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i�
ation 11 Referen
e Manual and Format Spe
i�
ationAuthor:Damian Eads1.1 Li
enseCopyright (C) 2004-2006 The Regents of the University of California.Copyright (C) 2007 Los Alamos National Se
urity, LLC.This material was produ
ed under U.S. Government 
ontra
t DE-AC52-06NA25396 for Los Alamos National Laboratory (LANL), whi
h is operatedby Los Alamos National Se
urity, LLC for the U.S. Department of Energy.The U.S. Government has rights to use, reprodu
e, and distribute this soft-ware. NEITHER THE GOVERNMENT NOR LOS ALAMOS NATIONALSECURITY, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, ORASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE. If soft-ware is modi�ed to produ
e derivative works, su
h modi�ed software should be
learly marked, so as not to 
onfuse it with the version available from LANL.Additionally, this library is free software; you 
an redistribute it and/or mod-ify it under the terms of the GNU Lesser General Publi
 Li
ense as publishedby the Free Software Foundation; either version 2.1 of the Li
ense, or (at youroption) any later version. A

ordingly, this library is distributed in the hopethat it will be useful, but WITHOUT ANY WARRANTY; without even the im-plied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULARPURPOSE. See the GNU Lesser General Publi
 Li
ense for more details.Los Alamos Computer Code LA-CC-06-1051.2 Installation and CompilationThe SIF library does not depend on any other libraries ex
ept for lib
. Thelibrary has only been 
ompiled on a few platforms, 32-bit ma
hines runningVisual Studio(R) on Windows 2000(R) as well as Windows XP(R) as well asGNU/Linux with large �le support (64-bit) turned on. In theory, SIF should
ompile on platforms that do not support 64-bit �les but this has not beentested. SIF has not been tested on Cygwin.1.2.1 Building SIF on WindowsOpen up the solution �le sif.sol and 
li
k Build...Compile. This should buildthe sif.dll �le, whi
h you may put in a folder that is a

essible by your PATHvariable.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



1.3 Introdu
tion 21.2.2 Installing SIF on Windows from BinariesDownload one of the binaries from the SIF website,http://publi
.lanl.gov/eads/sif.1.2.3 Building SIF on LinuxWe use the autotools, spe
i�
ally automake and auto
onf. First, your systemneeds to be inspe
ted with auto
onf by doing./
onfigureCon�guring without any options installs the library and in
lude �les to/usr/lo
al by default. To 
hange the pre�x, do./
onfigure --prefix=/desired/prefixAfter 
on�guring your build environment, you are ready to build the library.The �rst 
ommand below builds the library while the se
ond 
ommand installsit and the in
lude �les.makemake install1.2.4 Building against SIF in LinuxThe 
ompilation of your own 
ode against SIF is not 
overed in this do
u-ment sin
e its a topi
 that others have 
ertainly 
overed better than I 
ould.However, there are two helpful points to note: SIF builds a shared librarylibsif.so, whi
h it puts in prefix/lib and it puts a header �le sif-io.h(p. 38) in prefix/in
lude. You will need to in
lude sif-io.h (p. 38) to havea

ess to SIF fun
tions and you will need to link against libsif.so. We pro-vide a pkg-
onfig �le for your 
onvenien
e 
alled sif-io.p
, whi
h is put inprefix/lib/pkg
onfig. If you wish to use it, make sure your PKG_CONFIG_-PATH in
ludes that dire
tory. Be sure your C_INCLUDE_PATH is set to in
ludeprefix/in
lude and your LD_LIBRARY_PATH in
ludes prefix/lib.1.3 Introdu
tionThe Sparse Image Format (SIF) is a �le format for storing raster images withsparse pixel data. Images are broken down into a grid of tiles of �xed size. Atile is only stored in a �le if any two pixels in it are di�erent. This is parti
ularlyuseful for images that are highly homogeneous in 
olor. A few appli
ations ofSIF in
lude using it to store:SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



1.3 Introdu
tion 3� land-
over 
lassi�
ations� training data for pixel 
lassi�ers� sparse overlay rasters over large imagesThe SIF format is not intended for spa
e-e�
iently storing multispe
tral im-agery or photos.1.3.1 Basi
 TerminologyIt is helpful to review some terminology used throughout this do
ument sin
ethey are essential to understanding the basi
 operation of the library. Imagesare made up of bands and these bands are made up of pixels or data units.For example, an image of 32-bit �oats with three bands, the data unit wouldbe 32-bit �oat, and the data unit size, 4 bytes. A tile is a �xed-size 
uboidof an image in
luding all of its bands. A sli
e is a single band of a tile. Thenext �gure illustrates all these primitive elements together.

Figure 1: The abstra
t layout of a SIF image.Every tile has a small tile header des
ribing it: its uniformity and its byteo�set lo
ation on disk (if appli
able). A blo
k refers to a unit of spa
e ondisk for storing a tile. The terms are di�erent to easily di�erentiate betweenthe physi
al entity of an image (a tile) with the storage spa
e used to store it(blo
k). A blo
k need not 
ontain a tile, in whi
h 
ase it is an unused blo
k,and it 
an be re
laimed for later use. The next table shows how all of theseimage elements (tiles, blo
ks, sli
es) are related to one another and their relativesizes.
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1.3 Introdu
tion 4Relevant to Unit SizeImage image_width User-de�nedImage image_height User-de�nedImage/Tile/Blo
k bands User-de�nedImage image_wpixels 
eil(image_width /tile_width) ∗tile_widthImage image_hpixels 
eil(image_height /tile_height) ∗tile_heightImage image_data_units image_wpixels ∗image_hpixels ∗bandsImage image_bytes image_data_units ∗data_unit_sizeTile/Sli
e/Blo
k tile_width User-de�nedTile/Sli
e/Blo
k tile_height User-de�nedTile tile_data_units tile_width ∗tile_height ∗ bandsTile tile_bytes tile_pixels ∗data_unit_sizeBlo
k blo
k_data_units blo
k_width ∗blo
k_height ∗bandsBlo
k blo
k_bytes blo
k_pixels ∗data_unit_sizeSli
e sli
e_data_units tile_width ∗tile_height ∗ 1Sli
e sli
e_bytes sli
e_data_units ∗data_unit_sizeData Unit data_unit_size User-de�ned1.3.2 Uniformity and CompressionCompression in the SIF format is quite simple. A sli
e is uniform if every dataunit in the sli
e is the same and the 
ommon pixel value for the sli
e is 
alledits uniform pixel value. A tile is uniform if all of its sli
es are uniform. Sli
eswithin the same tile need not have the same uniform pixel value.The next �gure shows an example of an image, tile headers for a few tiles, andthe layout of various elements in the �le. The red and white blo
ks 
orrespondto used blo
ks and unused blo
ks, respe
tively. Unused blo
ks are o

ur whena previously used blo
k is freed up. Let's examine �ve tiles (i, j, k, m, and n),their asso
iated tile headers, and their pla
ement on disk.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



1.3 Introdu
tion 5� tile i is 
learly not uniform given the L shaped line in it. Its tile headeris 
onsistent with this. On disk, it is stored in the �rst blo
k in the blo
kregion.� tiles j and k are also not uniform. However, tile j's 
orresponding blo
kon disk is stored before tile k's blo
k region on disk however in the ab-stra
t image, tile j 
omes after tile i. Thus, there is a la
k of 
ontiguity orfragmentation. SIF 
ontains routines for rearranging data blo
ks so thatadja
ent tiles in the image are 
ontiguously stored on disk. Defragmen-tation o

urs during a �le's 
lose if the sif_header::defragment (p. 32)�ag is set in the tile's header. Otherwise, defragmentation only o

urswhen the sif_defragment (p. 45) fun
tion is 
alled.� tile m is uniform, the uniform pixel values for its bands are 0xFF, 0xCO,and 0x00, and it is not stored in the data blo
k region of the �le.� tile n is also uniform. However, its tile header does not re�e
t this prop-erty, most likely be
ause it was on
e non-uniform, but it was rewritten, anda uniformity 
he
k has yet to be made for it. SIF also provides routines forperforming 
onsolidation, 
he
king non-uniform tiles for intrinsi
 unifor-mity and freeing up the blo
ks they use. If the sif_header::
onsolidate(p. 31) �ag is set, 
onsolidation is performed during the �le's 
lose.

Figure 2: The physi
al layout of a SIF image on disk.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



1.3 Introdu
tion 61.3.2.1 Types of uniformity There are three di�erent kinds of uniformity,whi
h are des
ribed below.� shallow uniformity: a tile has shallow uniformity only when its tileheader indi
ates it is uniform. Tile m exhibits shallow uniformity but tilen does not.� hidden uniformity: a tile has hidden uniformity only when its tile headerindi
ates it is non-uniform but the blo
k 
orresponding to it on disk isuniform. Tile n exhibits hidden uniformity but tile n does not.� intrinsi
 uniformity: a tile has intrinsi
 uniformity if it has shallowuniformity or if the data blo
k that 
orresponds to it is uniform. Bothtiles m and n are intrinsi
ally uniform.Some fun
tions only 
he
k for shallow uniformity when performing their oper-ations while others 
onsider intrinsi
 uniformity. The sif_
onsolidate (p. 43)fun
tion helps free up data blo
ks by 
he
king for uniformity of underlyingblo
k rasters, labeling them as shallow uniform if it �nds them to be intrin-si
ally uniform, and freeing up the disk blo
ks used by them. The sif_-
onsolidate (p. 43) fun
tion also redu
es external fragmentation by movingthe used blo
ks to the front of the �le and the unused blo
ks to the ba
k. Ifthe sif_header::
onsolidate (p. 31) �ag is set, this 
onsolidation pro
ess isperformed on the �le's 
losing.1.3.2.2 Border tiles that overlap the image boundary Sometimes thetile width does not divide the image width or the tile height does not dividethe image height. The next Figure illustrates this. The border tile overlapsthe border of the image. In 
ases su
h as these, only tile pixels within theimage boundary are examined for uniformity. Border tiles 
ause some internalfragmentation but it is often negligible.
Figure 3: An image with the border tile overlapping the image border.1.3.2.3 Choosing tile dimensions The 
hoi
e of tile width and tile heightdepends on several fa
tors. The number of bytes needed to store the tile headerSIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



1.3 Introdu
tion 7relative to the bytes needed to store the tile raster. It is also useful to 
hara
-terize the kind of uniformity expe
ted in the image like the largest non-uniformregion size and the number of these regions.1.3.3 Meta-dataThe SIF format fa
ilitates the storage of (key, value)-paired meta-data. A (key,value) pair is 
alled a meta-data item. A meta-data item is referred to by itskey and the element data is its value. Keys are 
ase-sensitive.SIF has two types of meta-data values, strings and binary byte sequen
es. Stringvalues must be represented by null-terminated 
hara
ter arrays. Binary bytesequen
es permit the storage of arbitrary data in a SIF �le. String values arestored as binary byte sequen
es. If an attempt is made to retrieve a meta-dataitem as a string but the value is not a null-terminated byte sequen
e, an erroris returned.1.3.3.1 Reserved meta-data Any meta-data key beginning with _sif_ isreserved for spe
ial meta-data, as de�ned by the SIF �le format spe
i�
ation.The following reserved meta-data keys are 
urrently in usage:� _sif_proj� _sif_agreeThe following example sets a meta-data �eld on the SIF �le pointed to by the�le sif_file (p. 27) pointer,sif_set_meta_data(file, "model_file", "/afs/
lue/gadm/833/hyper.model")Now, let's retrieves it, and print itprintf("model file: %s\n", sif_get_meta_data(file, "model_file"));Now let's try to store an array V of 32 doubles using native byte order,sif_set_meta_binary(file, "my_32_doubles", V, sizeof(double) * 32);Let's now retrieve it and print it out.double *buf;int nbytes, i;buf = sif_get_meta_data_binary(file, "my_32_doubles", &nbytes);if (nbytes != sizeof(double) * 32) {printf("Something bad happened.\n");SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



1.3 Introdu
tion 8}else {for (i = 0; i < 32; i++) {printf("my_double %d: %5.8f\n", i, buf[i℄);}}1.3.3.2 Caveat Sin
e a 
opy of all the meta-data in SIF �le is always storedin memory, the meta-data feature is only intended for light use. In a futureversion, storage of a large meta-data footprint will be viable.1.3.4 Pixel Data TypesThe SIF �le format does not establish a set of data types. The underlyingpixel values are data-typeless to the SIF I/O library. The library permits theuser to store a sif_header::user_data_type (p. 35) �eld but the �eld's valuedoes not in�uen
e the behavior of SIF routines. This s
heme of ignoring theunderlying data type works if it 
an be guaranteed that two values pixel valuesp(x1,y1,b1) and p(x2,y2,b2) are the same if and only if the underlying bytesequen
es of these values are the same. Thus, SIF only needs to know the sizeof ea
h underlying byte sequen
e that represents a single pixel value.1.3.4.1 Agreement Meta-data String Agreeing to a data type 
onven-tion provides a guarantee that the data type of pixels 
an easily be determined.We en
ourage users to set the "_sif_agree"meta-data value to a string indi
at-ing the data type 
onvention used. If "_sif_agree"meta-data string is not set,all bets are o�, and no guarantees 
an be made about the data type of the pix-els. Alternatively, the sif_get_agreement (p. 47) and sif_set_agreement(p. 55) fun
tions 
an be used to get and set the agreement string.We de�ne one data type 
onvention, "simple". The type 
odes for the sif_-header::user_data_type (p. 35) �eld are de�ned below.Value of user_data_type Corresponding Data Type0 or SIF_SIMPLE_UINT8 unsigned 
har or uint8_t(little-endian)1 or SIF_SIMPLE_INT8 
har or int8_t2 or SIF_SIMPLE_UINT16 uint16_t3 or SIF_SIMPLE_INT16 int16_t4 or SIF_SIMPLE_UINT32 uint32_t5 or SIF_SIMPLE_INT32 int32_t6 or SIF_SIMPLE_UINT64 uint64_t7 or SIF_SIMPLE_INT64 int64_t8 or SIF_SIMPLE_FLOAT32 IEEE-754 32-bit float9 or SIF_SIMPLE_FLOAT64 IEEE-754 64-bit floatSIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



1.4 SIF File Layout 9For example, suppose we've 
reated a new SIF �le with a data_unit_size of 4.Now let's write some 
ode to indi
ate the "simple" 
onvention: use unsigned32-bit integers as the data type and use big-endian as the byte-order of thedata units. Then, we'll print out these 
odes using fun
tions that manipulatethe 
ompound type 
ode (whi
h we store in the sif_header::user_data_-type (p. 35) in the �le's header) to give the base type 
ode (i.e. the data typeirrespe
tive of the byte order) and the endian 
ode.int base_
ode = SIF_SIMPLE_UINT32;int endian_
ode = SIF_SIMPLE_BIG_ENDIAN;int 
ompound_
ode = SIF_SIMPLE_TYPE_CODE(base_
ode, endian_
ode);sif_set_agreement(file, SIF_AGREEMENT_SIMPLE);sif_set_user_data_type(file, 
ompound_
ode);printf("Base Data Type: %d\n""Compound Data Type: %d\n""Endian: %d\n", SIF_SIMPLE_BASE_TYPE_CODE(
ompound_
ode),
ompound_
ode, SIF_SIMPLE_ENDIAN(
ompound_
ode));Alternatively, you 
an use the sif_simple_
reate (p. 59) fun
tion to 
reate a�le using the "simple" data type 
onvention.1.4 SIF File LayoutThe SIF �le begins with a �xed-size header followed by sif_header::n_tiles(p. 33) �xed-sized tile headers, followed by a variable number of �xed-sizedblo
ks. Finally, the meta-data is written after all the data blo
ks. The �leheader and tile headers are put in the beginning of the �le sin
e their size doesnot 
hange, although their values may 
hange. This means that the large datablo
ks need not be moved forward in the �le. Meta-data is written after thedata blo
ks sin
e the number of meta-data items 
an 
hange; thus, the approa
heliminates the need to move up data blo
ks after inexpensive meta-data opera-tions. Unfortunately, there is a danger that after a new data blo
k is allo
ated,there may not be enough spa
e on the partition for the meta-data, and the �le'smeta-data 
annot be safely written as read. This kind of data loss is un
ommonif e�orts are made to ensure adequate disk spa
e is available to the s
ienti�
programs that use SIF.1.4.1 Overall Layout of a SIF File.The overall layout of a SIF �le from the �rst byte to the last is shown inthe following table. The �le header remains of 
onstant size and most header�elds are immutable. The tile headers are of 
onstant size sin
e the data unitsize and number of bands are immutable quantities. The in
lusion of routinesfor 
hanging tile dimensions, image dimensions, endianess, and data types isunder 
urrently under 
onsideration. The blo
k region is of variable size andpre
edes the meta-data region. Consequently, the lo
ation of the meta-dataSIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



1.4 SIF File Layout 10region 
hanges as the size of the blo
k region 
hanges. The size of the meta-data region 
hanges as meta-data �elds are modi�ed, added, or removed. Itwas anti
ipated that meta-data would be modi�ed more infrequently than thedata blo
ks. If the meta-data were to pre
ede the blo
k region, a small in
reasein the size of the meta-data region would result in the need to move the entireblo
k region, whi
h is 
ostly when the blo
k region is large. This is a 
asualjusti�
ation for our 
hoi
e of storing the meta-data after the blo
k region. Alsounder 
onsideration is the ability to store the meta-data before the blo
k region,employing preallo
ation strategies to minimize moves of the blo
k region due tometa-data region resizing.File HeaderTile Header 1 (starts at header->header_bytes)Tile Header 2...Tile Header n_tiles (starts at file->base_lo
ation)Blo
k 1Blo
k 2...Blo
k n_blo
ksMeta-data Item 1 (starts after the last byte of the last blo
k)Meta-data Item 2...Meta-data Item n_meta_data_items1.4.2 File Header Byte LayoutThe absolute byte o�set for ea
h �le header �eld is shown in the next table.The se
ond 
olumn is the name of the �eld as stored in the sif_header (p. 30)stru
t stored when a SIF �le is opened. Integers and doubles are signed andstored in big-endian (or network) byte order. Note that in SIF Format Version
ode 1, doubles were stored little-endian but we realized this was 
onfusing sothis has been 
hanged to big endian in versions 2 and higher. The header_-bytes �eld enables the format to be 
hanged without advan
ing the version
ode. Spe
i�
ally, non-essential header �elds 
an be added but they will beignored by earlier versions of the I/O library.The only �elds that 
an 
hange following the �rst write of a raster to an imageare the defragmentation, 
onsolidation, and intrinsi
 write �ags as well as thegeoreferen
ing transform, and key 
ount. If the 
aller wishes to 
hange theimage dimensions, data type, or tile dimensions after the �rst raster write, itmust be done manually.
SIF Referen
e Manual and Format Spe
i�
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1.4 SIF File Layout 11AbsoluteO�set Name Des
ription Type0 header_bytes The header sizein bytesin
luding thespa
e needed forheader_bytes. 32-bit int (b.e.)
4 magi
_number The magi
number"!∗∗SIF∗∗". 8 8-bit 
hars12 version The version ofthe SIF �leformat used forthe target �le.This �eld is notthe version ofthe SIF I/Olibrary used towrite the �le.

32-bit int
16 width The width of theimage in pixels. 32-bit int20 height The height ofthe image inpixels. 32-bit int24 bands The depth of theimage in pixels. 32-bit int28 n_keys The number ofmeta data �eldsstored. 32-bit int32 n_tiles The number oftiles stored. 32-bit int36 tile_width The width ofea
h tile andsli
e in pixels. 32-bit int40 tile_height The height ofea
h tile andsli
e in pixels. 32-bit int44 tile_bytes The number ofbytes to store asingle tile withall bands. 32-bit int
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1.4 SIF File Layout 121.4.3 Header Byte Layout (
ontinued)AbsoluteO�set Name Des
ription Type48 n_tiles_a
ross The number oftiles for a singlerow of tiles onan image. 32-bit int52 data_unit_size The size of asingle data unit. 32-bit int56 user_data_type A user-de�ned
onstant torepresent thedata type of thepixels,meaningful tothe 
aller.
32-bit int

60 defragment When set,defragments the�le during 
lose. 32-bit int64 
onsolidate When set,
onsolidates the�le during 
lose. 32-bit int68 intrinsi
_-write When set, newlydirtied tiles are
he
ked forintrinsi
uniformity whenwritten. 32-bit int
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1.4 SIF File Layout 131.4.4 Header Byte Layout (
ontinued)AbsoluteO�set Name Des
ription Type72 tile_hd_bytes The number ofbytes to store asingle tile headeron disk. 32-bit int76 n_unif_flags The number ofbytes to storethe uniform�ags in the tileheader. 32-bit int
80 aff_geo_trans The a�negeo-referen
ingtransform. Six 64-bitIEEE-754doubles (b.e.)1.4.5 Tile Header Byte LayoutThe tile headers store information about the uniformity or non-uniformity ofthe blo
k. If the tile is uniform, the uniform_pixel_value �elds have meaning,and the i'th value is the uniform pixel value for the i'th. The blo
k_num �eld isset to -1 if the tile header 
orresponds to a non-uniform tile. The �rst advan
ingindex is the horizontal tile index and the se
ond, the verti
al tile index. This
orresponds to how tiles are read and written from and to bu�ers in the image,i.e. the x 
oordinate of the pixels advan
es before the y.
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1.4 SIF File Layout 14RelativeO�set (to theprevious unit) Name Des
ription Type0 uniform_-pixel_value[0℄ The value to �llband 0 if the tileis uniform.Otherwise, thevalue ismeaningless User de�ned (ofsize data_-unit_size)data_unit_size uniform_-pixel_value[1℄ The value to �llband 1 if the tileis uniform.Otherwise, thevalue ismeaningless User de�ned (ofsize data_-unit_size)... ... ... ...i∗data_unit_-size uniform_-pixel_value[i℄ The value to �llband i if the tileis uniform.Otherwise, thevalue ismeaningless User de�ned (ofsize data_-unit_size)... ... ... ...(bands - 1) ∗data_unit_size uniform_-pixel_-value[bands -1℄ The value to �llthe last band ifthe tile isuniform.Otherwise, thevalue ismeaningless
User de�ned (ofsize data_-unit_size)

r=bands ∗data_unit_size uniform_flags An array of bits,the i'th bit isTRUE if the i'thsli
e is uniform. h=
eil(bands/8)8-bit 
hara
tersr+h blo
k_num The blo
knumber wherethis tile is storedif it isnon-uniform.This value is -1if uniform.
32-bit int
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1.5 SIF Library and File Format Versions 151.4.6 Meta-Data Item Byte LayoutThe meta-data item byte layout is simple. Again, integer length �elds areassumed to be big-endian.RelativeO�set (to theprevious unit) Name Des
ription Type0 key_length The number ofbytes to storethe keyin
luding thenull terminator. 32-bit int (b.e.)
4 key The key as astring. key_lengthbytes4+key_length value_length The number ofbytes to storethe valuein
luding thenull terminator(if the value isnon-binary).

32-bit int (b.e.)
8+key_length value The value as abyte sequen
e. value_lengthbytes1.5 SIF Library and File Format VersionsSigni�
ant time was invested in designing the SIF �le format. Yet, it is inevitableusers will ask the author to make 
hanges to it. This is a tri
ky road for severalreasons. Changes that are only useful to a few users pose an issue where therest of the user base may have 
ompatibility issues when sharing their �les sin
esome users will 
hoose to update their library while others will sti
k with olderversions. Changes also add 
omplexity to the unpa
king logi
 in the I/O library,espe
ially sin
e an e�ort is made to e�ort ensure ba
kwards 
ompatibility ofnew versions of the library with older versions of the format. Therefore, myphilosophy on 
hanging and developing SIF is one that en
ourages improvementsto the API over 
hanges to the format.The �rst release of the SIF I/O library (0.9) and SIF File Format (
ode 1) wasinternal while the se
ond release (1.0 and 
ode 2) was the �rst publi
 release.Version 1 assumes integers in the header, tile headers, and meta-data headers arebig-endian and doubles are little-endian. Realizing this was 
onfusing, version 2assumes doubles in the headers (namely sif_header::a�ne_geo_transform(p. 31) are also big-endian). Files 
an be written using older versions of the SIFFile Format using the sif_use_�le_format_version (p. 66) fun
tion.SIF Referen
e Manual and Format Spe
i�
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1.6 Error Che
king and Reporting 16The following table lists the �le versions supported by ea
h version of the SIFI/O library.SIF SoftwareVersion Read Write0.9 1 11.0 1-2 1-21.5.1 Image Pixel and Tile Header Index ComputationThe number of pixels along the x-
oordinate axis is given by the image width,and the number of pixels y-
oordinate axis is given by the image height. Ea
htile is referen
ed by a tile 
oordinate, (tx, ty). tx is the index of the tile withrespe
t to the x-
oordinate axis and ty is the index of the tile with respe
t to they-
oordinate axis. The x index is the fastest advan
ing index; the y index, these
ond fastest advan
ing; and the band index, the slowest advan
ing index. Theabsolute byte o�set q is 
omputed from a pixel 
oordinate (x,y,b) as follows:q=(b * image_width * image_height) + (image_width * y + x)The absolute tile index r is similarly 
omputed,r=(n_tiles_a
ross*ty)+tx1.6 Error Che
king and ReportingThe SIF library performs extensive error 
he
king for I/O errors, memory al-lo
ation errors, and errors in the parameters passed to SIF fun
tions. Thesif_�le::error (p. 28) 
ode is set to 0 or SIF_ERROR_NONE (p. 24) dur-ing normal operation. No sif-io.h (p. 38) fun
tion resets this �ag so the 
allermust do so if the error is deemed as non-fatal and the 
aller wishes to performfurther operations on the �le. Most SIF fun
tions return immediately the �rsttime an error is en
ountered. Memory allo
ated during an operation resulting inan error is deallo
ated prior to returning. The value returned by non-void fun
-tions during an error depends on the expe
ted range of values for that fun
tion.If a pointer is usually returned, 0 is returned; if a positive number is usuallyreturned, a non-positive is returned; or if a non-positive is usually returned, anumber greater than zero is returned. For ease of 
oding, 
allers should testthe sif_�le::error (p. 28) �ag rather than 
he
king the return value be
auseof the la
k of 
onsisten
y of return values when returning due to an error. Thesif_get_error_des
ription (p. 47) fun
tion returns a string des
ription ofan error 
ode, whi
h 
allers may 
onveniently use when reporting errors.SIF Referen
e Manual and Format Spe
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1.7 Testing for a valid SIF �le 171.7 Testing for a valid SIF �leThe sif_is_possibly_sif_�le (p. 52) fun
tion 
he
ks whether a �le 
ouldpossibly be a SIF �le. The present version only 
he
ks whether the magi
number is valid. Future versions of the library will ensure:� given the header, there are enough tile headers;� there are blo
ks stored in the �le 
orresponding to the o�sets spe
i�ed intile headers with non-negative blo
k indi
es; and� the meta-data is properly stored.1.8 Simple Convention Interfa
eBundled with the SIF library are fun
tions for manipulating SIF �les 
onformingto the "simple" data type 
onvention. These fun
tions begin with sif_simple_.1.8.1 Creating SIF Simple FilesThe sif_simple_
reate (p. 59) and sif_simple_
reate_defaults (p. 60)fun
tions are both used to 
reate a SIF �le 
onforming to the "simple" data type
onvention. The latter fun
tion sets defaults related to 
onsolidation, uniformity
he
king, defragmentation, and tile size. Native byte order is used to store theimage rasters; however all header �elds, tile header �elds, and meta-data length�elds are all stored in big-endian byte order, regardless of the endian of theimage rasters. The sif_simple_set_endian (p. 64) fun
tion must be 
alledafter 
reating the �le and prior to performing any image I/O if the �le's imageendian is 
hanged. Unde�ned behavior o

urs when the endian �eld is 
hangedafter performing image I/O.1.8.2 Image I/OWhen data blo
ks are written to or read from a �le, the blo
ks are 
onvertedto the appropriate byte order prior to writing to the �le or after reading fromit. sif_simple_ fun
tions may not be used unless the �le is opened with thesif_simple_
reate (p. 59), sif_simple_
reate_defaults (p. 60), or sif_-simple_open (p. 63) fun
tion.1.8.3 Re
tangular Region I/OThe sif_simple_set_raster (p. 64) and sif_simple_get_raster (p. 62)fun
tions are used to write and read a re
tangular region, respe
tively. OnlySIF Referen
e Manual and Format Spe
i�
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1.9 Notes on Memory Preallo
ation 18one band 
an be read or written at a time. The o�sets and dimensions of the re-gion are in pixel units, not tile units. The sif_simple_is_shallow_uniform(p. 62) 
he
ks whether the tiles 
omprising a re
tangular region are stored asshallow uniform.1.8.4 Tile Blo
k I/OThe sif_simple_get_tile_sli
e (p. 62) and sif_simple_set_tile_sli
e(p. 65) fun
tions read and write a sli
e. The sif_simple_�ll_tile_sli
e(p. 60) fun
tion �lls a sli
e with a 
onstant value. The sif_is_sli
e_-shallow_uniform (p. 53) fun
tion 
he
ks whether a sli
e is stored as shallowuniform in the �le.1.8.5 Che
king for ConformityThe 
onformity of a �le to the "simple" data type 
onvention 
an be veri�edwith the sif_is_simple_�le or sif_is_simple_�le_by_name fun
tions. The�rst fun
tion assumes the �le as already been opened with sif_open (p. 54)while the se
ond a

epts a �lename.1.9 Notes on Memory Preallo
ationSIF allo
ates enough memory to hold two image blo
ks in memory for ea
h openSIF �le. When the sif_simple_open (p. 63) (for update), sif_simple_-
reate (p. 59), or sif_simple_
reate_defaults (p. 60) fun
tions are used toopen or 
reate a SIF �le 
onforming to the "simple" data type 
onvention, abu�er is also allo
ated for 
onverting the byte order of image rasters. The bu�eris initially the size of a blo
k. When a 
all is made to sif_simple_set_raster(p. 64) with a raster larger than the size of the bu�er, the bu�er is enlargedappropriately. Note that this bu�er is not needed if the �le is opened for read-only a

ess, sin
e the byte order 
onversion is performed on the 
aller's bu�er.All of a �le's memory bu�ers are deallo
ated during 
lose.1.10 Command Line UtilitiesWe provide the sif-util 
ommand for you to use to 
reate, inspe
t and manip-ulate SIF �les at a UNIX or DOS shell. The �rst argument is the name of the�le to manipulate; the se
ond argument, the name of the operation to perform;and the remaining arguments, the parameters of the operation.sif-util operation operation-argsSIF Referen
e Manual and Format Spe
i�
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1.10 Command Line Utilities 191.10.1 sif-util Supported OperationsWe now des
ribe ea
h of the operation supported by sif-util. Arguments aremandatory unless en
losed with square bra
kets. Indi
ated in parenthesis iswhether the �le must be writable to perform the operation.� 
onsolidate on/off/now (writable): when set to on, a �le opened forupdate is 
onsolidated whenever it is 
losed. When set to now the
onsolidate �ag in the �le's header is un
hanged and 
onsolidation isperformed immediately on the �le.� 
reate width height bands sdt [
onsolidate=on/off℄[defragment=on/off℄ [tw=int℄ [th=int℄ [intrinsi
=on/off℄[endian=native℄ (writable): 
reates an image �le 
onforming to the"simple" data type 
onvention. The dimensions of the image are widthby height with band bands. The simple data type 
ode for the imageis de�ned with sdt, whi
h must be between 0 and 9 or a string typeidenti�er (uint8, uint16, uint32, uint64, int8, int16, int32, int64, �oat,double). When the defragment �ag (default=on) is set, the �le is s
hed-uled for defragmentation whenever it is 
losed. When the 
onsolidate�ag (default=on) is set, the �le is s
heduled for 
onsolidation wheneverit is 
losed. The tw (default=64) and th (default=64) parameters are thewidth and height of the tiles in the image. When the intrinsi
 write�ag (default=on) is set, whenever a raster is written to a �le, it is 
he
kedfor intrinsi
 uniformity. Native byte order is used for storing the imageraster unless the endian is set to big or little.� defragment on/off/now (writable): when set to on, a �le opened forupdate is defragmented whenever it is 
losed. When set to now thedefragment �ag in the �le's header is un
hanged and defragmentationis performed immediately on the �le.� get-md key: returns the meta-data �eld referred to by key. If the meta-data is binary, ea
h non-printable 
hara
ter is printed with \xYY where YYis the 
hara
ter's hexade
imal 
ode. New lines are printed with \n.� has-key: prints "yes" if a meta-data �eld with key key is stored in the�le, and "no" otherwise.� header: prints out the �le's header in a human-readable format.� intrinsi
 on/off (writable): when set, whenever a raster is written tothe �le, it is 
he
ked for intrinsi
 uniformity.� is-sif: writes "yes" if the �le is a SIF �le, and no, otherwise.� is-simple: writes "yes" if the �le is a SIF �le and 
onforms to the "simple"data type 
onvention, and no, otherwise.SIF Referen
e Manual and Format Spe
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1.10 Command Line Utilities 20� list-keys filename: lists the meta-data keys in the �le. Ea
h key isprinted on a separate line.� list-md filename: lists the meta-data in the �le. Ea
h key=value pairis printed on a separate line. Ea
h non-printable 
hara
ter is printed with
\xYY where YY is the 
hara
ter's hexade
imal 
ode. New lines are printedwith \n.� region-to-pnm [x y w h℄ [band=int/all℄: prints the �le's raster inPNM format. This output 
an be redire
ted to a PNM �le and then
onverted to another image format using your favorite image 
onverter.When x, y, w, and h are set, the region is read starting at (x,y) withwidth w and height h. When the band parameter (default=all) is set to anon-negative integer value, a spe
i�
 band is written. By the default, theentire image is printed.� set-md filename key value (writable): sets the meta-data �eld re-ferred to by key with the string value value. If the meta-data is binary,ea
h non-printable 
hara
ter must be written with \xYY where YY is the
hara
ter's hexade
imal 
ode. New lines must be written with \n.� statisti
s: prints some �le statisti
s, in
luding the number of tiles thatare either shallow uniform, hidden uniform, and intrinsi
ally non-uniform.The number of blo
ks in the blo
k region as well as the number of unusedblo
ks is also printed. These statisti
s may be useful to de
ide whether todefragment or 
onsolidate a �le. Also printed is the per
entage of spa
esaved by the 
ompression and the spa
e that 
ould be saved if 
onsolidationwas performed.� tile-to-pnm tx ty [band=int/all℄: prints out the tile in the �le withtile 
oordinates tx and ty in PNM format. This output 
an be redire
tedto a PNM �le and then 
onverted to another image format using yourfavorite image 
onverter. When the band parameter (default=all) is setto a non-negative integer value, a spe
i�
 band is written.1.10.1.1 A Note on PNM Output When the PNM output operationsregion-to-pnm and tile-to-pnm are used, the pixel values are assumed to beof unsigned type. If the number of bands to write is 3, the PPM subformatis used with ea
h of the three bands representing a separate 
olor (band[0℄=R,band[1℄=G, band[2℄=B). When writing a single band, the PGM format is used.If the image 
ontains any other number of bands, the PAM format is used. Thedata unit size must not ex
eed 2 bytes, i.e. only uint8 and uint16 are supported.It is assumed the image raster is stored in native byte order if the �le does not
onform to the "simple" data type 
onvention. The image raster is translatedinto proper ASCII de
imal form (PPM or PGM format) or big-endian byte order(PAM format) prior to being outputted.SIF Referen
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2 SIF Module Index 212 SIF Module Index2.1 SIF ModulesHere is a list of all modules:SIF Error Codes 22Simple Data Type Convention Ma
ro De�nitions 24Simple Data-Type Convention De
larations 273 SIF Data Stru
ture Index3.1 SIF Data Stru
turesHere are the data stru
tures with brief des
riptions:sif_�le (A stru
t for storing ne
essary data for the pro
essingof an open �le ) 27sif_header (A stru
t for storing a SIF �le header in memory ) 30sif_meta_data (A stru
t for storing meta-data in memory. Itstores a node in a linked list of meta-data ) 35sif_tile (A stru
t for storing a SIF tile header in memory.It stores important information related to a tile, in
ludingwhi
h of its bands are uniform, and the uniform pixel valuesof the bands ) 374 SIF File Index4.1 SIF File ListHere is a list of all �les with brief des
riptions:sif-io.h (The only header �le to in
lude for using sif-io libraryfun
tions ) 38
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5 SIF Module Do
umentation 225 SIF Module Do
umentation5.1 SIF Error CodesDe�nes� #de�ne SIF_ERROR_NONE 0� #de�ne SIF_ERROR_MEM 1� #de�ne SIF_ERROR_NULL_FP 2� #de�ne SIF_ERROR_NULL_HDR 3� #de�ne SIF_ERROR_INVALID_BN 4� #de�ne SIF_ERROR_INVALID_TN 5� #de�ne SIF_ERROR_READ 6� #de�ne SIF_ERROR_WRITE 7� #de�ne SIF_ERROR_SEEK 8� #de�ne SIF_ERROR_TRUNCATE 9� #de�ne SIF_ERROR_INVALID_FILE_MODE 10� #de�ne SIF_ERROR_INCOMPATIBLE_VERSION 11� #de�ne SIF_ERROR_META_DATA_KEY 12� #de�ne SIF_ERROR_META_DATA_VALUE 13� #de�ne SIF_ERROR_CANNOT_WRITE_VERSION 14� #de�ne SIF_ERROR_INVALID_BAND 15� #de�ne SIF_ERROR_INVALID_COORD 16� #de�ne SIF_ERROR_INVALID_TILE_SIZE 17� #de�ne SIF_ERROR_INVALID_REGION_SIZE 18� #de�ne SIF_ERROR_INVALID_BUFFER 195.1.1 De�ne Do
umentation5.1.1.1 #de�ne SIF_ERROR_CANNOT_WRITE_VERSION 14Returned by sif_use_file_versionwhen the library is not 
apable of writingthe �le in the requested version.5.1.1.2 #de�ne SIF_ERROR_INCOMPATIBLE_VERSION 11A status 
ode indi
ating that the 
urrently loaded sif-io library is not 
apableof pro
essing the version of a �le. This is usually due to the fa
t that the �lewas written with a later version of the SIF format than the loaded library.5.1.1.3 #de�ne SIF_ERROR_INVALID_BAND 15Returned if a band argument passed is invalid.SIF Referen
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5.1 SIF Error Codes 235.1.1.4 #de�ne SIF_ERROR_INVALID_BN 4A status 
ode indi
ating a blo
k number passed to a sif-io fun
tion was invalid(i.e. negative or out-of-bounds).5.1.1.5 #de�ne SIF_ERROR_INVALID_BUFFER 19Returned if a tile size argument (e.g. width or height) is invalid.5.1.1.6 #de�ne SIF_ERROR_INVALID_COORD 16Returned if a 
oordinate argument (e.g. x or y) is invalid.5.1.1.7 #de�ne SIF_ERROR_INVALID_FILE_MODE 10A status 
ode indi
ating that the �le mode 
hosen is invalid. This usuallyo

urs when a �le is opened for update that is read-only or a opened when thepermissions do not permit reading.5.1.1.8 #de�ne SIF_ERROR_INVALID_REGION_SIZE 18Returned if a region size argument (e.g. width or height) is invalid.5.1.1.9 #de�ne SIF_ERROR_INVALID_TILE_SIZE 17Returned if a tile size argument (e.g. tile_width or tile_height) is invalid.5.1.1.10 #de�ne SIF_ERROR_INVALID_TN 5A status 
ode indi
ating a tile number passed to a sif-io fun
tion was invalid(i.e. negative or out-of-bounds).5.1.1.11 #de�ne SIF_ERROR_MEM 1A status 
ode indi
ating an error o

urred while allo
ating or freeing memory.5.1.1.12 #de�ne SIF_ERROR_META_DATA_KEY 12Returned when a 
all is made that expe
ts a key to be present when the key
annot be found.5.1.1.13 #de�ne SIF_ERROR_META_DATA_VALUE 13Returned by sif_get_meta_data when the meta-data does not 
ontain a null-terminated string.SIF Referen
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5.2 Simple Data Type Convention Ma
ro De�nitions 245.1.1.14 #de�ne SIF_ERROR_NONE 0A status 
ode indi
ating no error has been dete
ted for the pro
essing of thetarget �le.5.1.1.15 #de�ne SIF_ERROR_NULL_FP 2A status 
ode indi
ating a �le 
ould not be pro
essed be
ause the �le pointeris null. Admittedly, there is no way to store this in the sif_�le (p. 27) stru
tpassed sin
e it is null. However, setting a stati
 variable for the 
aller to 
he
kis under 
onsideration for a future version.5.1.1.16 #de�ne SIF_ERROR_NULL_HDR 3A status 
ode indi
ating a �le 
ould not be pro
essed be
ause the header pointeris null.5.1.1.17 #de�ne SIF_ERROR_READ 6A status 
ode indi
ating an error o

urred when reading from the �le.5.1.1.18 #de�ne SIF_ERROR_SEEK 8A status 
ode indi
ating an error o

urred when seeking in the �le.5.1.1.19 #de�ne SIF_ERROR_TRUNCATE 9A status 
ode indi
ating an error o

urred when trun
ating the �le.5.1.1.20 #de�ne SIF_ERROR_WRITE 7A status 
ode indi
ating an error o

urred when writing to the �le.5.2 Simple Data Type Convention Ma
ro De�nitionsDe�nes� #de�ne SIF_SIMPLE_UINT8 0� #de�ne SIF_SIMPLE_INT8 1� #de�ne SIF_SIMPLE_UINT16 2� #de�ne SIF_SIMPLE_INT16 3� #de�ne SIF_SIMPLE_UINT32 4� #de�ne SIF_SIMPLE_INT32 5� #de�ne SIF_SIMPLE_UINT64 6SIF Referen
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5.2 Simple Data Type Convention Ma
ro De�nitions 25� #de�ne SIF_SIMPLE_INT64 7� #de�ne SIF_SIMPLE_FLOAT32 8� #de�ne SIF_SIMPLE_FLOAT64 9� #de�ne SIF_SIMPLE_LITTLE_ENDIAN 0� #de�ne SIF_SIMPLE_BIG_ENDIAN 1� #de�ne SIF_SIMPLE_NATIVE_ENDIAN SIF_SIMPLE_-LITTLE_ENDIAN� #de�ne SIF_SIMPLE_ENDIAN(t) (((int)t)/10)� #de�ne SIF_SIMPLE_TYPE_CODE(bt, e
) ((bt)+(e
))� #de�ne SIF_SIMPLE_BASE_TYPE_-CODE(x) (((int)x)%10)5.2.1 De�ne Do
umentation5.2.1.1 #de�ne SIF_SIMPLE_BASE_TYPE_-CODE(x) (((int)x)%10)A fun
tion ma
ro that 
omputes the base type 
ode from the 
ompound type
ode.5.2.1.2 #de�ne SIF_SIMPLE_BIG_ENDIAN 1The endian 
ode for little endian.5.2.1.3 #de�ne SIF_SIMPLE_ENDIAN(t) (((int)t)/10)A fun
tion ma
ro that returns the endian 
ode for a simple type 
ode t .5.2.1.4 #de�ne SIF_SIMPLE_FLOAT32 8The base type 
ode (i.e. user_data_type mod 10) for storing IEEE-754 stan-dard 32-bit �oats.5.2.1.5 #de�ne SIF_SIMPLE_FLOAT64 9The base type 
ode (i.e. user_data_type mod 10) for storing IEEE-754 stan-dard 64-bit �oats.5.2.1.6 #de�ne SIF_SIMPLE_INT16 3The base type 
ode (i.e. user_data_type mod 10) for storing signed 16-bitintegers.
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5.2 Simple Data Type Convention Ma
ro De�nitions 265.2.1.7 #de�ne SIF_SIMPLE_INT32 5The base type 
ode (i.e. user_data_type mod 10) for storing signed 32-bitintegers.5.2.1.8 #de�ne SIF_SIMPLE_INT64 7The base type 
ode (i.e. user_data_type mod 10) for storing signed 64-bitintegers.5.2.1.9 #de�ne SIF_SIMPLE_INT8 1The base type 
ode (i.e. user_data_type mod 10) for storing signed 8-bitintegers.5.2.1.10 #de�ne SIF_SIMPLE_LITTLE_ENDIAN 0The endian 
ode for little endian.5.2.1.11 #de�ne SIF_SIMPLE_NATIVE_ENDIAN SIF_-SIMPLE_LITTLE_ENDIANThe endian 
ode for the byte order of the native ma
hine on whi
h this libraryruns.5.2.1.12 #de�ne SIF_SIMPLE_TYPE_CODE(bt, e
) ((bt)+(e
))A fun
tion ma
ro that 
omputes the 
ompound type 
ode from the base type
ode bt and endian 
ode e
.5.2.1.13 #de�ne SIF_SIMPLE_UINT16 2The base type 
ode (i.e. user_data_type mod 10) for storing unsigned 16-bitintegers.5.2.1.14 #de�ne SIF_SIMPLE_UINT32 4The base type 
ode (i.e. user_data_type mod 10) for storing unsigned 32-bitintegers.5.2.1.15 #de�ne SIF_SIMPLE_UINT64 6The base type 
ode (i.e. user_data_type mod 10) for storing unsigned 64-bitintegers.SIF Referen
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5.3 Simple Data-Type Convention De
larations 275.2.1.16 #de�ne SIF_SIMPLE_UINT8 0The base type 
ode (i.e. user_data_type mod 10) for storing unsigned 8-bitintegers.5.3 Simple Data-Type Convention De
larations6 SIF Data Stru
ture Do
umentation6.1 sif_�le Stru
t Referen
eA stru
t for storing ne
essary data for the pro
essing of an open �le.#in
lude <sif-io.h>Data Fields� FILE ∗ fp� sif_header ∗ header� sif_tile ∗ tiles� sif_meta_data ∗∗ meta_data� int read_only� long ∗ blo
ks_to_tiles� long ∗ dirty_tiles� void ∗ bu�er [2℄� LONGLONG base_lo
ation� int error� long sys_error_no� long units_per_sli
e� long units_per_tile� long header_bytes� u_
har ubuf [8℄� long use_�le_version� void ∗ simple_region_bu�er� long simple_region_bytes� int error_line_no6.1.1 Detailed Des
riptionA stru
t for storing ne
essary data for the pro
essing of an open �le.Warning:Do not modify this data stru
ture dire
tly.SIF Referen
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6.1 sif_�le Stru
t Referen
e 286.1.2 Field Do
umentation6.1.2.1 LONGLONG sif_�le::base_lo
ationStores the byte o�set of the �rst blo
k in the �le.6.1.2.2 long∗ sif_�le::blo
ks_to_tilesAn array where the i'th value is the tile index of the tile stored in data blo
k i.If no tile is stored in data blo
k i, the blo
k is unused, and the 
orrespondingvalue in this array is set to -1. Unused blo
ks 
an be re
laimed for use ortrun
ated when the �le is 
onsolidated or defragmented.6.1.2.3 void∗ sif_�le::bu�er[2℄Two bu�ers with enough memory to ea
h store one blo
k. The number of bytesfor one blo
k is 
omputed by,.tile_width * tile_height * n_bands * data_unit_size .6.1.2.4 long∗ sif_�le::dirty_tilesAn array of booleans where the i'th value is one i� the i'th tile has been writtenand no uniformity 
he
k was made during the write. In this future, the type ofthe values 
ontained in the array will be 
hanged to 
har∗, pending 
on�rmationthat the 
hange does not break regression tests.6.1.2.5 int sif_�le::errorAn error 
ode for the last error that o

urred. The value is non-zero if an erroro

urred during the last sif-io 
all.6.1.2.6 int sif_�le::error_line_noThe line number of sif-io.
 where the last SIF error o

urred.6.1.2.7 FILE∗ sif_�le::fpThe handle to the internal �le pointer.6.1.2.8 sif_header∗ sif_�le::headerThe header 
orresponding to the target �le.SIF Referen
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6.1 sif_�le Stru
t Referen
e 296.1.2.9 long sif_�le::header_bytesThe number of bytes to store the header.6.1.2.10 sif_meta_data∗∗ sif_�le::meta_dataThe meta-data for the �le. This stru
ture is a linked list of (key, value) pairs.Meta-data in SIF 
an be null-terminated strings or binary data blo
ks.6.1.2.11 int sif_�le::read_onlyA �ag indi
ating whether the �le is open in read-only mode.6.1.2.12 void∗ sif_�le::simple_region_bu�erA bu�ered only used by the SIF "simple" interfa
e for byte swapping prior towriting to a �le. It is initially holds the number of bytes needed to store a tilesli
e but grows as larger regions are written.6.1.2.13 long sif_�le::simple_region_bytesThe size of the simple region bu�er (in bytes).6.1.2.14 long sif_�le::sys_error_noWhen the C standary library is used, it represents the last errno en
ounteredwhen exe
uting a lib
 fun
tion in a sif-io fun
tion. Otherwise, it represents theWIN32 error 
ode returned by the GetLastErr fun
tion.6.1.2.15 sif_tile∗ sif_�le::tilesAn array of tiles to store.6.1.2.16 u_
har sif_�le::ubuf[8℄A 
hara
ter bu�er with enough bytes to store a 64-bit integer.6.1.2.17 long sif_�le::units_per_sli
eThe number of pixels per band in a tile (sli
e). This value is simply tile_width
∗ tile_height. The term sli
e di�ers slightly from the term band, it is a bandwithin a tile.
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6.2 sif_header Stru
t Referen
e 306.1.2.18 long sif_�le::units_per_tileThe number of pixels per tile. This value is simply the number of units_per_-sli
e times the number of bands in the image. This number is also the numberof units in a blo
k.6.1.2.19 long sif_�le::use_�le_versionA integer representing the SIF �le version to use when writing the �le. This isused to ensure that the �le is written with an earlier version so that it 
an beread by previous versions of this library.The do
umentation for this stru
t was generated from the following �le:� sif-io.h6.2 sif_header Stru
t Referen
eA stru
t for storing a SIF �le header in memory.#in
lude <sif-io.h>Data Fields� 
har magi
_number [SIF_MAGIC_NUMBER_SIZE℄� long version� long width� long height� long bands� long n_keys� long n_tiles� long tile_width� long tile_height� long tile_bytes� long n_tiles_a
ross� long data_unit_size� long user_data_type� long defragment� long 
onsolidate� long intrinsi
_write� long tile_header_bytes� long n_uniform_�ags� double a�ne_geo_transform [6℄SIF Referen
e Manual and Format Spe
i�
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6.2 sif_header Stru
t Referen
e 316.2.1 Detailed Des
riptionA stru
t for storing a SIF �le header in memory.Warning:Changing its �elds does not result in an immediate 
hange to the headerstored in the �le to whi
h it points. The �le must be �ushed with sif_�ush(p. 46) or 
losed with sif_
lose (p. 43). Integers are stored with a sign bitin big-endian form.6.2.2 Field Do
umentation6.2.2.1 double sif_header::a�ne_geo_transform[6℄Six doubles representing the a�ne georeferen
ing transform parameters.The georeferen
ed 
oordinates of the pixel 
oordinate (Xpixel, Yline) are 
om-puted as follows (from GDAL do
umentation):
onst double *GT = &(hd->affine_geo_transform);Xgeo = GT[0℄ + Xpixel * GT[1℄ + Yline * GT[2℄;Ygeo = GT[3℄ + Xpixel * GT[4℄ + Yline * GT[5℄;The transform is set to {0.0, 1.0, 0.0, 0.0, 0.0, 1.0} by default by sif_
reate sothat x and y are just mapped to themselves.Warning:Do not edit this �eld dire
tly. Instead use the sif_set_a�ne_geo_-transform (p. 54) fun
tion.6.2.2.2 long sif_header::bandsThe number of bands of the image.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.6.2.2.3 long sif_header::
onsolidateA �eld, that when nonzero, indi
ates that the �le should be 
onsolidated whenits 
losed.This involves performing pixel uniformity 
he
ks on ea
h dirty tile during 
lose.SIF Referen
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i�
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6.2 sif_header Stru
t Referen
e 32Warning:Do not edit this �eld dire
tly. Instead use the sif_set_defragment (p. 56)or sif_unset_defragment (p. 66) fun
tions.6.2.2.4 long sif_header::data_unit_sizeThe number of bytes required to store ea
h pixel.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.Non-square tiles have not been tested.6.2.2.5 long sif_header::defragmentA �eld that, when nonzero, indi
ates the �le should be defragmented when its
losed.Warning:Do not edit this �eld dire
tly. Instead use the sif_set_defragment (p. 56)or sif_unset_defragment (p. 66) fun
tions.6.2.2.6 long sif_header::heightThe height of the image in pixels.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.6.2.2.7 long sif_header::intrinsi
_writeA �eld, that when nonzero, indi
ates that when ea
h tile is written, a uniformity
he
k should be performed.Warning:Do not edit this �eld dire
tly. Instead use the sif_set_intrinsi
_write(p. 56) or sif_unset_intrinsi
_write (p. 66) fun
tions.SIF Referen
e Manual and Format Spe
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6.2 sif_header Stru
t Referen
e 336.2.2.8 
har sif_header::magi
_number[SIF_MAGIC_-NUMBER_SIZE℄This �eld identi�es whether the header read from a �le is likely to 
orrespondto a SIF �le.These bytes must equal the string "!∗∗SIF∗∗" or an error will o

ur when theheader is pro
essed by a SIF fun
tion. The byte o�set of this �eld is 0.Warning:Do not edit this �eld dire
tly.6.2.2.9 long sif_header::n_keysThe number of keys stored in the meta-data.Warning:Do not edit this �eld dire
tly. Instead use the sif_get_meta_-data (p. 47), sif_get_meta_data_binary (p. 48), sif_set_meta_-data (p. 56), and sif_get_meta_data_binary (p. 48) fun
tions.6.2.2.10 long sif_header::n_tilesThe number of tiles that 
omprise this image.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.6.2.2.11 long sif_header::n_tiles_a
rossThe number of tiles a
ross the width of an image.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.
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6.2 sif_header Stru
t Referen
e 346.2.2.12 long sif_header::n_uniform_�agsThe number of bytes to store the uniformity �ags, i.e. Ceil(number_of_�ags /8).Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.6.2.2.13 long sif_header::tile_bytesThe number of bytes required to store a single tile raster. This is equal totile_width ∗ tile_height ∗ n_bands ∗ data_unit_size.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.6.2.2.14 long sif_header::tile_header_bytesThe number of bytes needed to store the header for ea
h tile.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.6.2.2.15 long sif_header::tile_heightThe height of ea
h tile in pixels.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.Non-square tiles have not been tested.6.2.2.16 long sif_header::tile_widthThe width of ea
h tile in pixels.SIF Referen
e Manual and Format Spe
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6.3 sif_meta_data Stru
t Referen
e 35Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.Non-square tiles have not been tested.6.2.2.17 long sif_header::user_data_typeA number that is only read from and written to the SIF �le header. It has nomeaning to the sif-io fun
tions sin
e sif-io pro
esses images without regard tothe data type of the pixels. The 
aller to the library fun
tion 
an use the �eldto store an integer that represents the data type of the pixels in the image.Warning:Do not edit this �eld dire
tly. Instead use the sif_set_user_data_type(p. 59) fun
tion.6.2.2.18 long sif_header::versionThe minimum version of the SIF library needed to read this �le.Warning:Do not edit this �eld dire
tly. Changing the value of this �eld without a
orresponding 
hange to the organization of the �le may make it unreadable.6.2.2.19 long sif_header::widthThe width of the image in pixels.Warning:Do not edit this �eld dire
tly. Changing its value without 
hanging theimage layout on disk will make the �le unreadable.The do
umentation for this stru
t was generated from the following �le:� sif-io.h6.3 sif_meta_data Stru
t Referen
eA stru
t for storing meta-data in memory. It stores a node in a linked list ofmeta-data.#in
lude <sif-io.h>SIF Referen
e Manual and Format Spe
i�
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6.3 sif_meta_data Stru
t Referen
e 36Data Fields� 
har ∗ key� 
har ∗ value� unsigned long key_length� unsigned long value_length� sif_meta_data ∗ next6.3.1 Detailed Des
riptionA stru
t for storing meta-data in memory. It stores a node in a linked list ofmeta-data.Warning:Do not modify this data stru
ture dire
tly. Instead use the sif_set_-meta_data (p. 56) and sif_set_meta_data_binary (p. 57) fun
tions.6.3.2 Field Do
umentation6.3.2.1 
har∗ sif_meta_data::keyThe key identi�er of this meta-data �eld.6.3.2.2 unsigned long sif_meta_data::key_lengthThe number of bytes to store the key and its null terminator.6.3.2.3 stru
t sif_meta_data∗ sif_meta_data::nextA pointer to the next meta-data �eld. The value is NULL if there is no nextmeta-data �eld.6.3.2.4 
har∗ sif_meta_data::valueThe value of this meta-data �eld.6.3.2.5 unsigned long sif_meta_data::value_lengthThe number of bytes to store the value. If the value is binary, the null terminatoris in
luded in this 
ount.The do
umentation for this stru
t was generated from the following �le:� sif-io.hSIF Referen
e Manual and Format Spe
i�
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6.4 sif_tile Stru
t Referen
e 376.4 sif_tile Stru
t Referen
eA stru
t for storing a SIF tile header in memory. It stores important informationrelated to a tile, in
luding whi
h of its bands are uniform, and the uniform pixelvalues of the bands.#in
lude <sif-io.h>Data Fields� u_
har ∗ uniform_�ags� u_
har ∗ uniform_pixel_values� long blo
k_num6.4.1 Detailed Des
riptionA stru
t for storing a SIF tile header in memory. It stores important informationrelated to a tile, in
luding whi
h of its bands are uniform, and the uniform pixelvalues of the bands.6.4.2 Field Do
umentation6.4.2.1 long sif_tile::blo
k_numThe blo
k lo
ation of the �le where the tile is stored.This number is -1 if the tile is 
ompletely uniform, i.e. ea
h band in the tile is
ompletely uniform. Note that the bands of a tile (i.e. sli
es) may have di�erentuniform pixel values. A tile or blo
k is uniform i� ea
h of its sli
es is uniform.6.4.2.2 u_
har∗ sif_tile::uniform_�agsA byte sequen
e where the i'th bit in the sequen
e indi
ates whether the i'thband in the tile is uniform. The number of bytes is Ceil(n_bands / 8).6.4.2.3 u_
har∗ sif_tile::uniform_pixel_valuesA sequen
e of pixel data units. The i'th data unit represents the uniform pixelvalue for the i'th band. The number of bytes is n_bands ∗ data_unit_size.The do
umentation for this stru
t was generated from the following �le:� sif-io.h
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7 SIF File Do
umentation 387 SIF File Do
umentation7.1 do
/index.dox File Referen
e7.2 sif-io.h File Referen
eThe only header �le to in
lude for using sif-io library fun
tions.#in
lude "SIFExport.h"#in
lude <sys/types.h>#in
lude <stdio.h>Data Stru
tures� stru
t sif_headerA stru
t for storing a SIF �le header in memory.� stru
t sif_tileA stru
t for storing a SIF tile header in memory. It stores im-portant information related to a tile, in
luding whi
h of its bandsare uniform, and the uniform pixel values of the bands.� stru
t sif_meta_dataA stru
t for storing meta-data in memory. It stores a node in alinked list of meta-data.� stru
t sif_�leA stru
t for storing ne
essary data for the pro
essing of an open�le.De�nes� #de�ne LONGLONG long long� #de�ne SIF_ERROR_NONE 0� #de�ne SIF_ERROR_MEM 1� #de�ne SIF_ERROR_NULL_FP 2� #de�ne SIF_ERROR_NULL_HDR 3� #de�ne SIF_ERROR_INVALID_BN 4� #de�ne SIF_ERROR_INVALID_TN 5� #de�ne SIF_ERROR_READ 6� #de�ne SIF_ERROR_WRITE 7SIF Referen
e Manual and Format Spe
i�
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7.2 sif-io.h File Referen
e 39� #de�ne SIF_ERROR_SEEK 8� #de�ne SIF_ERROR_TRUNCATE 9� #de�ne SIF_ERROR_INVALID_FILE_MODE 10� #de�ne SIF_ERROR_INCOMPATIBLE_VERSION 11� #de�ne SIF_ERROR_META_DATA_KEY 12� #de�ne SIF_ERROR_META_DATA_VALUE 13� #de�ne SIF_ERROR_CANNOT_WRITE_VERSION 14� #de�ne SIF_ERROR_INVALID_BAND 15� #de�ne SIF_ERROR_INVALID_COORD 16� #de�ne SIF_ERROR_INVALID_TILE_SIZE 17� #de�ne SIF_ERROR_INVALID_REGION_SIZE 18� #de�ne SIF_ERROR_INVALID_BUFFER 19� #de�ne SIF_AGREEMENT_SIMPLE "simple"� #de�ne SIF_AGREEMENT_GDAL "gdal"� #de�ne SIF_MAGIC_NUMBER "!∗∗SIF∗∗"� #de�ne SIF_MAGIC_NUMBER_SIZE 8� #de�ne SIF_SIMPLE_ERROR_UNDEFINED_DT 100� #de�ne SIF_SIMPLE_ERROR_INCORRECT_DT 101� #de�ne SIF_SIMPLE_ERROR_UNDEFINED_ENDIAN 102� #de�ne SIF_SIMPLE_UINT8 0� #de�ne SIF_SIMPLE_INT8 1� #de�ne SIF_SIMPLE_UINT16 2� #de�ne SIF_SIMPLE_INT16 3� #de�ne SIF_SIMPLE_UINT32 4� #de�ne SIF_SIMPLE_INT32 5� #de�ne SIF_SIMPLE_UINT64 6� #de�ne SIF_SIMPLE_INT64 7� #de�ne SIF_SIMPLE_FLOAT32 8� #de�ne SIF_SIMPLE_FLOAT64 9� #de�ne SIF_SIMPLE_LITTLE_ENDIAN 0� #de�ne SIF_SIMPLE_BIG_ENDIAN 1� #de�ne SIF_SIMPLE_NATIVE_ENDIAN SIF_SIMPLE_-LITTLE_ENDIAN� #de�ne SIF_SIMPLE_ENDIAN(t) (((int)t)/10)� #de�ne SIF_SIMPLE_TYPE_CODE(bt, e
) ((bt)+(e
))� #de�ne SIF_SIMPLE_BASE_TYPE_-CODE(x) (((int)x)%10)
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7.2 sif-io.h File Referen
e 40Fun
tions� long sif_get_version ()� sif_�le ∗ sif_open (
onst 
har ∗�lename, int read_only)� sif_�le ∗ sif_
reate (
onst 
har ∗�lename, long width, longheight, long bands, int data_unit_size, int user_data_type,int 
onsolidate_on_
lose, int defragment_on_
lose, long tile_-width, long tile_height, int intrinsi
_write)� sif_�le ∗ sif_
reate_
opy (sif_�le ∗�le, 
onst 
har ∗�lename)� int sif_
lose (sif_�le ∗�le)� void sif_
onsolidate (sif_�le ∗�le)� void sif_defragment (sif_�le ∗�le)� void sif_set_raster (sif_�le ∗�le, 
onst void ∗data, long x, longy, long w, long h, long band)� void sif_get_raster (sif_�le ∗�le, void ∗data, long x, long y, longw, long h, long band)� void sif_�ll_tiles (sif_�le ∗�le, long band, 
onst void ∗value)� void sif_get_tile_sli
e (sif_�le ∗�le, void ∗bu�er, long tx, longty, long band)� void sif_set_tile_sli
e (sif_�le ∗�le, 
onst void ∗bu�er, long tx,long ty, long band)� void sif_�ll_tile_sli
e (sif_�le ∗�le, long tx, long ty, long band,
onst void ∗value)� void sif_set_meta_data (sif_�le ∗�le, 
onst 
har ∗key, 
onst
har ∗value)� void sif_set_meta_data_binary (sif_�le ∗�le, 
onst 
har ∗key,
onst void ∗bu�er, int n_bytes)� 
onst 
har ∗ sif_get_meta_data (sif_�le ∗�le, 
onst 
har ∗key)� 
onst void ∗ sif_get_meta_data_binary (sif_�le ∗�le, 
onst
har ∗key, int ∗n_bytes)� int sif_is_shallow_uniform (sif_�le ∗�le, long x, long y, long w,long h, long band, void ∗uniform_value)� int sif_is_sli
e_shallow_uniform (sif_�le ∗�le, long tx, long ty,long band, void ∗uniform_value)� int sif_�ush (sif_�le ∗�le)� void sif_set_user_data_type (sif_�le ∗�le, long user_data_-type)� long sif_get_user_data_type (sif_�le ∗�le)� void sif_set_intrinsi
_write (sif_�le ∗�le)� int sif_is_intrinsi
_write_set (sif_�le ∗�le)� void sif_unset_intrinsi
_write (sif_�le ∗�le)� void sif_set_defragment (sif_�le ∗�le)� int sif_is_defragment_set (sif_�le ∗�le)� void sif_unset_defragment (sif_�le ∗�le)SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 41� void sif_set_
onsolidate (sif_�le ∗�le)� int sif_is_
onsolidate_set (sif_�le ∗�le)� void sif_unset_
onsolidate (sif_�le ∗�le)� void sif_set_a�ne_geo_transform (sif_�le ∗�le, 
onst double
∗trans)� 
onst double ∗ sif_get_a�ne_geo_transform (sif_�le ∗�le)� 
onst 
har ∗ sif_get_proje
tion (sif_�le ∗�le)� void sif_set_proje
tion (sif_�le ∗�le, 
onst 
har ∗proj)� 
onst 
har ∗ sif_get_agreement (sif_�le ∗�le)� void sif_set_agreement (sif_�le ∗�le, 
onst 
har ∗agree)� int sif_get_meta_data_num_items (sif_�le ∗�le)� void sif_get_meta_data_keys (sif_�le ∗�le, 
onst 
har
∗∗∗key_strs, int ∗num_keys)� void sif_remove_meta_data_item (sif_�le ∗�le, 
onst 
har
∗key)� void sif_use_�le_format_version (sif_�le ∗�le, long version)� int sif_is_possibly_sif_�le (
onst 
har ∗�lename)� 
onst 
har ∗ sif_get_error_des
ription (int 
ode)� sif_�le ∗ sif_simple_
reate (
onst 
har ∗�lename, longwidth, long height, long bands, int simple_data_type, int
onsolidate_on_
lose, int defragment_on_
lose, long tile_-width, long tile_height, int intrinsi
_write)� sif_�le ∗ sif_simple_
reate_defaults (
onst 
har ∗�lename, longwidth, long height, long bands, int simple_data_type)� void sif_simple_set_endian (sif_�le ∗�le, int endian)� int sif_simple_get_endian (sif_�le ∗�le)� void sif_simple_set_data_type (sif_�le ∗�le, int 
ode)� int sif_simple_get_data_type (sif_�le ∗�le)� void sif_simple_set_raster (sif_�le ∗�le, 
onst void ∗data, longx, long y, long w, long h, long band)� void sif_simple_get_raster (sif_�le ∗�le, void ∗data, long x,long y, long w, long h, long band)� void sif_simple_�ll_tiles (sif_�le ∗�le, long band, 
onst void
∗value)� void sif_simple_get_tile_sli
e (sif_�le ∗�le, void ∗bu�er, longtx, long ty, long band)� void sif_simple_set_tile_sli
e (sif_�le ∗�le, 
onst void ∗bu�er,long tx, long ty, long band)� void sif_simple_�ll_tile_sli
e (sif_�le ∗�le, long tx, long ty,long band, 
onst void ∗value)� sif_�le ∗ sif_simple_open (
onst 
har ∗�lename, int read_only)� int sif_simple_is_shallow_uniform (sif_�le ∗�le, long x, longy, long w, long h, long band, void ∗uniform_value)SIF Referen
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7.2 sif-io.h File Referen
e 42� int sif_simple_is_sli
e_shallow_uniform (sif_�le ∗�le, long tx,long ty, long band, void ∗uniform_value)� int sif_is_simple (sif_�le ∗�le)� int sif_is_sif_simple (
onst 
har ∗�lename)7.2.1 Detailed Des
riptionThe only header �le to in
lude for using sif-io library fun
tions.7.2.2 De�ne Do
umentation7.2.2.1 #de�ne LONGLONG long long7.2.2.2 #de�ne SIF_AGREEMENT_GDAL "gdal"A value to set the data-type 
onvention agreement (i.e. "_sif_agree") meta-data �eld to indi
ate that the gdal data-type 
onvention is used.7.2.2.3 #de�ne SIF_AGREEMENT_SIMPLE "simple"A value to set the data-type 
onvention agreement (i.e. "_sif_agree") meta-data �eld to indi
ate that the simple data-type 
onvention is used.7.2.2.4 #de�ne SIF_MAGIC_NUMBER "!∗∗SIF∗∗"A string representing the magi
 number. The obs
ure string used to easilyidentify a �le as a �le in SIF format.7.2.2.5 #de�ne SIF_MAGIC_NUMBER_SIZE 8The number of bytes needed to store the magi
 number. The obs
ure string isused to easily identify that a �le is likely to be in SIF format.7.2.2.6 #de�ne SIF_SIMPLE_ERROR_INCORRECT_DT 101An error to indi
ate the data type of the image does not 
orrespond to the datatype requested.7.2.2.7 #de�ne SIF_SIMPLE_ERROR_UNDEFINED_DT 100An error indi
ating that the data type is not re
ognized as a data type in thesimple data-type 
onvention.SIF Referen
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7.2 sif-io.h File Referen
e 437.2.2.8 #de�ne SIF_SIMPLE_ERROR_UNDEFINED_-ENDIAN 102An error to indi
ate an endian 
ode is invalid.7.2.3 Fun
tion Do
umentation7.2.3.1 int sif_
lose (sif_�le ∗ �le)Close a SIF �le.If the �le is open for reading and writing, defragmentation and 
onsolidationo

ur only if the defragment and 
onsolidate �ags are set in the �le's header.The �le header, tile headers, and meta data are written upon 
lose.Parameters:�le The SIF �le to 
lose.Returns:The status of the 
lose.See also:sif_header::
onsolidate (p. 31)sif_header::defragment (p. 32)sif_set_
onsolidate (p. 55)sif_unset_
onsolidate (p. 65)sif_is_
onsolidate_set (p. 51)7.2.3.2 void sif_
onsolidate (sif_�le ∗ �le)Che
k all tiles in a �le for intrinsi
 uniformity.If a tile is found to be intrinsi
ally uniform, its 
ommon pixel values for ea
hsli
e is stored in its header and the physi
al storage blo
k it is using is freed.If the 
onsolidation �ag in the �le's header is turned o� or the �le is read only,this method does nothing.Parameters:�le The �le to mark for uniformity.7.2.3.3 sif_�le∗ sif_
reate (
onst 
har ∗ �lename, long width, longheight, long bands, int data_unit_size, int user_data_type, intSIF Referen
e Manual and Format Spe
i�
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7.2 sif-io.h File Referen
e 44
onsolidate_on_
lose, int defragment_on_
lose, long tile_width,long tile_height, int intrinsi
_write)Create a new Sparse Image Format (SIF) �le with a given �lename and at-tributes. The �le's header and tile headers are written. No spa
e is preallo
atedfor data blo
ks.Parameters:�lename The �lename of the new �le.width The width of the image to store in the �le to 
reate.height The height of the image to store in the �le to 
reate.bands The number of bands of the image to store in the �le to 
reate.data_unit_size The size of a single pixel in bytes, e.g. sizeof(pixel_-data_type).user_data_type A user-de�ned data type. The SIF I/O fun
tions donot look at this value. This is stri
tly for the user's referen
e whenopening a pre-existing �le.
onsolidate_on_
lose De�nes whether an intrinsi
 uniformity 
he
kshould be applied to dirty tiles during ea
h 
lose.defragment_on_
lose De�nes whether the �le should be defragmentedduring ea
h 
lose.tile_width The width of a single tile.tile_height The height of a single tile.intrinsi
_write De�nes whether intrinsi
 uniformity 
he
ks should beperformed when rasters are written to a �le.Returns:A �le stru
ture 
ontaining the 
onstru
ts needed to manipulate the �le
reated by this fun
tion. This fun
tion returns NULL if an error o

ursduring 
reation.7.2.3.4 sif_�le∗ sif_
reate_
opy (sif_�le ∗ �le, 
onst 
har ∗ �le-name)Create a 
opy of a SIF �le.Warning:Note that this fun
tion has neither been tested nor ported for use withWIN32+MSVS.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED
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e 45Parameters:�le The �le stru
ture pointing to the �le to 
opy. This �le is �ushed beforeits 
ontents are read.�lename The �lename of the �le to store the 
opy.Returns:A �le stru
ture 
ontaining the 
onstru
ts needed to manipulate the �le
opied by this fun
tion. This fun
tion returns NULL if an error o

ursduring �le 
reation.7.2.3.5 void sif_defragment (sif_�le ∗ �le)Defragment the �le.This results in a sort of the storage blo
ks so they are in the order of their
orresponding tile indi
es. This enables faster reading/writing of 
ontinguousblo
ks. No unused storage blo
ks remain in the �le (i.e. the used blo
ks areshifted so that they write over the unused blo
ks). The �le is trun
ated at theposition of the last used storage blo
k byte. Meta-data and the �le's header arerewritten.Parameters:�le The �le to defragment.7.2.3.6 void sif_�ll_tile_sli
e (sif_�le ∗ �le, long tx, long ty, longband, 
onst void ∗ value)Fill a tile sli
e with a 
onstant value.If all bands be
ome uniform as a result of this �ll, the blo
k for this sli
e's
orresponding 
ube will be freed.Warning:This fun
tion has not been tested.Parameters:�le The �le on whi
h to perform the �ll.tx The horizontal index of the tile to �ll (0..N-1 indexed).ty The verti
al index of the tile to �ll (0..N-1 indexed).band The band index of the tile to �ll (0..N-1 indexed).value The value to �ll all values of the sli
e. It must be sif_-header::data_unit_size (p. 32) bytes in size.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 46See also:sif_�ll_tiles (p. 46)7.2.3.7 void sif_�ll_tiles (sif_�le ∗ �le, long band, 
onst void ∗value)Fill all tiles of a parti
ular band with a 
onstant value.If uniformity results as a result of this �ll, the 
orresponding tiles are markedappropriately and the blo
k spa
e they use is freed.Parameters:�le The �le on whi
h to perform the �ll.band The band index of the tile to retrieve (0..N-1 indexed).value The value to �ll all values of the sli
e. It must be data_unit_sizein bytes.7.2.3.8 int sif_�ush (sif_�le ∗ �le)Flush all remaining unwritten data to the �le.This fun
tion immediately returns if the �le passed is read-only.Parameters:�le The SIF �le to �ush.Returns:A non-zero value if no error o

urred during the �ush.7.2.3.9 
onst double∗ sif_get_a�ne_geo_transform (sif_�le ∗ �le)Get the a�ne georeferen
ing transform of an open �le.Parameters:�le The �le to get the transform.Returns:An array of six doubles representing the transform.See also:sif_set_a�ne_geo_transform (p. 54)sif_header::a�ne_geo_transform (p. 31)SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 477.2.3.10 
onst 
har∗ sif_get_agreement (sif_�le ∗ �le)Return a string indi
ating the data type 
onvention used in this �le. If thestring is "gdal" then the GDT type 
odes in the GDAL library are used. Ifthe string is "simple" then the 
onvention presented earlier in this do
umentis used.Parameters:�le The �le from whi
h to get the proje
tion string.Returns:The 
onvention agreement string.See also:sif_set_agreement (p. 55)7.2.3.11 
onst 
har∗ sif_get_error_des
ription (int 
ode)Returns a des
ription of a SIF error 
ode.Parameters:
ode The 
ode of the error.Returns:A des
ription of the error as a string.7.2.3.12 
onst 
har∗ sif_get_meta_data (sif_�le ∗ �le, 
onst 
har
∗ key)Get a string meta-data �eld with a given key. This fun
tion returns 0 and setsthe error �eld in the �le's header if the bu�er stored for this meta-data is nota null-terminated string or if the �eld with the given key string 
ould not befound.Parameters:�le The �le on whi
h to set the meta-data �eld.key The key of the �eld to set.Returns:The value of the �eld.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 48See also:sif_get_meta_data_binary (p. 48)sif_set_meta_data (p. 56)sif_set_meta_data_binary (p. 57)7.2.3.13 
onst void∗ sif_get_meta_data_binary (sif_�le ∗ �le,
onst 
har ∗ key, int ∗ n_bytes)Get a string meta-data �eld with a given key. This fun
tion returns 0 and setsthe error �eld in the �le's header.Parameters:�le The �le to set the meta-data.key The key of the �eld to set.n_bytes A pointer to an integer value. This value is set to the size of thebu�er returned.Returns:The value of the �eld.7.2.3.14 void sif_get_meta_data_keys (sif_�le ∗ �le, 
onst 
har
∗∗∗ key_strs, int ∗ num_keys)Retrieve the keys of the meta data stored in the �le. It is the responsibility ofthe 
aller to free the memory to whi
h ∗key_strs points but not (∗key_strs)[i℄for any i, non-negative i < sif_header::n_keys (p. 33).Parameters:�le The �le from whi
h to retrieve the meta-data keys.key_strs A pointer pointing to the pointer to set to the lo
ation of thearray of strings. The last value of the array of strings is set to 0(sentinel).num_keys A pointer to the int to store the number of keys retrieved bythis fun
tion.7.2.3.15 int sif_get_meta_data_num_items (sif_�le ∗ �le)Get the number of meta data (key, value) pairs in this �le.Parameters:�le The �le from whi
h to get the number of meta-data items.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED
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e 497.2.3.16 
onst 
har∗ sif_get_proje
tion (sif_�le ∗ �le)Return the proje
tion string of an open �le. It is expe
ted to be in OpenGISWKT format. The string is stored in the "_sif_proj" �eld in the meta-dataregion of the �le. If the proje
tion string 
annot be found, the empty string isreturned.Parameters:�le The �le from whi
h to get the proje
tion string.Returns:The proje
tion string.See also:sif_set_proje
tion (p. 57)7.2.3.17 void sif_get_raster (sif_�le ∗ �le, void ∗ data, long x, longy, long w, long h, long band)Reads a re
tangular raster region from a �le. It may overlap multiple tiles inthe �le.Warning:This fun
tion has not been tested.Parameters:�le The �le on whi
h to read the raster plane out.data The bu�er to store the raster plane.x The starting horizontal pixel o�set (0..N-1 indexed) to read.y The starting verti
al pixel o�set (0..N-1 indexed) to read.w The width of the region.h The height of the region.band The band o�set (0..N-1 indexed).See also:sif_set_raster (p. 57)sif_get_tile_sli
e (p. 50)sif_set_tile_sli
e (p. 58)SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED
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e 507.2.3.18 void sif_get_tile_sli
e (sif_�le ∗ �le, void ∗ bu�er, long tx,long ty, long band)Retrieve a tile sli
e.If the tile is uniform, no a

ess to the disk is made; instead, the uniform pixelvalue for the band in the tile's header is used to �ll the bu�er. The bu�er must
ontain enough bytes to hold a sli
e.Parameters:�le The �le on whi
h to perform the �ll.tx The horizontal index of the sli
e to retrieve (0..N-1 indexed).ty The verti
al index of the sli
e to retrieve (0..N-1 indexed).band The band index of the sli
e to retrieve (0..N-1 indexed).bu�er The bu�er to store the tile sli
e. It must be data_unit_size inbytes.See also:sif_�ll_tile_sli
e (p. 45)7.2.3.19 long sif_get_user_data_type (sif_�le ∗ �le)Get the user data type integer for the �le.This value does not 
hange the behavior of any sif-io.h (p. 38) fun
tions. Theuser may use it to store an integer representing the data type of the pixel valuesin the image.Parameters:�le The �le on whi
h to get the user-de�ned data type �ag.Returns:The user-de�ned data type of the data units in the �le.7.2.3.20 long sif_get_version ()Return the latest version of the SIF �le format that the 
urrently loaded SIFlibrary 
an pro
ess.Returns:The latest version number of a SIF �le this library 
an pro
ess.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED
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e 517.2.3.21 int sif_is_
onsolidate_set (sif_�le ∗ �le)Return whether the �le will be s
heduled for 
onsolidation on its 
lose. Usedblo
ks are moved toward the begining of the �le, taking up the spa
e of unusedblo
ks before them. If there are no unused blo
ks or all of the unused blo
ksare at the end of the �le, this �le is simply trun
ated at the lo
ation of the �rstbyte of the unused blo
k and the meta-data is rewritten.Parameters:�le The �le to 
he
k.Returns:The value of the 
onsolidation �ag.See also:sif_unset_
onsolidate (p. 65)sif_set_
onsolidate (p. 55)sif_
onsolidate (p. 43)sif_
lose (p. 43)sif_header::
onsolidate (p. 31)7.2.3.22 int sif_is_defragment_set (sif_�le ∗ �le)Unsets the defragmentation �ag.This 
an
els defragmentation when the �le is 
losed.Parameters:�le The �le to 
hange.Returns:The value of the defragmentation �ag.See also:sif_set_defragment (p. 56)sif_unset_defragment (p. 66)sif_defragment (p. 45)sif_
lose (p. 43)sif_header::defragment (p. 32)
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7.2 sif-io.h File Referen
e 527.2.3.23 int sif_is_intrinsi
_write_set (sif_�le ∗ �le)Return the value of the uniformity �ag. When true, a uniformity 
he
k isperfomed on all dirty tiles during 
lose.Parameters:�le The �le to 
he
k.See also:sif_unset_intrinsi
_write (p. 66)sif_is_intrinsi
_write_set (p. 52)sif_is_shallow_uniform (p. 52)sif_is_sli
e_shallow_uniform (p. 53)Returns:The value of the �ag.7.2.3.24 int sif_is_possibly_sif_�le (
onst 
har ∗ �lename)Returns a positive value if the �le referred to by filename 
ould possibly be aSIF �le.Parameters:�lename The �lename of the �le to 
he
k.Returns:A boolean indi
ating the result of the 
he
k.7.2.3.25 int sif_is_shallow_uniform (sif_�le ∗ �le, long x, long y,long w, long h, long band, void ∗ uniform_value)Determine if the tiles 
omprising a region are shallow uniform.Parameters:�le The �le to perform the 
he
k.x The starting horizontal pixel o�set (0..N-1 indexed) of the region to 
he
k.y The starting verti
al pixel o�set (0..N-1 indexed) of the region to 
he
k.w The width of the region.to 
he
k.h The height of the region to 
he
k.band The band o�set (0..N-1 indexed).SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED
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e 53uniform_value This value is only meaningful when this fun
tion returnstrue (non-zero). It is expe
ted that the pointer passed point to atleast data_unit_size bytes. When the region is 
ompletely uniform,the uniform pixel value is stored here.Returns:0 if the tiles are not shallow uniform or a memory allo
ation error o

urred,otherwise a non-zero value.7.2.3.26 int sif_is_sif_simple (
onst 
har ∗ �lename)Return if the �le referred to by the �lename 
onforms to the "simple" data type
onvention.Parameters:�lename The �lename of the �le on whi
h to perform the operation.Returns:A non-zero value if the �le referred to by the �lename 
onforms to the "sim-ple" data type 
onvention. If the �le 
ould not be opened, -1 is returned.7.2.3.27 int sif_is_simple (sif_�le ∗ �le)Return if the �le 
onforms to the "simple" data type 
onvention.Parameters:�le The �le on whi
h to perform the operation.Returns:A non-zero value if the �le 
onforms to the "simple" data type 
onvention.7.2.3.28 int sif_is_sli
e_shallow_uniform (sif_�le ∗ �le, long tx,long ty, long band, void ∗ uniform_value)Determine if a tile has shallow uniformity.Parameters:�le The �le to perform the 
he
k.tx The horizontal tile index (0..N-1 indexed) of the region to 
he
k.SIF Referen
e Manual and Format Spe
i�
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e 54ty The verti
al tile index (0..N-1 indexed) of the region to 
he
k.band The band o�set (0..N-1 indexed).uniform_value This value is only meaningful when this fun
tion returnstrue (non-zero). It is expe
ted that the pointer passed point to atleast data_unit_size bytes. When the region is 
ompletely uniform,the uniform pixel value is stored here.Returns:0 if the tiles are non-uniform or a memory allo
ation error o

urred, oth-erwise a non-zero value.7.2.3.29 sif_�le∗ sif_open (
onst 
har ∗ �lename, int read_only)Open a Sparse Image File (SIF) format �le for reading or update.Parameters:�lename The �lename of the SIF �le to open.read_only A �ag indi
ating whether to open as read-only (1) or update(0).Returns:A �le stru
ture 
ontaining all the 
onstru
ts needed to manipulate theopened SIF �le is returned. NULL is returned if an error o

ured duringopen.7.2.3.30 void sif_remove_meta_data_item (sif_�le ∗ �le, 
onst
har ∗ key)Removes a meta-data item by its key string.Parameters:�le The �le from whi
h to remove a meta-data item.key The key of the meta-data item to remove.7.2.3.31 void sif_set_a�ne_geo_transform (sif_�le ∗ �le, 
onstdouble ∗ trans)Set the a�ne georeferen
ing transform of an open �le.SIF Referen
e Manual and Format Spe
i�
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7.2 sif-io.h File Referen
e 55Parameters:�le The �le to set the a�ne georeferen
ing transform.trans A double array of size 6 with the new value of the georeferen
ingtransform.See also:sif_get_a�ne_geo_transform (p. 46)sif_header::a�ne_geo_transform (p. 31)7.2.3.32 void sif_set_agreement (sif_�le ∗ �le, 
onst 
har ∗ agree)Set a string indi
ating the data type 
onvention used in this �le. If the stringis "gdal" then the GDT type 
odes in the GDAL library are used. If the stringis "simple" then the 
onvention presented earlier in this do
ument is used.Parameters:�le The �le to set the proje
tion string.agree The new proje
tion string value.See also:sif_get_agreement (p. 47)7.2.3.33 void sif_set_
onsolidate (sif_�le ∗ �le)Set the 
onsolidation �ag.Consolidation is then performed during the �les 
lose.Parameters:�le The �le to 
hange.See also:sif_unset_
onsolidate (p. 65)sif_is_
onsolidate_set (p. 51)sif_
onsolidate (p. 43)sif_
lose (p. 43)sif_header::
onsolidate (p. 31)
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7.2 sif-io.h File Referen
e 567.2.3.34 void sif_set_defragment (sif_�le ∗ �le)Set the defragmentation �ag.Defragmentation is then performed during the �le's 
lose. Data blo
ks arerearranged in the order they appear in the image.Parameters:�le The �le to 
hange.See also:sif_unset_defragment (p. 66)sif_is_defragment_set (p. 51)7.2.3.35 void sif_set_intrinsi
_write (sif_�le ∗ �le)Set the uniformity �ag. This results in a pixel uniformity 
he
k on all dirtytiles.Parameters:�le The �le to 
hange.See also:sif_is_intrinsi
_write_set (p. 52)sif_unset_intrinsi
_write (p. 66)sif_is_shallow_uniform (p. 52)sif_is_sli
e_shallow_uniform (p. 53)7.2.3.36 void sif_set_meta_data (sif_�le ∗ �le, 
onst 
har ∗ key,
onst 
har ∗ value)Set a meta-data �eld with a given key to a value de�ned by a null-terminated
hara
ter string.Parameters:�le The �le to set the meta-data.key The key of the �eld to set.value The value to set the �eld.See also:sif_set_meta_data_binary (p. 57)sif_get_meta_data (p. 47)sif_get_meta_data_binary (p. 48)SIF Referen
e Manual and Format Spe
i�
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e 577.2.3.37 void sif_set_meta_data_binary (sif_�le ∗ �le, 
onst 
har
∗ key, 
onst void ∗ bu�er, int n_bytes)Set a meta-data �eld with a given key to a given sequen
e of bytes.The length of the value is passed here, thereby allowing for binary, non-null-terminated, meta-data.Parameters:�le The �le on whi
h to set the meta-data �eld.key The key of the �eld to set.bu�er The value to set the �eld.n_bytes The length of the value (in bytes).Warning:The meta-data is not written to the �le until the �le is 
losed or �ushed.See also:sif_set_meta_data (p. 56)sif_get_meta_data (p. 47)sif_get_meta_data_binary (p. 48)7.2.3.38 void sif_set_proje
tion (sif_�le ∗ �le, 
onst 
har ∗ proj)Set the proje
tion string of an open �le. This is expe
ted to be empty ("") orin OpenGIS WKT format. The string is stored in the "_sif_proj" �eld in themeta-data region of the �le.Parameters:�le The �le to set the proje
tion string.proj The new proje
tion string value.See also:sif_get_proje
tion (p. 49)7.2.3.39 void sif_set_raster (sif_�le ∗ �le, 
onst void ∗ data, longx, long y, long w, long h, long band)Writes a re
tangular image region to a �le.The tiles 
hanged by this write are not 
he
ked for pixel uniformity. This resultsin the dirty �ags in their respe
tive tile headers being set to true. This resultsSIF Referen
e Manual and Format Spe
i�
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e 58in a uniformity 
he
k during the �le's 
lose unless the uniformity 
he
k �ag isset to false in the �le's header. Also, any fragmentation 
aused by this fun
tionis not resolved until the �le is 
losed.Warning:This fun
tion has not been tested.Parameters:�le The �le on whi
h to write the raster plane.data The bu�er 
ontaining the raster to write.x The starting horizontal pixel o�set (0..N-1 indexed) to write.y The starting verti
al pixel o�set (0..N-1 indexed) to write.w The width of the region.h The height of the region.band The band o�set (0..N-1 indexed).See also:sif_get_raster (p. 49)sif_get_tile_sli
e (p. 50)sif_set_tile_sli
e (p. 58)7.2.3.40 void sif_set_tile_sli
e (sif_�le ∗ �le, 
onst void ∗ bu�er,long tx, long ty, long band)Store a tile sli
e.A 
he
k is not made to determine pixel uniformity. The tile's dirty �ag is set totrue. This results in a uniformity 
he
k during the �le's 
lose, unless uniformity
he
k �ag is disabled in the �le's header. Also, any fragmentation 
aused bythis fun
tion is not resolved until the �le is 
losed.Parameters:�le The �le on whi
h to perform the write.tx The horizontal index (0..N-1 indexed) of the sli
e to write.ty The verti
al index (0..N-1 indexed) of the sli
e to write.band The band index (0..N-1 indexed) of the sli
e to write.bu�er The bu�er to write. It must have enough bytes for an entire tilesli
e, e.g. sif_header::tile_width (p. 34) ∗ sif_header::tile_-height (p. 34) ∗ sif_header::data_unit_size (p. 32).SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 597.2.3.41 void sif_set_user_data_type (sif_�le ∗ �le, long user_-data_type)Set the user data type for the �le.This value does not 
hange the behavior of any sif-io fun
tions. The user mayuse it to store an integer representing the data type of the pixel values in theimage.Parameters:�le The �le to 
hange the data type �ag.user_data_type The value of the new user-de�ned data type �ag.7.2.3.42 sif_�le∗ sif_simple_
reate (
onst 
har ∗ �lename, longwidth, long height, long bands, int simple_data_type, int
onsolidate_on_
lose, int defragment_on_
lose, long tile_width,long tile_height, int intrinsi
_write)Create a new Sparse Image Format (SIF) �le with a given �lename and at-tributes. The �le's header and tile headers are written. No spa
e is preallo
atedfor data blo
ks. The simple data-type 
onvention is used. When reading, writ-ing, or �lling the image �le 
reated by this fun
tion, the sif_simple_∗ fun
tionsmust be used to ensure the image data elements are written with the properbyte order.Unless sif_simple_set_endian (p. 64) is 
alled prior to reading or writingany image raster, the pixels will be stored in native byte order.Parameters:�lename The �lename of the new �le.width The width of the image to store in the �le to 
reate.height The height of the image to store in the �le to 
reate.bands The number of bands of the image to store in the �le to 
reate.simple_data_type The data type 
ode.tile_width The width of a single tile.tile_height The height of a single tile.
onsolidate_on_
lose De�nes whether a pixel uniformity 
he
k shouldbe applied to dirty tiles during ea
h 
lose.defragment_on_
lose De�nes whether the �le should be defragmentedduring ea
h 
lose.intrinsi
_write De�nes whether intrinsi
 uniformity 
he
ks should beperformed when rasters are written to a �le.SIF Referen
e Manual and Format Spe
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e 60Returns:A �le stru
ture 
ontaining the 
onstru
ts needed to manipulate the �le
reated by this fun
tion. This fun
tion returns NULL if an error o

ursduring 
reation.7.2.3.43 sif_�le∗ sif_simple_
reate_defaults (
onst 
har ∗ �le-name, long width, long height, long bands, int simple_data_type)Create a new Sparse Image Format (SIF) �le with a given �lename and at-tributes. The �le's header and tile headers are written. No spa
e is preallo
atedfor data blo
ks. The simple data-type 
onvention is used.When reading, writing, or �lling the image �le 
reated by this fun
tion, thesif_simple_∗ fun
tions must be used to ensure the image data elements arewritten with the proper byte order.Unless sif_simple_set_endian (p. 64) is 
alled prior to reading or writingany image raster, the pixels will be stored in native byte order.The sif_header::
onsolidate (p. 31), sif_header::defragment (p. 32) andthe sif_header::intrisi
_write �ags are all set to true. The sif_header::tile_-width (p. 34) and sif_header::tile_height (p. 34) are both set to 64.Parameters:�lename The �lename of the new �le.width The width of the image to store in the �le to 
reate.height The height of the image to store in the �le to 
reate.bands The number of bands of the image to store in the �le to 
reate.simple_data_type The data type 
ode.Returns:A �le stru
ture 
ontaining the 
onstru
ts needed to manipulate the �le
reated by this fun
tion. This fun
tion returns NULL if an error o

ursduring 
reation.7.2.3.44 void sif_simple_�ll_tile_sli
e (sif_�le ∗ �le, long tx, longty, long band, 
onst void ∗ value)Fill a tile sli
e with a 
onstant value. The value is 
onverted from host order tothe byte order in the �le.Parameters:�le The �le on whi
h to perform the operation.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 61tx The horizontal index of the tile sli
e.ty The verti
al index of the tile sli
e.band The band of the tile to whi
h the sli
e 
orresponds.value The pointer to the value to �ll the tile sli
e.7.2.3.45 void sif_simple_�ll_tiles (sif_�le ∗ �le, long band, 
onstvoid ∗ value)Fill a band with a 
onstant value. The byte order of the value is 
onverted tothe byte order of the �le's image.Parameters:�le The �le on whi
h to perform the operation.band The band to �ll.value The pointer to the value with whi
h to �ll the band.7.2.3.46 int sif_simple_get_data_type (sif_�le ∗ �le)Get the simple data type 
ode of the pixel values in the image of this �le.Parameters:�le The �le on whi
h to perform the operation.Returns:The simple data type 
ode of the pixel values.See also:Simple Data Type Convention Ma
ro De�nitions (p. 24)7.2.3.47 int sif_simple_get_endian (sif_�le ∗ �le)Get the network byte order of the pixel values in the image of this �le.Parameters:�le The �le on whi
h to perform the operation.Returns:The endian 
ode of this �le.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 627.2.3.48 void sif_simple_get_raster (sif_�le ∗ �le, void ∗ data, longx, long y, long w, long h, long band)Read a re
tangular region from a �le. The byte order of the data values in thebu�er is automati
ally 
onverted to the byte order of the �le.Parameters:�le The �le on whi
h to perform the operation.data The bu�er into whi
h the data will be read.x The horizontal starting index of the �le.y The verti
al starting index of the �le.w The width of the region.h The height of the region.band The band of the region.7.2.3.49 void sif_simple_get_tile_sli
e (sif_�le ∗ �le, void ∗ bu�er,long tx, long ty, long band)Retrieve a tile sli
e. The byte order of the data values in the bu�er are in hostbyte order.Parameters:�le The �le on whi
h to perform the operation.bu�er The bu�er to store the sli
e.tx The horizontal index of the tile sli
e.ty The verti
al index of the tile sli
e.band The band of the tile to whi
h the sli
e 
orresponds.7.2.3.50 int sif_simple_is_shallow_uniform (sif_�le ∗ �le, long x,long y, long w, long h, long band, void ∗ uniform_value)Determine if the tiles 
omprising a region are shallow uniform. The "simple"data-type 
onvention is assumed.Parameters:�le The �le to perform the 
he
k.x The starting horizontal pixel o�set (0..N-1 indexed) of the region to 
he
k.y The starting verti
al pixel o�set (0..N-1 indexed) of the region to 
he
k.w The width of the region.to 
he
k.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 63h The height of the region to 
he
k.band The band o�set (0..N-1 indexed).uniform_value This value is only meaningful when this fun
tion returnstrue (non-zero). It is expe
ted that the pointer passed point to atleast data_unit_size bytes. When the region is 
ompletely uniform,the uniform pixel value is stored here.Returns:0 if the tiles are not shallow uniform or a memory allo
ation error o

urred,otherwise a non-zero value.7.2.3.51 int sif_simple_is_sli
e_shallow_uniform (sif_�le ∗ �le,long tx, long ty, long band, void ∗ uniform_value)Determine if a tile sli
e has shallow uniformity. The simple user data type
onvention is assumed.Parameters:�le The �le to perform the 
he
k.tx The horizontal tile index (0..N-1 indexed) of the region to 
he
k.ty The verti
al tile index (0..N-1 indexed) of the region to 
he
k.band The band o�set (0..N-1 indexed).uniform_value This value is only meaningful when this fun
tion returnstrue (non-zero). It is expe
ted that the pointer passed point to atleast data_unit_size bytes. When the region is 
ompletely uniform,the uniform pixel value is stored here.Returns:0 if the tiles are non-uniform or a memory allo
ation error o

urred, oth-erwise a non-zero value.7.2.3.52 sif_�le∗ sif_simple_open (
onst 
har ∗ �lename, int read_-only)Open a Sparse Image File (SIF) format �le for reading or update. The �le isexpe
ted to use the Simple data type 
onvention.When reading, writing, or �lling the image �le opened by this fun
tion, thesif_simple_∗ fun
tions must be used to ensure the image data elements arewritten with the proper byte order.If the �le does not use the simple data-type 
onvention, 0 is returned.SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 64Parameters:�lename The �lename of the SIF �le to open.read_only A �ag indi
ating whether to open as read-only (1) or update(0).Returns:A �le stru
ture 
ontaining all the 
onstru
ts needed to manipulate theopened SIF �le is returned. NULL is returned if an error o

ured duringopen.7.2.3.53 void sif_simple_set_data_type (sif_�le ∗ �le, int 
ode)Set the simple data type 
ode for the pixel. Note that this �eld should never beset on
e a raster is written to a �le.Parameters:�le The �le on whi
h to perform the operation.
ode The simple data type 
ode of the pixel values.See also:Simple Data Type Convention Ma
ro De�nitions (p. 24)7.2.3.54 void sif_simple_set_endian (sif_�le ∗ �le, int endian)Set the network byte order for the pixel. Note that this �eld should neverbe set on
e a raster is written to a �le. This �eld must be set to one ofSIF_SIMPLE_LITTLE_ENDIAN (p. 26) or SIF_SIMPLE_BIG_-ENDIAN (p. 25).Parameters:�le The �le on whi
h to perform the operation.endian The endian 
ode to set the �le.7.2.3.55 void sif_simple_set_raster (sif_�le ∗ �le, 
onst void ∗data, long x, long y, long w, long h, long band)Write a re
tangular region to a �le. The byte order of the data values is auto-mati
ally 
onverted from host order to the the byte order of the �le.SIF Referen
e Manual and Format Spe
i�
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7.2 sif-io.h File Referen
e 65Parameters:�le The �le on whi
h to perform the operation.data The bu�er 
ontaining the data to write.x The horizontal starting index of the �le.y The verti
al starting index of the �le.w The width of the region.h The height of the region.band The band of the region.7.2.3.56 void sif_simple_set_tile_sli
e (sif_�le ∗ �le, 
onst void ∗bu�er, long tx, long ty, long band)Store a tile sli
e. The byte order of the data values in the bu�er are 
onvertedto the byte order of the �le.Parameters:�le The �le on whi
h to perform the operation.bu�er The bu�er to store the sli
e.tx The horizontal index of the tile sli
e.ty The verti
al index of the tile sli
e.band The band of the tile to whi
h the sli
e 
orresponds.7.2.3.57 void sif_unset_
onsolidate (sif_�le ∗ �le)Unset the 
onsolidation �ag.Consolidation is then performed during the �les 
lose.Parameters:�le The �le to 
hange.See also:sif_set_
onsolidate (p. 55)sif_is_
onsolidate_set (p. 51)sif_
onsolidate (p. 43)sif_
lose (p. 43)sif_header::
onsolidate (p. 31)SIF Referen
e Manual and Format Spe
i�
ation by Damian Eads // UNCLASSIFIED



7.2 sif-io.h File Referen
e 667.2.3.58 void sif_unset_defragment (sif_�le ∗ �le)Set the defragmentation �ag.Defragmentation on the �le's 
lose is 
an
elled.Parameters:�le The �le to 
hange.See also:sif_set_defragment (p. 56)sif_is_defragment_set (p. 51)sif_defragment (p. 45)sif_
lose (p. 43)sif_header::defragment (p. 32)7.2.3.59 void sif_unset_intrinsi
_write (sif_�le ∗ �le)Unset the uniformity �ag.This 
an
els pixel uniformity 
he
ks during 
lose.Parameters:�le The �le to 
hange.See also:sif_unset_intrinsi
_write (p. 66)sif_set_intrinsi
_write (p. 56)sif_is_shallow_uniform (p. 52)sif_is_sli
e_shallow_uniform (p. 53)7.2.3.60 void sif_use_�le_format_version (sif_�le ∗ �le, long ver-sion)Spe
i�es that when the �le is written, the �le should be written with usingthe SIF �le format version spe
i�ed. If the version is not supported for write,a SIF_ERROR_CANNOT_WRITE_VERSION error is set in the header'serror 
ode �eld.
SIF Referen
e Manual and Format Spe
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/**
 * Copyright (C) 2004-2006 The Regents of the University of California.
 * Copyright (C) 2006-2008 Los Alamos National Security, LLC.
 *
 * This material was produced under U.S. Government contract
 * DE-AC52-06NA25396 for Los Alamos National Laboratory (LANL), which is
 * operated by Los Alamos National Security, LLC for the U.S.
 * Department of Energy. The U.S. Government has rights to use,
 * reproduce, and distribute this software.  NEITHER THE
 * GOVERNMENT NOR LOS ALAMOS NATIONAL SECURITY, LLC MAKES ANY WARRANTY,
 * EXPRESS OR IMPLIED, OR ASSUMES ANY LIABILITY FOR THE USE OF THIS
 * SOFTWARE.  If software is modified to produce derivative works, such
 * modified software should be clearly marked, so as not to confuse it
 * with the version available from LANL.
 *
 * Additionally, this library is free software; you can redistribute it
 * and/or modify it under the terms of the GNU Lesser General Public
 * License as published by the Free Software Foundation; either version 2.1
 * of the License, or (at your option) any later version. Accordingly, this
 * library is distributed in the hope that it will be useful, but WITHOUT
 * ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
 * FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public
 * License for more details.
 *
 * Los Alamos Computer Code LA-CC-06-105
 */

#ifndef SIFExport_h_
#define SIFExport_h_
#if defined(_MSC_VER)
#if defined(SIF_DLL)
#define SIF_EXPORT __declspec(dllexport)
#else
#define SIF_EXPORT __declspec(dllimport)
#endif
#pragma warning(disable : 4503)
#else
#define SIF_EXPORT
#endif
#endif
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/**
 * File:             sif-io.c
 * Date:             December 17, 2004
 * Author:           Damian Eads
 * Description:      A C library for manipulating Sparse Image Format (SIF) files.
 *
 * Copyright (C) 2004-2006 The Regents of the University of California.
 * Copyright (C) 2006-2008 Los Alamos National Security, LLC.
 * 
 * This material was produced under U.S. Government contract 
 * DE-AC52-06NA25396 for Los Alamos National Laboratory (LANL), which is 
 * operated by Los Alamos National Security, LLC for the U.S.
 * Department of Energy. The U.S. Government has rights to use, 
 * reproduce, and distribute this software.  NEITHER THE 
 * GOVERNMENT NOR LOS ALAMOS NATIONAL SECURITY, LLC MAKES ANY WARRANTY, 
 * EXPRESS OR IMPLIED, OR ASSUMES ANY LIABILITY FOR THE USE OF THIS 
 * SOFTWARE.  If software is modified to produce derivative works, such 
 * modified software should be clearly marked, so as not to confuse it 
 * with the version available from LANL.
 *
 * Additionally, this library is free software; you can redistribute it 
 * and/or modify it under the terms of the GNU Lesser General Public 
 * License as published by the Free Software Foundation; either version 2.1 
 * of the License, or (at your option) any later version. Accordingly, this 
 * library is distributed in the hope that it will be useful, but WITHOUT 
 * ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or 
 * FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public 
 * License for more details.
 *
 * Los Alamos Computer Code LA-CC-06-105
 */

#include "sif-io.h"

#ifndef WIN32
#include <errno.h>
#include <strings.h>
#include <unistd.h>
#endif

/**#define SIF_ASSERT assert(0)**/  /** used for debugging.**/
#include <stdlib.h>
#include <string.h>
#include <assert.h>
#include <math.h>

/** By defining the macro definition below, as opposed to the one above,
    SIF does not return when an error occurs when executing a function
    in the SIF API. */

#define SIF_ASSERT 

#ifdef WIN32
#define SIF_RECORD file->sys_error_no = GetLastError();
#else
#define SIF_RECORD file->sys_error_no = errno;
#endif

#define SIF_ERROR_CHECK(cond, code) if (cond) { file->error = code; file->error_line_no = __LI
NE__; SIF_RECORD; SIF_ASSERT; }
#define SIF_ERROR_CHECK_RETURN(cond, code, retcode) if (cond) { file->error = code; file->erro
r_line_no = __LINE__; SIF_RECORD; SIF_ASSERT; return retcode; }
#define SIF_ERROR_CHECK_RETURN_V(cond, code) if (cond) { file->error = code; file->error_line_
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no = __LINE__; SIF_RECORD; SIF_ASSERT; return; }
#define SIF_ERROR_RETURN(code) if (file->error != 0) { SIF_RECORD; SIF_ASSERT; return code; }
#define SIF_ERROR_RETURN_V() if (file->error != 0) { SIF_RECORD; SIF_ASSERT; return; }

#define SIF_SIZE_FLAG_ARRAY(num_bits) (CEIL_DIV(num_bits, 8))
#define SIF_GET_BIT(uca, i) ((uca[i / 8] >> (7-(i % 8))) & 0x1)
#define SIF_SET_BIT(uca, i) (uca[i / 8] |= ((0x1) << (7-(i % 8))))
#define SIF_CLEAR_BIT(uca, i) (uca[i / 8] &= ˜((0x1) << (7-(i % 8))))

#define SIF_HASH_TABLE_SIZE 128

/** The three below are function versions of the three macros above. **/

/**
 * Return a non-zero integer if i’th bit in the character array is set.
 *
 * @param v    The character array to retrieve the bit.
 * @param i    The bit number of the bit to retrieve.
 *
 * @return A non-zero integer if the bit is set.
 */
u_int _sif_get_bit(const u_char *v, u_int i) {
  return SIF_GET_BIT(v, i);
}

/**
 * Sets the i’th bit in the character array.
 *
 * @param v    The character array to retrieve the bit.
 * @param i    The bit number of the bit to retrieve.
 *
 * @return The first character in the array.
 */
int _sif_set_bit(u_char *v, u_int i) {
  SIF_SET_BIT(v, i);
  return (int)*v;
}

/**
 * Clears the i’th bit in the character array.
 *
 * @param v    The character array to retrieve the bit.
 * @param i    The bit number of the bit to retrieve.
 *
 * @return The first character in the array.
 */
int _sif_clear_bit(u_char *v, u_int i) {
  SIF_CLEAR_BIT(v, i);
  return (int)*v;
}

/** Dan Bernstein’s hash. */

unsigned long _sif_hash(const unsigned char *str) {
  unsigned long hash = 5381;
  int c = *str;
  while (c != 0) {
    hash = ((hash << 5) + hash) + c; /* hash * 33 + c */  
    str++;
    c = *str;
  }
  return hash;
}
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/**
 * Swaps the data elements in a buffer to change the byte order.
 *
 * @param n_bytes    The number of bytes in the buffer on which to change the byte order.
 * @param elem_size  The number of bytes per element, assumed to be even.
 */

void _sif_swap_bytes(unsigned char *buffer,
                              int n_bytes, int elem_size) {
  int i, j, k, m;
  const int esz_h = elem_size / 2;   /** Half the number of bytes per element. */
  unsigned char tmp;
  for (i = 0; i < esz_h; i++) {
    m = esz_h - i - 1;  /* The byte index to byte swapped. */
    /** For each element, the i’th byte of the element is going to be swapped with
        the m’th.

        We loop over the bytes in the buffer with two looper variables, j and k.

          j: the byte index (in the buffer!) of the byte of the element to swap
          k: the byte index (in the buffer!) of the byte of the element to swap

    **/
    for (j = i, k = m; k < n_bytes; j += elem_size, k += elem_size) {
      tmp = buffer[k];
      buffer[k] = buffer[i];
      buffer[i] = tmp;
    }
  }
}

void _sif_buffer_host_to_big(unsigned char *buffer, int n_bytes, int elem_size) {
#if defined(WIN32) || __BYTE_ORDER == __LITTLE_ENDIAN
  _sif_swap_bytes(buffer, n_bytes, elem_size);
#elif __BYTE_ORDER == __BIG_ENDIAN
  return;
#endif  
}

void _sif_buffer_host_to_little(unsigned char *buffer, int n_bytes, int elem_size) {
#if defined(WIN32) || __BYTE_ORDER == __LITTLE_ENDIAN
  return;
#elif __BYTE_ORDER == __BIG_ENDIAN
  _sif_swap_bytes(buffer, n_bytes, elem_size);
#endif  
}

void _sif_buffer_host_to_code(unsigned char *buffer, int n_bytes, int elem_size, int simple_en
dian_code) {
  if (simple_endian_code == SIF_SIMPLE_BIG_ENDIAN) {
    _sif_buffer_host_to_big(buffer, n_bytes, elem_size);
  }
  if (simple_endian_code == SIF_SIMPLE_LITTLE_ENDIAN) {
    _sif_buffer_host_to_little(buffer, n_bytes, elem_size);
  }
}

void _sif_buffer_little_to_host(unsigned char *buffer, int n_bytes, int elem_size) {
#if defined(WIN32) || __BYTE_ORDER == __LITTLE_ENDIAN
  return;
#elif __BYTE_ORDER == __BIG_ENDIAN
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  _sif_swap_bytes(buffer, n_bytes, elem_size);
#endif  
}

void _sif_buffer_big_to_host(unsigned char *buffer, int n_bytes, int elem_size) {
#if defined(WIN32) || __BYTE_ORDER == __LITTLE_ENDIAN
  _sif_swap_bytes(buffer, n_bytes, elem_size);
#elif __BYTE_ORDER == __BIG_ENDIAN
  return;
#endif  
}

void _sif_buffer_code_to_host(unsigned char *buffer, int n_bytes, int elem_size, int simple_en
dian_code) {
  if (simple_endian_code == SIF_SIMPLE_BIG_ENDIAN) {
    _sif_buffer_big_to_host(buffer, n_bytes, elem_size);
  }
  if (simple_endian_code == SIF_SIMPLE_LITTLE_ENDIAN) {
    _sif_buffer_little_to_host(buffer, n_bytes, elem_size);
  }
}

void _sif_fwrite64_with_swap(sif_file *file, size_t size, size_t nmemb, const void *buffer) {
  SIF_ERROR_CHECK_RETURN_V(_sif_simple_alloc_region_buffer(file, size * nmemb) == 0, SIF_ERROR
_MEM);
  memcpy(file->simple_region_buffer, buffer, size * nmemb);
  _sif_swap_bytes(file->simple_region_buffer, size * nmemb, size);
  FWRITE64V(file->simple_region_buffer, size, nmemb, file->fp);
}

void _sif_fwrite64_without_swap(sif_file *file, size_t size, size_t nmemb, const void *buffer)
 {
  FWRITE64V(buffer, size, nmemb, file->fp);
}

void _sif_fread64_with_swap(sif_file *file, size_t size, size_t nmemb, void *buffer) {
  FREAD64V(buffer, size, nmemb, file->fp);
  _sif_swap_bytes(buffer, size * nmemb, size);
}

void _sif_fread64_without_swap(sif_file *file, size_t size, size_t nmemb, void *buffer) {
  FREAD64V(buffer, size, nmemb, file->fp);
}

typedef void (*sif_buffer_preprocessor) (sif_file *file, size_t size, size_t nmemb, void *buff
er);

/** These two macros check if the file pointer is null, the header is not null, and if the fil
e version
    is compatible with this library version. */

#define SIF_CHECK_FILE(fp) if (fp == 0) { \
                                       return 0; \
                                   } else if (fp->header == 0) { \
                                       fp->error = SIF_ERROR_NULL_HDR;    \
                                       return 0; \
                                   } else if (fp->header->version > SIF_VERSION) { \
                                       fp->error = SIF_ERROR_INCOMPATIBLE_VERSION; \
                                       return 0; \
                                   }

#define SIF_CHECK_FILE_V(fp) if (fp == 0) { \
                                       return; \
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                                     } else if (fp->header == 0) { \
                                       fp->error = SIF_ERROR_NULL_HDR; \
                                       return; \
                                     } else if (fp->header->version > SIF_VERSION) { \
                                       fp->error = SIF_ERROR_INCOMPATIBLE_VERSION; \
                                       return; \
                                     }

#ifdef WIN32
#define FILE_IS_OKAY(fp) (fp != INVALID_HANDLE_VALUE)
#define bzero(buf, n) memset(buf, 0, n);
#define FCLOSE64(fp) _sif_close_win(fp);
#define REWIND64(fp) SIF_ERROR_CHECK_RETURN(_sif_fseek_win(fp, 0, FILE_BEGIN) == -1, SIF_ERROR
_SEEK, 0)
#define REWIND64V(fp) SIF_ERROR_CHECK_RETURN_V(_sif_fseek_win(fp, 0, FILE_BEGIN) == -1, SIF_ER
ROR_SEEK)
#define REWIND64NEC(fp) _sif_fseek_win(fp, 0, FILE_BEGIN)
#define FSEEK64(fp, loc, typ) SIF_ERROR_CHECK_RETURN(_sif_fseek_win(fp, loc, _sif_linux_to_win
32_seek_type(typ)) == -1, SIF_ERROR_SEEK, 0)
#define FSEEK64V(fp, loc, typ) SIF_ERROR_CHECK_RETURN_V(_sif_fseek_win(fp, loc, _sif_linux_to_
win32_seek_type(typ)) == -1, SIF_ERROR_SEEK)
#define FSEEK64NEC(fp, loc, typ) _sif_fseek_win(fp, loc, _sif_linux_to_win32_seek_type(typ))
#define FWRITE64(buf, els, nel, fp) SIF_ERROR_CHECK_RETURN(_sif_fwrite_win(fp, buf, els * nel)
 == 0, SIF_ERROR_WRITE, 0)
#define FWRITE64V(buf, els, nel, fp) SIF_ERROR_CHECK_RETURN_V(_sif_fwrite_win(fp, buf, els * n
el) == 0, SIF_ERROR_WRITE)
#define FWRITE64CNT(buf, cnt, fp) cnt += sizeof(buf); SIF_ERROR_CHECK_RETURN(_sif_fwrite_win(f
p, &(buf), sizeof(buf)) == 0, SIF_ERROR_WRITE, 0)
#define FWRITE64INT32CNT(vv, cnt, fp) cnt += 4; SIF_ERROR_CHECK_RETURN(_sif_write_int32(fp, vv
) == 0, SIF_ERROR_WRITE, 0)
#define FWRITE64INT32(vv, fp) SIF_ERROR_CHECK_RETURN(_sif_write_int32(fp, vv) == 0, SIF_ERROR_
WRITE, 0)
#define FWRITE64DOUBLE64CNT(vv, cnt, fp) cnt += 8; SIF_ERROR_CHECK_RETURN(_sif_write_double64(
fp, vv) == 0, SIF_ERROR_WRITE, 0)
#define FWRITE64DOUBLE64(vv, fp) SIF_ERROR_CHECK_RETURN(_sif_write_double64(fp, vv) == 0, SIF_
ERROR_WRITE, 0)
#define FWRITE64NEC(buf, els, nel, fp) (_sif_fwrite_win(fp, buf, els * nel) / els)
#define FREAD64(buf, els, nel, fp) SIF_ERROR_CHECK_RETURN(_sif_fread_win(fp, buf, els * nel) =
= 0, SIF_ERROR_READ, 0)
#define FREAD64V(buf, els, nel, fp) SIF_ERROR_CHECK_RETURN_V(_sif_fread_win(fp, buf, els * nel
) == 0, SIF_ERROR_READ)
#define FREAD64CNT(buf, cnt, fp) cnt += sizeof(buf); SIF_ERROR_CHECK_RETURN(_sif_fread_win(fp,
 &(buf), sizeof(buf)) == 0, SIF_ERROR_READ, 0)
#define FREAD64INT32CNT(vv, cnt, fp) cnt += 4; SIF_ERROR_CHECK_RETURN(_sif_read_int32(fp, &(vv
)) == 0, SIF_ERROR_READ, 0)
#define FREAD64INT32(vv, fp) SIF_ERROR_CHECK_RETURN(_sif_read_int32(fp, &(vv)) == 0, SIF_ERROR
_READ, 0)
#define FREAD64INT32NEC(vv, fp) _sif_read_int32(fp, &(vv))
/** NEC -- No Error Checking. */
#define FREAD64NEC(buf, els, nel, fp) (_sif_fread_win(fp, buf, els * nel) / els)
#else
#define FILE_IS_OKAY(fp) (fp)
#define FCLOSE64(fp) fclose(fp);
#define REWIND64(fp) SIF_ERROR_CHECK_RETURN(fseek(fp, ((off64_t)0), SEEK_SET) != 0,  SIF_ERROR
_SEEK, 0)
#define REWIND64V(fp) SIF_ERROR_CHECK_RETURN_V(fseek(fp, ((off64_t)0), SEEK_SET) != 0, SIF_ERR
OR_SEEK)
#define REWIND64NEC(fp) fseek(fp, ((off64_t)0), SEEK_SET)
#define FSEEK64(fp, loc, typ) SIF_ERROR_CHECK_RETURN(fseek(fp, ((off64_t)loc), (typ)) != 0, SI
F_ERROR_SEEK, 0)
#define FSEEK64V(fp, loc, typ) SIF_ERROR_CHECK_RETURN_V(fseek(fp, ((off64_t)loc), (typ)) != 0,
 SIF_ERROR_SEEK)
#define FSEEK64NEC(fp, loc, typ) fseek(fp, ((off64_t)loc), (typ))
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#define FWRITE64(buf, els, nel, fp) SIF_ERROR_CHECK_RETURN(fwrite(buf, els, nel, fp) != nel, S
IF_ERROR_WRITE, 0)
#define FWRITE64V(buf, els, nel, fp) SIF_ERROR_CHECK_RETURN_V(fwrite(buf, els, nel, fp) != nel
, SIF_ERROR_WRITE)
#define FWRITE64CNT(buf, cnt, fp) cnt += sizeof(buf); SIF_ERROR_CHECK_RETURN(fwrite(&(buf), si
zeof(buf), 1, fp) != 1, SIF_ERROR_WRITE, 0)
#define FWRITE64INT32(vv, fp) SIF_ERROR_CHECK_RETURN(_sif_write_int32(fp, vv) == 0, SIF_ERROR_
WRITE, 0)
#define FWRITE64INT32CNT(vv, cnt, fp) cnt += 4; SIF_ERROR_CHECK_RETURN(_sif_write_int32(fp, vv
) == 0, SIF_ERROR_WRITE, 0)
#define FWRITE64DOUBLE64(vv, fp) SIF_ERROR_CHECK_RETURN(_sif_write_double64(fp, vv) == 0, SIF_
ERROR_WRITE, 0)
#define FWRITE64DOUBLE64CNT(vv, cnt, fp) cnt += 8; SIF_ERROR_CHECK_RETURN(_sif_write_double64(
fp, vv) == 0, SIF_ERROR_WRITE, 0)
#define FWRITE64NEC(buf, els, nel, fp) fwrite(buf, els, nel, fp)
#define FREAD64(buf, els, nel, fp) SIF_ERROR_CHECK_RETURN(fread(buf, els, nel, fp) != nel, SIF
_ERROR_READ, 0)
#define FREAD64V(buf, els, nel, fp) SIF_ERROR_CHECK_RETURN_V(fread(buf, els, nel, fp) != nel, 
SIF_ERROR_READ)
#define FREAD64CNT(buf, cnt, fp) cnt += sizeof(buf); SIF_ERROR_CHECK_RETURN(fread(&(buf), size
of(buf), 1, fp) != 1, SIF_ERROR_READ, 0)
#define FREAD64INT32CNT(vv, cnt, fp) cnt += 4; SIF_ERROR_CHECK_RETURN(_sif_read_int32(fp, &(vv
)) == 0, SIF_ERROR_READ, 0)
#define FREAD64INT32(vv, fp) SIF_ERROR_CHECK_RETURN(_sif_read_int32(fp, &(vv)) == 0, SIF_ERROR
_READ, 0)
#define FREAD64DOUBLE64CNT(vv, cnt, fp) cnt += 8; SIF_ERROR_CHECK_RETURN(_sif_read_double64(fp
, &(vv)) == 0, SIF_ERROR_READ, 0)
#define FREAD64DOUBLE64(vv, fp) SIF_ERROR_CHECK_RETURN(_sif_read_double64(fp, &(vv)) == 0, SIF
_ERROR_READ, 0)
#define FREAD64INT32NEC(vv, fp) _sif_read_int32(fp, &(vv))
/** NEC -- No Error Checking. */
#define FREAD64NEC(buf, els, nel, fp) fread(buf, els, nel, fp)
#endif

/**
 * Computes the minimum of two primitive values.
 */

#ifndef MAX
#define MAX(x, y) ((x > y) ? (x) : (y))
#endif

/**
 * Computes the minimum of two primitive values.
 */

#ifndef MIN
#define MIN(x, y) ((x < y) ? (x) : (y))
#endif

/**
 * Divides two integers (int or long) and takes the ceiling of the result as
 * if they were divided as real numbers.
 */

#ifndef CEIL_DIV
#define CEIL_DIV(x, y) ((((double)x)/(double)y) == ((double)((x)/(y))) ? ((x)/(y)) : ((x)/(y) 
+ 1))
#endif

#define SIF_VERSION 2

/**
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 * Returns the latest version of the SIF file format that the
 * currently loaded SIF library can process.
 *
 * @return The version number.
 */

long sif_get_version() {
  return SIF_VERSION;
}

/** Function prototype. The function definition has more specific
documentation.*/

static int _sif_is_uniform(sif_file *file, const void *data, int extentX, int extentY);
#ifdef WIN32

/**
 * A POSIX-like wrapper function around the Windows API for closing
 * files. The FCLOSE64 macro uses this function instead of fclose when
 * Visual Studio is used as the compiler. This ensures consistency,
 * i.e., FCLOSE64 always evaluates to an integer.
 *
 * @param hFile The windows handle of the file to close.
 *
 * @return Always returns 0.
 */

static int _sif_close_win(HANDLE hFile) {
  /** Flushing should be unnecessary, but I’ve noticed strange behavior
      for files accessed over the network without it. */
  FlushFileBuffers(hFile);

  /** Finally, close the handle. */
  CloseHandle(hFile);
  return 0;
}

/**
 * A POSIX-like wrapper function for seeking using the Windows API for
 * seeking within potentially large (i.e. 64-bit) byte-addressable
 * files.
 *
 * @param hf         The file to seek.
 * @param distance   The distance from the starting point to seek.
 * @param MoveMethod Defines how the starting point is
 *                   calculated, e.g. FILE_BEGIN means the starting
 *                   point is the begining of the file. Pass
 *                   a POSIX-whence field to
 *                   _sif_linux_to_win32_seek_type, and it will
 *                   return the POSIX equivalent.
 *
 * @return 0 if successful, -1 if unsuccessful.
 * @see _sif_linux_to_win32_seek_type
 */

static long long _sif_fseek_win(HANDLE hf, long long distance, DWORD MoveMethod) {
         unsigned long dwMoveHigh, nMoveLow;
   LARGE_INTEGER li;

   int rc = 0;

   /** Calculate the windows high and low seek offsets. */
   li.QuadPart = distance;
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   nMoveLow = li.LowPart;
   dwMoveHigh = li.HighPart;
   /**rc = SetFilePointerEx(hf, m, &p, MoveMethod);**/

   /** Set the error status to no error.. */
   SetLastError(0);

   /** Set the location in the file accordingly. */
   rc = SetFilePointer(hf, (LONG)nMoveLow, (PLONG)&dwMoveHigh, MoveMethod);

   /** See if windows gets an error... */
   if (GetLastError() != NO_ERROR) {
     /** ... if so, return a negative status code. */
     return -1;
   }

   /** if not, return zero. */
   return 0;
}

/**
 * A POSIX-like wrapper to the Windows API function for writing to
 * large files. Writing starts at the current position in the
 * file.
 *
 * @param hFile     The file to write.
 * @param buffer    The buffer containing the bytes to be written to
 *                  the file.
 * @param num_bytes The number of bytes to write to the file.
 *
 * @return The number of bytes written.
 */

static DWORD _sif_fwrite_win(HANDLE hFile, void *buffer, DWORD num_bytes) {
   DWORD bytes_written;
   int rc;
   rc = WriteFile(hFile, buffer, num_bytes, &bytes_written, NULL);
   /** If an error occurred, return 0, giving the caller the
       indication that no bytes were written.*/
   if (rc == 0) {
      return 0; 
   }
   /** Otherwise, return the number of bytes written by the Windows
       API. */
   return bytes_written;
}

/**
 * A wrapper to the Windows API function for reading from large
 * files. Read starts at the current position in the file.
 *
 * @param hFile     The file to read.
 * @param buffer    The buffer to store the read bytes.
 * @param num_bytes The number of bytes to read from the file.
 *
 * @return The number of bytes read.
 */

static DWORD _sif_fread_win(HANDLE hFile, void *buffer, DWORD num_bytes) {
   DWORD bytes_read;
   int rc;
   rc = ReadFile(hFile, buffer, num_bytes, &bytes_read, NULL);
   if (rc == 0) {
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      return 0; 
   }
   return bytes_read;
}

/**
 * A POSIX-like wrapper to the Windows API function for reading from
 * large files. Read starts at the current position in the
 * file.
 *
 * @param hFile     The file to read.
 * @param size      The size of each member.
 * @param nmemb     The number of members to write.
 * @param stream    The buffer to store the bytes read.
 *
 * @return The number of bytes read. If an error occurs or the end of
 * file is reached, this value may not necessarily equal size * nmemb.
 */

static DWORD _sif_fread(HANDLE ptr, size_t size, size_t nmemb, void *stream) {
        return (_sif_fread_win(ptr, stream, size * nmemb) == size * nmemb) ? nmemb : 0;
}

/**
 * Translates a POSIX fseek/fseek64 code into a WIN32 API seek code. More
 * specifically, SEEK_SET returns FILE_BEGIN, SEEK_CUR returns FILE_CURRENT,
 * and SEEK_END returns FILE_END.<p>
 *
 * This function is useful because it allows SIF I/O library functions
 * to use the macros FXXX macros and pass the POSIX seek-type
 * equivalents. When Visual Studio is used as the compiler, the macro
 * converts the POSIX equivalents to windows equivalents using this function.
 *
 * @param whence The POSIX fseek code.
 *
 * @return The Windows API equivalent code.
 */

static DWORD _sif_linux_to_win32_seek_type(int whence) {
  DWORD retval = FILE_BEGIN;
  switch (whence) {
  case SEEK_SET:
    retval = FILE_BEGIN;
    break;
  case SEEK_CUR:
    retval = FILE_CURRENT;
    break;
  case SEEK_END:
    retval = FILE_END;
    break;
  }
  return retval;
}

#else

/** If Visual Studio is not the compiler, wrapping fread is easy. We don’t
 even need a function. */ 
#define _sif_fread(ptr, size, nmemb, stream) fread((FILE*)ptr, size, nmemb, stream)
#endif

/**
 * To ensure portability across platforms, the byte ordering must be
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 * consistent for all 32-bit integers written to a file. This function
 * takes in a non-portable long and writes the 32 most-significant
 * bits to the buffer in big-endian network byte order.
 *
 * @param val   The value to write to the buffer.
 * @param ptr   A buffer containing at least 4 bytes (32-bits). This
 *              function guarantees that only the first 4 bytes will
 *              be written.
 */

static void _sif_int32_to_packed_bytes(long val, u_char *ptr) {
  ptr[0] = (val >> 24) & 0xFF;
  ptr[1] = (val >> 16) & 0xFF;
  ptr[2] = (val >> 8) & 0xFF;
  ptr[3] = val & 0xFF;
}

/**
 * To ensure portability across platforms, the byte ordering must be
 * consistent for all 64-bit integers written to a file. This function
 * takes in a non-portable long and writes the 64 most-significant
 * bits to the buffer in big-endian network byte order.
 *
 * @param val   The value to write to the buffer.
 * @param ptr   A buffer containing at least 8 bytes (64-bits). This
 *              function guarantees that only the first 8 bytes will
 *              be written.
 */

static void _sif_int64_to_packed_bytes(long long val, u_char *ptr) {
  ptr[0] = (val >> 56) & 0xFF;
  ptr[1] = (val >> 48) & 0xFF;
  ptr[2] = (val >> 40) & 0xFF;
  ptr[2] = (val >> 32) & 0xFF;
  ptr[4] = (val >> 24) & 0xFF;
  ptr[5] = (val >> 16) & 0xFF;
  ptr[6] = (val >> 8) & 0xFF;
  ptr[7] = val & 0xFF;
}

/**
 * This function takes in a buffer containing at least 4 bytes and
 * reads a 32-bit integer value from it. It assumes the integer value
 * is stored in big-endian network byte order.
 *
 * @param ptr   A buffer containing at least 4 bytes (32-bits) from
 *              which to read the 32-bit integer value stored as a
 *              big-endian.
 *
 * @return The long value.
 */

static long _sif_packed_bytes_to_int32(const u_char* ptr) {
 // MSB first
 return ((long)ptr[0] << 24) | ((long)ptr[1] << 16)
   | ((long)ptr[2] << 8) | (long)ptr[3];
} 

/**
 * This function takes in a buffer containing at least 4 bytes and
 * reads a 64-bit integer value from it. It assumes the integer value
 * is stored in big-endian network byte order.
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 *
 * @param ptr   A buffer containing at least 8 bytes (64-bits) from
 *              which to read the 64-bit integer value stored as a
 *              big-endian.
 *
 * @return The long value.
 */

static long long sif_packed_bytes_to_int64(const u_char* ptr) {
 // MSB first
 return ((long long)ptr[0] << 56) | ((long long)ptr[1] << 48)
   | ((long long)ptr[2] << 40) | ((long long)ptr[3] << 32)
   | ((long long)ptr[4] << 24) | ((long long)ptr[5] << 16)
   | ((long long)ptr[6] << 8) | (long long)ptr[7];
} 

static double _sif_swap_double64(const double val) {
  double retval;
  unsigned char *out = (unsigned char *)&retval;
  const unsigned char *in = (unsigned char *)&val;
  for (int i = 0; i < 8; i++) {
    out[i] = in[7-i];
  }
  return retval;
}

static double _sif_swap_float32(const float val) {
  float retval;
  unsigned char *out = (unsigned char *)&retval;
  const unsigned char *in = (unsigned char *)&val;
  for (int i = 0; i < 4; i++) {
    out[i] = in[4-i];
  }
  return retval;
}

static double _sif_hton_double64(const double val) {
  double retval;
  /** If we’re on a windows machine, assume ’val’ is little endian (even
      Windows on DEC-Alpha requires little-endian.) Otherwise, assume
      big-endian.*/
#if defined(WIN32) || __BYTE_ORDER == __LITTLE_ENDIAN
  retval = _sif_swap_double64(val);
#elif __BYTE_ORDER == __BIG_ENDIAN
  retval = val;
#endif
  return retval;
}

static double  _sif_ntoh_double64(const double val) {
  double retval;
#if defined(WIN32) || __BYTE_ORDER == __LITTLE_ENDIAN
  retval = _sif_swap_double64(val);
#elif __BYTE_ORDER == __BIG_ENDIAN
  retval = val;
#endif
  return retval;
}

static int _sif_write_double64(sif_file *file, const double val) {
  double net = _sif_hton_double64(val);
  if (FWRITE64NEC(&net, sizeof(u_char), 8, file->fp) != 8) {
    return 0;
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  }
  return 1;
}

static int _sif_read_double64(sif_file *file, double *val) {
  double *net = (double*)file->ubuf;
  if (FREAD64NEC(file->ubuf, sizeof(u_char), 8, file->fp) != 8) {
    return 0;
  }
  *val = _sif_ntoh_double64(*net);
  return 1;
}

/**
 * Write an integer to a file in big endian network byte order. Only
 * the first 32 significant bits of an integer are considered.
 *
 * @param file   The file on which to write an integer.
 * @param long   The integer to write.
 *
 * @return 1 if successful, 0 if an error occurred.
 */

static int _sif_write_int32(sif_file *file, long val) {
  _sif_int32_to_packed_bytes(val, (u_char*)&(file->ubuf));
  if (FWRITE64NEC(&(file->ubuf), sizeof(u_char), 4, file->fp) != 4) {
    return 0;
  }
  return 1;
}

/**
 * Read an integer from a file in big endian network byte order. Four
 * bytes are read, and the integer is assumed to be stored as a big
 * endian.
 *
 * @param file   The file on which to write an integer.
 * @param long   The integer to write.
 *
 * @return 1 if successful, 0 if an error occurred.
 */

static int _sif_read_int32(sif_file *file, long *val) {
  if (FREAD64NEC(&(file->ubuf), sizeof(u_char), 4, file->fp) != 4) {
    return 0;
  }
  *val = _sif_packed_bytes_to_int32((const u_char *)&(file->ubuf));
  return 1;
}

/**
 * A shallow check for complete uniformity. Each flag in the tiles
 * header is examined however the raster is not scanned for
 * uniformity.
 *
 * @param tile_no The tile to check for complete uniformity.
 *
 * @return Returns true iff all bands in a tile are uniform.
 */

static int _sif_completely_uniform_shallow(sif_file *file, long i) {
  sif_tile *tile = file->tiles + i;
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  sif_header *hd = file->header;
  int j, retval = 0xFF;
  u_char *last_flag_byte = tile->uniform_flags + (hd->n_uniform_flags - 1);
  *last_flag_byte = (u_char)(0xFF >> (8 - (hd->bands % 8))) | *last_flag_byte;
  for (j = 0; j < hd->n_uniform_flags && retval == 0xFF; j++) {
    retval = retval & tile->uniform_flags[j];
  }
  return retval == 0xFF;
}

/**
 * Returns true if a band in a tile is uniform.
 */

static int _sif_band_of_tile_is_uniform_shallow(sif_file *file, long i, long b) {
  sif_tile *tile = file->tiles + i;
  return SIF_GET_BIT(tile->uniform_flags, b);
}

/**
 * Computes the starting offset for a specific data block in the file. This
 * offset is computed by multiplying the block size in bytes by the block
 * index passed and adding the location where the block data starts.
 *
 * @param file      A pointer to a sif file of interest.
 * @param block_num The index of the block in the file passed.
 *
 * @return          The offset where the data starts.
 */

static LONGLONG          _sif_get_block_location(const sif_file *file, long block_num) {
  assert(block_num >= 0LL);
  return file->base_location
    + ((LONGLONG)file->header->tile_bytes * (LONGLONG)block_num);
}

/**
 * Allocates enough space for the meta-data table.
 *
 * @return The newly allocated meta-data table.
 */

static sif_meta_data   **_sif_alloc_meta_data_table() {
  sif_meta_data **result = (sif_meta_data**)malloc(sizeof(sif_meta_data*) * SIF_HASH_TABLE_SIZ
E);
  if (result != 0) {
    bzero(result, sizeof(sif_meta_data*) * SIF_HASH_TABLE_SIZE);
  }
  return result;
}

/**
 * Frees the space for the meta-data table and the items inside of it.
 */

static void            _sif_free_meta_data(sif_file *file) {
  int j;
  sif_meta_data *cur, *next = 0;
  for (j = 0; j < SIF_HASH_TABLE_SIZE; j++) {
    for (cur = file->meta_data[j]; cur != 0; cur = next) {
      next = cur->next;
      free(cur->value);
      free(cur->key);
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    }
  }
  free(file->meta_data);
}

/**
 * Allocates enough space for a header struct. Sets all header values to their
 * defaults (usually zero).
 *
 * @return          A pointer to a newly allocated header struct.
 *                  Returns zero if an error occurred during allocation.
 */

static sif_header       *_sif_alloc_header() {
  sif_header *retval = 0;
  retval = (sif_header*)malloc(sizeof(sif_header));
  if (retval != 0) {
    bzero(retval, sizeof(sif_header));
  }
  return retval;
}

/**
 * Allocates enough space for a SIF file pointer struct. Sets all values to
 * their defaults (usually zero).
 *
 * @return          A pointer to a newly allocated file pointer struct.
 *                  Returns zero if an error occurred during allocation.
 */

static sif_file         *_sif_alloc_fp() {
  sif_file *retval = 0;
  retval = (sif_file*)malloc(sizeof(sif_file));
  if (retval != 0) {
    bzero(retval, sizeof(sif_file));
  }
  return retval;
}

/**
 * Allocates enough space for all the SIF tile header structures.
 *
 * @param           n_tiles The number of tiles to allocate.
 *
 * @return          A pointer to a newly allocated file pointer struct.
 *                  Returns zero if an error occurred during allocation.
 */

static sif_tile         *_sif_alloc_tile_headers(sif_file *file) {
  sif_tile *retval = 0, *tile;
  sif_header *hd = file->header;
  int i, s = SIF_SIZE_FLAG_ARRAY(hd->bands);

  /** Allocate enough space (in bytes) to hold the "band" number of
      flags for all tiles. */
  u_char *master_uf = (u_char*)malloc(hd->n_tiles * s);

  /** Allocate enough space to hold the uniform pixel values for each
      tile and for each band.*/
  u_char *master_upv = (u_char*)malloc(hd->n_tiles * hd->bands * hd->data_unit_size);
  retval = (sif_tile*)malloc(sizeof(sif_tile) * hd->n_tiles);

  /** If there was an error allocating any block, free all allocated blocks
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      and exit. */
  if (retval == 0 || master_uf == 0 || master_upv == 0) {
    free(master_uf);
    free(master_upv);
    free(retval);
    return 0;
  }

  /** Set everything to be initially uniform. */
  bzero(master_upv, hd->n_tiles * hd->bands * hd->data_unit_size);
  memset(master_uf, 0xFF, s * hd->n_tiles);
  if (retval != 0) {
    for (i = 0; i < hd->n_tiles; i++) {
      tile = retval + i;
      /** The flags for ALL the tiles are stored in one big array. Do
       some point arithmetic so the tile’s header points to its
       flags.*/
      tile->uniform_flags = master_uf + (i * s);

      /** Do the same kind of thing for the uniform pixel values. */
      tile->uniform_pixel_values = master_upv + (i * hd->bands * hd->data_unit_size);

      /** Initially, no raster block is allocated for the tiles. */
      tile->block_num = -1;
    }
  }

  /** We need enough space to hold uniform pixel values,
      the uniformity flags, and the block number (32-bits).*/
  hd->tile_header_bytes = hd->bands * hd->data_unit_size + s + 4;

  /**
   * The number of bytes to store the uniformity flags. Thus,
   * s = Ceil(number_of_flags / 8).
   */
  hd->n_uniform_flags = s;
  return retval;
}

/**
 * Free the tile headers for a file.
 *
 * @param file  The file to free the headers.
 */

static void            _sif_free_tile_headers(sif_file *file) {
  /** Since the fields uniform flags and uniform_pixel_values
      are both located in a continguous blocks across all
      tile headers, we can free the fields of the first tile,
      thereby free all the data for the other tiles. */
  free(file->tiles->uniform_flags);
  free(file->tiles->uniform_pixel_values);
  free(file->tiles);
  file->tiles = 0;
}

/**
 * Writes the header for the file passed.
 *
 * @param           file The file pointer corresponding to the file
 *                       to write the header.
 */
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static int             _sif_write_header(sif_file *file) {
  sif_header *hd = file->header;
  int cnt = 0, dummy = 0, i;
  REWIND64(file->fp);
  FWRITE64INT32CNT(dummy, cnt, file);
  FWRITE64CNT(hd->magic_number, cnt, file->fp);
  FWRITE64INT32CNT(file->use_file_version, cnt, file);
  hd->version = file->use_file_version;
  FWRITE64INT32CNT(hd->width, cnt, file);
  FWRITE64INT32CNT(hd->height, cnt, file);
  FWRITE64INT32CNT(hd->bands, cnt, file);
  FWRITE64INT32CNT(hd->n_keys, cnt, file);
  FWRITE64INT32CNT(hd->n_tiles, cnt, file);
  FWRITE64INT32CNT(hd->tile_width, cnt, file);
  FWRITE64INT32CNT(hd->tile_height, cnt, file);
  FWRITE64INT32CNT(hd->tile_bytes, cnt, file);
  FWRITE64INT32CNT(hd->n_tiles_across, cnt, file);
  FWRITE64INT32CNT(hd->data_unit_size, cnt, file);
  FWRITE64INT32CNT(hd->user_data_type, cnt, file);
  FWRITE64INT32CNT(hd->defragment, cnt, file);
  FWRITE64INT32CNT(hd->consolidate, cnt, file);
  FWRITE64INT32CNT(hd->intrinsic_write, cnt, file);
  FWRITE64INT32CNT(hd->tile_header_bytes, cnt, file);
  FWRITE64INT32CNT(hd->n_uniform_flags, cnt, file);
  /** For SIF file versions 2 and higher, floats/doubles are big-endian.
      SIF file version 1 has an anomaly where the float is written as
      little-endian while the ints are written as big-endian. */

  /** Version 1 logic. **/
  if (hd->version < 2 || file->use_file_version < 2) {
    for (i = 0; i < 6; i++) {
      FWRITE64CNT(hd->affine_geo_transform[i], cnt, file->fp);
    }
  }
  /** Version 2 and higher logic. **/
  else {
    for (i = 0; i < 6; i++) {
      FWRITE64DOUBLE64CNT(hd->affine_geo_transform[i], cnt, file);
    }
  }
  REWIND64(file->fp);
  FWRITE64INT32(cnt, file);
  file->header_bytes = cnt;
  return 1;
}

/**
 * Reads the header from the file passed.
 *
 * @param           file The file pointer corresponding to the file
 *                       to write the header.
 */

static int             _sif_read_header(sif_file *file) {
  sif_header *hd = file->header;
  int cnt = 0, i;
  REWIND64(file->fp);
  FREAD64INT32CNT(file->header_bytes, cnt, file);
  FREAD64CNT(hd->magic_number, cnt, file->fp);
  FREAD64INT32CNT(hd->version, cnt, file);
  file->use_file_version = hd->version;
  FREAD64INT32CNT(hd->width, cnt, file);
  FREAD64INT32CNT(hd->height, cnt, file);
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  FREAD64INT32CNT(hd->bands, cnt, file);
  FREAD64INT32CNT(hd->n_keys, cnt, file);
  FREAD64INT32CNT(hd->n_tiles, cnt, file);
  FREAD64INT32CNT(hd->tile_width, cnt, file);
  FREAD64INT32CNT(hd->tile_height, cnt, file);
  FREAD64INT32CNT(hd->tile_bytes, cnt, file);
  FREAD64INT32CNT(hd->n_tiles_across, cnt, file);
  FREAD64INT32CNT(hd->data_unit_size, cnt, file);
  FREAD64INT32CNT(hd->user_data_type, cnt, file);
  FREAD64INT32CNT(hd->defragment, cnt, file);
  FREAD64INT32CNT(hd->consolidate, cnt, file);
  FREAD64INT32CNT(hd->intrinsic_write, cnt, file);
  FREAD64INT32CNT(hd->tile_header_bytes, cnt, file);
  FREAD64INT32CNT(hd->n_uniform_flags, cnt, file);

  if (hd->version < 2) {
    for (i = 0; i < 6; i++) {
      FREAD64CNT(hd->affine_geo_transform[i], cnt, file->fp);
    }
  }
  else if (hd->version >= 2) {
    for (i = 0; i < 6; i++) {
      FREAD64DOUBLE64CNT(hd->affine_geo_transform[i], cnt, file);
    }
  }
  return 1;
}

/**
 * Writes tile headers for the file passed.
 *
 * @param           file The file pointer corresponding to the file
 *                       to write the header.
 */

static int             _sif_write_tile_headers(sif_file *file) {
  long i = 0;
  long long base = file->header_bytes;
  sif_tile *tile = 0;
  sif_header *hd = file->header;
  FSEEK64(file->fp, base, SEEK_SET);
  for (; i < hd->n_tiles; i++, base += hd->tile_header_bytes) {
    tile = file->tiles + i;
    FWRITE64(tile->uniform_pixel_values, hd->data_unit_size, hd->bands, file->fp);
    FWRITE64(tile->uniform_flags, 1, hd->n_uniform_flags, file->fp);
    FWRITE64INT32(tile->block_num, file);
  }
  return 0;
}

/**
 * Reads tile headers for the file passed.
 *
 * @param           file The file pointer corresponding to the file
 *                       to write the header.
 */

static int             _sif_read_tile_headers(sif_file *file) {
  long i = 0, j = 1;
  long long base = file->header_bytes;
  sif_header *hd = file->header;
  sif_tile *tile = 0;
  FSEEK64(file->fp, base, SEEK_SET);
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  for (; i < hd->n_tiles; i++, base += hd->tile_header_bytes) {
    tile = file->tiles + i;
    FREAD64(tile->uniform_pixel_values, hd->data_unit_size, hd->bands, file->fp);
    FREAD64(tile->uniform_flags, 1, hd->n_uniform_flags, file->fp);
    FREAD64INT32(tile->block_num, file);
  }
  return j;
}

/**
 * Writes a specific tile header for the file passed.
 *
 * @param           file     The file pointer corresponding to the file
 *                           to write the header.
 * @param           tile     The tile to write.
 * @param           tile_num The number of the tile to write.
 */

static int               _sif_write_tile_header(sif_file *file, sif_tile *tile, long tile_num)
 {
  LONGLONG loc;
  sif_header *hd = file->header;
  assert(file);
  assert(tile_num >= 0L);
  assert(tile_num < file->header->n_tiles);
  /** In theory, our tile header block would never be longer than the size of a long long.*/
  loc = (LONGLONG)(file->header_bytes + tile_num * file->header->tile_header_bytes);
  /** Set the location.*/
  FSEEK64(file->fp, loc, SEEK_SET);
  /** Write to the file. */
  FWRITE64(tile->uniform_pixel_values, hd->data_unit_size, hd->bands, file->fp);
  FWRITE64(tile->uniform_flags, 1, hd->n_uniform_flags, file->fp);
  FWRITE64INT32(tile->block_num, file);
  return 1;
}

/**
 * Retrieves a meta-data pair by its key so that its value may be inspected
 * or modified. Returns 0 if the meta-data pair corresponding to the key
 * could not be found.
 *
 * @param file     The file on which to perform the operation.
 * @param key      The key of the meta-data pair to retrieve.
 *
 * @return A pointer to the meta-data pair, 0 if not found.
 */

sif_meta_data*   _sif_get_meta_data_pair(sif_file *file, const char *key) {
  sif_header *hd = 0;
  sif_meta_data *q = 0, *r = 0, *result = 0;
  unsigned int hash;
  SIF_CHECK_FILE(file);
  hash = _sif_hash(key) % SIF_HASH_TABLE_SIZE;
  hd = file->header;
  q = file->meta_data[hash];
  for (r = q; r != 0; r = r->next) {
    if (strcmp(key, r->key) == 0) {
      result = r;
      break;
    }
  }
  result = r;
  return result;
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}

/**
 * Unlink a meta-data pair by its key. The function simply unlinks it from
 * the collision chain but does not delocate the pair or its key and value
 * fields. Returns the pair unlinked so it may be deallocated by the
 * caller.
 *
 * This function is guaranteed to modify only the next field of any
 * meta-data pair in the file. The next field of the meta-data pair unlinked
 * is set to NULL for safety.
 *
 * @param     file       The file on which to perform the operation.
 * @param     key        The key of the meta-data pair to remove.
 *
 * @return The unlinked meta-data pair.
 */
sif_meta_data           *_sif_unlink_meta_data_pair(sif_file *file, const char *key) {
  sif_meta_data *q = 0, *r = 0, *result = 0, *prev = 0;
  unsigned int hash;
  SIF_CHECK_FILE(file);
  hash = _sif_hash(key) % SIF_HASH_TABLE_SIZE;
  q = file->meta_data[hash];
  for (r = q; r != 0; r = r->next) {
    if (strcmp(key, r->key) == 0) {
      result = r;
      /** If the previous is NULL, then the pair we’re unlinking is certainly
          the first element. Thus, the new first element becomes the result’s
          next.*/
      if (prev == 0) {
        file->meta_data[hash] = result->next;
      }
      else {
        prev->next = result->next;
      }
      result->next = 0;
      break;
    }
    prev = r;
  }
  return r;
}

void           _sif_insert_meta_data_pair(sif_file *file, const char *key, sif_meta_data *to_i
nsert) {
  sif_meta_data *q = 0, *result = 0;
  unsigned int hash;
  SIF_CHECK_FILE_V(file);
  hash = _sif_hash(key) % SIF_HASH_TABLE_SIZE;
  to_insert->next = file->meta_data[hash];
  file->meta_data[hash] = to_insert;
  (file->header->n_keys)++;
}

const int        _sif_null_terminator_check(const char *v, int n) {
  int i;
  for (i = 0; i < n; i++) {
    if (v[0] == 0x00) { return 1; }
  }
  return 0;
}
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/* See sif-io.h for detailed documentation of public functions. */
const void*      sif_get_meta_data_binary(sif_file *file, const char *key, int *n_bytes) {
  const void *retval = 0; /** By default, null is returned (not found).*/
  sif_meta_data *q = 0;
  SIF_CHECK_FILE(file);
  q = _sif_get_meta_data_pair(file, key);
  if (q == 0) {
    file->error = SIF_ERROR_META_DATA_KEY;
    *n_bytes = 0;
  }
  else {
    *n_bytes = q->value_length;
    retval = q->value;
  }
  return retval;
}

/* See sif-io.h for detailed documentation of public functions. */
const char       *sif_get_meta_data(sif_file *file, const char *key) {
  const char *retval = 0; /** By default, null is returned (not found).*/
  sif_meta_data *q = 0;
  SIF_CHECK_FILE(file);
  q = _sif_get_meta_data_pair(file, key);
  if (q == 0) {
    file->error = SIF_ERROR_META_DATA_KEY;
    retval = 0;
  }
  else {
    retval = (char*)q->value;
    if (!_sif_null_terminator_check(retval, q->value_length)) {
      file->error = SIF_ERROR_META_DATA_VALUE;
    }
  }
  return retval;
}

/**
 * Sets a meta-data field with a given key to a value. The
 * length of the value is specified, thereby allowing for
 * binary, non-null-terminated, meta-data.
 *
 * @param file      The file to set the meta-data.
 * @param key       The key of the field to set.
 * @param value     The value for which to set the field.
 * @param value_len The length of the value.
 */

static void             _sif_set_meta_data_len(sif_file *file, const char *key, const char *va
lue, int value_len) {
  int success = 0, key_len;       /** We need room for the null terminator. */
  sif_meta_data *i = 0;

  assert(file);
  i = _sif_get_meta_data_pair(file, key);
  if (i == 0) {
    key_len = strlen(key) + 1;
    SIF_ERROR_CHECK_RETURN_V((i = (sif_meta_data*)malloc(sizeof(sif_meta_data))) == 0, SIF_ERR
OR_MEM);
    SIF_ERROR_CHECK_RETURN_V((i->value = (char*)malloc(value_len * sizeof(char))) == 0, SIF_ER
ROR_MEM);
    SIF_ERROR_CHECK_RETURN_V((i->key = (char*)malloc(key_len * sizeof(char))) == 0, SIF_ERROR_
MEM);
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    i->key_length = key_len;
    i->value_length = value_len;
    memcpy(i->key, key, sizeof(char) * key_len);
    memcpy(i->value, value, sizeof(char) * value_len);
    _sif_insert_meta_data_pair(file, key, i);
  }
  else {
    if (value_len != i->value_length) {
      SIF_ERROR_CHECK_RETURN_V((i->value = (char*)realloc(i->value, value_len * sizeof(char)))
 == 0, SIF_ERROR_MEM);
      i->value_length = value_len;
      memcpy(i->value, value, sizeof(char) * value_len);
    }
  }

}

/* See sif-io.h for detailed documentation of public functions. */
void             sif_set_meta_data(sif_file *file, const char *key, const char *value) {
  SIF_CHECK_FILE_V(file);
  _sif_set_meta_data_len(file, key, value, strlen(value) + 1);
}

/* See sif-io.h for detailed documentation of public functions. */
void             sif_set_meta_data_binary(sif_file *file, const char *key, const void *buffer,
 int n_bytes) {
  SIF_CHECK_FILE_V(file);
  _sif_set_meta_data_len(file, key, (const char*)buffer, n_bytes);
}

/**
 * Return the last used block index in the file.
 *
 * @param file The file to compute the last used block index.
 *
 * @return The last used block index. -1 is returned
 *         if no blocks are in use.
 */

static long         _sif_get_last_used_block_index(sif_file *file) {
  long i = 0;
  long last_known_used_block = -1;
  for (; i < file->header->n_tiles; i++) {
    if (file->blocks_to_tiles[i] != -1) {
      last_known_used_block = i;
    }
  }
  return last_known_used_block;
}

/**
 * Truncate the file at a particular position.
 *
 * @param file   The file to truncate.
 * @param pos    The position of truncation.
 */

static void             _sif_truncate(sif_file *file, LONGLONG pos) {
#ifdef WIN32
  FSEEK64V(file->fp, pos, SEEK_SET);
  SIF_ERROR_CHECK_RETURN_V(SetEndOfFile(file->fp) == 0, SIF_ERROR_TRUNCATE)
#else
  SIF_ERROR_CHECK_RETURN_V(ftruncate(fileno(file->fp), pos) != 0, SIF_ERROR_TRUNCATE);
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#endif
}

/**
 * Read the meta-data from the disk, storing the contents in
 * the file structure for easy access.
 *
 * @param file   The file to read the meta data.
 */
static void             _sif_read_meta_data(sif_file *file) {
  sif_header *header = 0;
  LONGLONG loc = 0;
  unsigned int i = 0;
  long val = 0;
  int n_keys;

  /**  sif_meta_data *md = 0;**/
  sif_meta_data md;
  header = file->header;

  n_keys = header->n_keys;
  header->n_keys = 0;
  /** move the file pointer to one after the last used block. **/
  loc = _sif_get_block_location(file, _sif_get_last_used_block_index(file) + 1);
  FSEEK64V(file->fp, loc, SEEK_SET);

  /**
   * This code is usually executed during an open. As such, the file structure
   * has not been completely initialized. FREAD64NEC must be used instead of FREAD64
   * because we must free the memory before returning upon an error.
   */
  for (i = 0; i < n_keys; i++) {
    if (FREAD64INT32NEC(val, file) == 0) {
      _sif_free_meta_data(file);
      SIF_ERROR_CHECK_RETURN_V(1, SIF_ERROR_READ);
    }
    md.key_length = (unsigned long)val;
    if ((md.key = malloc(sizeof(char) * md.key_length)) == 0) {
      _sif_free_meta_data(file);
      SIF_ERROR_CHECK_RETURN_V(1, SIF_ERROR_MEM);
    }
    if (md.key_length != 0) {
      (md.key)[md.key_length - 1] = 0;
    }
    if (FREAD64NEC(md.key, 1, md.key_length, file->fp) != md.key_length) {
      free(md.key);
      _sif_free_meta_data(file);
      SIF_ERROR_CHECK_RETURN_V(1, SIF_ERROR_READ);
    }
    if (FREAD64INT32NEC(val, file) == 0) {
      free(md.key);
      _sif_free_meta_data(file);
      SIF_ERROR_CHECK_RETURN_V(1, SIF_ERROR_READ);
    }
    md.value_length = val;
    if ((md.value = malloc(sizeof(char) * md.value_length)) == 0) {
      free(md.key);
      _sif_free_meta_data(file);
      SIF_ERROR_CHECK_RETURN_V(1, SIF_ERROR_MEM);
    }
    /**    (md.value)[md.value_length] = 0;**/
    if (FREAD64NEC(md.value, 1, md.value_length, file->fp) == 0) {
      free(md.value);



sif/sif-io.c Wed Apr 09 12:14:10 2014 23

      free(md.key);
      _sif_free_meta_data(file);
      SIF_ERROR_CHECK_RETURN_V(1, SIF_ERROR_READ);
    }
    sif_set_meta_data_binary(file, md.key, md.value, md.value_length);
    free(md.value);
    free(md.key);
    if (file->error) {
      return;
    }
  }
}

/**
 * Write the meta data from the file structure to the disk.
 *
 * @param file        The file containing the meta-data structure to write.
 */

static int             _sif_write_meta_data(sif_file *file) {
  sif_header *header = 0;
  LONGLONG loc = 0, eofpos = 0;
  sif_meta_data *i = 0;
  int j = 0;
  header = file->header;
  loc = _sif_get_block_location(file, _sif_get_last_used_block_index(file) + 1);
  eofpos = loc;
  FSEEK64(file->fp, loc, SEEK_SET);
  for (j = 0; j < SIF_HASH_TABLE_SIZE; j++) {
    for (i = file->meta_data[j]; i != 0; i = i->next) {
      FWRITE64INT32(i->key_length, file); eofpos += 4;
      FWRITE64(i->key, i->key_length, 1, file->fp); eofpos += i->key_length;
      FWRITE64INT32(i->value_length, file); eofpos += 4;
      FWRITE64(i->value, i->value_length, 1, file->fp); eofpos += i->value_length;
    }
  }
  eofpos = eofpos + 1;
  _sif_truncate(file, eofpos);
  return 1;
}

/* See sif-io.h for detailed documentation of public functions. */
void             sif_get_tile_slice(sif_file *file, void *buffer, long tx, long ty, long band)
 {
  sif_tile *tile = 0;
  sif_header *hd = 0;
  long i = 0, tile_num = 0;
  LONGLONG pos = 0;
  u_char *data = buffer, *upv;
  //  printf("get x: %d y: %d b: %d\n", tx, ty, band);
  SIF_CHECK_FILE_V(file);
  hd = file->header;
  if (tx < 0 || ty < 0 || tx >= hd->n_tiles_across) {
    file->error = SIF_ERROR_INVALID_TN;
    return;
  }
  if (band < 0 || band >= hd->bands) {
    file->error = SIF_ERROR_INVALID_BAND;
    return;
  }
  if (buffer == 0) {
    file->error = SIF_ERROR_INVALID_BUFFER;
    return;
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  }
  tile_num = (hd->n_tiles_across * ty) + tx;
  tile = file->tiles + tile_num;
  bzero(buffer, hd->data_unit_size * file->units_per_slice);
  if (_sif_band_of_tile_is_uniform_shallow(file, tile_num, band)) {
          upv = tile->uniform_pixel_values + (hd->data_unit_size * band);
          if (hd->data_unit_size > 1) {
                for (i = 0, data = buffer; i < file->units_per_slice; i++, data += hd->data_un
it_size) {
                        memcpy(data, upv, hd->data_unit_size);
                }
          }
          else {
                memset(data, upv[0], file->units_per_slice);
          }
  }
  else {
    pos = _sif_get_block_location(file, tile->block_num) + (hd->data_unit_size * file->units_p
er_slice) * band;
    FSEEK64V(file->fp, pos, SEEK_SET);
    FREAD64V(buffer, hd->data_unit_size, file->units_per_slice, file->fp);
  }
  return;
}

/* See sif-io.h for detailed documentation of public functions. */
void            sif_fill_tile_slice(sif_file *file, long tx, long ty, long band, const void *v
alue) {
  sif_tile *tile;
  sif_header *hd = 0;
  long tile_num;
  SIF_CHECK_FILE_V(file);
  hd = file->header;
  if (tx < 0 || ty < 0 || tx >= hd->n_tiles_across) {
    file->error = SIF_ERROR_INVALID_TN;
    return;
  }
  if (band < 0 || band >= hd->bands) {
    file->error = SIF_ERROR_INVALID_BAND;
    return;
  }
  if (value == 0) {
    file->error = SIF_ERROR_INVALID_BUFFER;
    return;
  }
  /** Compute the tile number using the stride stored in the header. */
  tile_num = (hd->n_tiles_across * ty) + tx;
  tile = file->tiles + tile_num;
  //  printf("set x: %d y: %d b: %d\n", tx, ty, band);

  /** We should not be changing tiles for read-only files. Return an error. */
  if (file->read_only) {
    file->error = SIF_ERROR_INVALID_FILE_MODE;
    return;
  }

  memcpy(tile->uniform_pixel_values + (hd->data_unit_size * band), value, hd->data_unit_size);
  SIF_SET_BIT(tile->uniform_flags, band);
  if (_sif_completely_uniform_shallow(file, tile_num) && tile->block_num != -1) {
    file->blocks_to_tiles[file->tiles[tile_num].block_num] = -1;
    file->tiles[tile_num].block_num = -1;
  }
  _sif_write_tile_header(file, tile, tile_num);
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  return;
}

/* See sif-io.h for detailed documentation of public functions. */
void            sif_fill_tiles(sif_file *file, long band, const void *value) {
  sif_tile *tile;
  sif_header *hd = 0;
  long tile_num;

  SIF_CHECK_FILE_V(file);
  hd = file->header;
  if (band < 0 || band >= hd->bands) {
    file->error = SIF_ERROR_INVALID_BAND;
    return;
  }
  if (value == 0) {
    file->error = SIF_ERROR_INVALID_BUFFER;
    return;
  }
  /** We should not be changing tiles for read-only files. Return an error. */
  if (file->read_only) {
     file->error = SIF_ERROR_INVALID_FILE_MODE;
     return;
  }

  for (tile_num = 0; tile_num < hd->n_tiles; tile_num++) {
     /** Compute the tile number using the stride stored in the header. */
     tile = file->tiles + tile_num;
     /**  printf("set x: %d y: %d b: %d\n", tx, ty, band);**/
  
     memcpy(tile->uniform_pixel_values + (hd->data_unit_size * band), value, hd->data_unit_siz
e);
     SIF_SET_BIT(tile->uniform_flags, band);
     if (_sif_completely_uniform_shallow(file, tile_num) && tile->block_num != -1) {
        file->blocks_to_tiles[file->tiles[tile_num].block_num] = -1;
        file->tiles[tile_num].block_num = -1;
     }
  }
  _sif_write_tile_headers(file);
}

/* See sif-io.h for detailed documentation of public functions. */
void            sif_set_tile_slice(sif_file *file, const void *buffer, long tx, long ty, long 
band) {
  sif_tile *tile = 0;
  sif_header *hd = 0;
  long i = 0, free_b = 0, extentX = 0, extentY = 0;             ;
  LONGLONG loc, tile_num;
  SIF_CHECK_FILE_V(file);
  hd = file->header;

  if (tx < 0 || ty < 0 || tx >= hd->n_tiles_across) {
    file->error = SIF_ERROR_INVALID_TN;
    return;
  }
  if (band < 0 || band >= hd->bands) {
    file->error = SIF_ERROR_INVALID_BAND;
    return;
  }
  if (buffer == 0) {
    file->error = SIF_ERROR_INVALID_BUFFER;
    return;
  }
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  extentX = hd->tile_width;
  extentY = hd->tile_height;
  //  printf("set x: %d y: %d b: %d\n", tx, ty, band);
  /** We should not be changing tiles for read-only files. Return an error. */
  if (file->read_only) {
    file->error = SIF_ERROR_INVALID_FILE_MODE;
    return;
  }

  extentX = MIN(hd->tile_width, hd->width - tx * hd->tile_width);
  extentY = MIN(hd->tile_height, hd->height - ty * hd->tile_height);

  /** Compute the tile number using the stride stored in the header. */
  tile_num = (hd->n_tiles_across * ty) + tx;
  tile = file->tiles + tile_num;
  /** If the flag intrinsic_write is set, that means we check for pixel
      uniformity on a write. */
  if (hd->intrinsic_write && _sif_is_uniform(file, buffer, extentX, extentY)) {
    memcpy(tile->uniform_pixel_values + (hd->data_unit_size * band), buffer, hd->data_unit_siz
e);
    SIF_SET_BIT(tile->uniform_flags, band);
    if (_sif_completely_uniform_shallow(file, tile_num) && tile->block_num != -1) {
      file->blocks_to_tiles[file->tiles[tile_num].block_num] = -1;
      file->tiles[tile_num].block_num = -1;
    }
    _sif_write_tile_header(file, tile, tile_num);
    return;
  }
  /** If we’ve gotten here then the tile is non-uniform or we’re presuming that
      it is. If each slice of the tile cube was uniform before, we need to find
      a free spot on disk to put the tile cube. */
  if (tile->block_num == -1) {
    /** Look for the first free tile block. */
    for (i = 0; i < hd->n_tiles; i++) {
      if (file->blocks_to_tiles[i] == -1) {
        free_b = i;
        break;
      }
    }
    tile->block_num = free_b;
    file->blocks_to_tiles[free_b] = tile_num;
    loc = _sif_get_block_location(file, tile->block_num);
    FSEEK64V(file->fp, loc, SEEK_SET);
    /** Write the buffer out n times where n is the number of bands. Raster
        data stored for uniform bands will be ignored.*/
    for (i = 0; i < hd->bands; i++) {
      FWRITE64V((u_char*)buffer, hd->data_unit_size, file->units_per_slice, file->fp);
    }
 
  }
  /** If we already checked for pixel uniformity, we don’t need to do
      it again. */
  if (hd->intrinsic_write == 0) {
    file->dirty_tiles[tile_num] = 1;
  }
  /** Compute the location for the non-uniform slice and go there. */
  loc = _sif_get_block_location(file, tile->block_num) + hd->data_unit_size * file->units_per_
slice * band;
  FSEEK64V(file->fp, loc, SEEK_SET);
  /** Write the non-uniform slice to disk. */
  FWRITE64V((u_char*)buffer, hd->data_unit_size, file->units_per_slice, file->fp);

  /** Set the uniformity flag for this band to false. */



sif/sif-io.c Wed Apr 09 12:14:10 2014 27

  SIF_CLEAR_BIT(tile->uniform_flags, band);

  /** Write the tile header out to disk. */
  _sif_write_tile_header(file, tile, tile_num);
}

/* See sif-io.h for detailed documentation of public functions. */
static void             _sif_swap_blocks(sif_file *file, long a, long b, void *da, void *db, i
nt assign) {
  LONGLONG pos_a = 0, pos_b = 0, tb = file->header->tile_bytes;
  if (a == b) {
    return;
  }
  pos_a = _sif_get_block_location(file, a);
  pos_b = _sif_get_block_location(file, b);
  if (a != -1 && !assign) {
    FSEEK64V(file->fp, pos_a, SEEK_SET);
    FREAD64V((unsigned char*)da, 1, tb, file->fp);
  }
  if (b != -1) {
    FSEEK64V(file->fp, pos_b, SEEK_SET);
    FREAD64V((unsigned char*)db, 1, tb, file->fp);
  }
  if (a != -1 && !assign) {
    FSEEK64V(file->fp, pos_b, SEEK_SET);
    FWRITE64V((unsigned char*)da, 1, tb, file->fp);
  }
  if (b != -1) {
    FSEEK64V(file->fp, pos_a, SEEK_SET);
    FWRITE64V((unsigned char*)db, 1, tb, file->fp);
  }
}

/* See sif-io.h for detailed documentation of public functions. */
void             sif_set_raster(sif_file* file, const void *data,
                                long x, long y, long w, long h, long band) {
  const unsigned char *datav = data; /** makes VC++ happy. can’t do
                                         pointer arithmetic on void*’s! */
  long tnx1, tny1, tnx2, tny2; /** the starting and ending tile indices. */
  long sxt, syt, ext, eyt;     /** the starting and ending coordinates on the tile raster. */
  long sxd, syd;               /** the starting coordinates on the data raster. */
  long cyd, cyt;               /** the current ordinates for the data and tile rasters. */
  long tx, ty;                 /** the current working tile indices. */
  long tw, th, trs, dus, wdus; /** the tile width, height, data unit size, scan line byte size
. */
  sif_header *hd;                  /** header */
  unsigned char *buffer;                     /** buffer */
  SIF_CHECK_FILE_V(file);
  if (file->read_only) {
    return;
  }
  hd = file->header;
  if (x < 0 || y < 0) {
    file->error = SIF_ERROR_INVALID_COORD;
    return;
  }
  if (w < 1 || h < 1 || x + w > hd->width || y + h > hd->height) {
    file->error = SIF_ERROR_INVALID_REGION_SIZE;
    return;
  }
  if (band < 0 || band >= hd->bands) {
    file->error = SIF_ERROR_INVALID_BAND;
    return;
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  }
  buffer = file->buffer[0];
  tw = hd->tile_width;
  th = hd->tile_height;
  trs = hd->n_tiles_across;
  dus = hd->data_unit_size;/** size of a single pixel in bytes. */
  wdus = dus * w;          /** width of a single scan line. */
  tnx1 = x / tw;           /** the starting tile horizontal index. */
  tny1 = y / th;           /** the starting tile vertical index. */
  tnx2 = (x + w - 1) / tw; /** the end tile horizontal index. */
  tny2 = (y + h - 1) / th; /** the end tile vertical index. */
  for (ty = tny1; ty <= tny2; ty++) {
    for (tx = tnx1; tx <= tnx2; tx++) {
      /** grab the tile. */
      sif_get_tile_slice(file, buffer, tx, ty, band);
      sxt = MAX(0, x - tx * tw);                  /** starting x pixel on tile raster. */
      syt = MAX(0, y - ty * th);                  /** starting y pixel on tile raster. */
      ext = MIN(tw - 1, x + w - 1 - (tx * tw));   /** ending x pixel on tile raster. */
      eyt = MIN(th - 1, y + h - 1 - (ty * th));   /** ending y pixel on tile raster. */
      sxd = (tx * tw + sxt) - x;                  /** starting x pixel on data raster. */
      syd = (ty * th + syt) - y;                  /** starting y pixel on data raster. */

      /** copy the window from the raster to the tile.*/
      for (cyd = syd, cyt = syt; cyt <= eyt; cyd++, cyt++) {
        memcpy(buffer + (cyt * trs) + (sxt * dus), datav + (cyd * wdus) + (sxd * dus), (ext - 
sxt + 1) * dus);
      }
      /** put the tile back with modifications. */
      sif_set_tile_slice(file, buffer, tx, ty, band);
      if (file->error) {
        return;
      }
    }
  }
}

/**
 * Retrieves an entire tile (all bands).
 *
 * @param file    The file where the tile is stored.
 * @param tile_no The index of the tile.
 * @param data    The buffer to store the result of the read.
 */

void              _sif_get_tile(sif_file *file, LONGLONG tile_no, unsigned char *data) {
  sif_tile *tile = file->tiles + tile_no;
  sif_header *hd = file->header;
  u_char *buffer = 0;
  u_char *upv = 0;
  long i = 0, j = 0;
  LONGLONG pos = 0;
  bzero(data, hd->tile_bytes);
  buffer = data;
  for (i = 0; i < hd->bands; i++) {
    buffer = ((u_char*)data) + (file->units_per_slice * hd->data_unit_size * i);
        if (_sif_completely_uniform_shallow(file, tile_no)) {
                upv = tile->uniform_pixel_values + i * hd->data_unit_size;
                if (hd->data_unit_size == 1) {
                        for (j = 0; j < file->units_per_slice; j++, buffer += hd->data_unit_si
ze) {
                                memcpy(buffer, upv, hd->data_unit_size);
                        }
                }
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                else {
                        memset(buffer, upv[0], file->units_per_slice);
                }
        }
        else {
                pos = _sif_get_block_location(file, tile->block_num) + file->units_per_slice *
 hd->data_unit_size * i;
                FSEEK64V(file->fp, pos, SEEK_SET);
                FREAD64V(buffer, 1, hd->tile_bytes, file->fp);
        }
  }
  return;
}

/* See sif-io.h for detailed documentation of public functions. */
void             sif_get_raster(sif_file* file, void *data,
                                long x, long y, long w, long h, long band) {
  unsigned char *datav = data;
  long tnx1, tny1, tnx2, tny2; /** the starting and ending tile indices. */
  long sxt, syt, ext, eyt;     /** the starting and ending coordinates on the tile raster. */
  long sxd, syd;               /** the starting coordinates on the data raster. */
  long cyd, cyt;               /** the current ordinates for the data and tile rasters. */
  long tx, ty;                 /** the current working tile indices. */
  long tw, th, trs, dus, wdus; /** the tile width, height, data unit size, scan line byte size
. */
  sif_header *hd;                  /** header */
  unsigned char *buffer;                    /** buffer */
  SIF_CHECK_FILE_V(file);
  hd = file->header;
  if (x < 0 || y < 0) {
    file->error = SIF_ERROR_INVALID_COORD;
    return;
  }
  if (w < 1 || h < 1 || x + w > hd->width || y + h > hd->height) {
    file->error = SIF_ERROR_INVALID_REGION_SIZE;
    return;
  }
  if (band < 0 || band >= hd->bands) {
    file->error = SIF_ERROR_INVALID_BAND;
    return;
  }
  buffer = file->buffer[0];
  tw = hd->tile_width;
  th = hd->tile_height;
  trs = hd->n_tiles_across;
  dus = hd->data_unit_size;/** size of a single pixel in bytes. */
  wdus = dus * w;          /** width of a single scan line. */
  tnx1 = x / tw;           /** the starting tile horizontal index. */
  tny1 = y / th;           /** the starting tile vertical index. */
  tnx2 = (x + w - 1) / tw; /** the end tile horizontal index. */
  tny2 = (y + h - 1) / th; /** the end tile vertical index. */
  for (ty = tny1; ty <= tny2; ty++) {
    for (tx = tnx1; tx <= tnx2; tx++) {

      sxt = MAX(0, x - tx * tw);                  /** starting x pixel on tile raster. */
      syt = MAX(0, y - ty * th);                  /** starting y pixel on tile raster. */
      ext = MIN(tw - 1, x + w - 1 - (tx * tw));   /** ending x pixel on tile raster. */
      eyt = MIN(th - 1, y + h - 1 - (ty * th));   /** ending y pixel on tile raster. */
      sxd = (tx * tw + sxt) - x;                  /** starting x pixel on data raster. */
      syd = (ty * th + syt) - y;                  /** starting y pixel on data raster. */

      /** grab the tile. */
      sif_get_tile_slice(file, buffer, tx, ty, band);
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      /** copy the window from the tile to the input raster.*/
      for (cyd = syd, cyt = syt; cyt <= eyt; cyd++, cyt++) {
        memcpy(datav + (cyd * wdus) + (sxd * dus), buffer + (cyt * trs) + (sxt * dus), (ext - 
sxt + 1) * dus);
      }
    }
  }
}

/* See sif-io.h for detailed documentation of public functions. */
int              sif_is_shallow_uniform(sif_file *file, long x, long y, long w, long h, long b
and, void *uniform_value) {
  sif_header *hd = file->header;
  long sx = 0;            /** starting tile x index **/
  long sy = 0;            /** starting tile y index **/
  long ex = 0;            /** ending tile x index **/
  long ey = 0;            /** ending tile y index **/
  long ix, iy;            /** current tile index. */
  int uniform = 1;
  sif_tile *first_tile = 0;
  u_char *upv = 0;
  SIF_CHECK_FILE(file);
  hd = file->header;
  sx = x / hd->tile_width;
  sy = y / hd->tile_height;
  ex = (x + w - 1) / hd->tile_width;
  ey = (y + h - 1) / hd->tile_height;
  first_tile = file->tiles + ((hd->n_tiles_across * sy) + sx);
  upv = ((u_char*)first_tile->uniform_pixel_values) + hd->data_unit_size * band;

  /** Scan through each tile in the region. If we reach a tile that is
      uncompressed, stop, return false.  If we reach a tile that is
      compressed but whose data differs from the first tile, stop,
      return false.  If we scan through every tile, and each one is
      compressed and has a uniform pixel value that is identical to
      the first tile, return true. Note that we incure the cost,
      albeit minimal, by comparing the first tile with itself. This
      approach has the advantage of avoiding an extra if in the for
      statement.*/

  for (ix = sx; (ix <= ex) && uniform; ix++) {
    for (iy = sy; (iy <= ey) && uniform; iy++) {
      uniform =
        uniform
        && sif_is_slice_shallow_uniform(file, ix, iy, band, uniform_value)
        && !memcmp(upv, uniform_value, hd->data_unit_size);
    }
  }
  return uniform;
}

/* See sif-io.h for detailed documentation of public functions. */
int              sif_is_slice_shallow_uniform(sif_file *file, long tx, long ty, long band,
                                              void *uniform_value) {
  sif_header *hd = 0;
  long tile_num = 0;
  sif_tile *tile = 0;
  u_char *upv = 0;
  SIF_CHECK_FILE(file);

  hd = file->header;
  tile_num = (hd->n_tiles_across * ty) + tx;
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  tile = file->tiles + tile_num;
  upv = ((u_char*)tile->uniform_pixel_values) + band * hd->data_unit_size;

  /** Is the bit for the band set? If so, the tile is compressed. Copy the
      uniform pixel value and return true. */
  if (SIF_GET_BIT(tile->uniform_flags, band)) {
    memcpy(uniform_value, upv, hd->data_unit_size);
    return 1;
  }
  /** The band is not compressed. Return false. */
  return 0;
}

/**
 * Check whether a tile (all bands) is uniform. If the tile is found to be
 * uniform (i.e., each data unit in the tile is represented by an identical
 * sequence of bytes), this common data unit sequence is stored in the
 * tile’s header, and the physical block is freed. If the tile is already
 * uniform, no change is made to the file or tile header. The tile’s dirty flag
 * is set to FALSE (not dirty) upon completion.
 *
 * @param file    The file containing the tile to check.
 * @param tile_no The index of the tile to check.
 * @param data    A buffer which contains enough bytes to store the tile.
 */

static int             _sif_uniform_check(sif_file *file, long tile_no, void *data) {
  long i = 0;  
  int uniform = 1;
  sif_tile *tiles = file->tiles;
  sif_tile *tile = tiles + tile_no;
  sif_header *hd = file->header;
  u_char *datau = data, *upv = 0;
  long row = tile_no / hd->n_tiles_across, col = tile_no % hd->n_tiles_across, extentX = hd->t
ile_width, extentY = hd->tile_height;

  if (tile->block_num == -1) {
    return 1;
  }
  _sif_get_tile(file, tile_no, data);
  if (file->error != 0) {
    return -1;
  }

  extentX = MIN(hd->tile_width, hd->width - col * hd->tile_width);
  extentY = MIN(hd->tile_height, hd->height - row * hd->tile_height);

  for (i = 0; i < hd->bands; i++) {
    datau = ((u_char*)data) + (i * file->units_per_slice * hd->data_unit_size);
    if (!SIF_GET_BIT(tile->uniform_flags, i)
                && _sif_is_uniform(file, datau, extentX, extentY)
                && tile->block_num != -1) {
      upv = tile->uniform_pixel_values + (i * hd->data_unit_size);
      memcpy(upv, datau, hd->data_unit_size);
      SIF_SET_BIT(tile->uniform_flags, i);
    }
  }
  if (_sif_completely_uniform_shallow(file, tile_no) && tile->block_num != -1) {
    file->blocks_to_tiles[tiles[tile_no].block_num] = -1;
    tile->block_num = -1;
  }
  _sif_write_tile_header(file, tiles + tile_no, tile_no);
  return uniform;
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}

int             _sif_is_uniform(sif_file *file, const void *data, int extentX, int extentY) {
  int uniform = 1;
  long i = 0, j = 0, k = 0;
  const unsigned char *datav = data;
  unsigned char first, second;
  sif_header *hd = file->header;
  long data_unit_size = file->header->data_unit_size;
  long num_units = 0;
  num_units = extentY * hd->tile_width;
  if (data_unit_size == 1) {
    first = *datav;

        /** In the case of border tiles (right-most and bottom-most), we don’t want to evaluat
e pixels that
            are outside the image, thus, we have two for loops. */
        for (i = 0; i < num_units && uniform; i += hd->tile_width) {
                for (j = i, k = 0; k < extentX && uniform; j++, k++) {
                   uniform = uniform && (first == datav[j]);
                }
        }
  }
  /** If our data units are words, things are a bit more complicated. We
      still want to avoid using memcmp. */
  else if (data_unit_size == 2) {
    first = datav[0];
    second = datav[1];
    for (i = 0; i < num_units && uniform; i += hd->tile_width) {
          for (j = i, k = 0; k < extentX && uniform; j++, k++) {
        uniform = uniform && (first == datav[j * 2]) && (second == datav[j * 2 + 1]);
          }
    }
  }
  else {
        for (i = 0; i < num_units && uniform; i += hd->tile_width) {
          for (j = i, k = 0; k < extentX && uniform; j++, k++) {
        uniform = uniform && (memcmp(data,
                                     datav + (data_unit_size * j),
                                                                         data_unit_size) == 0)
;
          }
    }
  }
  return uniform;
}

/**
 * Check all tiles in a file for pixel uniformity. If any tiles are found
 * to be uniform (i.e., each data unit in a tile is represented by an
 * identical sequence of bytes), the common data units are stored
 * in the tile headers, and the physical storage blocks are freed. If
 * the consolidation flag in the file’s header is turned off or
 * the file is read only, this method does nothing.
 *
 * @param file   The file to mark for uniformity.
 */

static void             _sif_mark_uniform_tiles(sif_file *file, void *buffer) {
  long i = 0;
  sif_header *hd = file->header;
  if (file->read_only || !file->header->consolidate) {
    return;
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  }
  for (i = 0; i < hd->n_tiles; i++) {
    if (file->tiles[i].block_num != -1 && file->dirty_tiles[i]) {
      _sif_uniform_check(file, i, buffer);
      if (file->error != 0) {
        return;
      }
      file->dirty_tiles[i] = 0;
    }
  }
}

/* See sif-io.h for detailed documentation of public functions. */
void             sif_defragment(sif_file *file) {
  void *buf1, *buf2;
  sif_header *hd;
  LONGLONG i = 0, tn1 = 0, tn2 = 0, bn1 = 0, bn2 = 0;
  SIF_CHECK_FILE_V(file);
  if (file->read_only || !file->header->defragment) {
    return;
  }
  hd = file->header;
  buf1 = file->buffer[0];
  buf2 = file->buffer[1];
  for (i = 0, bn1 = 0; i < hd->n_tiles; i++) {
    if (file->tiles[i].block_num != -1) {
      bn2 = file->tiles[i].block_num;
      tn1 = file->blocks_to_tiles[bn1];
      tn2 = i;

      /** Swap the block nums for bookkeeping purposes. **/
      file->tiles[tn2].block_num = bn1;
      file->blocks_to_tiles[bn1] = tn2;

      /** It’s possible that the other tile is uniform... */
      if (tn1 != -1) {
        file->tiles[tn1].block_num = bn2;
        file->blocks_to_tiles[bn2] = tn1;
        _sif_write_tile_header(file, file->tiles + tn1, tn1);
        if (file->error != 0) {
          return;
        }
      }
      else {
        file->blocks_to_tiles[bn2] = -1;
      }

      /** Swap the disk blocks. **/
      _sif_swap_blocks(file, bn1, bn2, buf1, buf2, tn1 == -1);
      if (file->error != 0) {
        return;
      }

      _sif_write_tile_header(file, file->tiles + tn2, tn2);
      if (file->error != 0) {
        return;
      }
      bn1++;
    }
  }

  /** Truncate the file. */
  /**_sif_truncate(file, _sif_get_block_location(file, _sif_get_last_used_block_index(file) + 
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1));**/
  if (file->error != 0) {
    return;
  }

  /** We lost the meta data, write it out again. */
  _sif_write_meta_data(file);
  if (file->error != 0) {
    return;
  }
}

/* See sif-io.h for detailed documentation of public functions. */
sif_file*        sif_open(const char *filename, int read_only) {
  sif_file *retval = 0;
#ifdef WIN32
  HANDLE fp = 0;
#else
  FILE *fp = 0;
#endif
  sif_header *header = 0;
  int i = 0;
#ifdef WIN32
  if (read_only) {
    fp = CreateFile(TEXT(filename), GENERIC_READ, FILE_SHARE_READ | FILE_SHARE_WRITE, NULL, OP
EN_EXISTING, FILE_ATTRIBUTE_READONLY, NULL);
  }
  else {
    fp = CreateFile(TEXT(filename), GENERIC_READ | GENERIC_WRITE, FILE_SHARE_READ | FILE_SHARE
_WRITE, NULL, OPEN_EXISTING, FILE_ATTRIBUTE_NORMAL, NULL);
  }

#else
  if (read_only) {
    fp = fopen64(filename, "rb");
  }
  else {
    fp = fopen64(filename, "r+b");
  }
#endif
  if (FILE_IS_OKAY(fp)) {
    retval = _sif_alloc_fp();
    if (retval == 0) {
      return 0;
    }
    retval->fp = fp;
    retval->error = 0;
    header = (retval->header = _sif_alloc_header());
    if (header == 0) {
      free(retval);
      FCLOSE64(fp);
      return 0;
    }
    retval->tiles = 0;

    retval->meta_data = _sif_alloc_meta_data_table();
    retval->read_only = read_only;
    REWIND64NEC(fp);
    if (_sif_read_header(retval) != 1 ||
        header->version > SIF_VERSION ||
        strncmp(header->magic_number, SIF_MAGIC_NUMBER, SIF_MAGIC_NUMBER_SIZE) != 0 ||
        (retval->tiles = _sif_alloc_tile_headers(retval)) == 0) {
      free(header);
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      free(retval);
      FCLOSE64(fp);
      return 0;
    }
    retval->base_location =  retval->header_bytes + (header->tile_header_bytes * header->n_til
es);
    retval->units_per_tile = header->tile_width * header->tile_height * header->bands;
    retval->units_per_slice = header->tile_width * header->tile_height;

    if (_sif_read_tile_headers(retval) != 1 ||
        (retval->blocks_to_tiles = (long*)malloc(header->n_tiles * sizeof(long))) == 0 ||
        (retval->dirty_tiles = (long*)malloc(header->n_tiles * sizeof(long))) == 0 ||
        (retval->buffer[0] = malloc(header->tile_bytes)) == 0 ||
        (retval->buffer[1] = malloc(header->tile_bytes)) == 0) {
      free(header);
      free(retval->tiles);
      free(retval->blocks_to_tiles);
      free(retval->dirty_tiles);
      free(retval->buffer[0]);
      free(retval->buffer[1]);
      free(retval);
      FCLOSE64(fp);
      return 0;
    }
    bzero(retval->dirty_tiles, sizeof(long) * header->n_tiles);
    for (i = 0; i < header->n_tiles; i++) {
      retval->blocks_to_tiles[i] = -1;
    }
    for (i = 0; i < header->n_tiles; i++) {
      if (retval->tiles[i].block_num != -1) {
        retval->blocks_to_tiles[retval->tiles[i].block_num] = i;
      }
    }
    _sif_read_meta_data(retval);
    if (retval->error != 0) {
      free(header);
      free(retval->tiles);
      free(retval->blocks_to_tiles);
      free(retval->dirty_tiles);
      free(retval->buffer[0]);
      free(retval->buffer[1]);
      free(retval);
      FCLOSE64(fp);
    }
  }
  return retval;
}

/* See sif-io.h for detailed documentation of public functions. */
int              sif_close(sif_file* file) {
  int status = 0;
  /** Flush whatever data has not been written to disk. */
  sif_flush(file);
  _sif_free_tile_headers(file);
  _sif_free_meta_data(file);
  free(file->header);
  free(file->blocks_to_tiles);
  free(file->dirty_tiles);
  free(file->buffer[0]);
  free(file->buffer[1]);
  free(file->simple_region_buffer);
  status = FCLOSE64(file->fp);
  if (file->error) { free(file); return -1; }
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  free(file);
  return status;
}

/* See sif-io.h for detailed documentation of public functions. */
int             sif_flush(sif_file* file) {
  if (!file->read_only) {
    _sif_write_header(file);
    _sif_write_tile_headers(file);
    _sif_write_meta_data(file);
    /** Detect pixel uniformity in blocks. Any block that has pixel uniformity will be compres
sed. */
    if (file->header->consolidate) {
        sif_consolidate(file);
    }
    /** Defragment the block space. */
    if (file->header->defragment) {
        sif_defragment(file);
    }
#ifdef WIN32
    FlushFileBuffers(file->fp);
#else
    fflush(file->fp);
#endif
  }
  return 0;
}

/* See sif-io.h for detailed documentation of public functions. */
void             sif_consolidate(sif_file *file) {
  if (file->read_only || !file->header->consolidate) {
    return;
  }
  _sif_mark_uniform_tiles(file, file->buffer[0]);
  /**_sif_truncate(file, _sif_get_block_location(file, _sif_get_last_used_block_index(file) + 
1));**/
  _sif_write_meta_data(file);
}

/* See sif-io.h for detailed documentation of public functions. */
sif_file*        sif_create(const char *filename, long width, long height,
                            long bands, int data_unit_size,
                            int user_data_type, int consolidate_on_close,
                            int defragment_on_close,
                            long tile_width, long tile_height,
                            int intrinsic_write) {
  sif_file *retval = 0;
  sif_header *hd = 0;
  long i = 0, tb = tile_width * tile_height * bands * data_unit_size;

  /** Check for basic sanity of the arguments. */
  if (bands < 1 || width < 1 || height < 1 || tile_width < 1 || tile_height < 1 || data_unit_s
ize < 1
      || filename == 0) {
    return 0;
  }
#ifdef WIN32
  HANDLE fp = 0;
  fp = CreateFile(filename, GENERIC_READ | GENERIC_WRITE, FILE_SHARE_READ | FILE_SHARE_WRITE, 
NULL, CREATE_ALWAYS, FILE_ATTRIBUTE_NORMAL, NULL);
#else
  FILE *fp = 0;
  fp = fopen64(filename, "wb+");
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#endif
  if (!FILE_IS_OKAY(fp)) {
    return 0;
  }
  if ((retval = _sif_alloc_fp()) == 0
      || (hd = _sif_alloc_header()) == 0
      || (retval->buffer[0] = malloc(tb)) == 0
      || (retval->buffer[1] = malloc(tb)) == 0) {
    free(hd);
    free(retval->buffer[0]);
    free(retval);
    return 0;
  }
  retval->fp = fp;
  retval->header = hd;
  retval->read_only = 0;
  retval->simple_region_buffer = 0;
  retval->simple_region_bytes = 0;
  hd->consolidate = consolidate_on_close;
  hd->intrinsic_write = intrinsic_write;
  hd->defragment = defragment_on_close;
  hd->intrinsic_write = 1;
  hd->width = width;
  hd->height = height;
  hd->bands = bands;
  hd->tile_width = tile_width;
  hd->tile_height = tile_height;
  hd->version = SIF_VERSION;
  retval->units_per_tile = tile_width * tile_height * bands;
  retval->units_per_slice = tile_width * tile_height;
  hd->tile_bytes = tile_width * tile_height * bands * data_unit_size;
  hd->data_unit_size = data_unit_size;
  hd->user_data_type = user_data_type;
  hd->n_tiles_across = CEIL_DIV(hd->width, hd->tile_width);
  hd->n_tiles = hd->n_tiles_across * CEIL_DIV(hd->height, hd->tile_height);
  hd->n_keys = 0;
  retval->meta_data = _sif_alloc_meta_data_table();
  if ((retval->tiles = _sif_alloc_tile_headers(retval)) == 0 ||
      (retval->blocks_to_tiles = (long*)malloc(hd->n_tiles * sizeof(long))) == 0 ||
      (retval->dirty_tiles = (long*)malloc(hd->n_tiles * sizeof(long))) == 0) {
    _sif_free_tile_headers(retval);
    free(hd);
    free(retval->meta_data);
    free(retval->blocks_to_tiles);
    free(retval->dirty_tiles);
    free(retval->buffer[0]);
    free(retval->buffer[1]);
    free(retval);
    return 0;
  }
  bzero(retval->dirty_tiles, hd->n_tiles * sizeof(long));
  for (i = 0; i < hd->n_tiles; i++) {
    retval->blocks_to_tiles[i] = -1;
  }
  memcpy(&(hd->magic_number), SIF_MAGIC_NUMBER, SIF_MAGIC_NUMBER_SIZE);
  _sif_write_header(retval);
  retval->base_location = retval->header_bytes + (hd->tile_header_bytes * hd->n_tiles);
  if (retval->error != 0) {
    _sif_free_tile_headers(retval);
    free(hd);
    free(retval->blocks_to_tiles);
    free(retval->dirty_tiles);
    free(retval->buffer[0]);
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    free(retval->buffer[1]);
    _sif_truncate(retval, 0);
    FCLOSE64(fp);
    free(retval);
    return 0;
  }
  _sif_write_tile_headers(retval);
  if (retval->error != 0) {
    _sif_free_tile_headers(retval);
    free(hd);
    free(retval->blocks_to_tiles);
    free(retval->dirty_tiles);
    free(retval->buffer[0]);
    free(retval->buffer[1]);
    _sif_truncate(retval, 0);
    FCLOSE64(fp);
    free(retval);
  }
  sif_use_file_format_version(retval, sif_get_version());
  return retval;
}

/* See sif-io.h for detailed documentation of public functions. */
sif_file         *sif_create_copy(sif_file *file, const char *filename) {
  sif_header *hd = file->header;
  long i;
  /**  retval = sif_create(filename, hd->width, hd->height, hd->bands, hd->data_unit_size,
                      hd->user_data_type, hd->consolidate, hd->defragment,
                      hd->tile_width, hd->tile_height);**/
#ifdef WIN32
  HANDLE fp = 0;
  LARGE_INTEGER lsz;
  LONGLONG j, k, bufsize, sz;
  fp = CreateFile(filename, GENERIC_READ | GENERIC_WRITE, FILE_SHARE_READ | FILE_SHARE_WRITE, 
NULL, CREATE_ALWAYS, FILE_ATTRIBUTE_NORMAL, NULL);
  if (!FILE_IS_OKAY(fp)) {
    return 0;
  }
  sif_flush(file);
  GetFileSizeEx(file->fp, &lsz);
  sz = lsz.QuadPart;
  REWIND64NEC(file->fp);
  bufsize = file->header->data_unit_size * file->units_per_tile;
  for (j = 0; j < sz; j += bufsize) {
    k = MIN(sz - j, bufsize);
    if (FREAD64NEC(file->buffer[0], 1, k, file->fp) == 0 ||
        FWRITE64NEC(file->buffer[0], 1, k, fp) == 0) {
      FCLOSE64(fp);
      return 0;
    }
  }
#else
  FILE *fp = 0;
  sif_flush(file);
  REWIND64NEC(file->fp);
  fp = fopen64(filename, "wb+");
  if (!FILE_IS_OKAY(fp)) {
    return 0;
  }
  while (!feof(file->fp)) {
    i = FREAD64NEC(file->buffer[0], 1, hd->data_unit_size * file->units_per_tile, file->fp);
    if (ferror(file->fp)
        || FWRITE64NEC(file->buffer[0], 1, i, fp) != i) {
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      fclose(fp);
      return 0;
    }
  }
#endif
  FCLOSE64(fp);
  return sif_open(filename, 0);
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_set_user_data_type(sif_file *file, long user_data_type) {
  SIF_CHECK_FILE_V(file);
  file->header->user_data_type = user_data_type;
}

/* See sif-io.h for detailed documentation of public functions. */
long sif_get_user_data_type(sif_file *file) {
  SIF_CHECK_FILE(file);
  return file->header->user_data_type;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_set_intrinsic_write(sif_file *file) {
  SIF_CHECK_FILE_V(file);
  file->header->intrinsic_write = 1;
}

/* See sif-io.h for detailed documentation of public functions. */
int sif_is_intrinsic_write_set(sif_file *file) {
  SIF_CHECK_FILE(file);
  return file->header->intrinsic_write;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_unset_intrinsic_write(sif_file *file) {
  SIF_CHECK_FILE_V(file);
  file->header->intrinsic_write = 0;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_set_defragment(sif_file *file) {
  SIF_CHECK_FILE_V(file);
  file->header->defragment = 1;
}

/* See sif-io.h for detailed documentation of public functions. */
int sif_is_defragment_set(sif_file *file) {
  SIF_CHECK_FILE(file);
  return file->header->defragment;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_unset_defragment(sif_file *file) {
  SIF_CHECK_FILE_V(file);
  file->header->defragment = 0;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_set_consolidate(sif_file *file) {
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  SIF_CHECK_FILE_V(file);
  file->header->consolidate = 1;
}

/* See sif-io.h for detailed documentation of public functions. */
int sif_is_consolidate_set(sif_file *file) {
  SIF_CHECK_FILE(file);
  return file->header->consolidate;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_unset_consolidate(sif_file *file) {
  SIF_CHECK_FILE_V(file);
  file->header->consolidate = 0;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_set_affine_geo_transform(sif_file *file, const double *trans) {
  int i;
  SIF_CHECK_FILE_V(file);
  for (i = 0; i < 6; i++) {
    file->header->affine_geo_transform[i] = trans[i];
  }
}

/* See sif-io.h for detailed documentation of public functions. */
const double *sif_get_affine_geo_transform(sif_file *file) {
  SIF_CHECK_FILE(file);
  return file->header->affine_geo_transform;
}

/* See sif-io.h for detailed documentation of public functions. */
const char *sif_get_projection(sif_file *file) {
  const char *result;
  SIF_CHECK_FILE(file);
  result = sif_get_meta_data(file, "_sif_proj");
  if (result == 0 && file->error == SIF_ERROR_META_DATA_KEY) {
    result = "";
    file->error = SIF_ERROR_NONE;
  }
  return result;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_set_projection(sif_file *file, const char *proj) {
  SIF_CHECK_FILE_V(file);
  sif_set_meta_data(file, "_sif_proj", proj);
}

/* See sif-io.h for detailed documentation of public functions. */
const char *sif_get_agreement(sif_file *file) {
  const char *result;
  SIF_CHECK_FILE(file);
  result = sif_get_meta_data(file, "_sif_agree");
  if (result == 0 && file->error == SIF_ERROR_META_DATA_KEY) {
    result = "";
    file->error = SIF_ERROR_NONE;
  }
  return result;
}

/* See sif-io.h for detailed documentation of public functions. */
void sif_set_agreement(sif_file *file, const char *proj) {
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  SIF_CHECK_FILE_V(file);
  sif_set_meta_data(file, "_sif_agree", proj);
}

/* See sif-io.h for detailed documentation of public functions. */
int               sif_get_meta_data_num_items(sif_file *file) {
  return file->header->n_keys;
}

/* See sif-io.h for detailed documentation of public functions. */
void              sif_get_meta_data_keys(sif_file *file,
                                         const char *** key_strs,
                                         int *num_keys) {
  int n, i, j;
  sif_meta_data *cur;
  SIF_CHECK_FILE_V(file);
  n = sif_get_meta_data_num_items(file);
  *key_strs = (const char**)malloc(sizeof(char*) * (n + 1));
  if (*key_strs == 0) {
    file->error = SIF_ERROR_MEM;
  }
  for (j = 0, i = 0; j < SIF_HASH_TABLE_SIZE; j++) {
    for (cur = file->meta_data[j]; cur != 0; cur = cur->next) {
      (*key_strs)[i] = cur->key;
      i++;
    }
  }
  (*key_strs)[n] = 0;
  if (num_keys != 0) {
    *num_keys = n;
  }
}

/* See sif-io.h for detailed documentation of public functions. */
void              sif_remove_meta_data_item(sif_file *file, const char *key) {
  sif_meta_data *item;
  SIF_CHECK_FILE_V(file);
  item = _sif_unlink_meta_data_pair(file, key);
  if (item) {
    free(item->value);
    free(item->key);
    free(item);
  }
}

/* See sif-io.h for detailed documentation of public functions. */
void              sif_use_file_format_version(sif_file *file, long version) {
  if (version < 1) {
    file->error = SIF_ERROR_CANNOT_WRITE_VERSION;
    return;
  }
  else {
    file->use_file_version = version;
  }
}

/* See sif-io.h for detailed documentation of public functions. */
int               sif_is_possibly_sif_file(const char *filename) {
#ifdef WIN32
  HANDLE fp = 0;
#else
  FILE *fp = 0;
#endif
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  sif_header oheader;
  sif_file ofile;
  sif_header *header;
  sif_file *file;
  int retval = 0;
  /** We’re not going to return any structures to the user, so we can use the stack for the he
ader. **/
  header = &oheader;
  file = &ofile;
#ifdef WIN32
  fp = CreateFile(TEXT(filename), GENERIC_READ, FILE_SHARE_READ | FILE_SHARE_WRITE, NULL, OPEN
_EXISTING, FILE_ATTRIBUTE_READONLY, NULL);
#else
  fp = fopen64(filename, "rb");
#endif
  if (FILE_IS_OKAY(fp)) {
    file->fp = fp;
    file->error = 0;
    file->tiles = 0;
    
    file->meta_data = 0;
    file->read_only = 1;
    REWIND64NEC(fp);
    if (_sif_read_header(file) != 1 ||
        strncmp(header->magic_number, SIF_MAGIC_NUMBER, SIF_MAGIC_NUMBER_SIZE) != 0 ||
        (file->tiles = _sif_alloc_tile_headers(file)) == 0) {
      retval = 0;
    }
    else {
      retval = 1;
    }
    FCLOSE64(fp);
  }
  else {
    retval = -1;
  }
  return retval;
}

/* See sif-io.h for detailed documentation of public functions. */
const char *      sif_get_error_description(int code) {
  const char *str;
  switch(code) {
  case SIF_ERROR_NONE:
    str = "No error";
    break;
  case SIF_ERROR_MEM:
    str = "Memory error";
    break;
  case SIF_ERROR_NULL_FP:
    str = "Null file pointer";
    break;
  case SIF_ERROR_NULL_HDR:
    str = "Null header";
    break;
  case SIF_ERROR_INVALID_BN:
    str = "Invalid block number";
    break;
  case SIF_ERROR_INVALID_TN:
    str = "Invalid tile number";
    break;
  case SIF_ERROR_READ:
    str = "Error when reading";
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    break;
  case SIF_ERROR_WRITE:
    str = "Error when writing";
    break;
  case SIF_ERROR_SEEK:
    str = "Error when seeking";
    break;
  case SIF_ERROR_TRUNCATE:
    str = "Error when truncating";
    break;
  case SIF_ERROR_INVALID_FILE_MODE:
    str = "Invalid file mode";
    break;
  case SIF_ERROR_INCOMPATIBLE_VERSION:
    str = "Cannot files of the version stored in the SIF file";
    break;
  case SIF_ERROR_META_DATA_KEY:
    str = "Cannot find a (key,value) pair with the specified key";
    break;
  case SIF_ERROR_META_DATA_VALUE:
    str = "The value of the meta-data item is invalid.";
    break;
  case SIF_ERROR_CANNOT_WRITE_VERSION:
    str = "Cannnot write files of the version requested.";
    break;
  case SIF_ERROR_INVALID_BAND:
    str = "Band index invalid (e.g. band argument).";
    break;
  case SIF_ERROR_INVALID_COORD:
    str = "Invalid coordinate (e.g. x or y).";
    break;
  case SIF_ERROR_INVALID_TILE_SIZE:
    str = "Invalid tile size (e.g. tile_width or tile_height).";
    break;
  case SIF_ERROR_INVALID_REGION_SIZE:
    str = "Invalid region size (e.g. width or height).";
    break;
  case SIF_ERROR_INVALID_BUFFER:
    str = "Invalid buffer passed (NULL?).";
    break;
  case SIF_ERROR_PNM_INCOMPATIBLE_TYPE_CODE:
    str = "Invalid type code for PNM output.";
    break;
  case SIF_ERROR_PGM_INVALID_BAND_COUNT:
    str = "Invalid band count for PGM output.";
    break;
  case SIF_ERROR_PPM_INVALID_BAND_COUNT:
    str = "Invalid band count for PPM output.";
    break;
  case SIF_ERROR_PNM_INCOMPATIBLE_DT_CONVENTION:
    str = "PNM output requires the ’simple’ data type convention.";
    break;
  case SIF_SIMPLE_ERROR_UNDEFINED_DT:
    str = "Undefined data type code (simple).";
    break;
  case SIF_SIMPLE_ERROR_INCORRECT_DT:
    str = "Data type mismatch (simple).";
    break;
  case SIF_SIMPLE_ERROR_UNDEFINED_ENDIAN:
    str = "Endian code not understood (simple).";
    break;
  default:
    str = "Unknown error.";
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    break;
  }
  return str;
}

void               sif_simple_set_endian(sif_file *file, int endian) {
  int simple_data_type;
  SIF_ERROR_CHECK_RETURN_V(endian < 0 || endian > 1, SIF_SIMPLE_ERROR_UNDEFINED_ENDIAN);
  SIF_CHECK_FILE_V(file);
  simple_data_type = SIF_SIMPLE_BASE_TYPE_CODE(file->header->user_data_type);
  file->header->user_data_type = simple_data_type + 10 * endian;
}

int               sif_simple_get_endian(sif_file *file) {
  SIF_CHECK_FILE(file);
  return SIF_SIMPLE_ENDIAN(file->header->user_data_type);
}

void               sif_simple_set_data_type(sif_file *file, int data_type_code) {
  int simple_endian;
  SIF_ERROR_CHECK_RETURN_V(data_type_code < 0 || data_type_code > 9, SIF_SIMPLE_ERROR_UNDEFINE
D_DT);
  SIF_CHECK_FILE_V(file);
  simple_endian = SIF_SIMPLE_ENDIAN(file->header->user_data_type);
  file->header->user_data_type = data_type_code + 10 * simple_endian;
}

int               sif_simple_get_data_type(sif_file *file) {
  SIF_CHECK_FILE(file);
  return SIF_SIMPLE_BASE_TYPE_CODE(file->header->user_data_type);
}

static const long _sif_simple_data_type_sizes_bits [] = { 8, 8, 16, 16, 32, 32, 64, 64, 32, 64
};
static const long _sif_simple_data_type_sizes_bytes [] = { 1, 1,  2,  2,  4,  4,  8,  8,  4,  
8};

int              _sif_simple_alloc_region_buffer(sif_file *file, long nbytes) {
  /** If the number of bytes requested for allocation is 0 or the
      native endian is the same as the byte order of the image rasters,
      do not allocate, return successful. */
  if (nbytes == 0 || sif_simple_get_endian(file) == SIF_SIMPLE_NATIVE_ENDIAN
      || nbytes <= file->simple_region_bytes) {
    return 1;
  }
  /** If the buffer is already allocated but not big enough, try expanding its size. */
  if (file->simple_region_buffer) {
    file->simple_region_buffer = (unsigned char*)realloc(file->simple_region_buffer, nbytes);
    file->simple_region_bytes = nbytes;
  }
  /** Otherwise, allocate a new buffer. */
  else {
    file->simple_region_buffer = (unsigned char*)malloc(nbytes);
    file->simple_region_bytes = nbytes;
  }
  /** Return successful if the buffer was allocated, unsuccessful otherwise.*/
  if (file->simple_region_buffer) {
    return 1;
  }
  else {
    file->simple_region_buffer = 0;
    file->simple_region_bytes = 0;
    return 0;
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  }
}

SIF_EXPORT sif_file*        sif_simple_create(const char *filename,
                                              long width, long height,
                                              long bands,
                                              int simple_data_type,
                                              int consolidate_on_close,
                                              int defragment_on_close,
                                              long tile_width, long tile_height,
                                              int intrinsic_write) {
  int user_data_type, data_unit_size;
  sif_file *retval;
  if (simple_data_type < 0 || simple_data_type > 9) {
    return 0;
  }

  user_data_type = SIF_SIMPLE_NATIVE_ENDIAN * 10 + simple_data_type;
  data_unit_size = _sif_simple_data_type_sizes_bytes[simple_data_type];

  /** Now create the file. */
  retval = sif_create(filename, width, height, bands, data_unit_size,
                      user_data_type, consolidate_on_close,
                      defragment_on_close, tile_width, tile_height, intrinsic_write);

  /** If successful, set the file’s region buffer and bytes fields. **/
  if (retval != 0) {
    sif_set_agreement(retval, "simple");
  }
  return retval;
}

sif_file*                 sif_simple_create_defaults(const char *filename, long width, long he
ight,
                                                     long bands, int simple_data_type) {
  return sif_simple_create(filename, width, height, bands, simple_data_type, 1, 1, 64, 64, 1);
}

void                     sif_simple_set_raster(sif_file* file, const void *data,
                                               long x, long y, long w, long h,
                                               long band) {
  long region_bytes;
  int file_endian;
  SIF_CHECK_FILE_V(file);
  if (file->error) { return; }
  region_bytes = file->header->data_unit_size * w * h;
  file_endian = sif_simple_get_endian(file);
  /** If the byte order of the data elements in the file is not the same as the
      byte order of the current architecture, we need to do some byte swapping. */
  if (file_endian != SIF_SIMPLE_NATIVE_ENDIAN) {
    /** See if the file’s block buffer is big enough for the raster. If not, reallocate
        and anticipate more of the same big writes so keep the buffer at its increased
        size.*/
    SIF_ERROR_CHECK_RETURN_V(_sif_simple_alloc_region_buffer(file, region_bytes) == 0, SIF_ERR
OR_MEM);
    memcpy(file->simple_region_buffer, data, region_bytes);
    _sif_buffer_host_to_code(file->simple_region_buffer, region_bytes,
                             file->header->data_unit_size, file_endian);
    sif_set_raster(file, file->simple_region_buffer, x, y, w, h, band);
  }
  /** Otherwise, our task is much easier, just write the bytes to the file in native order. */
  else {
    sif_set_raster(file, data, x, y, w, h, band);
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  }
}

void              sif_simple_get_raster(sif_file* file, void *data, long x, long y,
                                                   long w, long h, long band) {
  long region_bytes;
  int file_endian;
  SIF_CHECK_FILE_V(file);
  file_endian = sif_simple_get_endian(file);
  region_bytes = file->header->data_unit_size * w * h;
  /** Get the raster from the file, being ignorant about the byte order. */
  sif_get_raster(file, data, x, y, w, h, band);
  /** If an error occured during the read, just return. */
  if (file->error) { return; }
  /** Do a byte swap if the data elements stored in the file are in a different byte
      order than the native byte order. */
  if (file_endian != SIF_SIMPLE_NATIVE_ENDIAN) {
    _sif_buffer_code_to_host(file->simple_region_buffer, region_bytes,
                             file->header->data_unit_size, SIF_SIMPLE_NATIVE_ENDIAN);
  }
}

void              sif_simple_fill_tiles(sif_file *file, long band, const void *value) {
  int file_endian;
  char v[8]; /** A char array with size=maximum size of any simple data type. */
  SIF_CHECK_FILE_V(file);
  if (file->read_only) { return; }
  file_endian = sif_simple_get_endian(file);
  if (file_endian != SIF_SIMPLE_NATIVE_ENDIAN) {
    memcpy(&v, value, file->header->data_unit_size);
    _sif_buffer_host_to_code((unsigned char *)&v, file->header->data_unit_size,
                             file->header->data_unit_size, file_endian);
    sif_fill_tiles(file, band, &v);
  }
}

void              sif_simple_get_tile_slice(sif_file *file, void *buffer, long tx, long ty,
                                                       long band) {
  long region_bytes;
  int file_endian;
  SIF_CHECK_FILE_V(file);
  file_endian = sif_simple_get_endian(file);
  region_bytes = file->header->tile_bytes / file->header->bands;
  /** Get the raster from the file, being ignorant about the byte order. */
  sif_get_tile_slice(file, buffer, tx, ty, band);
  /** If an error occured during the read, just return. */
  if (file->error) { return; }
  /** Do a byte swap if the data elements stored in the file are in a different byte
      order than the native byte order. */
  if (file_endian != SIF_SIMPLE_NATIVE_ENDIAN) {
    _sif_buffer_code_to_host((unsigned char *)file->simple_region_buffer, region_bytes,
                             file->header->data_unit_size, SIF_SIMPLE_NATIVE_ENDIAN);
  }
}

void              sif_simple_set_tile_slice(sif_file *file, const void *buffer,
                                                       long tx, long ty, long band) {
  long region_bytes;
  int file_endian;
  SIF_CHECK_FILE_V(file);
  if (file->read_only) { return; }
  region_bytes = file->header->tile_bytes / file->header->bands;
  file_endian = sif_simple_get_endian(file);
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  /** If the byte order of the data elements in the file is not the same as the
      byte order of the current architecture, we need to do some byte swapping. */
  if (file_endian != SIF_SIMPLE_NATIVE_ENDIAN) {
    /** See if the file’s block buffer is big enough for the raster. If not, reallocate
        and anticipate more of the same big writes so keep the buffer at its increased
        size.*/
    SIF_ERROR_CHECK_RETURN_V(_sif_simple_alloc_region_buffer(file, region_bytes) == 0, SIF_ERR
OR_MEM);
    memcpy(file->simple_region_buffer, buffer, region_bytes);
    _sif_buffer_host_to_code((unsigned char *)file->simple_region_buffer, region_bytes,
                             file->header->data_unit_size, file_endian);
    sif_set_tile_slice(file, file->simple_region_buffer, tx, ty, band);
  }
  /** Otherwise, our task is much easier, just write the bytes to the file in native order. */
  else {
    sif_set_tile_slice(file, buffer, tx, ty, band);
  }  
}

void              sif_simple_fill_tile_slice(sif_file *file, long tx, long ty,
                                                        long band, const void *value) {
  int file_endian;
  char v[8];
  SIF_CHECK_FILE_V(file);
  if (file->read_only) {
    return;
  }
  file_endian = sif_simple_get_endian(file);
  if (file_endian != SIF_SIMPLE_NATIVE_ENDIAN) {
    memcpy(&v, value, file->header->data_unit_size);
    _sif_buffer_host_to_code((unsigned char *)&v, file->header->data_unit_size,
                             file->header->data_unit_size, file_endian);
    sif_fill_tile_slice(file, tx, ty, band, &v);
  }
}

sif_file*        sif_simple_open(const char* filename, int read_only) {
  sif_file *retval;
  long simple_region_bytes;
  retval = sif_open(filename, read_only);
  if (retval) {
    if (strcmp("simple", sif_get_agreement(retval)) != 0) {
      sif_close(retval);
      retval = 0;
    }
  }
  return retval;
}

int              sif_simple_is_shallow_uniform(sif_file *file, long x, long y, long w, long h,
 long band, void *uniform_value) {
  int retcode;
  int file_endian;
  char v[8];
  retcode = sif_is_shallow_uniform(file, x, y, w, h, band, uniform_value);
  if (retcode != 0) {
    file_endian = sif_simple_get_endian(file);
    if (file_endian != SIF_SIMPLE_NATIVE_ENDIAN) {
      _sif_buffer_code_to_host((unsigned char*)uniform_value, file->header->data_unit_size,
                               file->header->data_unit_size, file_endian);
    }
  }
  return retcode;
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}

int              sif_simple_is_slice_shallow_uniform(sif_file *file, long tx, long ty, long ba
nd, void *uniform_value) {
  int retcode;
  int file_endian;
  char v[8];
  retcode = sif_is_slice_shallow_uniform(file, tx, ty, band, uniform_value);
  if (retcode != 0) {
    file_endian = sif_simple_get_endian(file);
    if (file_endian != SIF_SIMPLE_NATIVE_ENDIAN) {
      _sif_buffer_code_to_host((unsigned char*)uniform_value, file->header->data_unit_size,
                               file->header->data_unit_size, file_endian);
    }
  }
  return retcode;
}

int              sif_is_simple(sif_file *file) {
  int retval = 0;
  const char *agree;
  if (file) {
    agree = sif_get_agreement(file);
    if (agree) {
      if (strcmp(agree, "simple") == 0) {
        retval = 1;
      }
    }
  }
  return retval;
}

int              sif_is_simple_by_name(const char *filename) {
  int retval = 0;
  int retval2 = 0;
  const char *agree;
  sif_file *file;
  if (filename) {
    retval2 = sif_is_possibly_sif_file(filename);
    if (retval2 > 0) {
      /** Open the file. */
      file = sif_open(filename, 1);
      /** It may be the case that the file is no longer openable, for some odd reason.
          Let’s check. */
      if (file) {
        retval2 = sif_is_simple_file(file);
        /** If the file is a simple file, set the return value accordingly. */
        if (retval2 == 0) {
          retval = -2; /** -2: file is a SIF file but does not conform to the simple data type
 convention. */
        }
        else {
          retval = 1;  /** 1: file could be opened, is a SIF file, & conforms to the "simple" 
convention. */
        }
        sif_close(file);
      }
      else {
        retval = -1; /** -1: file could not be opened. */
      }
    }
    else {
      retval = retval2; /**  0: file exists and openable but not SIF file
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                             -1: file could not be opened. */
    }
  }
  return retval;
}

typedef struct {
#ifdef WIN32
  HANDLE fp;
#else
  FILE *fp;
#endif
} _sif_file_ptr;

int           _sif_create_blank_file(const char *filename, _sif_file_ptr *ptr) {
#ifdef WIN32
  HANDLE fp = 0;
#else
  FILE *fp = 0;
#endif
  ptr->fp = 0;

#ifdef WIN32
  fp = CreateFile(filename, GENERIC_READ | GENERIC_WRITE, FILE_SHARE_READ | FILE_SHARE_WRITE, 
NULL, CREATE_ALWAYS, FILE_ATTRIBUTE_NORMAL, NULL);
#else
  fp = fopen64(filename, "wb+");
#endif
  if (!FILE_IS_OKAY(fp)) {
    return 0;
  }
  ftr->fp = fp;
  return 1;
}

int          sif_export_to_pgm_file(sif_file *file, const char *filename) {
  _sif_file_ptr ptr;
  int user_data_type;
  if (file == 0) {
    return 0;
  }
  if (sif_is_simple(file) < 1) {
    file->error = SIF_ERROR_PNM_INCOMPATIBLE_DT_CONVENTION;
    return 0;
  }
  if (file->header->n_bands != 1) {
    file->error = SIF_ERROR_PGM_INVALID_BAND_COUNT;
    return 0;
  }
  if (!(user_data_type == 0 || user_data_type == 2)) {
    file->error = SIF_ERROR_PNM_INCOMPATIBLE_TYPE_CODE;
    return 0;
  }
  if (_sif_create_blank_file(filename, &ptr)) {

  }
}
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/**
 * \internal
 * File:             sif-io.h
 * Date:             December 17, 2004
 * Author:           Damian Eads
 * Description:      A C library for manipulating Sparse Image Format (SIF) files.
 *
 * Copyright (C) 2004-2006 The Regents of the University of California.
 *
 * Copyright (C) 2006-2008 Los Alamos National Security, LLC.
 *
 * This material was produced under U.S. Government contract
 * DE-AC52-06NA25396 for Los Alamos National Laboratory (LANL), which is
 * operated by Los Alamos National Security, LLC for the U.S.
 * Department of Energy. The U.S. Government has rights to use,
 * reproduce, and distribute this software.  NEITHER THE
 * GOVERNMENT NOR LOS ALAMOS NATIONAL SECURITY, LLC MAKES ANY WARRANTY,
 * EXPRESS OR IMPLIED, OR ASSUMES ANY LIABILITY FOR THE USE OF THIS
 * SOFTWARE.  If software is modified to produce derivative works, such
 * modified software should be clearly marked, so as not to confuse it
 * with the version available from LANL.
 *
 * Additionally, this library is free software; you can redistribute it
 * and/or modify it under the terms of the GNU Lesser General Public
 * License as published by the Free Software Foundation; either version 2.1
 * of the License, or (at your option) any later version. Accordingly, this
 * library is distributed in the hope that it will be useful, but WITHOUT
 * ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
 * FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public
 * License for more details.
 *
 * Los Alamos Computer Code LA-CC-06-105
 */

/**
 * \file sif-io.h
 * @brief The only header file to include for using sif-io library functions.
 */

#ifndef __SIF_IO_H_
#define __SIF_IO_H_

#include "SIFExport.h"
#if defined(_MSC_VER)
#define HAVE_LONG_LONG
#include <windows.h>
#endif

#define LONGLONG long long

#include <sys/types.h>
#include <stdio.h>

/**
 * \defgroup sif_ec SIF Error Codes
 */

/**
 * \def SIF_ERROR_NONE
 * \ingroup sif_ec
 *
 * @brief A status code indicating no error has been detected for the processing of
 * the target file.
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 */

#define SIF_ERROR_NONE 0

/**
 * \def SIF_ERROR_MEM
 * \ingroup sif_ec
 *
 * @brief A status code indicating an error occurred while allocating or freeing
 * memory.
 */

#define SIF_ERROR_MEM 1

/**
 * \def SIF_ERROR_NULL_FP
 * \ingroup sif_ec
 *
 * @brief A status code indicating a file could not be processed because the
 * file pointer is null. Admittedly, there is no way to store this
 * in the sif_file struct passed since it is null. However, setting a static
 * variable for the caller to check is under consideration for a future version.
 */

#define SIF_ERROR_NULL_FP 2

/**
 * \def SIF_ERROR_NULL_HDR
 * \ingroup sif_ec
 *
 * @brief A status code indicating a file could not be processed because the
 * header pointer is null.
 */

#define SIF_ERROR_NULL_HDR 3

/**
 * \def SIF_ERROR_INVALID_BN
 * \ingroup sif_ec
 *
 * @brief A status code indicating a block number passed to a sif-io function
 * was invalid (i.e. negative or out-of-bounds).
 */

#define SIF_ERROR_INVALID_BN 4

/**
 * \def SIF_ERROR_INVALID_TN
 * \ingroup sif_ec
 *
 * @brief A status code indicating a tile number passed to a sif-io function
 * was invalid (i.e. negative or out-of-bounds).
 */

#define SIF_ERROR_INVALID_TN 5

/**
 * \def SIF_ERROR_READ
 * \ingroup sif_ec
 *
 * @brief A status code indicating an error occurred when reading from the
 * file.
 */
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#define SIF_ERROR_READ 6

/**
 * \def SIF_ERROR_WRITE
 * \ingroup sif_ec
 *
 * @brief A status code indicating an error occurred when writing to the
 * file.
 */

#define SIF_ERROR_WRITE 7

/**
 * \def SIF_ERROR_SEEK
 * \ingroup sif_ec
 *
 * @brief A status code indicating an error occurred when seeking in the
 * file.
 */

#define SIF_ERROR_SEEK 8

/**
 * \def SIF_ERROR_TRUNCATE
 * \ingroup sif_ec
 *
 * @brief A status code indicating an error occurred when truncating the file.
 */

#define SIF_ERROR_TRUNCATE 9

/**
 * \def SIF_ERROR_INVALID_FILE_MODE
 * \ingroup sif_ec
 *
 * @brief A status code indicating that the file mode chosen is invalid. This
 * usually occurs when a file is opened for update that is read-only or a
 * opened when the permissions do not permit reading.
 */

#define SIF_ERROR_INVALID_FILE_MODE 10

/**
 * \def SIF_ERROR_INCOMPATIBLE_VERSION
 * \ingroup sif_ec
 *
 * @brief A status code indicating that the currently loaded sif-io library
 * is not capable of processing the version of a file. This is usually due
 * to the fact that the file was written with a later version of the SIF
 * format than the loaded library.
 */

#define SIF_ERROR_INCOMPATIBLE_VERSION 11

/**
 * \def SIF_ERROR_META_DATA_KEY
 * \ingroup sif_ec
 *
 * @brief Returned when a call is made that expects a key to be present
 * when the key cannot be found.
 */
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#define SIF_ERROR_META_DATA_KEY 12

/**
 * \def SIF_ERROR_META_DATA_VALUE
 * \ingroup sif_ec
 *
 * @brief Returned by <code>sif_get_meta_data</code> when the meta-data does not contain
 * a null-terminated string.
 */

#define SIF_ERROR_META_DATA_VALUE 13

/**
 * \def SIF_ERROR_CANNOT_WRITE_VERSION
 * \ingroup sif_ec
 *
 * @brief Returned by <code>sif_use_file_version</code> when the library is not capable
 * of writing the file in the requested version.
 */

#define SIF_ERROR_CANNOT_WRITE_VERSION 14

/**
 * \def SIF_ERROR_INVALID_BAND
 * \ingroup sif_ec
 *
 * @brief Returned if a band argument passed is invalid.
 */

#define SIF_ERROR_INVALID_BAND 15

/**
 * \def SIF_ERROR_INVALID_COORD
 * \ingroup sif_ec
 *
 * @brief Returned if a coordinate argument (e.g. <code>x</code> or
 * <code>y</code>) is invalid.
 */

#define SIF_ERROR_INVALID_COORD 16

/**
 * \def SIF_ERROR_INVALID_TILE_SIZE
 * \ingroup sif_ec
 *
 * @brief Returned if a tile size argument (e.g. <code>tile_width</code> or
 * <code>tile_height</code>) is invalid.
 */

#define SIF_ERROR_INVALID_TILE_SIZE 17

/**
 * \def SIF_ERROR_INVALID_REGION_SIZE
 * \ingroup sif_ec
 *
 * @brief Returned if a region size argument (e.g. <code>width</code> or
 * <code>height</code>) is invalid.
 */

#define SIF_ERROR_INVALID_REGION_SIZE 18
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/**
 * \def SIF_ERROR_INVALID_BUFFER
 * \ingroup sif_ec
 *
 * @brief Returned if a tile size argument (e.g. <code>width</code> or
 * <code>height</code>) is invalid.
 */

#define SIF_ERROR_INVALID_BUFFER 19

/**
 * \def SIF_ERROR_PNM_INCOMPATIBLE_TYPE_CODE
 * \ingroup sif_ec
 *
 * @brief Returned if the type code is not supported for PNM output.
 */

#define SIF_ERROR_PNM_INCOMPATIBLE_TYPE_CODE 20

/**
 * \def SIF_ERROR_PGM_INVALID_BAND_COUNT
 *
 * @brief Returned if the number of bands is not equal to one, which is required
 * for PGM output.
 */

#define SIF_ERROR_PGM_INVALID_BAND_COUNT 21

/**
 * \def SIF_ERROR_PPM_INVALID_BAND_COUNT
 *
 * @brief Returned if the number of bands is not equal to three, which is required
 * for PPM output.
 */

#define SIF_ERROR_PPM_INVALID_BAND_COUNT 22

/**
 * \def SIF_ERROR_PNM_INCOMPATIBLE_DT_CONVENTION
 * \ingroup sif_ec
 *
 * @brief Returned if the data type convention is not "simple".
 */

#define SIF_ERROR_PNM_INCOMPATIBLE_DT_CONVENTION 23

/**
 * \defgroup simpdecs Simple Data Type Convention Macro Definitions
 */

/**
 * \def SIF_AGREEMENT_SIMPLE
 *
 * @brief A value to set the data-type convention agreement (i.e. "_sif_agree")
 * meta-data field to indicate that the <code>simple</code> data-type convention
 * is used.
 */

#define SIF_AGREEMENT_SIMPLE "simple"

/**
 * \def SIF_AGREEMENT_GDAL
 *
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 * @brief A value to set the data-type convention agreement (i.e. "_sif_agree")
 * meta-data field to indicate that the <code>gdal</code> data-type convention
 * is used.
 */

#define SIF_AGREEMENT_GDAL "gdal"

/**
 * \def SIF_MAGIC_NUMBER
 *
 * @brief A string representing the magic number. The obscure string used to easily
 * identify a file as a file in SIF format.
 */

#define SIF_MAGIC_NUMBER "!**SIF**"

/**
 * \def SIF_MAGIC_NUMBER_SIZE
 *
 * @brief The number of bytes needed to store the magic number. The obscure string is
 * used to easily identify that a file is likely to be in SIF format.
 */

#define SIF_MAGIC_NUMBER_SIZE 8

/**
 * @brief A type of function pointer, instances of which are stored internally in a sif_file o
bject.
 *
 * It is used for preprocessing a buffer and then writing it to disk. Either no preprocessing 
is
 * done or bytes are properly swapped to return a buffer with native byte ordering. This funct
ion
 * only serves a purpose with the "simple" data type interface.
 *
 * The \ref sif_file::simple_region_buffer in the \sif_file object may be used or resized,
 * as needed.
 *
 * @param file    The SIF file to which the preprocessed buffer will be written.
 * @param buffer  The buffer to preprocess.
 * @param size    The size of an element (in bytes).
 * @param nmemb   The number of elements to write.
 *
 * @return The number of bytes written.
 */

typedef int (*sif_buffer_preprocessor) (sif_file *file, size_t size, size_t nmemb, const void 
*buffer);

/**
 * @brief A type of function pointer, instances of which are stored internally in a sif_file o
bject.
 * It is used for postprocessing a buffer after reading it from disk. Either no preprocessing 
is
 * done or bytes are properly swapped so the buffer is stored on disk using a particular byte
 * order that may be different from the host. This function only serves a purpose with the "si
mple" data
 * type interface.
 *
 * The \ref sif_file::simple_region_buffer in the \sif_file object may be used or resized,
 * as needed.
 *
 * @param file    The SIF file from which to read.
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 * @param buffer  The buffer to read.
 * @param size    The size of an element (in bytes).
 * @param nmemb   The number of elements to read.
 *
 * @return The number of bytes read.
 */

typedef int (*sif_buffer_postprocessor) (sif_file *file, size_t size, size_t nmemb, void *buff
er);

/**
 * \struct sif_header
 * @brief A struct for storing a SIF file header in memory.
 *
 * @warning Changing its fields does not result in an immediate change to the header
 * stored in the file to which it points. The file must be flushed with
 * \ref sif_flush or closed with \ref sif_close. Integers are stored
 * with a sign bit in big-endian form.
 */

typedef struct SIF_EXPORT {

  /**
   * @brief This field identifies whether the header read from a file is likely
   * to correspond to a SIF file.
   *
   * These bytes must equal the string "!**SIF**" or an error will occur
   * when the header is processed by a SIF function. The byte offset of this
   * field is 0.
   *
   * @warning Do not edit this field directly.
   */

  char                   magic_number[SIF_MAGIC_NUMBER_SIZE];

  /**
   * @brief The minimum version of the SIF library needed to read this file.
   *
   * @warning Do not edit this field directly. Changing the value of this field
   * without a corresponding change to the organization of the file may make
   * it unreadable.
   */

  long                   version;

  /**
   * @brief The width of the image in pixels.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   */

  long                   width;

  /**
   * @brief The height of the image in pixels.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   */

  long                   height;
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  /**
   * @brief The number of bands of the image.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   */

  long                   bands;

  /**
   * @brief The number of keys stored in the meta-data.
   *
   * @warning Do not edit this field directly.
   * Instead use the \ref sif_get_meta_data, \ref sif_get_meta_data_binary,
   * \ref sif_set_meta_data, and \ref sif_get_meta_data_binary functions.
   */

  long                   n_keys;

  /**
   * @brief The number of tiles that comprise this image.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   */

  long                   n_tiles;

  /**
   * @brief The width of each tile in pixels.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   *
   * @warning Non-square tiles have not been tested.
   */

  long                   tile_width;

  /**
   * @brief The height of each tile in pixels.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   *
   * @warning Non-square tiles have not been tested.
   */

  long                   tile_height;

  /**
   * @brief The number of bytes required to store a single tile raster. This is equal
   * to tile_width * tile_height * n_bands * data_unit_size.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   */

  long                   tile_bytes;

  /**
   * @brief The number of tiles across the width of an image.
   *
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   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   */

  long                   n_tiles_across;

  /**
   * @brief The number of bytes required to store each pixel.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   *
   * @warning Non-square tiles have not been tested.
   */

  long                   data_unit_size;

  /**
   * @brief A number that is only read from and written to the SIF file header. It has no
   * meaning to the sif-io functions since sif-io processes images without regard to the
   * data type of the pixels. The caller to the library function can use the field to store
   * an integer that represents the data type of the pixels in the image.
   *
   * @warning Do not edit this field directly. Instead use the \ref sif_set_user_data_type fun
ction.
   */

  long                   user_data_type;

  /**
   * @brief A field that, when nonzero, indicates the file should be defragmented when its clo
sed.
   *
   * @warning Do not edit this field directly. Instead use the \ref sif_set_defragment or
   * \ref sif_unset_defragment functions.
   */

  long                   defragment;

  /**
   * @brief A field, that when nonzero, indicates that the file should be consolidated when it
s closed.
   *
   * This involves performing pixel uniformity checks on each dirty tile during close.
   *
   * @warning Do not edit this field directly. Instead use the \ref sif_set_defragment or
   * \ref sif_unset_defragment functions.
   */

  long                   consolidate;

  /**
   * @brief A field, that when nonzero, indicates that when each tile is written, a uniformity
 check
   * should be performed.
   *
   * @warning Do not edit this field directly. Instead use the \ref sif_set_intrinsic_write
   * or \ref sif_unset_intrinsic_write functions.
   */

  long                   intrinsic_write;

  /**
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   * @brief The number of bytes needed to store the header for each tile.
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   */

  long                   tile_header_bytes;

  /**
   * @brief The number of bytes to store the uniformity flags, i.e.
   * Ceil(number_of_flags / 8).
   *
   * @warning Do not edit this field directly. Changing its value without changing
   * the image layout on disk will make the file unreadable.
   */

  long                   n_uniform_flags;

  /**
   * @brief Six doubles representing the affine georeferencing transform parameters.
   *
   * The georeferenced coordinates of the pixel coordinate (Xpixel, Yline)
   * are computed as follows (from GDAL documentation):
   * \code
   *  const double *GT = &(hd->affine_geo_transform);
   *  Xgeo = GT[0] + Xpixel * GT[1] + Yline * GT[2];
   *  Ygeo = GT[3] + Xpixel * GT[4] + Yline * GT[5];
   * \endcode
   *
   * The transform is set to {0.0, 1.0, 0.0, 0.0, 0.0, 1.0} by default
   * by sif_create so that x and y are just mapped to themselves.
   *
   * @warning Do not edit this field directly. Instead use the
   * \ref sif_set_affine_geo_transform function.
   */

  double                 affine_geo_transform[6];
} sif_header;

/**
 * \struct sif_tile
 * @brief A struct for storing a SIF tile header in memory. It
 * stores important information related to a tile, including
 * which of its bands are uniform, and the uniform pixel values
 * of the bands.
 */

typedef struct SIF_EXPORT {
  //  long                   block_num;
  //  char                   uniform_pixel_value[16];

  /**
   * @brief A byte sequence where the i’th bit in the sequence
   * indicates whether the i’th band in the tile is uniform. The
   * number of bytes is Ceil(n_bands / 8).
   */
  u_char                 *uniform_flags;

  /**
   * @brief A sequence of pixel data units. The i’th data unit
   * represents the uniform pixel value for the i’th band. The
   * number of bytes is n_bands * data_unit_size.
   */
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  u_char                 *uniform_pixel_values;

  /**
   * @brief The block location of the file where the tile is stored.
   *
   * This number is -1 if the tile is completely uniform, i.e. each
   * band in the tile is completely uniform. Note that the bands
   * of a tile (i.e. slices) may have different uniform pixel values.
   * A tile or block is uniform iff each of its slices is uniform.
   */

  long                   block_num;

} sif_tile;

/**
 * \struct sif_meta_data
 * @brief A struct for storing meta-data in memory. It stores a node
 * in a linked list of meta-data.
 *
 * @warning Do not modify this data structure directly. Instead use
 * the \ref sif_set_meta_data and \ref sif_set_meta_data_binary
 * functions.
 */

typedef struct SIF_EXPORT sif_meta_data {

  /**
   * @brief The key identifier of this meta-data field.
   */

  char*                  key;

  /**
   * @brief The value of this meta-data field.
   */

  char*                  value;

  /**
   * @brief The number of bytes to store the key and its null terminator.
   */

  unsigned long          key_length;

  /**
   * @brief The number of bytes to store the value. If the value is binary,
   * the null terminator is included in this count.
   */

  unsigned long          value_length;

  /**
   * @brief A pointer to the next meta-data field. The value is NULL if
   * there is no next meta-data field.
   */

  struct sif_meta_data*  next;

} sif_meta_data;

/** \internal
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   We need the CFile class for 64-bit file support in windows. Microsoft does
   not conform to the LFS standard.
*/

/**
 * \struct sif_file
 * @brief A struct for storing necessary data for the processing of an
 * open file.
 *
 * @warning Do not modify this data structure directly.
 */

typedef struct SIF_EXPORT {
#ifdef WIN32 
  /** @brief The handle to the internal file pointer. */
  HANDLE                   fp;
#else
  /** @brief The handle to the internal file pointer. */
  FILE*                    fp;
#endif
  /**
   * @brief The header corresponding to the target file.
   */
 
  sif_header*              header;

  /**
   * @brief An array of tiles to store.
   */

  sif_tile*                tiles;

  /**
   * @brief The meta-data for the file. This structure is a linked list
   * of (key, value) pairs. Meta-data in SIF can be null-terminated strings
   * or binary data blocks.   
   */
  sif_meta_data**          meta_data;

  /**
   * @brief A flag indicating whether the file is open in
   * read-only mode.
   */
  int                      read_only;

  /**
   * @brief An array where the i’th value is the tile index of the
   * tile stored in data block i.

   * If no tile is stored in data block i, the block is unused,
   * and the corresponding value in this array is set to -1. Unused
   * blocks can be reclaimed for use or truncated when the file is
   * consolidated or defragmented.
   */

  long*                    blocks_to_tiles;

  /**
   * @brief An array of booleans where the i’th value is one iff the
   * i’th tile has been written and no uniformity check was made
   * during the write. In this future, the type of the values contained
   * in the array will be changed to char*, pending confirmation that
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   * the change does not break regression tests.
   */

  long*                    dirty_tiles;

  /**
   * @brief Two buffers with enough memory to each store one block. The
   * number of bytes for one block is computed by,
   * \code
   *    tile_width * tile_height * n_bands * data_unit_size .
   * \endcode
   */

  void*                    buffer[2];

  /**
   * \internal @brief Stores the projection string, which is expected
   * to be empty ("") or in  OpenGIS WKT format.
   *
   * @warning Do not modify this value directly. Instead use the
   * \ref sif_set_projection function.
   */

  /**  char*                  proj;**/

  /**
   * @brief Stores the byte offset of the first block in the file.
   */

  LONGLONG                 base_location;

  /**
   * @brief An error code for the last error that occurred. The value
   * is non-zero if an error occurred during the last sif-io call.
   */

  int                      error;

  /**
   * @brief When the C standary library is used, it represents
   * the last errno encountered when executing a libc function in
   * a sif-io function. Otherwise, it represents the WIN32 error code
   * returned by the GetLastErr function.
   */

  long                     sys_error_no;

  /**
   * @brief The number of pixels per band in a tile (slice). This value
   * is simply tile_width * tile_height. The term slice differs slightly
   * from the term band, it is a band within a tile.
   */
  long                     units_per_slice;

  /**
   * @brief The number of pixels per tile. This value is simply the number
   * of units_per_slice times the number of bands in the image. This number
   * is also the number of units in a block.
   */

  long                     units_per_tile;

  /**
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   * @brief The number of bytes to store the header.
   */

  long                     header_bytes;

  /**
   * @brief A character buffer with enough bytes to store a 64-bit integer.
   */

  u_char                   ubuf[8];

  /**
   * @brief A integer representing the SIF file version to use when
   * writing the file. This is used to ensure that the file is written
   * with an earlier version so that it can be read by previous versions
   * of this library. 
   */

  long                     use_file_version;

  /**
   * @brief A buffered only used by the SIF "simple" interface for byte
   * swapping prior to writing to a file. It is initially holds the number
   * of bytes needed to store a tile slice but grows as larger regions are
   * written.
   */

  void*                    simple_region_buffer;

  /**
   * @brief The size of the simple region buffer (in bytes).
   */

  long                     simple_region_bytes;

  /**
   * @brief The line number of sif-io.c where the last SIF error occurred.
   */

  int                      error_line_no;

  /**
   * @brief The function to call to write image buffers or uniform pixel value
   * buffers to a disk.
   */

  sif_buffer_preprocessor  preprocessor;

  /**
   * @brief The function to call to read image buffers or uniform pixel value
   * buffers to a disk.
   */

  sif_buffer_postprocessor postprocessor;

} sif_file;

/**
 * @brief Return the latest version of the SIF file format that the
 * currently loaded SIF library can process.
 *
 * @return The latest version number of a SIF file this library can
 *         process.
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 */

SIF_EXPORT long             sif_get_version();

/**
 * @brief Open a Sparse Image File (SIF) format file for reading or update.
 *
 * @param filename  The filename of the SIF file to open.
 * @param read_only A flag indicating whether to open as read-only (1)
 *                  or update (0).
 *
 * @return A file structure containing all the constructs needed to
 *         manipulate the opened SIF file is returned. NULL is returned
 *         if an error occured during open.
 */

SIF_EXPORT sif_file*        sif_open(const char* filename, int read_only);

/**
 * @brief Create a new Sparse Image Format (SIF) file with a given filename
 * and attributes. The file’s header and tile headers are written. No
 * space is preallocated for data blocks.
 *
 * @param filename              The filename of the new file.
 * @param width                 The width of the image to store in the file to create.
 * @param height                The height of the image to store in the file to create.
 * @param bands                 The number of bands of the image to store in the file to creat
e.
 * @param data_unit_size        The size of a single pixel in bytes, e.g. <code>sizeof(pixel_d
ata_type)</code>.
 * @param user_data_type        A user-defined data type. The SIF I/O functions do not
 *                              look at this value. This is strictly for the user’s reference
 *                              when opening a pre-existing file.
 * @param consolidate_on_close  Defines whether an intrinsic uniformity check should be applie
d to
 *                              dirty tiles during each close.
 * @param defragment_on_close   Defines whether the file should be defragmented during each cl
ose.
 * @param tile_width            The width of a single tile.
 * @param tile_height           The height of a single tile.
 * @param intrinsic_write       Defines whether intrinsic uniformity checks should be performe
d
 *                              when rasters are written to a file.
 *
 * @return  A file structure containing the constructs needed to manipulate the file created
 *          by this function. This function returns NULL if an error occurs during creation.
 */

SIF_EXPORT sif_file*        sif_create(const char *filename, long width, long height,
                                       long bands, int data_unit_size,
                                       int user_data_type, int consolidate_on_close,
                                       int defragment_on_close,
                                       long tile_width, long tile_height,
                                       int intrinsic_write);

/**
 * @brief Create a copy of a SIF file.
 *
 * @warning Note that this function has neither been tested nor ported for use with WIN32+MSVS
.
 *
 * @param file      The file structure pointing to the file to copy. This
 *                  file is flushed before its contents are read.
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 * @param filename  The filename of the file to store the copy.
 *
 * @return  A file structure containing the constructs needed to manipulate the file copied
 *          by this function. This function returns NULL if an error occurs during file
 *          creation.
 */

SIF_EXPORT sif_file*        sif_create_copy(sif_file *file, const char *filename);

/**
 * @brief Close a SIF file.

 * If the file is open for reading and writing, defragmentation
 * and consolidation occur only if the defragment and consolidate
 * flags are set in the file’s header. The file header, tile headers, and
 * meta data are written upon close.
 *
 * @param file   The SIF file to close.
 *
 * @return       The status of the close.
 *
 * @see sif_header::consolidate
 * @see sif_header::defragment
 * @see sif_set_consolidate
 * @see sif_unset_consolidate
 * @see sif_is_consolidate_set
 */

SIF_EXPORT int              sif_close(sif_file* file);

/**
 * @brief Check all tiles in a file for intrinsic uniformity.
 *
 * If a tile is found to be intrinsically uniform, its common pixel values
 * for each slice is stored in its header and the physical storage block it
 * is using is freed. If the consolidation flag in the file’s header is
 * turned off or the file is read only, this method does nothing.
 *
 * @param file   The file to mark for uniformity.
 */

SIF_EXPORT void             sif_consolidate(sif_file* file);

/**
 * @brief Defragment the file.
 *
 * This results in a sort of the storage blocks
 * so they are in the order of their corresponding tile indices. This
 * enables faster reading/writing of continguous blocks. No unused
 * storage blocks remain in the file (i.e. the used blocks are shifted
 * so that they write over the unused blocks). The file is
 * truncated at the position of the last used storage block byte. Meta-data
 * and the file’s header are rewritten.
 *
 * @param file   The file to defragment.
 */

SIF_EXPORT void             sif_defragment(sif_file* file);

/**
 * @brief Writes a rectangular image region to a file.
 *
 * The tiles changed by this write are not checked for pixel uniformity.
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 * This results in the dirty flags in their respective tile headers being
 * set to true. This results in a uniformity check during the file’s close unless
 * the uniformity check flag is set to false in the file’s header. Also, any
 * fragmentation caused by this function is not resolved until the file is closed.
 *
 * @warning This function has not been tested.
 *
 * @param file   The file on which to write the raster plane.
 * @param data   The buffer containing the raster to write.
 * @param x      The starting horizontal pixel offset (0..N-1 indexed) to write.
 * @param y      The starting vertical pixel offset (0..N-1 indexed) to write.
 * @param w      The width of the region.
 * @param h      The height of the region.
 * @param band   The band offset (0..N-1 indexed).
 *
 * @see sif_get_raster
 * @see sif_get_tile_slice
 * @see sif_set_tile_slice
 */

SIF_EXPORT void             sif_set_raster(sif_file* file, const void *data,
                                long x, long y, long w, long h, long band);

/**
 * @brief Reads a rectangular raster region from a file. It may overlap
 * multiple tiles in the file.
 *
 * @warning This function has not been tested.
 *
 * @param file   The file on which to read the raster plane out.
 * @param data   The buffer to store the raster plane.
 * @param x      The starting horizontal pixel offset (0..N-1 indexed) to read.
 * @param y      The starting vertical pixel offset (0..N-1 indexed) to read.
 * @param w      The width of the region.
 * @param h      The height of the region.
 * @param band   The band offset (0..N-1 indexed).
 *
 * @see sif_set_raster
 * @see sif_get_tile_slice
 * @see sif_set_tile_slice
 */

SIF_EXPORT void             sif_get_raster(sif_file* file, void *data,
                                long x, long y, long w, long h, long band);

/**
 * @brief Fill all tiles of a particular band with a constant value.
 *
 * If uniformity results as a result of this fill, the corresponding
 * tiles are marked appropriately and the block space they use is
 * freed.
 *
 * @param file  The file on which to perform the fill.
 * @param band  The band index of the tile to retrieve (0..N-1 indexed).
 * @param value The value to fill all values of the slice. It
 *              must be data_unit_size in bytes.
 */

SIF_EXPORT void             sif_fill_tiles(sif_file *file, long band, const void *value);

/**
 * @brief Retrieve a tile slice.
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 *
 * If the tile is uniform, no access to the disk is made; instead,
 * the uniform pixel value for the band in the tile’s header is
 * used to fill the buffer. The buffer must contain enough bytes
 * to hold a slice.
 *
 * @param file   The file on which to perform the fill.
 * @param tx     The horizontal index of the slice to retrieve (0..N-1 indexed).
 * @param ty     The vertical index of the slice to retrieve (0..N-1 indexed).
 * @param band   The band index of the slice to retrieve (0..N-1 indexed).
 * @param buffer The buffer to store the tile slice. It must be data_unit_size in
 *               bytes.
 *
 * @see sif_fill_tile_slice
 */

SIF_EXPORT void             sif_get_tile_slice(sif_file *file, void *buffer, long tx, long ty,
 long band);

/**
 * @brief Store a tile slice.
 *
 * A check is not made to determine pixel uniformity. The tile’s dirty flag
 * is set to true. This results in a uniformity check during the file’s close,
 * unless uniformity check flag is disabled in the file’s header. Also, any
 * fragmentation caused by this function is not resolved until the file is closed.
 *
 * @param file    The file on which to perform the write.
 * @param tx      The horizontal index (0..N-1 indexed) of the slice to write.
 * @param ty      The vertical index (0..N-1 indexed) of the slice to write.
 * @param band    The band index (0..N-1 indexed) of the slice to write.
 * @param buffer  The buffer to write. It must have enough bytes for an entire
 *                tile slice, e.g. \ref sif_header::tile_width *
 *                \ref sif_header::tile_height * \ref sif_header::data_unit_size.
 */

SIF_EXPORT void             sif_set_tile_slice(sif_file *file, const void *buffer, long tx, lo
ng ty, long band);

/**
 * @brief Fill a tile slice with a constant value.
 * 
 * If all bands become uniform as a result of this fill, the block for this
 * slice’s corresponding cube will be freed.
 *
 * @warning This function has not been tested.
 *
 * @param file  The file on which to perform the fill.
 * @param tx    The horizontal index of the tile to fill (0..N-1 indexed).
 * @param ty    The vertical index of the tile to fill (0..N-1 indexed).
 * @param band  The band index of the tile to fill (0..N-1 indexed).
 * @param value The value to fill all values of the slice. It
 *              must be \ref sif_header::data_unit_size bytes in size.
 *
 * @see sif_fill_tiles
 */

SIF_EXPORT void             sif_fill_tile_slice(sif_file *file, long tx, long ty, long band, c
onst void *value);

/**
 * @brief Set a meta-data field with a given key to a value defined by
 * a null-terminated character string.
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 *
 * @param file      The file to set the meta-data.
 * @param key       The key of the field to set.
 * @param value     The value to set the field.
 *
 * @see sif_set_meta_data_binary
 * @see sif_get_meta_data
 * @see sif_get_meta_data_binary
 */

SIF_EXPORT void             sif_set_meta_data(sif_file *file, const char *key, const char *val
ue);

/**
 * @brief Set a meta-data field with a given key to a given
 * sequence of bytes.
 *
 * The length of the value is passed here, thereby allowing for
 * binary, non-null-terminated, meta-data.
 *
 * @param file      The file on which to set the meta-data field.
 * @param key       The key of the field to set.
 * @param buffer    The value to set the field.
 * @param n_bytes   The length of the value (in bytes).
 *
 * @warning The meta-data is not written to the file until the file
 * is closed or flushed.
 *
 * @see sif_set_meta_data
 * @see sif_get_meta_data
 * @see sif_get_meta_data_binary
 */

SIF_EXPORT void             sif_set_meta_data_binary(sif_file *file, const char *key, const vo
id *buffer, int n_bytes);

/**
 * @brief Get a string meta-data field with a given key. This function
 * returns 0 and sets the error field in the file’s header if the buffer
 * stored for this meta-data is not a null-terminated string or if the
 * field with the given key string could not be found.
 *
 * @param file      The file on which to set the meta-data field.
 * @param key       The key of the field to set.
 *
 * @return          The value of the field.
 *
 * @see sif_get_meta_data_binary
 * @see sif_set_meta_data
 * @see sif_set_meta_data_binary
 */

SIF_EXPORT const char*      sif_get_meta_data(sif_file *file, const char *key);

/**
 * @brief Get a string meta-data field with a given key. This function
 * returns 0 and sets the error field in the file’s header.
 *
 * @param file      The file to set the meta-data.
 * @param key       The key of the field to set.
 * @param n_bytes   A pointer to an integer value. This
 *                  value is set to the size of the buffer
 *                  returned.



sif/sif-io.h Wed Apr 09 12:14:10 2014 20

 *
 * @return          The value of the field.
 */

SIF_EXPORT const void*      sif_get_meta_data_binary(sif_file *file, const char *key, int *n_b
ytes);

/**
 * @brief Determine if the tiles comprising a region are shallow uniform.
 *
 * @param file          The file to perform the check.
 * @param x             The starting horizontal pixel offset (0..N-1 indexed)
 *                      of the region to check.
 * @param y             The starting vertical pixel offset (0..N-1 indexed)
 *                      of the region to check.
 * @param w             The width of the region.to check.
 * @param h             The height of the region to check.
 * @param band          The band offset (0..N-1 indexed).
 * @param uniform_value This value is only meaningful when this function
 *                      returns true (non-zero). It is expected that the
 *                      pointer passed point to at least data_unit_size bytes.
 *                      When the region is completely uniform, the uniform
 *                      pixel value is stored here.
 *
 * @return 0 if the tiles are not shallow uniform or a memory allocation error
 *           occurred, otherwise a non-zero value.
 */

SIF_EXPORT int              sif_is_shallow_uniform(sif_file *file, long x, long y, long w, lon
g h, long band, void *uniform_value);

/**
 * @brief Determine if a tile has shallow uniformity.
 *
 * @param file          The file to perform the check.
 * @param tx            The horizontal tile index (0..N-1 indexed)
 *                      of the region to check.
 * @param ty            The vertical tile index (0..N-1 indexed)
 *                      of the region to check.
 * @param band          The band offset (0..N-1 indexed).
 * @param uniform_value This value is only meaningful when this function
 *                      returns true (non-zero). It is expected that the
 *                      pointer passed point to at least data_unit_size bytes.
 *                      When the region is completely uniform, the uniform
 *                      pixel value is stored here.
 *
 * @return 0 if the tiles are non-uniform or a memory allocation error
 *           occurred, otherwise a non-zero value.
 */

SIF_EXPORT int              sif_is_slice_shallow_uniform(sif_file *file, long tx, long ty, lon
g band, void *uniform_value);

/**
 * @brief Flush all remaining unwritten data to the file.
 *
 * This function immediately returns if the file passed is read-only.
 *
 * @param file   The SIF file to flush.
 *
 * @return A non-zero value if no error occurred during the flush.
 */
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SIF_EXPORT int              sif_flush(sif_file* file);

/**
 * @brief Set the user data type for the file.
 *
 * This value does not change the behavior of any sif-io functions. The user
 * may use it to store an integer representing the data type of the pixel
 * values in the image.
 *
 * @param file            The file to change the data type flag.
 * @param user_data_type  The value of the new user-defined data type flag.
 *
 */

SIF_EXPORT void             sif_set_user_data_type(sif_file *file, long user_data_type);

/**
 * @brief Get the user data type integer for the file.
 *
 * This value does not change the behavior of any \ref sif-io.h functions. The user
 * may use it to store an integer representing the data type of the pixel
 * values in the image.
 *
 * @param file            The file on which to get the user-defined data type flag.
 *
 * @return                The user-defined data type of the data units in the
 *                        file.
 */

SIF_EXPORT long             sif_get_user_data_type(sif_file *file);

/**
 * @brief Set the uniformity flag. This results in a pixel uniformity check on
 * all dirty tiles.
 *
 * @param file            The file to change.
 * @see sif_is_intrinsic_write_set
 * @see sif_unset_intrinsic_write
 * @see sif_is_shallow_uniform
 * @see sif_is_slice_shallow_uniform
 */

void                         sif_set_intrinsic_write(sif_file *file);

/**
 * @brief Return the value of the uniformity flag. When true, a uniformity
 * check is perfomed on all dirty tiles during close.
 *
 * @param file            The file to check.
 * @see sif_unset_intrinsic_write
 * @see sif_is_intrinsic_write_set
 * @see sif_is_shallow_uniform
 * @see sif_is_slice_shallow_uniform
 *
 * @return The value of the flag.
 */

SIF_EXPORT int              sif_is_intrinsic_write_set(sif_file *file);

/**
 * @brief Unset the uniformity flag.
 *
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 * This cancels pixel uniformity checks during close.
 *
 * @param file            The file to change.
 * @see sif_unset_intrinsic_write
 * @see sif_set_intrinsic_write
 * @see sif_is_shallow_uniform
 * @see sif_is_slice_shallow_uniform
 */

SIF_EXPORT void             sif_unset_intrinsic_write(sif_file *file);

/**
 * @brief Set the defragmentation flag.
 *
 * Defragmentation is then performed during the file’s close. Data blocks
 * are rearranged in the order they appear in the image.
 *
 * @param file            The file to change.
 * @see sif_unset_defragment
 * @see sif_is_defragment_set
 */

SIF_EXPORT void             sif_set_defragment(sif_file *file);

/**
 * @brief Unsets the defragmentation flag.
 *
 * This cancels defragmentation when the file is closed.
 *
 * @param file            The file to change.
 *
 * @return The value of the defragmentation flag.
 * @see sif_set_defragment
 * @see sif_unset_defragment
 * @see sif_defragment
 * @see sif_close
 * @see sif_header::defragment
 */

SIF_EXPORT int               sif_is_defragment_set(sif_file *file);

/**
 * @brief Set the defragmentation flag.
 *
 * Defragmentation on the file’s close is cancelled.
 *
 * @param file            The file to change.
 * @see sif_set_defragment
 * @see sif_is_defragment_set
 * @see sif_defragment
 * @see sif_close
 * @see sif_header::defragment
 */

SIF_EXPORT void              sif_unset_defragment(sif_file *file);

/**
 * @brief Set the consolidation flag.
 *
 * Consolidation is then performed during the files close.
 *
 * @param file            The file to change.
 * @see sif_unset_consolidate
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 * @see sif_is_consolidate_set
 * @see sif_consolidate
 * @see sif_close
 * @see sif_header::consolidate
 */

SIF_EXPORT void              sif_set_consolidate(sif_file *file);

/**
 * @brief Return whether the file will be scheduled for consolidation
 * on its close. Used blocks are moved toward the begining of the
 * file, taking up the space of unused blocks before them. If there
 * are no unused blocks or all of the unused blocks are at the end of
 * the file, this file is simply truncated at the location of the first
 * byte of the unused block and the meta-data is rewritten.
 *
 * @param file            The file to check.
 *
 * @return The value of the consolidation flag.
 * @see sif_unset_consolidate
 * @see sif_set_consolidate
 * @see sif_consolidate
 * @see sif_close
 * @see sif_header::consolidate
 */

SIF_EXPORT int               sif_is_consolidate_set(sif_file *file);

/**
 * @brief Unset the consolidation flag.
 *
 * Consolidation is then performed during the files close.
 *
 * @param file            The file to change.
 * @see sif_set_consolidate
 * @see sif_is_consolidate_set
 * @see sif_consolidate
 * @see sif_close
 * @see sif_header::consolidate
 */

SIF_EXPORT void              sif_unset_consolidate(sif_file *file);

/**
 * @brief Set the affine georeferencing transform of an open file.
 *
 * @param file            The file to set the affine georeferencing transform.
 * @param trans           A double array of size 6 with the new value of the
 *                        georeferencing transform.
 *
 * @see sif_get_affine_geo_transform
 * @see sif_header::affine_geo_transform
 */

SIF_EXPORT void              sif_set_affine_geo_transform(sif_file *file,
                                                          const double *trans);

/**
 * @brief Get the affine georeferencing transform of an open file.
 *
 * @param file            The file to get the transform.
 * @return                An array of six doubles representing the transform.
 *



sif/sif-io.h Wed Apr 09 12:14:10 2014 24

 * @see sif_set_affine_geo_transform
 * @see sif_header::affine_geo_transform
 */

SIF_EXPORT const double *    sif_get_affine_geo_transform(sif_file *file);

/**
 * @brief Return the projection string of an open file. It is expected
 * to be in OpenGIS WKT format. The string is stored in the "_sif_proj"
 * field in the meta-data region of the file. If the projection string
 * cannot be found, the empty string is returned.
 *
 * @param file             The file from which to get the projection string.
 *
 * @return The projection string.
 *
 * @see sif_set_projection
 */

SIF_EXPORT const char *      sif_get_projection(sif_file *file);

/**
 * @brief Set the projection string of an open file. This is expected
 * to be empty ("") or in OpenGIS WKT format. The string is stored in
 * the "_sif_proj" field in the meta-data region of the file.
 *
 * @param file             The file to set the projection string.
 * @param proj             The new projection string value.
 *
 * @see sif_get_projection
 */

SIF_EXPORT void              sif_set_projection(sif_file *file, const char *proj);

/**
 * @brief Return a string indicating the data type convention used in
 *        this file. If the string is <code>"gdal"</code> then the GDT type codes in
 *        the GDAL library are used. If the string is <code>"simple"</code> then
 *        the convention presented earlier in this document is used.
 *
 * @param file             The file from which to get the projection string.
 *
 * @return The convention agreement string.
 *
 * @see sif_set_agreement
 */

SIF_EXPORT const char *      sif_get_agreement(sif_file *file);

/**
 * @brief Set a string indicating the data type convention used in this
 *        file. If the string is "gdal" then the GDT type codes in the
 *        GDAL library are used. If the string is "simple" then the
 *        convention presented earlier in this document is used.
 *
 * @param file             The file to set the projection string.
 * @param agree            The new projection string value.
 *
 * @see sif_get_agreement
 */

SIF_EXPORT void              sif_set_agreement(sif_file *file, const char *agree);
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/**
 * @brief Get the number of meta data (key, value) pairs in this file.
 *
 * @param file             The file from which to get the number of meta-data items.
 */

SIF_EXPORT int               sif_get_meta_data_num_items(sif_file *file);

/**
 * @brief Retrieve the keys of the meta data stored in the file. It is the
 * responsibility of the caller to free the memory to which *key_strs points
 * but not (*key_strs)[i] for any i, non-negative i < \ref sif_header::n_keys.
 *
 * @param file             The file from which to retrieve the meta-data keys.
 * @param key_strs         A pointer pointing to the pointer to set to the location
 *                         of the array of strings. The last value of the array of
 *                         strings is set to 0 (sentinel).
 * @param num_keys         A pointer to the int to store the number of keys retrieved
 *                         by this function.
 */

SIF_EXPORT void              sif_get_meta_data_keys(sif_file *file, const char *** key_strs, i
nt *num_keys);

/**
 * @brief Removes a meta-data item by its key string.
 *
 * @param file             The file from which to remove a meta-data item.
 * @param key              The key of the meta-data item to remove.
 */

SIF_EXPORT void              sif_remove_meta_data_item(sif_file *file, const char *key);

/**
 * @brief Specifies that when the file is written, the file should be
 * written with using the SIF file format version specified. If the version
 * is not supported for write, a SIF_ERROR_CANNOT_WRITE_VERSION error
 * is set in the header’s error code field.
 */
SIF_EXPORT void              sif_use_file_format_version(sif_file *file, long version);

/**
 * @brief Returns a positive value if the file referred to by <code>filename</code>
 * could possibly be a SIF file.
 *
 * @param filename         The filename of the file to check.
 *
 * @return A boolean indicating the result of the check.
 */

SIF_EXPORT int               sif_is_possibly_sif_file(const char *filename);

/**
 * @brief Returns a description of a SIF error code.
 *
 * @param code             The code of the error.
 *
 * @return A description of the error as a string. Returns -1 if the file could not
 * be opened. Returns 0 if the open was successful but the file is not a SIF file.
 */

SIF_EXPORT const char *      sif_get_error_description(int code);
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/**
 * \defgroup simpfuncs Simple Data-Type Convention Declarations
 */

/**
 * \def SIF_SIMPLE_ERROR_UNDEFINED_DT
 *
 * @brief An error indicating that the data type is not recognized as a data type
 * in the simple data-type convention.
 */

#define SIF_SIMPLE_ERROR_UNDEFINED_DT 100

/**
 * \def SIF_SIMPLE_ERROR_INCORRECT_DT
 *
 * @brief An error to indicate the data type of the image does not correspond to
 * the data type requested.
 */

#define SIF_SIMPLE_ERROR_INCORRECT_DT 101

/**
 * \def SIF_SIMPLE_ERROR_UNDEFINED_ENDIAN
 *
 * @brief An error to indicate an endian code is invalid.
 */

#define SIF_SIMPLE_ERROR_UNDEFINED_ENDIAN 102

/**
 * \def SIF_SIMPLE_UINT8
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing unsigned 8-
bit
 * integers.
 */

#define SIF_SIMPLE_UINT8 0

/**
 * \def SIF_SIMPLE_INT8
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing signed 8-bi
t
 * integers.
 */

#define SIF_SIMPLE_INT8 1

/**
 * \def SIF_SIMPLE_UINT16
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing unsigned 16
-bit
 * integers.
 */

#define SIF_SIMPLE_UINT16 2
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/**
 * \def SIF_SIMPLE_INT16
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing signed 16-b
it
 * integers.
 */

#define SIF_SIMPLE_INT16 3

/**
 * \def SIF_SIMPLE_UINT32
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing unsigned 32
-bit
 * integers.
 */

#define SIF_SIMPLE_UINT32 4

/**
 * \def SIF_SIMPLE_INT32
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing signed 32-b
it
 * integers.
 */

#define SIF_SIMPLE_INT32 5

/**
 * \def SIF_SIMPLE_UINT64
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing unsigned 64
-bit
 * integers.
 */

#define SIF_SIMPLE_UINT64 6

/**
 * \def SIF_SIMPLE_INT64
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing signed 64-b
it
 * integers.
 */

#define SIF_SIMPLE_INT64 7

/**
 * \def SIF_SIMPLE_FLOAT32
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing IEEE-754 st
andard
 * 32-bit floats.
 */
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#define SIF_SIMPLE_FLOAT32 8

/**
 * \def SIF_SIMPLE_FLOAT64
 * \ingroup simpdecs
 *
 * @brief The base type code (i.e. <code>user_data_type mod 10</code>) for storing IEEE-754 st
andard
 * 64-bit floats.
 */

#define SIF_SIMPLE_FLOAT64 9

/**
 * \def SIF_SIMPLE_LITTLE_ENDIAN
 * \ingroup simpdecs
 *
 * @brief The endian code for little endian.
 */

#define SIF_SIMPLE_LITTLE_ENDIAN 0

/**
 * \def SIF_SIMPLE_BIG_ENDIAN
 * \ingroup simpdecs
 *
 * @brief The endian code for little endian.
 */

#define SIF_SIMPLE_BIG_ENDIAN 1

/**
 * \def SIF_SIMPLE_NATIVE_ENDIAN
 * \ingroup simpdecs
 *
 * @brief The endian code for the byte order of the native machine on which this library runs.
 */

#if defined(WIN32) || __BYTE_ORDER == __LITTLE_ENDIAN
#define SIF_SIMPLE_NATIVE_ENDIAN SIF_SIMPLE_LITTLE_ENDIAN 
#elif __BYTE_ORDER == __BIG_ENDIAN
#define SIF_SIMPLE_NATIVE_ENDIAN SIF_SIMPLE_BIG_ENDIAN
#endif  

/**
 * \def SIF_SIMPLE_ENDIAN(t)
 * \ingroup simpdecs
 *
 * @brief A function macro that returns the endian code for a simple type code \a t.
 */

#define SIF_SIMPLE_ENDIAN(t) (((int)t)/10)

/**
 * \def SIF_SIMPLE_TYPE_CODE(bt, ec)
 * \ingroup simpdecs
 *
 * @brief A function macro that computes the compound type code from the base type code \a bt
 * and endian code \a ec.
 */

#define SIF_SIMPLE_TYPE_CODE(bt, ec) ((bt)+(ec))
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/**
 * \def SIF_SIMPLE_BASE_TYPE_CODE(bt, ec)
 * \ingroup simpdecs
 *
 * @brief A function macro that computes the base type code from the compound type code.
 */

#define SIF_SIMPLE_BASE_TYPE_CODE(x) (((int)x)%10)

/**
 * @brief Create a new Sparse Image Format (SIF) file with a given filename
 * and attributes. The file’s header and tile headers are written. No
 * space is preallocated for data blocks. The simple data-type convention
 * is used. When reading, writing, or filling the image file created by
 * this function, the <code>sif_simple_*</code> functions must be used
 * to ensure the image data elements are written with the proper byte
 * order.
 *
 * Unless \ref sif_simple_set_endian is called prior to reading or writing
 * any image raster, the pixels will be stored in native byte order.
 *
 * @param filename              The filename of the new file.
 * @param width                 The width of the image to store in the file to create.
 * @param height                The height of the image to store in the file to create.
 * @param bands                 The number of bands of the image to store in the file to creat
e.
 * @param simple_data_type      The data type code.
 * @param tile_width            The width of a single tile.
 * @param tile_height           The height of a single tile.
 * @param consolidate_on_close  Defines whether a pixel uniformity check should be applied to
 *                              dirty tiles during each close.
 * @param defragment_on_close   Defines whether the file should be defragmented during each cl
ose.
 * @param intrinsic_write       Defines whether intrinsic uniformity checks should be performe
d
 *                              when rasters are written to a file.
 *
 * @return  A file structure containing the constructs needed to manipulate the file created
 *          by this function. This function returns NULL if an error occurs during creation.
 */

SIF_EXPORT sif_file*        sif_simple_create(const char *filename,
                                              long width, long height,
                                              long bands,
                                              int simple_data_type,
                                              int consolidate_on_close,
                                              int defragment_on_close,
                                              long tile_width, long tile_height,
                                              int intrinsic_write);

/**
 * @brief Create a new Sparse Image Format (SIF) file with a given filename
 * and attributes. The file’s header and tile headers are written. No
 * space is preallocated for data blocks. The simple data-type convention
 * is used.
 *
 * When reading, writing, or filling the image file created by
 * this function, the <code>sif_simple_*</code> functions must be used
 * to ensure the image data elements are written with the proper byte
 * order.
 *
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 * Unless \ref sif_simple_set_endian is called prior to reading or writing
 * any image raster, the pixels will be stored in native byte order.
 *
 * The sif_header::consolidate, sif_header::defragment and the
 * sif_header::intrisic_write flags are all set to true. The sif_header::tile_width
 * and sif_header::tile_height are both set to 64.
 *
 * @param filename              The filename of the new file.
 * @param width                 The width of the image to store in the file to create.
 * @param height                The height of the image to store in the file to create.
 * @param bands                 The number of bands of the image to store in the file to creat
e.
 * @param simple_data_type      The data type code.
 *
 * @return  A file structure containing the constructs needed to manipulate the file created
 *          by this function. This function returns NULL if an error occurs during creation.
 */

SIF_EXPORT sif_file*        sif_simple_create_defaults(const char *filename,
                                                       long width, long height,
                                                       long bands,
                                                       int simple_data_type);

/**
 * @brief Set the network byte order for the pixel. Note that this field
 * should never be set once a raster is written to a file.
 * This field must be set to one of \ref SIF_SIMPLE_LITTLE_ENDIAN or
 * \ref SIF_SIMPLE_BIG_ENDIAN.
 *
 * @param  file       The file on which to perform the operation.
 * @param  endian     The endian code to set the file.
 */

SIF_EXPORT void               sif_simple_set_endian(sif_file *file, int endian);

/**
 * @brief Get the network byte order of the pixel values in the image
 * of this file.
 *
 * @param  file       The file on which to perform the operation.
 *
 * @return            The endian code of this file.
 */

SIF_EXPORT int               sif_simple_get_endian(sif_file *file);

/**
 * @brief Set the simple data type code for the pixel. Note that this field
 * should never be set once a raster is written to a file.
 *
 * @param  file       The file on which to perform the operation.
 * @param  code       The simple data type code of the pixel values.
 * @see simpdecs
 */

SIF_EXPORT void               sif_simple_set_data_type(sif_file *file, int code);

/**
 * @brief Get the simple data type code of the pixel values in the image
 * of this file.
 *
 * @param  file       The file on which to perform the operation.
 *
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 * @return            The simple data type code of the pixel values.
 * @see simpdecs
 */

SIF_EXPORT int               sif_simple_get_data_type(sif_file *file);

/**
 * @brief Write a rectangular region to a file. The byte order of the
 * data values is automatically converted from host order to the the
 * byte order of the file.
 *
 * @param file The file on which to perform the operation.
 * @param data The buffer containing the data to write.
 * @param x    The horizontal starting index of the file.
 * @param y    The vertical starting index of the file.
 * @param w    The width of the region.
 * @param h    The height of the region.
 * @param band The band of the region.
 */

SIF_EXPORT void              sif_simple_set_raster(sif_file* file,
                                                   const void *data,
                                                   long x, long y,
                                                   long w, long h,
                                                   long band);

/**
 * @brief Read a rectangular region from a file. The byte order of
 * the data values in the buffer is automatically converted to the
 * byte order of the file.
 *
 * @param file The file on which to perform the operation.
 * @param data The buffer into which the data will be read.
 * @param x    The horizontal starting index of the file.
 * @param y    The vertical starting index of the file.
 * @param w    The width of the region.
 * @param h    The height of the region.
 * @param band The band of the region.
 */

SIF_EXPORT void              sif_simple_get_raster(sif_file* file,
                                                   void *data,
                                                   long x, long y,
                                                   long w, long h,
                                                   long band);
/**
 * @brief Fill a band with a constant value. The byte order of the
 * value is converted to the byte order of the file’s image.
 *
 * @param file   The file on which to perform the operation.
 * @param band   The band to fill.
 * @param value  The pointer to the value with which to fill the band.
 */

SIF_EXPORT void              sif_simple_fill_tiles(sif_file *file,
                                                   long band, const void *value);

/**
 * @brief Retrieve a tile slice. The byte order of the data values
 * in the buffer are in host byte order.
 *
 * @param file   The file on which to perform the operation.
 * @param buffer The buffer to store the slice.
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 * @param tx     The horizontal index of the tile slice.
 * @param ty     The vertical index of the tile slice.
 * @param band   The band of the tile to which the slice corresponds.
 */

SIF_EXPORT void              sif_simple_get_tile_slice(sif_file *file, void *buffer,
                                                       long tx, long ty, long band);
/**
 * @brief Store a tile slice. The byte order of the data values
 * in the buffer are converted to the byte order of the file.
 *
 * @param file   The file on which to perform the operation.
 * @param buffer The buffer to store the slice.
 * @param tx     The horizontal index of the tile slice.
 * @param ty     The vertical index of the tile slice.
 * @param band   The band of the tile to which the slice corresponds.
 */

SIF_EXPORT void              sif_simple_set_tile_slice(sif_file *file,
                                                       const void *buffer,
                                                       long tx, long ty, long band);

/**
 * @brief Fill a tile slice with a constant value. The value is
 * converted from host order to the byte order in the file.
 *
 * @param file   The file on which to perform the operation.
 * @param tx     The horizontal index of the tile slice.
 * @param ty     The vertical index of the tile slice.
 * @param band   The band of the tile to which the slice corresponds.
 * @param value  The pointer to the value to fill the tile slice.
 */

SIF_EXPORT void              sif_simple_fill_tile_slice(sif_file *file,
                                                        long tx, long ty,
                                                        long band, const void *value);

/**
 * @brief Open a Sparse Image File (SIF) format file for reading or update.
 * The file is expected to use the Simple data type convention.
 *
 * When reading, writing, or filling the image file opened by
 * this function, the <code>sif_simple_*</code> functions must be used
 * to ensure the image data elements are written with the proper byte
 * order.
 *
 * If the file does not use the simple data-type convention, 0 is returned.
 *
 * @param filename  The filename of the SIF file to open.
 * @param read_only A flag indicating whether to open as read-only (1)
 *                  or update (0).
 *
 * @return A file structure containing all the constructs needed to
 *         manipulate the opened SIF file is returned. NULL is returned
 *         if an error occured during open.
 */

SIF_EXPORT sif_file*        sif_simple_open(const char* filename, int read_only);

/**
 * @brief Determine if the tiles comprising a region are shallow uniform. The
 * "simple" data-type convention is assumed.
 *
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 * @param file          The file to perform the check.
 * @param x             The starting horizontal pixel offset (0..N-1 indexed)
 *                      of the region to check.
 * @param y             The starting vertical pixel offset (0..N-1 indexed)
 *                      of the region to check.
 * @param w             The width of the region.to check.
 * @param h             The height of the region to check.
 * @param band          The band offset (0..N-1 indexed).
 * @param uniform_value This value is only meaningful when this function
 *                      returns true (non-zero). It is expected that the
 *                      pointer passed point to at least data_unit_size bytes.
 *                      When the region is completely uniform, the uniform
 *                      pixel value is stored here.
 *
 * @return 0 if the tiles are not shallow uniform or a memory allocation error
 *           occurred, otherwise a non-zero value.
 */

SIF_EXPORT int              sif_simple_is_shallow_uniform(sif_file *file, long x, long y, long
 w, long h, long band, void *uniform_value);

/**
 * @brief Determine if a tile slice has shallow uniformity. The simple user data
 * type convention is assumed.
 *
 * @param file          The file to perform the check.
 * @param tx            The horizontal tile index (0..N-1 indexed)
 *                      of the region to check.
 * @param ty            The vertical tile index (0..N-1 indexed)
 *                      of the region to check.
 * @param band          The band offset (0..N-1 indexed).
 * @param uniform_value This value is only meaningful when this function
 *                      returns true (non-zero). It is expected that the
 *                      pointer passed point to at least data_unit_size bytes.
 *                      When the region is completely uniform, the uniform
 *                      pixel value is stored here.
 *
 * @return 0 if the tiles are non-uniform or a memory allocation error
 *           occurred, otherwise a non-zero value.
 */

SIF_EXPORT int              sif_simple_is_slice_shallow_uniform(sif_file *file, long tx, long 
ty, long band, void *uniform_value);

/**
 * Return if the file conforms to the "simple" data type convention.
 *
 * @param file              The file on which to perform the operation.
 *
 * @return A positive value if the file conforms to the "simple" data type convention.
 */

SIF_EXPORT int              sif_is_simple(sif_file *file);

/**
 * Return a positive number if the file referred to by the filename conforms to the "simple"
 * data type convention.
 *
 * @param filename          The filename of the file on which to perform the operation.
 *
 * @return A positive value if the file referred to by the filename conforms to the
 *          "simple" data type convention. If the file does not conform to the "simple"
 *         data type convention, -2 is returned. If the file could not be opened, -1 is return
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ed.
 *         If the file is not a SIF file, 0 is returned.
 */

SIF_EXPORT int              sif_is_simple_by_name(const char *filename);

/**
 * Exports a region of an open SIF file to PGM (Portable Grayscale Map) format. The file must
 * conform to the "simple" data type convention. uint8 and uint16 are the only
 * supported "simple" data types for PGM output.
 *
 * @param   file       The SIF file to export.
 * @param   filename   The filename to write the PGM output.
 * @param   x          The x pixel coordinate of the region to write (0..N-1 indexed).
 * @param   y          The y pixel coordinate of the region to write (0..N-1 indexed).
 * @param   width      The width of the region to write.
 * @param   height     The height of the region to write.
 * @param   band       The band of the region to write.
 *
 * @return A nonzero value if successful.
 */

SIF_EXPORT int              sif_export_region_to_pgm_file(sif_file *file, const char *filename
,
                                                          int x, int y, int width, int height,
 int band);

/**
 * Exports a slice of a tile in an image of an open SIF file to PGM (Portable Grayscale Map) f
ormat.
 * The file must conform to the "simple" data type convention. uint8 and uint16 are the only
 * supported "simple" data types for PGM output.
 *
 * @param   file       The SIF file to export.
 * @param   filename   The filename to write the PGM output.
 * @param   tx         The x tile coordinate of the slice to write (0..N-1 indexed).
 * @param   ty         The y tile coordinate of the slice to write (0..N-1 indexed).
 * @param   band       The band number of the slice to write (0..N-1 indexed).
 *
 * @return A nonzero value if successful.
 */

SIF_EXPORT int              sif_export_slice_to_pgm_file(sif_file *file, const char *filename,
                                                         int tx, int ty, int band);

/**
 * Exports three bands of a region of an open SIF file to PPM (Portable Pixel Map) format. The
 file
 * must conform to the "simple" data type convention. The image in the file must contain 3 ban
ds.
 * uint8 and uint16 are the only supported "simple" data types for PPM output.
 *
 * @param   file       The SIF file to export.
 * @param   filename   The filename to write the PGM output.
 * @param   x          The x pixel coordinate of the region to write (0..N-1 indexed).
 * @param   y          The y pixel coordinate of the region to write (0..N-1 indexed).
 * @param   width      The width of the region to write.
 * @param   height     The height of the region to write.
 * @param   band0      The band number of the SIF image corresponding to the red band in the P
PM file.
 * @param   band1      The band number of the SIF image corresponding to the green band in the
 PPM file.
 * @param   band2      The band number of the SIF image corresponding to the blue band in the 



sif/sif-io.h Wed Apr 09 12:14:10 2014 35

PPM file.
 *
 * @return A nonzero value if successful.
 */

SIF_EXPORT int              sif_export_region_to_ppm_file(sif_file *file, const char *filename
,
                                                          int x, int y, int width, int height,
                                                          int band0, int band1, int band2);

/**
 * Exports three slices of a tile of an open SIF file to PPM (Portable Pixel Map) format. The 
file
 * must conform to the "simple" data type convention. The image in the file must contain at le
ast 3 bands.
 * uint8 and uint16 are the only supported "simple" data types for PPM output.
 *
 * @param   file       The SIF file to export.
 * @param   filename   The filename to write the PGM output.
 * @param   tx         The x tile coordinate of the slice to write (0..N-1 indexed).
 * @param   ty         The y tile coordinate of the slice to write (0..N-1 indexed).
 * @param   band0      The band number of the tile slice corresponding to the red band in the 
PPM file.
 * @param   band1      The band number of the tile slice corresponding to the green band in th
e PPM file.
 * @param   band2      The band number of the tile slice corresponding to the blue band in the
 PPM file.
 *
 * @return A nonzero value if successful.
 */

SIF_EXPORT int              sif_export_slices_to_ppm_file(sif_file *file, const char *filename
,
                                                          int tx, int ty,
                                                          int band0, int band1, int band2);

/**
 * Exports three bands of a region of an open SIF file to PAM (Portable Any Map) format. The f
ile
 * must conform to the "simple" data type convention. 
 * uint8 and uint16 are the only supported "simple" data types for PAM output.
 *
 * @param   file       The SIF file to export.
 * @param   filename   The filename to write the PAM output.
 * @param   x          The x pixel coordinate of the region to write (0..N-1 indexed).
 * @param   y          The y pixel coordinate of the region to write (0..N-1 indexed).
 * @param   width      The width of the region to write.
 * @param   height     The height of the region to write.
 * @param   bands      The band numbers of the SIF image corresponding to the bands in the PAM
 file,
 *                     in ascending order.
 * @param   nbands     The total number of bands to write.
 *
 * @return A nonzero value if successful.
 */

SIF_EXPORT int              sif_export_region_to_ppm_file(sif_file *file, const char *filename
,
                                                          int x, int y, int width, int height,
                                                          int *bands, int nbands);

/**
 * Exports three slices of a tile of an open SIF file to PAM (Portable Any Map) format. The fi
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le
 * must conform to the "simple" data type convention. The image in the file must contain at le
ast 3 bands.
 * uint8 and uint16 are the only supported "simple" data types for PAM output.
 *
 * @param   file       The SIF file to export.
 * @param   filename   The filename to write the PAM output.
 * @param   tx         The x tile coordinate of the slice to write (0..N-1 indexed).
 * @param   ty         The y tile coordinate of the slice to write (0..N-1 indexed).
 * @param   bands      The band numbers of the slices of the tile in the SIF image correspondi
ng
 *                     to the bands in the PAM file, in ascending order.
 * @param   nbands     The total number of bands to write.
 *
 * @return A nonzero value if successful.
 */

SIF_EXPORT int              sif_export_slices_to_ppm_file(sif_file *file, const char *filename
,
                                                          int tx, int ty,
                                                          int *bands, int nbands);

#endif
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