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Introduction

The Microsoft® Windows™ operating system is a single-user personal-computer
operating system that employs a graphical user interface. This graphical interface
uses a variety of resources that must be constructed in specific formats. This
manual. the Microsoft Windows Programmer's Reference, Volume 4, describes
these resource formats and executable-file headers.

Part 1, “File Formats,” describes the formats for the principal types of files used
by Windows applications. The chapters in this part provide detailed information
about the file formats, as well as about the MS-DOS® and Windows executable-
file headers and resource formats within executable files. Topics include the for-
mats for the following types of files: graphics, clipboard, font, group, calendar,
object-module, library. symbol, and metafile.

Part 2, “Tools Reference,” provides detailed reference information about the state-
ments, commands, and macros for tools used to create and maintain Windows

i resources. Topics include resource-definition statements, assembly-language mac-
ros, and help statements and macros. Each entry in this section gives the purpose
of the command or macro; its complete syntax, parameters, and return values; and
cross-references to related commands or macros. Many entries also include ex-
panded comments on the use of the command or macro.

How td Use This Manual

This manual describes the Windows resource-file formats in individual chapters.
Each chapter describes the format that should be used for the type of file as-
sociated with a specific resource or activity. For example, the chapter on graphics
file formats describes the formats used with bitmap, icon, and cursor resource files.

Each chapter has two parts: a general description of the file type and a detailed pre-
sentation of the format. Chapters in Part 2, “Tools Reference,” describe only the
file format and not the tool. For more information about the associated tools, see
Microsoft Windows Programming Tools.
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Document Conventions
The following conventions are used throughout this manual to define syntax:

Convention Meaning

Bold text Denotes a term or character to be typed literally, such as a
resource-definition statement or function name (MENU or
CreateWindow), an MS-DOS command, or a command-line
option (/ned). You must type these terms exactly as shown.

lalic text Denotes a placeholder or variable: You must provide the ac-
tual value. For example. the statement SetCursorPos(X. Y) re-
quires you tO substitute values for the X and Y parameters.

|1 Enclose optional parameters.

| Separates an either/or choice.

Specifies that the preceding item may be repeated.
BEGIN Represents an omitted portion of a sample application.
END

In addition, certain text conventions are used to help you understand this material:

Convention Meaning

SMALL CAPITALS Indicate the names of keys, key sequences, and key com-
binations—for example, ALT+SPACEBAR.

FULL CAPITALS Indicate filenames and paths, most type and structure
names (which are also bold), and constants.

monospace Sets off code examples and shows syntax spacing.



Contents

IPOAUCION. ... ix
How to Use This ManuUal...........ccooiiiiiiiiiireiieiiiieeccciieeeecnieeecessseseecsssnesssssnnsessennns ix
Document CONVENTIONS s siissrsmssvnsissssmimsisisiivsiismmiismimsaiimmsim X

Part1 File Formats

Chapter1  Graphics File Formats 3
1.1 Bitmap-File FOrmMats...........ocooooiiiiiiiiiiiii e 5

L1.1 Bitmap-File Structures............cooivviiniiinie e 5

1.1.2 Bitmap Compression: «awssammsmnmins s samarsmmaimsms 6

1.1.3 Bitmap Example ... s 9

1.2 Icon-Resource File Format............ ... T 10

1.2.1 [CON DITECIOTY .ottt 10

1:2.2 LEON IMAEC et eummsmsssomsosmsssvssnmssavmsuinsseimsimsvestesness s v T oEs SR g8 11

1.2.3 Windows Icon Selection......cc.ocvieiiriiieeneceeece e 12

1.3  Clrsor-Resource File FOIMAL.......uusismmmsssmnssssssiissnmssssassiossessasssspssussnessns 13

1.3.1 CUrSOT DITECLOTY ... 13

1.3.2 T} 5070 ) 0711 14

1.3.3 Windows Cursor Selection ...............cceeern. T L PRt 16

Chapter2  Clipboard File Format 17
2.1  Clipboard-File Header.......c..ccoviiiiiniiiniiieiicniinncseseieics e 19

2.2  Clipboard-File STUCIITE .. cusueasussvosmssimsmsnrsssvainss svsssasisvsssissaissemssivassoss 19

Chapter3  Metafile Format 21
3.1 Metafile HEQder ......couooivuiviiiiiicicnicccte ettt ettt 23

3.2 Typical Metafile Record.......occceveuininiinciienccrninnenns RS sR 24

3.3  Placeable Windows Metafiles...........cccocvuvererrnriennerneniicsnnssnssennsnnessnsinns 26

34  Guidelines for Windows Metafiles ...........ccccceiiermenenreeneneieceeeeeeeseeenene 27

3.5 Sample of Metafile Program Qutput.........cccoccovirvminvnvcc Yoo 28
3.6  Function-Specific Metatile Records ...........ccooeiiiivnce i 29



Microsoft Windows Programmer’s Reference

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Font File Format 47
4.1  Organization of a Font File.........cccccoeiiiiiiiiinncciiccncene SRS -49
4.2 FONt-File StrUCIUTE........ccuoiviciieieeciecteetee ettt e eae e 49
4.3  Version-Specific Glyph Tables ........c..ocviviieimnnineneseceecceeceesse e 56
Group File Format 59
5 'Organization of 'a'Group File....cuusssssssssssmussmsnmsssssssssassmsuansssssssss 61
5.2 Group-File StIUCLUTES ........cccerirueuecceetrinececieesirt e sees e eseseasasaens 61
5:2.1 Group=F1le HEader ....ccunussmssssmumsssommvsmenpsasnimsasesssmsmesns 61
52.2 Item Data............ ettreeeeeestteseeeeessaeeseeieaateeeesrnteeeeaabeeeeanbeeeeannreennnnan 63
5:2:3 TAE DAV w.coxissusenssesssosiopssnsimsenimpussivesismssoasassssssisssintsmsssenostisesss sisissss 64
Executable-File Header Format 67
6.1  MS-DOS HEAET ........coceeriirieeeiereeteceeeieceaene e s e ese s sesn e s asseesenen 69
0.2  WiHAOWS HEAUEE suusmesssasssmmmrmimssamseimsusnsssiiss i ssssns e s 70
6.2.1 Information BIOCK .......c.coveeiieieieeiececeeeeeeceeee e 71
6.2.2 Segment Table .. ocvsmuesssismmmemmermnssmsssrisssssmsissasiosvaags 74
6.2.3 ReSOUICE TabIE....... 100 csieisisinsnesosnasinisnsaesiasinssnnssnsssanssansisstssnsasansanassns 75
6.2.4 Resident-Name Table ......cccoceeieieerieieeieieeieeireereece e 78
6.2.5 Module-Reference Table ...saasswmssasmsmminvsmnmaisasmssmissme 78
6.2.6 Imported-Name Table..........ccoooieiiiiiininieecncccecteeeeene 78
6.2.7 Entry Table..........c.cusmiammmaimmmsmsndmmsmstnnimiisisos 78
6.2.8 Nonresident-Name Table.........ccoooeeiiiioiiiiiieiiicecreciecee e 80
6.3  Code Segments and Relocation Data ...........ccooveeueieeeecieneneeiis e 80
Resource Formats Within Executable Files 83
Tl ICON RESOUICE .....vveevivrereiecieeereceetereese s ese e e esssessesaesseesaessesnenens ressranenns 85
72  Icon=Directory RESOUICE isiaumsisisissosissisisssossasvssissssisissssnsorssusssssisssvssassassas 85
7.3 CUTSOT RESOUICE ....ccueiiiviiieciieciestesee e estae st ssa e sae e sa e e e esssesteesaesbeene e 86
T4 CorSonDIeaIoTY RESOUBER o ovrusssvussmsmmsnssumssssssnsnsssnssrssisdssmovamsrsssniss 86
7.5  MeNURESOUICE ....ccecviiiiiieierirreesrecssaeeeae e ssb e e nesaesaesaasaans e teme 87
7.5.1 Menu Header:: s miusmvasscssmsmssboseimmms v ssmassassss o 87
7.5.2 Pop-up Menu Item .......cccoovrvvivnnnicicenncnincecens et tns 88
753 Normal Meniu Tter... isamnmmasissn iy 88
7.5.4 Combined Menu Items .......c.ccoevereriineinieneneecenivenenenne ) .............. 89
7.6  Dialog Box ReSOUICE s .civsmmsmssisssmimmomissmssisisismssmsnssssosmmistisasssinisiess 90
7.6.1 Dialog Box Header ...........ccocvviniicciiiciciiineecceccececennecenes 90

7.6.2 Control Data..civsmmmnummsissmmonissismais messsaimsssmansimsms 92



Contents v

Chapter 8

Chapter 9

Chapler 10

Chapter 11

7.7  Bitmap Resource............... ST ST W W— 93
78  Font ReSource .qwssesimsavss R R S T S SR R A A SRS 94
7.8.1 Font-Directory Data.......ccooviviivenieeiiiiiieiiieeneneencc e
7.8.2 Font-Component Data:...cvrssumsronssssssssssnssioiisses S esspi
7.9  String-Table RESOUICES .......ccceceriiiiiiiiciricicccceerc s
T.10  Accelerator RESOUICE .ovcnilimsmmessiomsmsssanssissisisasivivssssesisismsse
7.11  Name-Table RESOUICE ........coviiiieriiiirieeiieie ettt

7.11.1  Name:Table EntrY .ot
7.12  Version-Information Resource............cccccceeerennnne eleereaneasasnesnesaessetenssnesans

2T  RoptBleeh. o conutemmmmmssamsmo: RO

7.12.2  Variable Information BIOCK.......cicevevruemrireeieieeecieeeese i

1023 String Information: BLOCK :..c.ssssusyssossssenssomsssnssssasssmsssnonsrsssnssassons

7.12.4  Language-Specific BIOCKS..........ccccccoveiniinniiccicice,
Write File Format ' 105
8.1  Write-File Header.................. R reeribasesnis RIS —— 107
8.2  Textand Pictures..a.............o... vt

8.2.1 g L C SO L P . S W— 108

8.2.2 Pictures......... T, S R A D 108

© 8.3  Formatting .............cieeeennes ¥ cvviiorasanend Certete ettt aet et e nas e 110

8.3.1 Characters and Pafagraphs. ool 110

8.3.2  Footnotes S : 113

8.3.3 RfTed 1o LA — :

834 Font Table......c.cccocivviiiicininniciecnen S S,
Calendar File Format 117
9.1  Calendar-File HeadeT ......iccceveevveeeiiniicieers ereeen et 119
9.2 Date DeSCriptors.........ccocvuueruuens e i S A S 120
9.3  Day-Specific InfOrmation:.umismsrseeimmsmsmsmsnsmmspsssesni oxsgonsessineeslis 121
9.4  Appointment-Specific Information......... ressarsmssnssunassessensassanssonsssaiossitotndi 121
Windows Objeci-Medule Format frensaenassnseransanssanssnsnensnsssnssnns 123
10.1  Object-Module Format Records................. ( e 125
10.2 Record FEfBrenCe ......oovieviiiceneicci ettt 126
Library and !mport-Library Formats..... ... ’ . 133
11.1 . Organization of Libraries .......... T OO OO R TP PP RPN 135
11.2 0 DHCHOBETY e e ciiveeeee e TS R S S 1335

11.2.1 Colliston Resolution ..., eveenteense e sae s ensesae s 36

1.3 Record RetereriCe .o e e s e aee e e 137



vi Microsoft Windows Programmer's Referance

Chapter 12 Symbol File Format

L. N 1710 B 7Y £ LR ——
12.2  Segment Definitions ..........cocoeiriecieiiiicie et
12.3  Symbol DetinitionS........ccceviririiriireiieie ittt sre e
124 Constant DefinitionS .........ccceveriruereeieiieice e
12,5 Line Definitions .......covvviiiiiiiiciiiieiistceieei ettt

12.5.1 LINEDEE Structure s ossmmanissonsmms s asiiininiiitsina i

12.5.2  LINEINF SIUCIUIe ..c.ooviiiiiiiieieieceeeieee e

-

Part2 Tools Reference

Chapter 13

Chapte} 14

Resource-Definition Statements

13.1  Alphabetic ReferenCe .. iuissomcsisssmsmassssmosssassomssssassssesssposssnsssspsonsessssssiss

Assembly-Language Macros

14.1 Creating Assembly-Language Windows Applications...........c..cccceeuenee.
14.1.1  Specifying a Memory Model ..............ccooniiiiniince,
14.1.2  Selecting a Calling Convention ...........ccccecevvevuerninecncenerescineene
14.1.3  Enabling the Windows Prolog/Epilog Option..............cccceecerueunnnen
14.1.4  Including the CMACROS.INCFile ........ccccocoviiininniniiieiecnne.
14.1.5  Creating the Application Entry Point ...........cccoeceoniiiiiinncnnn.
14.1.6  Declaring Callback FUNCtIONS:.........cccoeiimiicciriincinieccee
14.1.7 Linking with LLIDTATIES! ..oveememommmsasssmssmsssnsssmmsmemvesarmsss
14.1.8 Enabling Stack Checking...:viuiivimusininomssnsissisissmmsisansssns

14.2  CmAacro GrOUPS.......coiiueriiiiieiicit sttt et sae sttt ne st eneen
14.2.1  Segment Macros i s immminms
1422 Storage-Allocation MaCroS.............cceevuevivrurusureeiesenriinsessnsesenaes
14.2.3  Function MAacros ......cuucmsissimasiseisiarmsaisissnissaiionssidssasesiiassdsss
14.2.4  Call MACTOS ....c.cveeiniiiieeiirieiccetete et
14.2.5  Special-Definition Macros...........ccoovvevrenveinncenineeeeeeeerns
14.2.6  EITOr MaCrOS .....ooveiieeeteeeieieiiiieietetese et en e aeneenas

14.3  Using the Cmacros \ ...............................................................
1431  OVEMIAINE TYPES cinioussssnssnsmssmmsmusmsssrsmmranmsmsatsssseamsesins
14.3.2  Symbol Redefinition ...........cc.coovimieriiiinicieeneseceeee e
14.3.3  Sample Cmacros FUunCtion............ccvieerinincnicvciinenceceeeec

14.4  Alphabetic REference ...............cccoeciiininnniiciciiniccceeccceneenns

1L}

143
145
147
148
148
148
150

229
229
229



Contents vii

Chapter 15 Windows Help Statements and Macros 253
15.1  Help Statement SYNTAX ..coo.oiieeniiiiiiicc e 255
5.2 Help Mato SYNAX..cosmmismmemmssmmmsemssnimmsssssssmmsms s ssumisess 256
15.3  Help Statement Reference ........c.coceiviiiiiiiiiiceeeceeceee e 257
15:4 Help Matr REIETONCE. o s cssmmsssmmmsmmmssmesssmmsnssmmmmmsssmssrmss S02
...................................................................... AR - |



File Formats

Part 1






Graphics File Formats

Chapter 1

Bitthap=File FORMIALS .. commnenmmmmmrssrmssmsmimempisosipmaisispgsasosnsmssases 5.
111 Bitmap-File Structures........coovieveccnniincccniece 5
1.1.2 Bitmap COMPIession ........cocovveiciiiiniiiiinseissceee s 6
1.1.2.1 Compression of 8-Bits-per-Pixel Bitmaps................ 7
1.1.2.2 Compression of 4-Bits-per-Pixel Bitmaps................ 8
1.1.3 Bitiiap EXAMPIE:..coses cussssmsssnesssissmsorsmososssssessssmasssseopssnsissssaons 9
Icon-Resource File Format ... 10
1.2.1 1CON DITECLOTY .o 10
1.2.2 [CON TMAZE oo 11
1.2.3 Windows Icon Selection ..uuisawamiminmmsssonssonmis 12
Cursor-Resource File FOrmat. ... 13
1.3.1 CUTSOTDITEEIOTY sssuusmsmarssesmssomsuimssomssisnissesasssatiissssisssisss 13
3.2 CUROPIMARE .o vsnusmmsmnpansisswnssss s 14

1.3.3 WiIindows Cursor SEIECON ......ccvvvveeciiirecciiieciee e enens 16






Chapter 1 Graphics File Formats 5

This chapter describes the graphics-file formats used by the Microsoft Windows
operating system. Graphics files include bitmap files, icon-resource files, and
cursor-resource files.

1.1 Bitmap-File Formats

Windows bitmap files are stored in a device-independent bitmap (DIB) format that
allows Windows to display the bitmap on any type of display device. The term
“device independent™ means that the bitmap specifies pixel color in a form inde-
pendent of the method tsed by a display to represent color. The default filename
extension of a Windows DIB file is .BMP.

1.1.1 Bitmap-File Structures

Each bitmap file contains a bitmap-file header, a bitmap-information header, a
color table, and an array of bytes that defines the bitmap bits. The file has the fol-
lowing form:

BITMAPFILEHEADER bmfh;
BITMAPINFOHEADER bmih; .
RGBQUAD aColors(];

¢ BYTE aBitmapBits[];

The bitmap-file header contains information about the type, size, and layout of a
device-independent bitmap file. The header is defined as a BITMAPFILE-
HEADER structure.

The bitmap-information header, defined as a BITMAPINFOHEADER structure,
specifies the dimensions, compression type, and color format for the bitmap.

The color table, defined as an array of RGBQUAD structures, contains as many
elements as there are colors in the bitmap. The color table is not present for bit-
maps with 24 color bits because each pixel is represented by 24-bit red-green-blue
(RGB) values in the actual bitmap data area. The colors in the table should appear
in order of importance. This helps a display driver render a bitmap on a device that
cannot display as many colors as there are in the bitmap. If the DIB is in Windows
version 3.0 or later format, the driver can use the biClrImportant member of the
BITMAPINFOHEADER structure to determine which colors are important.

The BITMAPINFO structure can be used to represent a combined bitmap-
information header and color table.

The bitmap bits, immediately following the color table, consist of an array of
BYTE values representing consecutive rows, or ““scan lines,” of the bitmap. Each
scan line consists of consecutive bytes representing the pixels in the scan line, in
left-to-right order. The number of bytes representing a scan line depends on the
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color format and the width, in pixels, of the bitmap. If necessary, a scan line must
be zero-padded to end on a 32-bit boundary. However, segment boundaries can ap-
pear anywhere in the bitmap. The scan lines in the bitmap are stored from bottom
up. This means that the first byte in the array represents the pixels in the lower-left
corner of the bitmap and the last byte represents the pixels in the upper-right
corner.

The biBitCount member of the BITMAPINFOHEADER structure determines
the number of bits that define each pixel and the maximum number of colors in the
bitmap. These members can hz;ive any of the following values:

-

Value Meaning

1 Bitmap is monochrome and the color table contains two entries.

Each bit in the bitmap array represents a pixel. If the bit is clear, the
pixel is displayed with the color of the first entry in the color table. If
the bit is set, the pixel has the color of the second entry in the table.

4 Bitmap has a maximum of 16 colors. Each pixel in the bitmap is rep-
resented by a 4-bit index into the color table. For example, if the first
byte in the bitmap is Ox | F, the byte represents two pixels. The first
pixel contains the color in the second table entry, and the second
pixel contains the color in the sixteenth table entry.

8 Bitmap has a maximum of 256 colors. Each pixel in the bitmap is
represented by a |-byte index into the color table. For example, if the
first byte in the bitmap is OxIF, the first pixel has the color of the
thirty-second table entry.

24 Bitmap has a maximum of 2%* colors. The bmiColors (or bmci-
Colors) member is NULL, and each 3-byte sequence in the bitmap
array represents the relative intensities of red, green, and blue, respec-
tively, for a pixel.

The biClrUsed member of the BITMAPINFOHEADER structure specifies the
number of color indexes in the color table actually used by the bitmap. If the bi-

ClrUsed member is set to zero, the bitmap uses the maximum number of colors

corresponding to the value of the biBitCount member.

An alternative form of biuﬁap file uses the BITMAPCOREINFO, BITMAP-
COREHEADER. and RGBTRIPLE structures.

For a full description of the bitmap structures, see the Microsoft Windows Pro-
grammer’s Reference, Volume 3.

1.1.2 Bitinap Compression

Windows versions 3.0 and later support rim-length encoded (RLE) formats for
compressing bitmaps that use 4 bits per pixel and & bir: 0 nivel Compression i
duces the disk and memory sterage requirad for a bitgp
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1.1.2.1 Compression of 8-Bits-per-Pixel Bitmaps

When the biCompression member of the BITMAPINFOHEADER structure is
set to BI_RLES, the DIB is compressed using a run-length encoded format for a
256-color bitmap. This format uses two modes: encoded mode and absolute mode.
Both modes can occur anywhere throughout a single bitmap.

Encoded Mode A unit of information in encoded mode consists of two bytes.
The first byte specifies the number of consecutive pixels to be drawn using the
color index contained in the second byte.

The first byte of the pair can be set to zero to indicate an escape that denotes the

end of a line, the end of the bitmap, or a delta. The interpretation of the escape de-
pends on the value of the second byte of the pair, which must be in the range 0x00
through 0x02. Following are the meanings of the escape values that can be used in

the second byte: ot
Second byte Meaning

0 End of line.

1 End of bitmap.

2 Delta. The two bytes following the escape contain unsigned

values indicating the horizontal and vertical offsets of the
next pixel from the current position.

Absolute Mode Absolute mode is signaled by the first byte in the pair being set
to zero and the second byte to a value between 0x03 and OxFF. The second byte
represents the number of bytes that follow. each of which contains the color index
of a-single pixel. Each run must be aligned on a word boundary.

Following is an example of an 8-bit RLE bitmap (the two-digit hexadecimal
values in the second column represent a color index for a single pixel):

Compressed data Expanded data

03 04 04 04 04

05 06 06 06 06 06 06

0003 4556 67 00 45 56 67

0278 78 78

00 02 05 0t Move 5 right and 1 down

02 78 78 78

00 00 End of line

09 IE 1E 1E IE 1E 1E 1E IE IE IE

0001 End of RLE bitmap



