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1 Introduction 

Originating in the late 1970s, drawing files created with microcomputer-based computer-aided design 
software were saved with the .dwg extension. In the early 1980s, Autodesk® released AutoCAD® which 
eventually became the most used CAD software in the world and which used Autodesk’s undocumented 
and proprietary DWG™ file format (using the .dwg extension). 

The Open Design Specification for .dwg files serves AutoCAD’s undocumented and proprietary DWG 
file format. This specification includes DWG file format versions 13 up to and including version 2010.  
Further, the Open Design Specification for .dwg files serves the Teigha™ software development platform 
of the Open Design Alliance. 

While our Open Design Specification for .dwg files is able to read and write .dwg files with excellent 
AutoCAD compatibility, we continue to work to improve our understanding of all the data in a .dwg file.  
If you find information which will help us to understand any unknown values, please contact us at 
http://www.opendesign.com/contact. 
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2 BIT CODES AND DATA DEFINITIONS 

NOTE: Unless otherwise stated, all data in this manual is in little-endian order, with the least significant 
byte first. 

Much of the data in the DWG file format versions 13/14/2000/2004/2007/2010 must be read at the bit 
level. Various parts of the drawing use data in compressed forms, which are explained below. Here are 
the abbreviations used in this document for the various compressed forms: 

 

 B : bit (1 or 0) 

 BB : special 2 bit code (entmode in entities, for instance) 

 BS : bitshort 

 BL : bitlong 

 BD : bitdouble 

 2BD : 2D point (2 bitdoubles) 

 3BD : 3D point (3 bitdoubles) 

 RC : raw char (not compressed) 

 RS : raw short (not compressed) 

 RD : raw double (not compressed) 

 RL : raw long (not compressed) 

 2RD : 2 raw doubles 

 3RD : 3 raw doubles 

 MC : modular char 

 MS : modular short 

 H : handle reference (see the HANDLE REFERENCES section) 

 T : text  (bitshort length, followed by the string). 

 TU : Unicode text (bitshort character length, followed by Unicode string, 2 bytes per 
character).  Unicode text is read from the “string stream” within the object data, 
see the main Object description section for details. 

 TV : Variable text, T for 2004 and earlier files, TU for 2007+ files. 

 X : special form 

 U : unknown 

 SN : 16 byte sentinel 

 BE : BitExtrusion 

 DD : BitDouble With Default 

 BT : BitThickness 

 3DD : 3D point as 3 DD, needing 3 default values 

 CMC : CmColor value 

 OT : Object type 
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A “seeker” is an RL-type object which indicates either an absolute address in the file or an offset from 
some known address. 

A “sentinel” is 16 bytes of data used for file recovery purposes. 

Generally, the compressed forms are used to allow for compression of common data, usually values like 
0.0 and 1.0 for doubles, 0 and 256 for shorts. The method for interpreting the code is to read the first two 
bits, which indicate either the size of the data to follow, or the actual value for the common values. Here 
are the compressed formats and some examples of how they appear in the file: 

2.1 BITSHORT: 

 1st 2 bits : what it is 

 00 : A short (2 bytes) follows, little-endian order (LSB first) 

 01 : An unsigned char (1 byte) follows 

 10 : 0 

 11 : 256 

The char size is used when positive shorts less than 256 are being stored. The short size is used when 
values <0 or >=256 are being stored. Obviously the special cases for 0 and 256 are used when those 
values are being stored. 

Negative numbers use the short form, not the char form. That is, -1 is 00.11111111.11111111, not 
01.11111111. 

For instance, if we were known to be reading 5 shorts from the following stream of bits: 

0000000001000000011011010000111110 

It would be parsed like this: 

00 00000001 00000001  (short 257) 
10                    (0) 
11                    (256) 
01 00001111           (15) 
10                    (0) 

2.2 BITLONG: 

 1st 2 bits : what it is 

         00 : A long (4 bytes) follows, little-endian order (LSB first) 

         01 : An unsigned char (1 byte) follows 

         10 : 0 

         11 : not used 

The char size is used when positive longs less than 256 are being stored. The long size is used when 
values <0 or >=256 are being stored. Obviously the special case for 0 is used when storing 0. 
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Negative numbers use the short form, not the char form. That is, -1 is 

00.11111111.11111111.11111111.11111111, not 01.11111111. 

For instance, if we were known to be reading 5 longs from the following stream of bits: 

000000000100000001000000000000000010010000111110 

It would be parsed like this: 

00 00000001 00000001 00000000 00000000 (long 257) 
10                    (0) 
01 00001111           (15) 
10                    (0) 

2.3 BITDOUBLE: 

 1st 2 bits : what it is 

 00 : A double follows 

 01 : 1.0 

 10 : 0.0 

 11 : not used 

Doubles are eight byte IEEE standard floating point values. 

2.4 MODULAR CHARS: 

Modular characters are a method of storing compressed integer values. They are used in the object map to 
indicate both handle offsets and file location offsets. They consist of a stream of bytes, terminating when 
the high bit of the byte is 0. 

In each byte, the high bit is a flag; when set, it indicates that another byte follows. The concept is not 
difficult to understand, but is a little difficult to explain. Let’s look at an example. 

Assume the next two bytes in the file are: 

10000010 00100100 

We read bytes until we reach a byte with a high bit of 0. Obviously the second byte meets that criterion. 
Since we are reading from least significant to most significant, let's reverse the order of the bytes so that 
they read MSB to LSB from left to right. 
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Most Significant Byte Least Significant Byte

1

Least Significant Byte

0

Most Significant Byte

0 0 0 0 0 1 0 0 1 0 0 1 0 0

1 00 0 0 0 0 1 0 0 1 0 0 1 0 0

 

Now we drop the high order flag bits:  

Most Significant Byte Least Significant Byte

0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0

0 1 0 0 1 0 0 0 0 0 0 0 1 0  

And then re-group the bits from right to left, padding on the left with 0's: 

0 1 0 0 1 0 0 0 0 0 0 0 1 0

0 0 1 0 0 1 0 0 0 0 0 0 1 000  

Result = 2 + 18*256 = 4610 

Here’s another example using the basic form F1101001 F0010111 F1100110 00110101: 

11101001 10010111 11100110 00110101 

We read bytes until we reach a byte with a high bit of 0. Obviously the fourth byte meets that criterion. 
Since we are reading from least significant to most significant, let's reverse the order of the bytes so that 
they read MSB to LSB from left to right. 

Most Significant Byte Least Significant Byte

Least Significant Byte Most Significant Byte
12

1 2

3

3 4

4

1 1 1 0 1 0 0 1 1 0 0 1 0 1 1 1 1 1 1 0 0 1 1 0 0 0 1 1 0 1 0 1

0 0 1 1 0 1 0 1 1 1 1 0 0 1 1 0 1 0 0 1 0 1 1 1 1 1 1 0 1 0 0 1

 

Now we drop the high order flag bits:  

0 0 1 1 0 1 0 1 1 1 1 0 0 1 1 0 1 0 0 1 0 1 1 1 1 1 1 0 1 0 0 1

0 1 1 0 1 0 1 1 1 0 0 1 1 0 0 0 1 0 1 1 1 1 1 0 1 0 0 1  
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And then re-group the bits from right to left, padding on the left with 0's: 

0 0 0 0 0 1 1 0 1 0 1 1 1 0 0 1 1 0 0 0 1 0 1 1 1 1 1 0 1 0 0 1

1 1 0 1 0 0 10 0 1 0 1 1 11 1 0 0 1 1 00 1 1 0 1 0 1

 

-------- 

:233+139*256+185*256^2+6*256^3=112823273 

This process is further complicated by the fact that if the final byte (high bit 0) also has the 64 bit (0x40) 
set, this means to negate the number. 

This is a negative number:  10000101 01001011 

Since we are reading from least significant to most significant, let's reverse the order of the bytes so that 
they read MSB to LSB from left to right. 

Most Significant Byte Least Significant Byte

1

Least Significant Byte

0

Most Significant Byte

0 0 0 0 1 0 1 1 0 0 1 0 1 1

0 11 0 0 1 0 1 1 0 0 0 0 1 0 1

 

We then clear the bit that was used to represent the negative number, and note that the result must be 
negated: 

0

Set to 0

10 0 0 1 0 1 1 0 0 0 0 1 0 1

 

Now we drop the high order flag bits:  

0 10 0 0 1 0 1 1 0 0 0 0 1 0 1

0 0 0 1 0 1 1 0 0 0 0 1 0 1  

And then re-group the bits from right to left, padding on the left with 0's: 
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0 10 0 0 0 1 0 1 0 0 0 0 1 0 1

0 0 0 1 0 1 1 0 0 0 0 1 0 1

 

: 133+5*256=1413, which we negate to get –1413 

Modular chars are also used to store handle offsets in the object map. In this case there is no negation 
used; handles in the object map are always in increasing order. 

2.5 MODULAR SHORTS 

Modular shorts work just like modular chars -- except that the base module is a short instead of a char. 

There are only two cases to worry about here (from a practical point of view), because, in the case of 
shorts, two modules make a long, and since these are used only to indicate object sizes, a maximum 
object size of 1 GB is probably correct. 

00110001 11110100 10001101 00000000. 

Reverse the order of the shorts: 

Most Significant Byte

1 00 0 0 1 1 0 1 0 0 0 0 0 0 0

Least Significant ByteMost Significant Byte

0 10 1 1 0 0 0 0 1 1 1 0 1 0 0

Least Significant Byte

Most Significant Byte

0 10 1 1 0 0 0 1 1 1 1 0 1 0 0

Least Significant ByteMost Significant Byte

1 00 0 0 1 1 0 1 0 0 0 0 0 0 0

Least Significant Byte  

Reverse the order of the bytes in each short: 

Most Significant Byte

0 10 1 1 0 0 0 1 1 1 1 0 1 0 0

Least Significant ByteMost Significant Byte

1 00 0 0 1 1 0 1 0 0 0 0 0 0 0

Least Significant Byte

Most Significant Byte

1 01 1 1 0 1 0 0 0 1 1 0 0 0 1

Least Significant ByteMost Significant Byte

0 10 0 0 0 0 0 0 0 0 0 1 1 0 1

Least Significant Byte  

Drop the high order flag bit of each short: 

1 1 1 0 1 0 0 0 1 1 0 0 0 10 0 0 0 0 0 0 0 0 0 1 1 0 11 0  

And then re-group the bits from right to left, padding on the left with 0's: 
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01 1 1 0 1 0 0 0 1 1 0 0 0 110 0 0 0 0 0 0 0 0 0 1 1 0 1

1 01 1 1 0 1 0 0 0 1 1 0 0 0 10 00 0 0 0 0 0 0 1 0 0 0 1 1 0  

---------------- 

: 62513+70*65536=4650033 

2.6 Bit Extrusion 

For R13-R14 this is 3BD. For R2000, this is a single bit, followed optionally by 3BD. If the single bit is 
1, the extrusion value is assumed to be 0,0,1 and no explicit extrusion is stored. If the single bit is 0, then 
it will be followed by 3BD.  

2.7 BitDouble With Default 

This is a 2 bit opcode followed optionally by data, and it requires a default value. The different opcodes 
are described as follows: 

00 No more data present, use the value of the default double. 

01 4 bytes of data are present. The result is the default double, with the 4 data bytes patched in 
replacing the first 4 bytes of the default double (assuming little endian). 

10 6 bytes of data are present. The result is the default double, with the first 2 data bytes patched in 
replacing bytes 5 and 6 of the default double, and the last 4 data bytes patched in replacing the first 4 
bytes of the default double (assuming little endian). 

11 A full RD follows. 

2.8 BitThickness 

For R13-R14, this is a BD. For R2000+, this is a single bit followed optionally by a BD. If the bit is one, 
the thickness value is assumed to be 0.0. If the bit is 0, then a BD that represents the thickness follows. 

2.9 CmColor 
R15 and earlier: BS color index 

 

R2004+: There are two types of color definitions, below named as CMC and ENC: 

 

CMC: 

 BS : color index (always 0) 
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 BL : RGB value 

 RC : Color Byte (& 1 => color name follows (TV),  

                  &2 => book name follows (TV)) 

 

ENC: This color is used by entities: this definition may contain a DBCOLOR reference and optional 
transparency. 

 

 BS : color number: flags + color index 

      color flags: first byte of the bitshort. 

    0x8000: complex color (rgb).  

      Next value is a BS containing the RGB value (last 24 bits). 

    0x4000: has AcDbColor reference (0x8000 is also set in this case).  

      The handle to the color is written in the handle stream. 

    0x2000: color is followed by a transparency BL.  

      The first byte represents the transparency type:  

        0 = BYLAYER,  

        1 = BYBLOCK,  

        3 = the transparency value in the last byte. 

   Color index: if no flags were set, the color is looked up by the color number (ACI 
color).  

 

 

2.10 Object type 

Until R2007, the object type was a bit short. In R2010 the object type changed: 

A bit pair, followed by either 1 or 2 bytes, depending on the bit pair value: 

 

Bit pair value How to interpret following 1-2 bytes 

0 Read the following byte 

1 Read following byte and add 0x1f0. 

2 Read the following two bytes (raw short) 

3 The value 3 should never occur, but interpret the same as 2 nevertheless. 
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2.11 HANDLE REFERENCES: 

All objects in R13+ .dwg files are referred to by object handles. These handles are stored in the file in the 
following form: 

    |CODE (4 bits)|COUNTER (4 bits)|HANDLE or OFFSET| 

In this document we write these as CODE.COUNTER.BYTE.BYTE..., such as 0101.0001.00001111 (the 
usual reference to LAYER 0 for drawings created under R13, which has handle F). In abbreviated form, 
we write 5.1.0F. 

The CODE has different meanings depending on the handle. Certain object handles in AutoCAD have 
"ownership" relations with other objects. In these cases the code indicates the type of relation: 

 

Code Desciption 

2 

3 

4 

5 

words, for instance in a certain position only a HARD_POINTER TYPEDOBJHANDLE would be 
allowed. 

In other cases, the handle is stored as an offset from some other handle, and the code indicates how the 
offset is to be applied. These handles always represent a soft pointer reference. See the table below for the 
codes and their meaning: 

Code: Action: 

0x2, 0x3, 0x4, 0x5  none - just read offset and use it as the result 

0x6 result is reference handle + 1  (length is 0 in this case) 

0x8 result is reference handle – 1  (length is 0 in this case) 

0xA result is reference handle plus offset 

0xC result is reference handle minus offset 

We will call these OFFSETOBJHANDLEs. These handles are described with (CODE X), where X 
indicates the code if the offset is an ABSOLUTE reference (0x2 – 0x5). 
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COUNTER tells how many bytes of HANDLE follow. 

EXAMPLE: An entity on a layer whose handle is 5E7 has the following handle reference near the end of 
the entity data (its code being 5): 

       5   2    0   5    E   7 
    01010010 00000101 11100111  (0101.0010.00000101.11100111) 

2.12 CRCS: 

2.12.1 8-bit CRC 

The AutoCAD DWG file format uses a modification of a standard cyclic redundancy check as an error 
detecting mechanism. The CRC ends up being 2 bytes long due to a lookup in a table containing 256 16-
bit values, and are not stored in any sort of bit code form. They also always appear on byte boundaries; 
they are not embedded within the stream of bits. Thus there may be extra unused bits at the end of an 
object. For instance, consider an object containing one bitshort, as follows: 

01000000 11100000 01010101 01010101 

This parses as: 

01  bitshort with one character 
00000011 the value of the bitshort (3) 
100000 unused bits 
01010101 01010101  the CRC 

The modification that is made to the CRC is that a starting value different from 0 is used. Autodesk also 
uses a method whereby the result of the CRC is XORed with a "magic number". This method is used 
extensively in pre-R13 files, but seems only to be used in the header for R13 and beyond. 

Here is the CRC function we use; it is simply a standard 8 bit CRC calculation: 

int crctable[256]= { 
 
0x0000,0xC0C1,0xC181,0x0140,0xC301,0x03C0,0x0280,0xC241, 
0xC601,0x06C0,0x0780,0xC741,0x0500,0xC5C1,0xC481,0x0440, 
0xCC01,0x0CC0,0x0D80,0xCD41,0x0F00,0xCFC1,0xCE81,0x0E40, 
0x0A00,0xCAC1,0xCB81,0x0B40,0xC901,0x09C0,0x0880,0xC841, 
0xD801,0x18C0,0x1980,0xD941,0x1B00,0xDBC1,0xDA81,0x1A40, 
0x1E00,0xDEC1,0xDF81,0x1F40,0xDD01,0x1DC0,0x1C80,0xDC41, 
0x1400,0xD4C1,0xD581,0x1540,0xD701,0x17C0,0x1680,0xD641, 
0xD201,0x12C0,0x1380,0xD341,0x1100,0xD1C1,0xD081,0x1040, 
0xF001,0x30C0,0x3180,0xF141,0x3300,0xF3C1,0xF281,0x3240, 
0x3600,0xF6C1,0xF781,0x3740,0xF501,0x35C0,0x3480,0xF441, 
0x3C00,0xFCC1,0xFD81,0x3D40,0xFF01,0x3FC0,0x3E80,0xFE41, 
0xFA01,0x3AC0,0x3B80,0xFB41,0x3900,0xF9C1,0xF881,0x3840, 
0x2800,0xE8C1,0xE981,0x2940,0xEB01,0x2BC0,0x2A80,0xEA41, 
0xEE01,0x2EC0,0x2F80,0xEF41,0x2D00,0xEDC1,0xEC81,0x2C40, 
0xE401,0x24C0,0x2580,0xE541,0x2700,0xE7C1,0xE681,0x2640, 
0x2200,0xE2C1,0xE381,0x2340,0xE101,0x21C0,0x2080,0xE041, 
0xA001,0x60C0,0x6180,0xA141,0x6300,0xA3C1,0xA281,0x6240, 
0x6600,0xA6C1,0xA781,0x6740,0xA501,0x65C0,0x6480,0xA441, 
0x6C00,0xACC1,0xAD81,0x6D40,0xAF01,0x6FC0,0x6E80,0xAE41, 
0xAA01,0x6AC0,0x6B80,0xAB41,0x6900,0xA9C1,0xA881,0x6840, 
0x7800,0xB8C1,0xB981,0x7940,0xBB01,0x7BC0,0x7A80,0xBA41, 
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0xBE01,0x7EC0,0x7F80,0xBF41,0x7D00,0xBDC1,0xBC81,0x7C40, 
0xB401,0x74C0,0x7580,0xB541,0x7700,0xB7C1,0xB681,0x7640, 
0x7200,0xB2C1,0xB381,0x7340,0xB101,0x71C0,0x7080,0xB041, 
0x5000,0x90C1,0x9181,0x5140,0x9301,0x53C0,0x5280,0x9241, 
0x9601,0x56C0,0x5780,0x9741,0x5500,0x95C1,0x9481,0x5440, 
0x9C01,0x5CC0,0x5D80,0x9D41,0x5F00,0x9FC1,0x9E81,0x5E40, 
0x5A00,0x9AC1,0x9B81,0x5B40,0x9901,0x59C0,0x5880,0x9841, 
0x8801,0x48C0,0x4980,0x8941,0x4B00,0x8BC1,0x8A81,0x4A40, 
0x4E00,0x8EC1,0x8F81,0x4F40,0x8D01,0x4DC0,0x4C80,0x8C41, 
0x4400,0x84C1,0x8581,0x4540,0x8701,0x47C0,0x4680,0x8641, 
0x8201,0x42C0,0x4380,0x8341,0x4100,0x81C1,0x8081,0x4040 }; 
 
short crc8(unsigned short dx,char *p,long n) 
{ 
  register unsigned char al; 
 
  while (n-- > 0) { 
    al = (unsigned char)((*p) ^ ((char)(dx & 0xFF))); 
    dx = (dx>>8) & 0xFF; 
    dx = dx ^ crctable[al & 0xFF]; 
    p++; 
  } 
  return(dx); 
} 

This function takes as its input an initial CRC value, a pointer to the data to be CRC'd, and the number of 
bytes of data. The return value is the new CRC. This function can be used to accumulate a CRC by 
running the first set of bytes with an initial value of 0 (or the "starting value" for this type of object), and 
subsequent calls with the initial value equal to the last returned CRC. 

2.12.2 32-bit CRC 

From R18 onwards a 32-bit CRC is used. The algorithm is similar to the 8-bit version, but uses a CRC 
lookup table containing 256 32-bit values. 
 

OdUInt32 crc32Table[] = 

{ 

  0x00000000, 0x77073096, 0xee0e612c, 0x990951ba, 

  0x076dc419, 0x706af48f, 0xe963a535, 0x9e6495a3, 

  0x0edb8832, 0x79dcb8a4, 0xe0d5e91e, 0x97d2d988, 

  0x09b64c2b, 0x7eb17cbd, 0xe7b82d07, 0x90bf1d91, 

  0x1db71064, 0x6ab020f2, 0xf3b97148, 0x84be41de, 

  0x1adad47d, 0x6ddde4eb, 0xf4d4b551, 0x83d385c7, 

  0x136c9856, 0x646ba8c0, 0xfd62f97a, 0x8a65c9ec, 

  0x14015c4f, 0x63066cd9, 0xfa0f3d63, 0x8d080df5, 

  0x3b6e20c8, 0x4c69105e, 0xd56041e4, 0xa2677172, 

  0x3c03e4d1, 0x4b04d447, 0xd20d85fd, 0xa50ab56b, 

  0x35b5a8fa, 0x42b2986c, 0xdbbbc9d6, 0xacbcf940, 

  0x32d86ce3, 0x45df5c75, 0xdcd60dcf, 0xabd13d59, 

  0x26d930ac, 0x51de003a, 0xc8d75180, 0xbfd06116, 

  0x21b4f4b5, 0x56b3c423, 0xcfba9599, 0xb8bda50f, 

  0x2802b89e, 0x5f058808, 0xc60cd9b2, 0xb10be924, 

  0x2f6f7c87, 0x58684c11, 0xc1611dab, 0xb6662d3d, 

  0x76dc4190, 0x01db7106, 0x98d220bc, 0xefd5102a, 
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  0x71b18589, 0x06b6b51f, 0x9fbfe4a5, 0xe8b8d433, 

  0x7807c9a2, 0x0f00f934, 0x9609a88e, 0xe10e9818, 

  0x7f6a0dbb, 0x086d3d2d, 0x91646c97, 0xe6635c01, 

  0x6b6b51f4, 0x1c6c6162, 0x856530d8, 0xf262004e, 

  0x6c0695ed, 0x1b01a57b, 0x8208f4c1, 0xf50fc457, 

  0x65b0d9c6, 0x12b7e950, 0x8bbeb8ea, 0xfcb9887c, 

  0x62dd1ddf, 0x15da2d49, 0x8cd37cf3, 0xfbd44c65, 

  0x4db26158, 0x3ab551ce, 0xa3bc0074, 0xd4bb30e2, 

  0x4adfa541, 0x3dd895d7, 0xa4d1c46d, 0xd3d6f4fb, 

  0x4369e96a, 0x346ed9fc, 0xad678846, 0xda60b8d0, 

  0x44042d73, 0x33031de5, 0xaa0a4c5f, 0xdd0d7cc9, 

  0x5005713c, 0x270241aa, 0xbe0b1010, 0xc90c2086, 

  0x5768b525, 0x206f85b3, 0xb966d409, 0xce61e49f, 

  0x5edef90e, 0x29d9c998, 0xb0d09822, 0xc7d7a8b4, 

  0x59b33d17, 0x2eb40d81, 0xb7bd5c3b, 0xc0ba6cad, 

  0xedb88320, 0x9abfb3b6, 0x03b6e20c, 0x74b1d29a, 

  0xead54739, 0x9dd277af, 0x04db2615, 0x73dc1683, 

  0xe3630b12, 0x94643b84, 0x0d6d6a3e, 0x7a6a5aa8, 

  0xe40ecf0b, 0x9309ff9d, 0x0a00ae27, 0x7d079eb1, 

  0xf00f9344, 0x8708a3d2, 0x1e01f268, 0x6906c2fe, 

  0xf762575d, 0x806567cb, 0x196c3671, 0x6e6b06e7, 

  0xfed41b76, 0x89d32be0, 0x10da7a5a, 0x67dd4acc, 

  0xf9b9df6f, 0x8ebeeff9, 0x17b7be43, 0x60b08ed5, 

  0xd6d6a3e8, 0xa1d1937e, 0x38d8c2c4, 0x4fdff252, 

  0xd1bb67f1, 0xa6bc5767, 0x3fb506dd, 0x48b2364b, 

  0xd80d2bda, 0xaf0a1b4c, 0x36034af6, 0x41047a60, 

  0xdf60efc3, 0xa867df55, 0x316e8eef, 0x4669be79, 

  0xcb61b38c, 0xbc66831a, 0x256fd2a0, 0x5268e236, 

  0xcc0c7795, 0xbb0b4703, 0x220216b9, 0x5505262f, 

  0xc5ba3bbe, 0xb2bd0b28, 0x2bb45a92, 0x5cb36a04, 

  0xc2d7ffa7, 0xb5d0cf31, 0x2cd99e8b, 0x5bdeae1d, 

  0x9b64c2b0, 0xec63f226, 0x756aa39c, 0x026d930a, 

  0x9c0906a9, 0xeb0e363f, 0x72076785, 0x05005713, 

  0x95bf4a82, 0xe2b87a14, 0x7bb12bae, 0x0cb61b38, 

  0x92d28e9b, 0xe5d5be0d, 0x7cdcefb7, 0x0bdbdf21, 

  0x86d3d2d4, 0xf1d4e242, 0x68ddb3f8, 0x1fda836e, 

  0x81be16cd, 0xf6b9265b, 0x6fb077e1, 0x18b74777, 

  0x88085ae6, 0xff0f6a70, 0x66063bca, 0x11010b5c, 

  0x8f659eff, 0xf862ae69, 0x616bffd3, 0x166ccf45, 

  0xa00ae278, 0xd70dd2ee, 0x4e048354, 0x3903b3c2, 

  0xa7672661, 0xd06016f7, 0x4969474d, 0x3e6e77db, 

  0xaed16a4a, 0xd9d65adc, 0x40df0b66, 0x37d83bf0, 

  0xa9bcae53, 0xdebb9ec5, 0x47b2cf7f, 0x30b5ffe9, 

  0xbdbdf21c, 0xcabac28a, 0x53b39330, 0x24b4a3a6, 

  0xbad03605, 0xcdd70693, 0x54de5729, 0x23d967bf, 

  0xb3667a2e, 0xc4614ab8, 0x5d681b02, 0x2a6f2b94, 
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  0xb40bbe37, 0xc30c8ea1, 0x5a05df1b, 0x2d02ef8d 

}; 

 

  OdUInt32 crc(OdUInt8 *p, OdUInt32 n, OdUInt32 seed) 

  { 

    OdUint32 invertedCrc = ~seed 

    while (n--) { 

      OdUInt8 byte = *p++; 

      invertedCrc = (invertedCrc >> 8) ^ crc32Table[(invertedCrc ^ byte) & 0xff]; 

    } 

    return ~invertedCrc; 

  } 
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3 R13-R15 DWG FILE FORMAT ORGANIZATION 

3.1 FILE STRUCTURE 

The structure of the DWG file format changed between R13 C2 and R13 C3. Notations regarding C3 
below indicate the differences. 

The general arrangement of data in an R13/R14/R15 file is as follows: 

    HEADER 
      FILE HEADER 
      DWG HEADER VARIABLES 
      CRC 
 
    CLASS DEFINITIONS 
    PADDING (R13C3 AND LATER) 
    IMAGE DATA (PRE-R13C3) 
    OBJECT DATA 
      All entities, table entries, dictionary entries, etc. go in this 
      section. 
    OBJECT MAP 
    UNKNOWN SECTION (R13C3 AND LATER) 
    SECOND HEADER 
    IMAGE DATA (R13C3 AND LATER) 

3.2 FILE HEADER 

3.2.1 VERSION ID: 

The first 6 bytes are "AC1012" for R13, "AC1014" for R14, and “AC1015” for R2000. 

The next 7 starting at offset 0x06 are to be six bytes of 0 (in R14, 5 0’s and the ACADMAINTVER 
variable) and a byte of 1. We have occasionally seen other values here but their meaning (and importance) 
is unclear. 

3.2.2 IMAGE SEEKER: 

At 0x0D is a seeker (4 byte long absolute address) for the beginning sentinel of the image data. 

3.2.3 UNKNOWN SECTION: 

Bytes at 0x11 and 0x12 are still unknown; usually 0. 

3.2.4 DWGCODEPAGE: 

Bytes at 0x13 and 0x14 are a raw short indicating the value of the code page for this drawing file. 
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3.2.5 SECTION-LOCATOR RECORDS: 

At 0x15 is a long that tells how many sets of recno/seeker/length records follow. Each record has the 
following format: 

    Record number (raw byte) | Seeker (raw long) | Size (raw long) 

The records are as follows: 

 

 0 : Header variables (covers beginning and ending sentinels). 

 1 : Class section. 

  2 : Object map. 

 3 : (C3 and later.)  A special table (no sentinels). See unknown section (R13 C3 and 
later). The presence of the 4th record (3) indicates that the C3 file format 
applies.  Just look at the long at 21; if it's 4 or greater, it's the C3-and-later 
format. 

 4 : In R14, points to a location where there may be data stored.  Currently we have 
seen only the MEASUREMENT variable stored here. 

   We have seen files with up to 6 sets in this section; the meaning of the sixth one 
is unknown.  The Open Design Toolkit emits files with the first 5 sets only. 

 RS : CRC for BOF to this point.  Use 0 for the initial value, and depending on the 
number of sets of section-locators, XOR the result with one of the following: 

 3 : 0xA598 

 4 : 0x8101 

 5 : 0x3CC4 

 6 : 0x8461 

The following 16 byte sentinel appears after the CRC: 

0x95,0xA0,0x4E,0x28,0x99,0x82,0x1A,0xE5,0x5E,0x41,0xE0,0x5F,0x9D,0x3A,0x4D,0x00 
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4 R2004 DWG FILE FORMAT ORGANIZATION 

4.1 R2004 File Header 

 

 

Address Length Description 

0x00 6 “AC1018” version string 

0x06 5 5 bytes of 0x00 

0x0B 1 Maintenance release version 

0x0C 1 Byte 0x00, 0x01, or 0x03 

0x0D 4 Preview address (long), points to the image page + page header size (0x20). 

0x11 1 Application Dwg version (Acad version that writes the file) 

0x12 1  Application maintenance release version (Acad maintenance version that 
writes the file) 

0x13 2 Codepage 

0x15 3 3 0x00 bytes 

0x18 4 Security flags, default value is 0 (long) 

0x0001 = encrypt data (used for all data sections except AcDb:Preview and 
AcDb:SummaryInfo) 

0x0002 = encrypt properties (used for sections AcDb:Preview and 
AcDb:SummaryInfo) 

0x0010 = sign data 

0x0020 = add timestamp 

0x1C 4 Unknown long (ODA writes 0) 

0x20  4 Summary info Address, points to summary info page + page header size 
(0x20) 

0x24 4 VBA Project Address (Optional, write 0 if not present) 
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0x28 4 0x00000080 

0x2C 0x54 0x00 bytes 

0x80 0x6C Encrypted Data (see below) 

The encrypted data at 0x80 can be decrypted by exclusive or’ing the 0x6c bytes of data from the file with 
the following magic number sequence: 

29 23 BE 84 E1 6C D6 AE 52 90 49 F1 F1 BB E9 EB   

B3 A6 DB 3C 87 0C 3E 99 24 5E 0D 1C 06 B7 47 DE   

B3 12 4D C8 43 BB 8B A6 1F 03 5A 7D 09 38 25 1F   

5D D4 CB FC 96 F5 45 3B 13 0D 89 0A 1C DB AE 32  

20 9A 50 EE 40 78 36 FD 12 49 32 F6 9E 7D 49 DC   

AD 4F 14 F2 44 40 66 D0 6B C4 30 B7  

This magic sequence can be generated by the following code, which generates the sequence and stores it 
in the data vector: 

 
  OdUInt8* p = data.asArrayPtr(); 

  OdUInt32 sz = 0x6c; 

  int randseed = 1; 

  while (sz--) 

  { 

    randseed *= 0x343fd; 

    randseed += 0x269ec3; 

    *p++ = (OdUInt8)(randseed >> 0x10); 

  } 

Once decrypted, this sequence of bytes consists of the following data (we will call this data the 2004 File 
Header Data throughout the remainder of this document). The file header data is repeated at the end of the 
file (this is the second header data). 

 

Address (from start of 0x6c byte 
sequence)  

Length Description 

0x00 12 “AcFssFcAJMB” file ID string 

0x0C 4 0x00 (long) 
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0x10 4 0x6c (long) 

0x14 4 0x04 (long) 

0x18 4 Root tree node gap 

0x1C 4 Lowermost left tree node gap 

0x20 4 Lowermost right tree node gap 

0x24 4 Unknown long (ODA writes 1) 

0x28 4 Last section page Id 

0x2C 8 Last section page end address 

0x34 8 Second header data address pointing to the repeated 
header data at the end of the file 

0x3C 4 Gap amount 

0x40 4 Section page amount 

0x44 4 0x20 (long) 

0x48 4 0x80 (long) 

0x4C  4 0x40 (long) 

0x50 4 Section Page Map Id 

0x54 8 Section Page Map address (add 0x100 to this value) 

0x5C 4 Section Map Id 

0x60 4 Section page array size 

0x64 4 Gap array size 

0x68 4 CRC32 (long) 

The next 0x14 bytes will be copied from the magic number sequence, starting at 0x100 – 0x14. These 
0x14 bytes are present in the file header at the beginning of the file, but not at the copy at the end of the 
file. 

The remaining data in the file is broken up into sections. There are 2 types of sections, System Sections 
and Data Sections. A data section consists of 1 or more section pages, a system section consists of just 1 
section page. System sections contain maps to navigate through the data sections and pages. System and 
data section pages have different page headers. 
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4.2 Section page checksum 

The following function (pseudocode) is used to calculate system and data page checksums as stored in the 
page header (note that system and data page headers are different). 
OdUInt32 checksum(OdUInt32 seed, OdUInt8* data, OdUInt32 size) 

{ 

  OdUInt32 sum1 = seed & 0xffff; 

  OdUInt32 sum2 = seed >> 0x10; 

  while (size != 0) 

  { 

    OdUInt32 chunkSize = min(0x15b0, size); 

    size -= chunkSize; 

    for (int i = 0; i < chunkSize; i++) 

    { 

      sum1 += *data++; 

      sum2 += sum1; 

    } 

    sum1 %= 0xFFF1; 

    sum2 %= 0xFFF1; 

  } 

  return (sum2 << 0x10) | (sum1 & 0xffff); 

} 

4.3 System section page 

A System Section page starts with of the following 0x14 bytes of header data:  

 

Address (from start of section) Length Description 

0x00 4 Section page type: 

Section page map: 0x41630e3b 

Section map: 0x4163003b 

0x04 4 Decompressed size of the data that follows 

0x08 4 Compressed size of the data that follows 
(CompDataSize) 

0x0C 4 Compression type (0x02) 

0x10 4 Section page checksum 

Immediately following this data, there will be CompDataSize bytes of compressed data, which is the 
actual data for the section. See the Compression section later in this document for details on the 
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compression algorithm used. After the compressed data there is second header chunk, but fields 
decompressed size, compressed size and checksum are set to zero.  

The section page checksum is calculated in two stages. First the checksum (using the data page checksum 
function) is calculated from the header data, using a seed of 0. The header data’s checksum being 0 at this 
stage, but all other fields should be filled. In the second stage the final checksum is calculated from the 
compressed data, using the first checksum as the seed.  

Each section page must start on a 0x20 byte boundary of the raw data stream. The empty bytes between 
the start of this section and then end of the previous section are filled with as many bytes as needed from 
the magic number sequence. 

System Sections includeSection page map and Section map. These 2 sections serve as a table of contents 
for the remaining sections of the file and their pages. Once these 2 sections have been processed, all other 
sections in the file can be accessed randomly. 

4.4 2004 Section page map 

The uncompressed (global) section page map contains the following data: 

 

Offset Length Description 

0x00 4 Section page number, starts at 1, page numbers are unique per file. 

0x04 4 Section size 

This repeats, with one number and size for each section page in the file, until the end of the section page 
map. Note that this map also contains a reference to the section map, which is a system section. All other 
pages are data section pages. The address of each section can be calculated as 0x100 for the first section, 
and for each subsequent section the address is the previous section address plus the previous section size. 
If the section number is negative, this represents a gap in the sections (unused data). For a negative 
section number, the following data will be present after the section size: 

 

Offset Length Description 

0x00 4 Parent 

0x04 4 Left 

0x08 4 Right 

0x0C 4 0x00 

Taken together, these units of file section information form a vector (1 indexed) of all sections in the file, 
and this vector will be referred to as the SectionPageMap throughout the remainder of this document. 
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Section pages are numbered consecutively. The system section pages are the last pages, with a gap of 1 
between the page numbers for the data sections and system sections. 

4.5 2004 Data section map 

The data section map is a map for locating all data sections (i.e. system sections are not present in this 
map). 

The uncompressed Section Info section contains the following data: 

 

Offset Length Description 

0x00 4 Number of section descriptions (NumDescriptions) 

0x04 4 0x02 (long) 

0x08 4 0x00007400 (long) 

0x0C 4 0x00 (long) 

0x10 4 Unknown (long), ODA writes NumDescriptions here. 

Next, the following data is repeated NumDescriptions times: 

Offset Length Description 

0x00 8 Size of section (OdUInt64) 

0x08 4 Page count (PageCount) 

0x0C 4 Max Decompressed Size of a section page of this type (normally 0x7400) 

0x10 4 Unknown (long) 

0x14 4 Compressed (1 = no, 2 = yes, normally 2)  

0x18 4 Section Id (starts at 0). The first section (empty section) is numbered 0, 
consecutive sections are numbered descending from (the number of 
sections – 1) down to 1. 

0x1C 4 Encrypted (0 = no, 1 = yes, 2 = unknown) 

0x20 64 Section Name (string) 

Following this, the following (local) section page map data will be present, repeated PageCount times: 

Offset Length Description 
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0x00 4 Page number (index into SectionPageMap), starts at 1 

0x04 4 Data size for this page 

0x08 8 Start offset for this page (OdUInt64) 

Maximum section page size appears to be 0x7400 bytes in the normal case. If a logical section of the file 
(the database objects, for example) exceeds this size, then it is broken up into pages of size 0x7400. In 
this case, the PageCount value above will contain the number of 0x7400 byte pages, and the data from the 
pages can be appended together in order and treated as a single logical section. 

Section Types seen so far in 2004 files include (sections are present in the section map in this order): 

 

Section Name Description Compressed? Page size 

 Empty section Yes 0x7400 

AcDb:Security Contains information regarding password and data 
encryption. This section is optional. 

no 0x7400 

AcDb:FileDepList Contains file dependencies (e.g. IMAGE files, or fonts 
used by STYLE). 

no 0x80 

AcDb:VBAProject Contains VBA Project data for this drawing (optional 
section) 

no Data size 
+ 0x80 + 
padding 
size 

AcDb:AppInfo Contains information about the application that wrote the 
.dwg file (encrypted = 2). 

no 0x80 

AcDb:Preview Bitmap preview for this drawing. no 0x400 

AcDb:SummaryInfo Contains fields like Title, Subject, Author. no 0x100 

AcDb:RevHistory Revision history yes 0x7400 

AcDb:AcDbObjects Database objects yes 0x7400 

AcDb:ObjFreeSpace  yes 0x7400 

AcDb:Template Template yes 0x7400 

AcDb:Handles Handle list with offsets into the AcDb:AcDbObjects 
section 

yes 0x7400 

AcDb:Classes Custom classes section yes 0x7400 



Open Design Specification for .dwg files  28 

 

AcDb:AuxHeader  yes 0x7400 

AcDb:Header Contains drawing header variables yes 0x7400 

AcDb:Signature Not written by ODA   

The section order in the stream is different than the order in the section map. The order in the stream is as 
follows: 

Section: 

File header 

Empty section 

AcDb:SummaryInfo 

AcDb:Preview 

AcDb:VBAProject 

AcDb:AppInfo 

AcDb:FileDepList 

AcDb:RevHistory 

AcDb:Security 

AcDb:AcDbObjects 

AcDb:ObjFreeSpace 

AcDb:Template 

AcDb:Handles 

AcDb:Classes 

AcDb:AuxHeader 

AcDb:Header 

Section map 

Section page map 
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4.6 Encrypted Data Section Page Headers 

Data section pages in the file start with a 32 byte encrypted section header. This encrypted header can be 
decrypted using the following algorithm (assume that the raw section page header data is stored in the 
hdrData array): 
  OdUInt32 secMask = 0x4164536b ^ offset; 

  OdUInt32* pHdr = (OdUInt32*)hdrData.asArrayPtr(); 

  For (int j = 0; j < 8; j++) 

    *pHdr++ ^= secMask; 

The decrypted section page header data consists of the following: 

 

Offset Length Description 

0x00 4 Section page type, since it’s always a data section: 0x4163043b 

0x04 4 Section number 

0x08 4 Data size (compressed) 

0x0C 4 Page Size (decompressed) 

0x10 4 Start Offset (in the decompressed buffer) 

0x14 4 Page header Checksum (section page checksum calculated from unencoded 
header bytes, with the data checksum as seed) 

0x18 4 Data Checksum (section page checksum calculated from compressed data 
bytes, with seed 0) 

0x1C 4 Unknown (ODA writes a 0) 

 

Each section page must start on a 0x20 byte boundary of the raw data stream. The empty bytes between 
the start of this section and then end of the previous section are filled with as many bytes as needed from 
the magic number sequence.- 

4.7 Compression 

The DWG file format version 2004 compression is a variation on the LZ77 compression algorithm. LZ77 
is a sliding window algorithm that stores references (offset + length) to previous data. Note that length 
might be greater than the offset, which is an important feature of this algorithm. The different opcodes are 
explained below. Compression is a bit more difficult to implement than decompression. The bottleneck 
with compression is finding a match. The simplest approach would be a brute force approach, the ODA 
uses hashing for speed, sacrificing some compression. 
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A compressed section starts with a Literal Length (see below), which indicates the length of the first 
sequence of uncompressed or literal data. 

Following the first literal run, there will be a set of compression opcodes that define 3 values: 

compressedBytes

compOffset

litCount

0x00 – 0x0F 

0x10: 

 

 

 

0x11 :

0x12– 0x1F :  

 compressedBytes = (opcode1 & 0x0F) + 2 

 compOffset is read as the next Two Byte Offset (see format below), with 0x3FFF added.  

 If the litCount obtained from the Two Byte Offset is 0, then litCount is read as the next Literal 
Length (see format below). Otherwise use the litCount value from the Two Byte Offset (0-3). 

0x20 : 

 compressedBytes is read as the next Long Compression Offset (see format below) + 0x21. 

 compOffset is read as the next Two Byte Offset (see format below).  
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 If the litCount obtained from the Two Byte Offset is 0, then litCount is read as the next Literal 

Length (see format below). Otherwise use the litCount value from the Two Byte Offset (0-3). 

0x21 – 0x3F :  

 compressedBytes = opcode1 – 0x1E. 

 compOffset is read as the next Two Byte Offset (see format below).  

 If the litCount obtained from the Two Byte Offset is 0, then litCount is read as the next Literal 
Length (see format below). Otherwise use the litCount value from the Two Byte Offset (0-3). 

0x40 – 0xFF :  

 compressedBytes = ((opcode1 & 0xF0) >> 4) – 1 

 Read the next byte (call it opcode2): 

 compOffset = (opcode2 << 2)  |  ((opcode1 & 0x0C) >> 2) 

 The value of litCount is set based on the value of (opcode1 & 0x03): 

o 0x00 : litCount is read as the next Literal Length (see format below) 

o 0x01 : litCount = 1 

o 0x02 : litCount = 2 

o 0x03 : litCount = 3 

Literal Length  

Two Byte Offset 
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Long Compression Offset 
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5 R2007 DWG FILE FORMAT ORGANIZATION 

5.1 Sections and pages overview 

Section/page Size Description 

Meta data 0x80 Meta data (version info etc) 

File header 0x400 File header, contains page/section map addresses, sizes, CRC’s etc. 

Page map 1 0x400 The data page map 

Page map 2 0x400 A copy of the data page map 

AcDb:SummaryInfo   

AcDb:Preview   

AcDb:VBAProject   

AcDb:AppInfo   

AcDb:FileDepList   

AcDb:RevHistory   

AcDb:Security   

AcDb:AcDbObjects   

AcDb:ObjFreeSpace   

AcDb:Template   
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AcDb:Handles   

AcDb:Classes   

AcDb:AuxHeader   

AcDb:Header   

Section map 1  The section map. 

Section map 2  A copy of the section map. 

 

5.2 R2007 Meta Data 

 

Address Length Description 

0x00 6 “AC1021” version string 

0x06 5 5 bytes of 0x00 

0x0B 1 Unknown 

0x0C 1 Byte 0x00, 0x01, or 0x03 

0x0D 4 Preview address (long) 

0x11 1 DwgVer 

0x12 1  MaintReleaseVer 

0x13 2 Codepage 

0x15 3 Unknown 

0x18 4 SecurityType (long) 

0x1C 4 Unknown long 

0x20  4 DWG Property Addr 

0x24 4 VBA Project Addr 

0x28 4 0x00000080 
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0x2C 4 Application Info Addr 

At offset 0x80 there is a 0x400 byte section. The last 0x28 bytes of this section consists of check data, 
containing 5 Int64 values representing CRC’s and related numbers (starting from 0x3D8 until the end). 
The first 0x3D8 bytes should be decoded using Reed-Solomon (255, 239) decoding, with a factor of 3. 
The format of this decoded data is: 

 

Address Length Description 

0x00 8 CRC 

0x08 8 Unknown key 

0x10 8 Compressed Data CRC 

0x18 4 ComprLen 

0x1C 4 Length2 

0x20 ComprLen Compressed Data 

Note that if ComprLen is negative, then Data is not compressed (and data length is ComprLen). If 
ComprLen is positive, the ComprLen bytes of data are compressed, and should be decompressed using 
the OdDwgR21Compressor::decompress() function, where the decompressed size is a fixed 0x110. The 
decompressed data is in the following format:  

 

Address Length Description 

0x00 8 Header size (normally 0x70) 

0x08 8 File size 

0x10 8 PagesMapCrcCompressed 

0x18 8 PagesMapCorrectionFactor 

0x20 8 PagesMapCrcSeed 

0x28 8 Pages map2offset 

0x30 8 Pages map2Id 

0x38 8 PagesMapOffset 

0x40 8 PagesMapId 
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0x48 8 Header2offset (relative to page map 1 address) 

0x50 8 PagesMapSizeCompressed 

0x58 8 PagesMapSizeUncompressed 

0x60 8 PagesAmount 

0x68 8 PagesMaxId 

0x70 8 Unknown (normally 0x20) 

0x78 8 Unknown (normally 0x40) 

0x80 8 PagesMapCrcUncompressed 

0x88 8 Unknown (normally 0xf800) 

0x90 8 Unknown (normally 4) 

0x98 8 Unknown (normally 1) 

0xA0 8 SectionsAmount (number of sections + 1) 

0xA8 8 SectionsMapCrcUncompressed 

0xB0 8 SectionsMapSizeCompressed 

0xB8 8 SectionsMap2Id 

0xC0 8 SectionsMapId 

0xC8 8 SectionsMapSizeUncompressed 

0xD0 8 SectionsMapCrcCompressed 

0xD8 8 SectionsMapCorrectionFactor 

0xE0 8 SectionsMapCrcSeed 

0xE8 8 StreamVersion (normally 0x60100) 

0xF0 8 CrcSeed 

0xF8 8 CrcSeedEncoded 

0x100 8 RandomSeed 

0x108 8 Header CRC64 
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This section will be referred to as the File Header throughout the remainder of this document. 

PagesMapOffset indicates the starting address of the Page Map section of the file, 
PagesMapSizeCompressed is the compressed size of this section, PagesMapSizeUncompressed is the 
uncompressed size, PagesMapCorrectionFactor is the correction factor used, and 
PagesMapCrcCompressed and PagesMapCrcUncompressed are the compressed and uncomressed CRC 
values, respectively. The data at PagesMapOffset is in the following format (to be referred to as “System 
Page” format throughout the remainder of this document) should be decoded and optionally 
decompressed using the OdDwgR21FileController::loadSysPage function. The resulting pages map data 
consists of a sequence of pairs, where each pair consists of an Int64 SIZE ID

OdInt64 offset = 0; 

   

while (!pStream->isEof()) 

{ 

    size = OdPlatformStreamer::rdInt64(*pStream); 

    id = OdPlatformStreamer::rdInt64(*pStream); 

    ind = id > 0 ? id : -id; 

 

    m_pages[ind].m_id = id; 

    m_pages[ind].m_size = size; 

    m_pages[ind].m_offset = offset; 

    offset += size; 

} 

File Header 
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2 [+ 2] 
Unicode Section Name (2 bytes per character, 
followed by 2 zero bytes if name length > 0) 

Repeat NumPages times:   

 8 Page data offset 

 8 Page Size 

 8 Page ID 

 8 Page Uncompressed Size 

 8 Page Compressed Size 

 8 Page Checksum 

 8 Page CRC 

This data repeats until the decoded & decompressed Section Map data is exhausted, giving a set of 
Sections, where each section can contain data for an arbitrary number of pages. The data from all pages 
together forms a section in the file. Each page may be optionally RS encoded, compressed, or encrypted. 
The OdR21PagedStream class implements RS decoding, decompression, and decryption of the page data 
within a section (see OdDwgR21FileSection::read() for sample code to set up an OdR21PagedStream 
object). 

The section map may contain the following sections (in this order, the order in the file stream is 
different): 

 

Section Name Description Property Value 

AcDb:Security Contains information regarding password and 
data encryption. This section is optional. 

hashcode 0x4a0204ea 

pagesize 0xf800 

encryption 0 

encoding 1 

AcDb:FileDepList Contains file dependencies (e.g. IMAGE files, hashcode 0x6c4205ca 
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or fonts used by STYLE). 

pagesize If no entries, 0x100, 
otherwise 0x80 * 
(countEntries + 
(countEntries >> 1)) 

encryption 2 

encoding 1 

AcDb:VBAProject Contains VBA Project data for this drawing 
(optional section) 

hashcode 0x586e0544 

pagesize VBA data size + 
0x80 rounded to the 
next 0x20. 

encryption 2 

encoding 1 

AcDb:AppInfo Contains information about the application that 
wrote the .dwg file (encrypted = 2). 

hashcode 0x3fa0043e 

pagesize 0x300 

encryption 0 

encoding 1 

AcDb:Preview Bitmap preview for this drawing. hashcode 0x40aa0473 

pagesize Default 0x400, if 
image is written, 
preview size 
rounded to the next 
0x20 bytes. 

encryption 1 if properties are 
encrypted, 
0 otherwise 

encoding 1 

AcDb:SummaryInfo Contains fields like Title, Subject, Author. hashcode 0x717a060f 

pagesize 0x80 

encryption 1 if properties are 
encrypted, 
0 otherwise 

encoding 1 
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AcDb:RevHistory Revision history hashcode 0x60a205b3 

pagesize 0x1000 

encryption 0 

encoding 4 

compressed true 

AcDb:AcDbObjects Database objects hashcode 0x674c05a9 

pagesize 0xf800 

encryption 1 if data is 
encrypted, 
0 otherwise 

encoding 4 

compressed true 

AcDb:ObjFreeSpace  hashcode 0x77e2061f 

pagesize 0xf800 

encryption 0 

encoding 4 

compressed true 

AcDb:Template Template hashcode 0x4a1404ce 

pagesize 0x400 

encryption 0 

encoding 4 

compressed true 

AcDb:Handles Handle list with offsets into the 
AcDb:AcDbObjects section 

hashcode 0x3f6e0450 

pagesize 0xf800 

encryption 1 if data is 
encrypted, 
0 otherwise 
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encoding 4 

compressed true 

AcDb:Classes Custom classes section hashcode 0x3f54045f 

pagesize 0xf800 

encryption 1 if data is 
encrypted, 
0 otherwise 

encoding 4 

compressed true 

AcDb:AuxHeader  hashcode 0x54f0050a 

pagesize 0x800 

encryption 0 

encoding 4 

compressed true 

AcDb:Header Contains drawing header variables hashcode 0x32b803d9 

pagesize 0x800 

encryption 1 if data is 
encrypted, 
0 otherwise 

encoding 4 

compressed True 

AcDb:Signature Not written by ODA   

By default data/properties are not encrypted. Encryption still needs to be described. 

5.2.1 File header creation 

Creating the R21 file header is very complex:  

Compute and set all the file header fields. In this process also compute CRC’s and generate check data, 
derived from a CRC seed value (paragraph 5.2.1.1). 
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Write the file header data to a buffer and calculate/write the 64-bit CRC (paragraph 5.2.1.2). 

Compress the file header data and calculate the 64-bit CRC (paragraph 5.2.1.3). 

Create a checking sequence and calculate a CRC over this sequence data (paragraph 5.2.1.4).  

Create a buffer in preparation of Reed-Solomon encoding (Pre-Reed-Solomon encoded data). This 
contains checking sequence, compressed CRC, compressed size, compressed data and random data (as 
padding) (paragraph 5.2.1.5). 

Encode the data using Reed-Solomon (for error correction). 

Write the encoded data, followed by the check data from the first step. 

5.2.1.1 Calculating the file header CRC’s and check data 

The file header data consists of regular data fields and CRC values and check data to verify the data’s 
correctness. All fields pertaining to the file header’s correctness are discussed in more detail in the 
following paragraphs. Note that the order of CRC calculation is important, so the order of the following 
paragraphs should be used. 

5.2.1.1.1 RandomSeed 

5.2.1.1.2 CrcSeed 

5.2.1.1.3 SectionsMapCrcSeed 

5.2.1.1.4 PagesMapCrcSeed 

5.2.1.1.5 Check data 
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UInt64 Encode(UInt64 value, UInt64 control) { 

    Int32 shift = (Int32)(control & 0x1f); 

    if (shift != 0) { 

        value = (value << shift) | (value >> (64 – shift)); 

    } 

    return value; 

} 

UInt64 CalculateNormalCrc() { 

    UInt64[] buffer = new UInt64[8]; 

    buffer[0] = Encode(random1, random2); 

    buffer[1] = Encode(buffer[0], buffer[0]); 

    buffer[2] = Encode(random2, buffer[1]); 

    buffer[3] = Encode(buff[2], buffer[2]); 

    buffer[4] = Encode(random1, buffer[3]); 

    buffer[5] = Encode(buffer[4], buffer[4]); 

    buffer[6] = Encode(buffer[5], buffer[5]); 

    buffer[7] = Encode(buffer[6], buffer[6]); 

 

    // Convert each UInt64 in the buffer from big-endian to little-endian if 

    // the machine is big-endian. 

    ... 

 

    UInt64 normalCrc = CalculateNormalCrc64(buffer, 64, ~random2); 

    return normalCrc; 

} 
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UInt64 CalculateMirroredCrc() { 

    UInt64[] buffer = new UInt64[8]; 

    buffer[0] = Encode(random1, random2); 

    buffer[1] = Encode(normalCrc, buffer[0]); 

    buffer[2] = Encode(random2, buffer[1]); 

    buffer[3] = Encode(normalCrc, buffer[2]); 

    buffer[4] = Encode(random1, buffer[3]); 

    buffer[5] = Encode(normalCrc, buffer[4]); 

    buffer[6] = Encode(random2, buffer[5]); 

    buffer[7] = Encode(buffer[6], buffer[6]); 

 

    // Convert each UInt64 in the buffer from big-endian to little-endian if 

    // the machine is big-endian. 

    ... 

 

    UInt64 mirroredCrc = CalculateMirroredCrc64(buffer, 64, ~random1); 

    return mirroredCrc; 

} 

5.2.1.1.6 CrcSeedEncoded 

5.2.1.2 Calculate file header data 64-bit CRC (decompressed) 

5.2.1.3 Compress and calculate 64-bit CRC (compressed) 

5.2.1.4 Create checking sequence and 64-bit CRC 
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5.2.1.5 Create a buffer in preparation of Reed-Solomon encoding 

In preparation of the next step, which is Reed-Solomon (RS) encoding, a buffer is created which is going 
to be encoded. The size of this buffer is 3 x 239 bytes (239 is the RS data size for a block (k) used for 
system pages, see paragraph 5.13). First a block is created, of which the size is a multiple of 8 bytes: 

 

Position Size Description 

0 8 Checking sequence CRC (paragraph 5.2.1.4) 

8 8 Checking sequence first UInt64 value (paragraph 5.2.1.4) 

16 8 Compressed data CRC (paragraph 5.2.1.3) 

24 8 Compressed data size. In case the compressed data size is larger than the uncompressed data 
size, then the negated uncompressed data size is written. 

32 n Compressed data in case the size is smaller than the uncompressed data size. Otherwise the 
uncompressed data. 

32 + n m Padding so the block size is a multiple of 8 bytes. The padding bytes are gotten from the 
CRC random encoding, see paragraph 5.11. 

This block is repeated as many times as possible within the buffer. The remaining bytes are filled using 
random padding data from the CRC random encoding (see paragraph 5.11). 

5.2.1.6 Encode the data using Reed-Solomon 

In this step the header data is encoded using the Reed-Solomon (RS) encoding for interleaved system 
pages (see paragraph 5.13). The encoded size is 3 x 255 bytes. The remaining bytes of the page (of total 
size 0x400) are filled using random padding data from the CRC random encoding (see paragraph 5.11). 

5.2.1.7 Add check data at the end of the page 

The last 0x20 bytes of the page should be overwritten using the check data, calculated in paragraph 
5.2.1.1.5. The page size remains 0x400 bytes. 

5.2.1.8 Write the file header to the file stream 

The file header is written to position 0x80 and to the end of the file stream. 

5.3 System section page 

The system section page is used by the data section map and the section page map.  

Inputs for writing a system section page are: 

 The data. 
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 The 64-bit CRC seed. 

 The page size. 

Outputs are: 

 Compressed and Reed-Solomon (RS) encoded data. 

 Derived properties of the (compressed/encoded) data: compressed 64-bit CRC, decompressed 64-
bit CRC, data repeat count (or data factor). These derived properties are written in the file header 
(see paragraph 5.2). 

First the 64-bit CRC of the decompressed data is calculated, using the mirrored 64-bit CRC calculation 
(see paragraph 5.12). This uses theUpdateSeed1 method to update the CRC seed before entering the CRC 
computation. 

Next step is compression. If the compressed data isn’t shorter than the original data, then the original data 
is used instead of the compressed data. 

Of the resulting data (either compressed or not), another 64-bit CRC is computed (similarly to described 
above). 

The resulting data is padded with zeroes so the length is a multiple of the CRC block size (8). 

Now the resulting data is repeated as many times as possible within the page, RS encoded (see 
paragraph 5.13) and padded. The maximum RS block count (integer) is the page size divided by the RS 
codeword size (255). The maximum RS pre-encoded size is the maximum RS block count times the k-
value of the RS system page encoding (239). So the data repeat count is the maximum RS pre-encoded 
size divided by the resulting (padded) data length. Next a buffer is created, with the resulting (padded) 
data repeated (data repeat count times). This buffer is encoded using RS encoding for system pages, 
interleaved. Note that the actual RS block count is less than or equal to the maximum RS block count 
calculated above. The encoded size is the RS block count times 255. The final step is to add padding 
using random data from the random encoding to fill the remainder of the page, see paragraph 5.11. 

5.4 Data section page 

Data sections are used for all sections except the data section map and the section page map. The 
section’s data is partitioned into pages, each of Max size length, except for the last page which may be of 
size less than Max size. The following steps are taken when writing data page. 

First a 32-bit data checksum of the page’s data is calculated. The pseudocode for this calculation is 
presented in paragraph 5.4.1. 

Next the page data is optionally compressed (depending on the section). If the compressed data isn’t 
shorter than the original data, then this page’s data is not compressed. 

If the file is encrypted, the page is encrypted (to be described). 
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The page’s 64-bit CRC is calculated (mirrored CRC, see paragraph 5.12). The page CRC seed is the file’s 
CRC seed updated using UpdateSeed1 (see again paragraph 5.12). 

Pad the data with zero bytes so the size becomes a mulitple of the CRC block size (0x8). 

The data is Reed-Solomon encoded (see paragraph 5.13). Depending on the section encoding, the data is 
either interleaved (value 4) or not (value 1). 

The page start position should be aligned on a 0x20 byte boundary (if all is well nothing has to be done at 
this point to achieve this). The data is written and padded with zero bytes so the stream position is again 
at a 0x20 byte boundary. 

Finally the current page ID is incremented. 

5.4.1 Data section page checksum 

The function below shows how to calculate the 32-bit data page checksum: 
 

UInt32 GetCheckSum(UInt64 seed, byte[] data, UInt32 start, UInt32 length) { 

    seed = (seed + length) * 0x343fd + 0x269ec3; 

    UInt32 sum1 = (UInt32) (seed & 0xffff); 

    UInt32 sum2 = (UInt32) ((seed >> 0x10) & 0xffff); 

 

    fixed (byte* dataStartPtr = data) { 

        byte* dataPtr = dataStartPtr + start; 

        while (length != 0) { 

            UInt32 bigChunkLength = System.Math.Min(0x15b0, length); 

            length -= bigChunkLength; 

 

            // Process small chunks of 8 bytes each. 

            UInt32 smallChunkCount = bigChunkLength >> 3; 

            while (smallChunkCount-- > 0) { 

                UpdateSums2Bytes(dataPtr + 6, sum1, sum2); 

                UpdateSums2Bytes(dataPtr + 4, sum1, sum2); 

                UpdateSums2Bytes(dataPtr + 2, sum1, sum2); 

                UpdateSums2Bytes(dataPtr + 0, sum1, sum2); 

                dataPtr += 8; 

            } 

 

            // Processing remaining 0..7 bytes. 

            UInt32 smallChunkRemaining = bigChunkLength & 7; 

            if (smallChunkRemaining > 0) { 

                switch (smallChunkRemaining) { 

                    case 1: 

                        UpdateSums1Byte(dataPtr + 0, sum1, sum2); 

                        break; 

                    case 2: 

                        UpdateSums2Bytes(dataPtr + 0, sum1, sum2); 
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                        break; 

                    case 3: 

                        UpdateSums2Bytes(dataPtr + 0, sum1, sum2); 

                        UpdateSums1Byte(dataPtr + 2, sum1, sum2); 

                        break; 

                    case 4: 

                        UpdateSums2Bytes(dataPtr + 2, sum1, sum2); 

                        UpdateSums2Bytes(dataPtr + 0, sum1, sum2); 

                        break; 

                    case 5: 

                        UpdateSums2Bytes(dataPtr + 2, sum1, sum2); 

                        UpdateSums2Bytes(dataPtr + 0, sum1, sum2); 

                        UpdateSums1Byte(dataPtr + 4, sum1, sum2); 

                        break; 

                    case 6: 

                        UpdateSums2Bytes(dataPtr + 2, sum1, sum2); 

                        UpdateSums2Bytes(dataPtr + 0, sum1, sum2); 

                        UpdateSums2Bytes(dataPtr + 4, sum1, sum2); 

                        break; 

                    case 7: 

                        UpdateSums2Bytes(dataPtr + 2, sum1, sum2); 

                        UpdateSums2Bytes(dataPtr + 0, sum1, sum2); 

                        UpdateSums2Bytes(dataPtr + 4, sum1, sum2); 

                        UpdateSums1Byte(dataPtr + 6, sum1, sum2); 

                        break; 

                } 

                dataPtr += smallChunkRemaining; 

            } 

 

            sum1 %= 0xfff1; 

            sum2 %= 0xfff1; 

        } 

    } 

 

    return (sum2 << 0x10) | (sum1 & 0xffff); 

} 

 

private static unsafe void UpdateSums1Byte(byte* p, UInt32& sum1, UInt32& sum2) { 

    sum1 += *p; 

    sum2 += sum1; 

} 

 

private static unsafe void UpdateSums2Bytes(byte* p, UInt32& sum1, UInt32& sum2) { 

    UpdateSums1Byte(p, sum1, sum2); 

    UpdateSums1Byte(p + 1, sum1, sum2); 

} 
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5.5 AcDb:Security Section 

The AcDb:Security section is optional in the file—it is present if the file was saved with a password.  The 
data in this section is in the same format as in the R2004 format, 2 unknown 32-bit integers, a 32-bit 
integer with value 0xABCDABCD, etc. 

5.6 AcDb:AuxHeader Section 

 

5.7 AcDb:Handles Section 

This section is in the same format as in R2004. 

5.8 AcDb:Classes Section 

This section contains the defined classes for the drawing. It contains a new string stream for unicode 
string—see the Objects Section for a description of how to extract the string stream from an object. 

 

 SN : 0x8D 0xA1 0xC4 0xB8 0xC4 0xA9 0xF8 0xC5 0xC0 0xDC 0xF4 0x5F 0xE7 0xCF 0xB6 0x8A. 

 RL : size of class data area in bytes 

 RL : total size in bits  

 BL : Maxiumum class number 

 B : bool value 

  : Class Data (format described below)  

 X : String stream data 

 B : bool value (true if string stream data is present). 

Class data (repeating): 

 BS : classnum 

 BS : proxy flags: 

   Erase allowed = 1, 
transform allowed = 2, 
color change allowed = 4, 
layer change allowed = 8, 
line type change allowed = 16, 
line type scale change allowed = 32, 
visibility change allowed = 64, 
cloning allowed = 128, 
Lineweight change allowed = 256, 
Plot Style Name change allowed = 512, 
Disables proxy warning dialog = 1024, 
is R13 format proxy= 32768 

  TU : appname 

  TU : cplusplusclassname 
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  TU : classdxfname 

  B : wasazombie 

 BS : itemclassid -- 0x1F2 for classes which produce entities, 0x1F3 for classes which 
produce objects. 

 BL : Number of objects created of this type in the current DB (DXF 91). 

 BL : Dwg Version 

 BL : Maintenance release version. 

 BL : Unknown 

 BL : Unknown (normally 0L) 

We read sets of these until we exhaust the data. 

5.9 AcDb:Header Section 

This section contains the “DWG Header Variables” data in a similar format as R15 files (see details in the 
DWG HEADER VARIABLES section of this document), except that string data is separated out into a 
string stream. See the Objects Section for details about string stream location within an object. Also, the 
handles are separated out into a separate stream at the end of the header, in the same manner as is done for 
Objects. 

5.10 Decompression 

The compression uses another variant of the LZ77 algorithm, different from the one used in R18. Like the 
R18 compression, the compressed stream (source buffer) contains opcodes, offsets and lengths of byte 
chunks to be copied from either compressed or decompressed buffer. 

An opcode consists of a single byte. The first byte contains the first opcode. If the first opcode’s high 
nibble equals a 2, then: 

 length

 

5.10.1 Copying a compressed chunk 

length
 

UInt32 ReadLiteralLength(byte[] buffer) { 

    UInt32 length = opCode + 8; 

    if (length == 0x17) { 

        UInt32 n = buffer[sourceIndex++]; 

        length += n; 


