in their structure. A special type of a Sheet Substream is the Chart Substream (=7.1.2).

« Substreams in the BIFF5-BIFF8 Workbook Stream

In BIFF5-BIFF8 Workbook Streams, the Workbook Globals Substream ist the leading part of the stream. It is followed
by all Sheet Substreams in order of the sheets that are in the document.

Common structure of a BIFF5-BIFF8 Workbook Stream:

Workbook Globals Substream (required)

First Sheet Substream (required)

Second Sheet Substream (optional)

Third Sheet Substream (optional)

15



2 Document Structure

- Substreams in the BIFF4 Workspace Stream

In BIFF4 Workspace Streams, the Sheet Substreams are embedded in the Workspace Stream. They are similar in their
structure to BIFF4 Worksheet Streams.

Common structure of a BIFF4W Workspace Stream:

Workspace Stream (required)

First embedded BIFF4 Sheet Substream (optional)

Second embedded BIFF4 Sheet Substream (optional)

Third embedded BIFF4 Sheet Substream (optional)

2.4 BIFF Record Structure

Definition: BIFF Record

Most of the Excel streams or substreams (including all streams described in =2.3.3 and substreams described in
—-2.3.4) are divided into records. Each record contains specific data for the various contents or features in a
document. It consists of a header specifying the record type and size, followed by the record data.

Common structure of a BIFF record:

Offset Size Contents
0 2 Identifier
. . } Record header
2 2 Size of the following data (sz)
4 sz Record data

The maximum size of the record data is limited and depends on the BIFF version. If the size of the record data exceeds
the current limit, one or more CONTINUE records (=5.21) will be added. Inside a CONTINUE record the data of the
previous record continues as usual.

In this documentation only the record data without the headers is shown. All offsets are relative to the beginning of the
record data and not to the entire record. The contents of most of the records differ from BIFF version to version. This
will be described in separate tables. A few older records are replaced in newer BIFF versions. Excel does not write these
old records in new BIFF versions anymore.

16



2.5 Common Record Substructures

2.5 Common Record Substructures

This chapter contains information about basic substructures which do not belong to specific records, for instance strings,
error codes, constant values, URLs, or line and area formatting.

2.5.1 Formatting Runs

Formatting runs describe the character formatting of strings. A formatting run contains the index of a character and the
index of a font in the font buffer. The font is used to format the indexed character and the following characters, until the
string ends or another formatting run follows.

Formatting run, BIFF2-BIFF5:

Offset Size Contents
0 1 First formatted character (zero-based)
1 1 Index to FONT record (=5.45)
Formatting run, BIFF8:
Offset Size Contents
0 2 First formatted character (zero-based)
2 2 Index to FONT record (=5.45)

2.5.2 Byte Strings (BIFF2-BIFF5)

All Excel file formats up to BIFF5 contain simple byte strings. The byte string consists of the length of the string
followed by the character array. The length is stored either as 8-bit value or as 16-bit value, depending on the current
record. The string is not zero-terminated. The encoding of the character array is dependent on the current record (for
example taken from the CODEPAGE record, -5.17, or from the FONT record, =5.45).

Offset Size Contents
0 lor2 Length of the string (character count, 1n)
lor2 in Character array (8-bit characters)

2.5.3 Unicode Strings (BIFFS8)

From BIFF8 on, strings are always stored using UTF-16LE? text encoding. The character array is a sequence of 16-bit
values!. Additionally it is possible to use a compressed format, which omits the high bytes of all characters, if they are
all zero.

The following table describes the standard format of the entire string, but in many records the strings differ from this
format. This will be mentioned separately. It is possible (but not required) to store Rich-Text formatting information and
Asian phonetic information inside a Unicode string. This results in four different ways to store a string. The character
array is not zero-terminated.

* For more information see http:/en.wikipedia.org/wiki/UTF-16.

4 In most cases each value corresponds to a Unicode character. Only the Unicode characters above U+FFFF are encoded with a
“surrogate pair”, that are two 16-bit code values in UTF-16 (see footnote 3).
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2 Document Structure

- Contents of a Unicode String

The string consists of the character count (as usual an 8-bit value or a 16-bit value), option flags, the character array and
optional formatting information. In general, the option flags field occurs also for empty strings. But in a few records, this
field is omitted, if the string is empty. This is mentioned at the respective place.

Offset Size Contents
0 lor2 Length of the string (character count, 1n)
lor2 1 Option flags:
Bit Mask Contents
0 01y Character compression (¢compr):
0. = Compressed (8-bit characters)
1, = Uncompressed (16-bit characters)
2 04y Asian phonetic settings (phonetic):

0. = Does not contain Asian phonetic settings
1, = Contains Asian phonetic settings

3 08y Rich-Text settings (richtext):

0, = Does not contain Rich-Text settings
1, = Contains Rich-Text settings

[2 or 3] 2 (optional, only if richtext=1) Number of Rich-Text formatting runs (rt)
[var.] 4 (optional, only if phonetig=1) Size of Asian phonetic settings block (in bytes, sz
var. Inor2-1n Character array (8-bit characters or 16-bit characters, dependent on ¢compr)
[var.] 4-rt (optional, only if richtext=1) List of rt formatting runs (=2.5.1)
[var.] sz (optional, only if phonetic=1) Asian Phonetic Settings Block (see below)

18



2.5 Common Record Substructures

- Asian Phonetic Settings Block

Asian phonetic text® (Ruby) can be used to provide extended phonetic information for specific characters or words. It
appears above the regular text (or to the right of vertical text), and can refer to single characters, groups of characters, or
entire words.

Offset Size Contents
0 2 Unknown identifier 0001y
2 2 Size of the following data (10 + 2-:1n + 6-np)
4 2 Index to FONT record (=5.45) used for the Asian phonetic text
6 2 Additional settings for the Asian phonetic text:

Bit Mask Contents
1-0 0003x Type of Japanese phonetic text (type):

00, = Katakana (narrow) 10, = Hiragana
01, = Katakana (wide)

3-2 000Cyx  Alignment of all portions of the Asian phonetic text (align):

00, = Not specified (Japanese only) 10, = Centered

01, = Left (Top for vertical text) 11, = Distributed
5-4 0030x 11, (always set)
8 2 Number of portions the Asian phonetic text is broken into (np).
If np = 0, the Asian phonetic text refers to the entire cell text.
10 2 Total length of the following Asian phonetic text (number of characters, 1n)
12 2 Repeated total length of the text
14 2:1nor2 Character array of Asian phonetic text, no Unicode string header, always 16-bit characters.
Note: If 1n = 0, this field is not empty but contains 0000.
14+2-1n 6'np List of np structures that describe the position of each portion in the main text. Each

structure contains the following fields:
Offset Size  Contents

0 2
2 2
4 2

Example: Japanese word Tokyo (# 5%) with added hiragana (& 9 % X 9 )° The following examples show the
contents of the important fields of the Asian Phonetic Settings Block.

Example I: Hiragana centered over the entire word:
EOE XD

R

No portion structures

> For more information see http://en.wikipedia.org/wiki/Ruby_characters.
¢ Example taken from http://en.wikipedia.org/wiki/Ruby_characters.
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Example 2: Hiragana left-aligned per character:
&9 o

o

L

2.5.4 RGB Colours

Colour values are represented in RGB mode (red/green/blue).

Offset Size Contents
0 1 Red component
1 1 Green component
2 1 Blue component
3 1 Not used

In this documentation, constant colour values are written as 6-digit hexadecimal values in RGB notation: RRGGBB.

Example: The colour value FF8000y describes the colour orange: red is FFy, green is 80y, and blue is 004.

2.5.5 RK Values

An RK value is an encoded integer or floating-point value. RK values have a size of 4 bytes and are used to decrease file
size for floating-point values.

Structure of an RK value (32-bit value), BIFF3-BIFFS:

Bit Mask Contents
0 000000014 0 = Value not changed 1 = Encoded value is multiplied by 100
1 000000025 0 = Floating-point value 1 = Signed integer value

31-2 FFFFFFFCy Encoded value

If bit 1 is cleared, the encoded value represents the 30 most significant bits of an IEEE 754 floating-point value (64-bit
double precision). The 34 least significant bits must be set to zero. If bit 1 is set, the encoded value represents a signed
30-bit integer value. To get the correct integer, the encoded value has to be shifted right arithmetically by 2 bits. If bit 0
is set, the decoded value (both integer and floating-point) must be divided by 100 to get the final result.

Examples:

RK value Type Div 100 Encoded value Decoded value Result
3FF000004 float no 3FF00000y4 3FF00000000000005=1.0 1.0
3FF00001y4 float yes 3FF00000y4 3FF00000000000005=1.0 0.01
004B5646y integer no 004B5644y 0012D591y = 1234321 1234321
004B564 74 integer yes 004B5644y 0012D591, = 1234321 12343.21
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2.5.6 Error Codes

If the calculation of a formula results in an error or any other action fails, Excel sets a specific error code. These error
codes are used for instance in cell records and formulas.

Error code Error value Description
00y #NULL! Intersection of two cell ranges is empty
074 #DIV/0! Division by zero
OFy #VALUE ! Wrong type of operand
174 #REF ! Illegal or deleted cell reference
1Dy #NAME? Wrong function or range name
24y #NUM! Value range overflow
2Ay #N/A Argument or function not available

2.5.7 Constant Values

Sometimes it is needed to store constant values of different data types. These values are used to create linear lists (for
instance in the CRN record, =5.23), or two-dimensional arrays (=2.5.8). This chapter describes the format of the
individual constant values.

- Empty Value

Offset Size Contents
0 1 00y (Identifier for an empty constant)
1 8 Not used
« Number
Offset Size Contents
0 1 01y (Identifier for a numerical constant)
1 8 IEEE 754 floating-point value (64-bit double precision)

- String Value

Offset Size Contents
0 1 02y (Identifier for a string constant)
1 var. BIFF2-BIFF5: Byte string, 8-bit string length (=2.5.2)
BIFFS: Unicode string, 16-bit string length, option flags occur always (=2.5.3)

- Boolean Value

Offset Size Contents
0 1 04y (Identifier for a Boolean constant)
1 1 0 =FALSE, 1 = TRUE
2 7 Not used
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« Error Value

Offset Size Contents
0 1 10y (Identifier for an error constant)
1 1 Error code (=2.5.6)
2 7 Not used

2.5.8 Constant Value Array

Two-dimensional arrays of constant values are used to store cached DDE link results (record EXTERNALNAME,
=5.39), or for constant arrays in formulas (token tArray, =3.8.7). The array starts with the dimensions (width and
height), followed by a list of constant values.

Two-dimensional constant value array, BIFF2-BIFF5:

Offset Size Contents
0 1 Number of columns (ng). The value 0 represents 256 columns.
1 2 Number of rows (nr)
3 var. List of ng'nr constant values (=2.5.7)

Two-dimensional constant value array, BIFF8:

Offset Size Contents
0 1 Number of columns decreased by 1 (ng
1 2 Number of rows decreased by 1 (nr
3 var. List of (ng+1)-(nr+1) constant values (=2.5.7)

2.5.9 Encoded File URLs

The intention of encoding file URLs is to make them more platform independent. Encoded URLSs occur in the records
EXTERNSHEET (BIFF2-BIFF5, »5.41) or EXTERNALBOOK (BIFFS, -5.38), and DCONREEF (=5.30).

The first character of the URL is used to determine the type of encoding. In Unicode strings (BIFF8) this could be a
16-bit value.

First character BIFF2-BIFF4 BIFF5 BIFF8
00y Not used Reference relative to the current  Reference relative to the current
sheet (nothing will follow), used sheet (nothing will follow), used
e.g. in defined names e.g. in defined names
01y Encoded URL follows Encoded URL follows Encoded URL follows
02y Reference to the current Reference to the current sheet Reference to a sheet in the own
sheet (nothing will follow) (nothing will follow) document (sheet name follows)
03y Not used Reference to a sheet in the own  Not used
document (sheet name follows)
04y Not used Reference to the own workbook, Not used
sheet is unspecified (nothing will
follow)
others Not encoded. This is already the first character of the URL.
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Inside of the encoded URL there can occur several control characters.

Control character Meaning

01y An MS-DOS drive letter will follow, or “@” and the server name of a UNC path
02y Start path name on same drive as own document

034x End of subdirectory name

04y Parent directory

054 Unencoded URL. Followed by the length of the URL (1 byte), and the URL itself.
06y Start path name in installation directory of Excel

08y Macro template directory in installation directory of Excel

09y Sheet in the same workbook (BIFF4W)

If a sheet name follows the file name in the encoded URL (BIFF4W-BIFES), the file name (but not the file path) will be
enclosed in brackets. Note that in EXTERNALBOOK records (BIFF8) sheet names do not occur and therefore the file
names are not enclosed in brackets.

Examples for BIFF2-BIFF4 (own document is saved as “C:\path\own.xIs”):

Formula Encoded filename

=own.x1ls!Al <02y4>

=ext.xls!Al <01yz>ext.xls

='sub\ext.x1ls'!A1l <014>sub<03>ext.xls
='\ext.xls'!Al <014><02>ext.xls
='\sub\ext.xls'!Al <014><025>sub<03y>ext.xls
='\sub\sub2\ext.xls'!Al <015><025>sub<03;>sub2<03>ext.xls
='..\sub\ext.x1ls'!A1l <014><04y>sub<03y>ext.xls
='D:\subl\ext.xls'!A1l <014><01;>Dsub<03;>ext.xls
='\\pc\sub\ext.xls'!Al <014><014>@pc<03y4>sub<03x>ext.xls

='http://www.example.org/ext.xls"' Al <014><055><1E,>http://www.example.org/ext.xls
(the length of the URL (30 = 1E;) follows the 05, byte)

Examples for BIFF4W internal references (all formulas are located on “Sheet1”):

Formula Encoded filename
=Sheetl1!A1l <02y4>
=Sheet2!A1l <01><09y>Sheet2

Examples for BIFF5 internal references (all formulas are located on “Sheet1”):

Formula Encoded filename
=Sheet1!A1l <024>
=Sheet2!Al <03y>Sheet2
=NonExistentSheet!A1l <04y>

Examples for BIFF8 internal references (for example in record DCONREF):
Formula Encoded filename
=Sheet2!Al <02;>Sheet2
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Examples for BIFF4W-BIFF8 external references (own document is saved as “C:\path\own.xIs”):

Formula

=[ext.x1ls]Sheetl1!Al
='sub\[ext.x1ls]Sheetl'!A1l
='\[ext.x1ls]Sheetl'!A1l
='\sub\[ext.x1s]Sheetl'!Al

='\sub\sub2\[ext.x1ls]Sheetl'!A1l

='..\sub\[ext.x1ls]Sheetl'!A1l
='D:\sub\[ext.x1s]Sheetl'!A1l
='\\pc\sub\[ext.x1ls]Sheetl'!Al

='http://www.example.org/
[ext.x1s]Sheetl'!'Al

Encoded filename

<01y>[ext.xIs]Sheetl
<01x>sub<03y>[ext.xls]Sheetl
<015><02y>[ext.xls]Sheetl
<015><024>sub<03y>[ext.xIs]Sheetl
<015><02y>sub<03;>sub2<03;>[ext.xls]Sheetl
<015><044>sub<03y>[ext.xIs]Sheetl
<015><01;>Dsub<03y>[ext.xls]Sheetl
<014><014>@pc<03y4>sub<03,>[ext.xls]Sheetl

<014><055><26,>http://www.example.org/[ext.x]s]Sheet1
(the length of the URL (38 = 264) follows the 054 byte)

2.5.10 Encoded DDE and OLE Links

A DDE link contains the name of the server application and the DDE topic. An OLE link contains the class name and
the URL of the document. In both cases the names are stored in one string, separated by the control character 03y. The
URLs are not encoded.

Example: A document contains a DDE link and an OLE link to Sheetl in the file “D:\sub\example.xls”.

Link Server/Class  Topic/URL Encoded document name
DDE excel D:\sub\[example.xIs]Sheet1 excel<03x>D:\sub\[example.xIs]Sheet1
OLE Excel.Sheet.8  D:\sub\example.xls Excel.Sheet.8<03,>D:\sub\example.xls

2.5.11 Line Styles for Cell Borders (BIFF3-BIFF8)

These line styles are used to define cell borders. The styles 084 to 0Dy are available in BIFF8 only.

Index Style Sample Index Style Sample
00x  No line The following for BIFFS8 only:
01x  Thin 08y Mediumdashed = —m=mm—=———=—
02y Medium 09y  Thin dash-dotted T T T TITOT
033x Dashed @ ~——77-7"777~ OAx  Medium dash-dotted = = = ="~
04w Dotted "7 OBy Thin dash-dot-dotted s
05y  Thick _— 0Cyx  Medium dash-dot-dotted —crmrme
06z Double 0Dy  Slanted medium dash-dotted = "7 T 7T 7T
070 Hair
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2.5.12 Patterns for Cell and Chart Background Area

The background area of cells (BIFF3-BIFFS8) and chart objects (BIFF2-BIFF8) may contain a pattern. Pattern colour and
pattern background colour are defined separately. In the following table black is used as pattern colour and white as

pattern background colour.

Index Pattern Sample

00y No pattern

01y
02y
03y
04y
05y
06y
07y
08y
09y

UL

Faae ekl Ll 45

OAy
OBy
0Cy
ODy
OEx
OFy
10y
11y
124

i ]

‘ Index Pattern Sample

I
N
77
FRHEE

The following table shows how a pattern is used with the correct colour indexes.

Cell format

No background (shows system window
background)

Red background (solid)

Red background with thin horizontal
blue lines

Red background with thin horizontal
lines, automatic colour

No background, thin horizontal blue
lines

No background, thin horizontal lines,
automatic colour

Pattern Pattern colour index

00y

01y
OBH

OBH

OBy

OBy

Background colour index

System window text (not used) System window background

Red
Blue

System window text
Blue

System window text

System window text (not used)
Red

Red
System window background

System window background

The description of the PALETTE record (=5.74) contains information how the special system colours are used. Note the
behaviour of solid coloured backgrounds, where pattern 01y is used in conjunction with the pattern colour.
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2.5.13 Cell Attributes (BIFF2)

All cell records in BIFF2 contain a cell attribute field with a size of 3 bytes. They contain an index to an XF record
(=5.115) and some repeated contents of the referenced XF record. The XF index field has a size of only 6 bits, so the

index range is 0...63. If a real XF index greater than 62 is used, the XF index field always contains the value 63, and an

IXFE record (=5.62) occurs in front of a cell record. The IXFE record contains the correct index of the XF record. In a

ROW record (=5.88) this field is not used, because there will always occur a real XF index field.
Cell attributes field (3 bytes), BIFF2:

Offset
0

Size
1

1

Contents

Cell protection and XF index:

Bit Mask Contents
5-0 3Fu Index to XF record (=5.115). The value 3F; = 63 indicates a
preceding IXFE record (-5.62). Not used in ROW records (=5.88).
6 40y 1 = Cell is locked
7 80u 1 = Formula is hidden
Indexes to FORMAT and FONT records:
Bit Mask Contents
5-0 3Fy  Index to FORMAT record (=5.49)
7-6 COx  Index to FONT record (=5.45)
Cell style:
Bit Mask Contents
2-0 07«  XF HOR_ALIGN - Horizontal alignment (=5.115.1)
3 08y 1 = Cell has left black border
4 104 1 = Cell has right black border
5 20y 1 = Cell has top black border
6 40y 1 = Cell has bottom black border
7 80y 1 = Cell has shaded background

2.5.14 Cell Range Address

A cell range address specifies a fixed cell range in the current sheet.
Cell range address, BIFF2-BIFF5:

Offset
0

2
4
5

Cell range address, BIFFS:

Offset
0

2
4
6

Size
2

2

1

1
Size

2

2
2
2

Contents

Index to first row
Index to last row
Index to first column
Index to last column

Contents

Index to first row
Index to last row
Index to first column
Index to last column

In several cases, BIFFS8 still writes the BIFF2-BIFF5 format of a cell range address (using 8-bit values for the
¢ column indexes). This will be mentioned at the respective place.
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2.5.15 Cell Range Address List

A cell range address list consists of a field with the number of ranges and the list of the range addresses.
Cell range address list, BIFF2-BIFFS:

Offset Size Contents
0 2 Number of following cell range addresses (nm
2 6'nm or 8:nm List of nm cell range addresses (=2.5.14)

In several cases, BIFFS8 still writes the BIFF2-BIFF5 format of a cell range address (using 8-bit values for the
o column indexes). This will be mentioned at the respective place.
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3 Formulas

3.1 Common Formula Structure

3.1.1 Common Structure

Formulas are stored as part of a record, for instance inside of a FORMULA record or a DEFINEDNAME record. The
common format of a formula is as follows:

Formula in BIFF2:
Offset Size Contents
0 1 Size of the following formula data (RPN token array, sz
1 sz Formula data (RPN token array)
[1+sz] var. (optional) Additional data for specific tokens (=3.1.6, for example tArray tok