
Louis Farrugia

Lecture-2

Connecting 
programs 
together

Louis Farrugia – IUCr Computing School - Siena 2005 – Connecting Programs Together

Some crystallographic programs have complex 
functionality – program systems

• PLATON, CRYSTALS
• DIRDIF, WinGX, GSAS, SHELXTL ...
• CCP4, XtalView, X-Plor, Phenix
• public SHELX suite

• monolithic program (single executable)
• separate executables connected together
• simply separate executables
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Advantages of connected program systems

• file formats/data interconversions automatically 
handled 
• monitor program(s) controls flow of processing by 
application programs
• changes easier to make - GUI/Monitor/applications 
can be updated separately
• coding errors may be less easily propogated - adding 
new code to monolithic programs may introduce 
unwanted side-effects

Disadvantages
• program interconnection can be dependent on operating 
system 
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GUI

Monitor program

Appl A Appl B Appl C

Simple program system  architecture

libraries
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GUI

Monitor program

do
if (menu1_selected)  do X
if (menu2_selected)  do Y
if (buttonA_pressed) do Z
.
.

enddo

Event loop

In WinGX system,  executable wingx32.exe is both
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GUI design

GUI design is more an art than a science

• keep it simple – limit the number of choices on 
an individual dialog box
• keep operations as standard as possible
• lay out controls neatly

• keep to the “look and feel” appropriate to your 
platform – use native windowing tools
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GUI design

Symbols very cryptic

Need a very good 
understanding of the 
program to use GUI

Windows pop up with
no obvious way of 
dismissing them
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GUI design

Don’t include features which irritate users !

• pointless dialog boxes
• use all system resources
• no useful text output

The purpose of a well-designed
GUI is to make it easier for
the user.
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Libraries

All large program systems make use of libraries.

library code has general functionality and is used in 
several subprograms.
a = matmul(b,c) – a,b,c are arrays

library routines have well-designed interfaces -
reuseability is emphasised in OO programming.

why use libraries ? efficiency in programming – no 
need to reinvent the wheel
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Libraries

WinGX has 6 libraries implemented as DLL’s

• wgxlib00.dll – mathematical functions – matrix 
inversion, eigenvalue, cell transformations, general 
routine, sorting, free-format parsing  etc
• wgxlib01.dll – encapsulation of Salford routines
• wgxlib02.dll – PGPLOT graphics libraries
• wgxlib03.dll – GETSPEC space group routines
• wgxlib04.dll – encapsulated Salford GUI routines
• ciftbx26.dll – CITtbx version 2.6.2 
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Libraries

Why use dynamically linked libraries ? 
( <name>.dll Windows <name>.so  Linux)

• saves space – only one version needed – many 
executables can be linked simultaneously to same DLL

• makes correcting/updating large program systems 
easier

• code is linked at compile-time with library – changes 
can be made, but interface must remain the same

Limitation - must be self-contained set of routines - no 
calls to external routines.

Louis Farrugia – IUCr Computing School - Siena 2005 – Connecting Programs Together

Libraries

CIFtbx (modified version 2.6.2) implemented in library 
ciftbx26.dll

Public functions passing information to DLL
ciftbx_init() initialise all CIFtbx variables (initially in

undefined state)
ocif_(<cif name>) load contents of existing CIF into CIFTBX 

memory
pcif_(<cif name>) creates new CIF in CIFTBX memory
dict_(<dic-name>) loads a CIF dictionary in CIFTBX memory for 

data validation
pchar_(<string>,<value>) puts value of CIF data item contained in 

<string> into new CIF  

Public functions returning information from DLL
char_(<string>,<value>) gets value of CIF data item contained in 

<string>, in this case character value
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Main program
library

public function (out)

public function (in)
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Libraries

CIFtbx version 2.6.2 implemented in ciftbx26.dll

In WinGX, the library is used to :
• import CIF’s and convert to SHELX files
• validate CIF’s (IUCRVAL)
• write archive.cif, the summary file of structure 
determination

last functionality involves ...
1. concatenating all CIF’s into one file (data_ blocks) 
2. reading request list of data items for archive.cif
3. sequentially finding all requested data items from 

concatenated CIF, and placing in archive.cif
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GUI

Monitor program

Appl A Appl B Appl C

Simple program system  architecture

libraries
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Application programs

These are separate executables – capable of being 
run outside program system.

How does one executable program start another ?

Highly specific to compiler/language 
• Unix Fortran – call system(<string>) 
• Salford Fortran – start_process@(<string1>,<string2>) 
• C language – fork/exec

Scripting languages offer better solution for portability

Ousterhout’s Tcl/tk scripting language is an example 
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Application programs

How do programs communicate with one another ?

• files – the most portable method
• operating system specific messaging

Timing of events needs to be considered

Monitor program
.......
launch program(<progname>)
read results(<filename>)
.....
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Application programs

How do programs communicate with one another ?

• files – the most portable method
• operating system specific messaging

Timing of events needs to be considered

Monitor program
.....
launch program(<progname>) – does control return?
read results(<filename>)
.....
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WinGX – a connected set of programs

Main program is WinGX32.exe – GUI + monitor program 
+ file-handlers +....

/bin/ ~ 70 separate executables
/files/ ~ 50 system files
/manuals/ ~ 25 pdf files

Interfaces to external programs – SirWare, CCDC 
programs, POV-Ray, CRYSTALS, JANA2000
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WinGX – a connected set of programs

When WinGX main program is started ...

• initialises system variables and checks Windows 
state
• reads INI file -> current project name & location
• loads the current structural model into memory 
from SHELX files.
• executes code for GUI main Window, which enters 
event loop
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WinGX – a connected set of programs

call wgxWindowCaptionW(MenuCaption)
call wgxWindowSizeW(MenuWindowDepth,MenuWindowHeight)
call wgxSetPositionW(0,0)
.
.
call wgxAddMenuItemW(1,'&Refine[SHELXL-97]',1,fmenu6,0)
call wgxAddMenuItemW(2,'Set HKL File',1,fmenu6,0)
.
.
call wgxDefineClassNameW('WINGXMAIN')
call wgxDefineMessageCallbackW(message_proc)
call wgxCloseControlW(exit_proc)
.
call wgxCloseDialogBoxW(0,i,0)
end
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WinGX – a connected set of programs

call wgxAddMenuItemW(1,'&Refine[SHELXL-97]',1,fmenu6,0)
call wgxAddMenuItemW(2,'Set HKL File',1,fmenu6,0)
call wgxAddMenuItemW(2,'|,Open SHELXL.LST',1,fmenu6,0)
call wgxAddMenuItemW(2,'Open INS File',1,fmenu6,0)
call wgxAddMenuItemW(2,'Open RES File',1,fmenu6,0)
if(SysExec(14) /= ' ') then

call wgxAddMenuItemW(2,'|,CRYSTALS',1,fmenu6,0)
endif



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


