
Introduction to Software Systems (308-206B)
Assignment 2: atobm/bmtoa bitmap conversion

WinterTerm2001

Practical information
� Duedate:Wednesday21 March,before23:59.Submissionsaftertheduedatewill bediscarded.
� Submissionmedium: VisualCM.Submit threefiles (or more): Makefile, atobm.c, andbmtoa.c, not your in-

put/output.Beware:your submissionis for 206B,not for 206A!
� Individualsolutionsandsubmissions.I will (pseudo-)randomlycheckwhetheryoucanexplainyour“own” assign-

ment.Also, thefinal exammaycontainsomeassignment-relatedquestions.
� You may develop your codeon any platform. Your codewill however be evaluatedon a SOCSUNIX machine.

Makecertainit runscorrectlyona SOCSUNIX machine.In yourMakefile,use

CC=gcc
CFLAGS=-g -Wall -ansi -pedantic

� Your codewill be evaluatedby comparing(using the UNIX diff) its outputwith correctoutput. Be certainto
generatethesameoutput(includingblanklines)astheUNIX atobmandbmtao.For informationon theuseof the
UNIX atobm andbmtoa, look at theman pages.Whenyou run your own atobmandbmtoa,eitherhave ./ in your
pathbeforeanything elseor run themexplicitly referringto thecurrentpath( ./atobm and./bmtoa). Forgetting
thismaymeanexecutingtheUNIX versionsratherthanyourown.

Objectives
� Thoroughunderstandingof C bit operationsandbasicuseof Makefiles.
� An exercisein design. A gooddesignwill beelegantandincludeall specialcases(e.g., no input, too muchinput,

. . . ).
� Thoroughtestingof code:inspectdifferentinput/outputcasesincludingpathologicalones.
� An exercisein codingstyle. Make the codere-usableby including requirementsanddesigninformation in the

comments.

Assignment

Two programsneedto bebuilt, atobm andbmtoa.

atobm

atobm will asktheuserfor

1. A string<name> to beusedasthefirst part

� of afilename<name>.xbm whichwill containthebitmapin XBM format,and
� of identifiers<name>_width, <name>_height, and<name>_bits[].
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2. Thecharacterdenotinga 1 bit, default ’#’.

3. The
�

characterdenotinga 0 bit, default ’-’.

In theabove, default meansthat theuseris allowed to pressreturnratherthanentera singlecharacter. In thatcase,the
default characteris used.

To bevalid, <name> mayonly containcharactersin therange’a’-’z’, ’A’-’Z’, and’0’-’9’.

After theuserhassuppliedtheabove requiredinformation,theprogramacceptsa numberof linesconsistingof only the
charactersdenotinga 0 bit anda 1 bit. Theonly othervalid input is an emptyline, denotingtheendof the input. All
enteredlinesmustbeof equallength.

Invalid input resultsin anappropriateerrormessage(dependingon thetypeof error) to thestandardoutput(not to file)
andprogramterminationwith anexit status1.

The numberof lines enteredis usedas the bitmapheight. The numberof charactersenteredper line is usedas the
bitmapwidth.

Example 1

If thename is “example1”andthecharactersdenotinga0 anda1 bit arethedefaults,theinput

#--#-###---#--#-##
#--#-###---#--#-##
#--#-###---#--#-##

shouldproducethefile example1.xbmcontaining

#define example1_width 18
#define example1_height 3

static unsigned char example1_bits[] = {
0xe9, 0x48, 0x03, 0xe9, 0x48, 0x03, 0xe9, 0x48, 0x03 };

The sameoutputwould be produced(on stdout)whenusingtheUNIX atobm -name example1 -chars -# with the
above input.

Example 2

If in theabove, thecharacters’0’ and’1’ werespecifiedto denote0 and1 bits, theinput

100101110001001011
100101110001001011
100101110001001011

shouldproduceexactly thesameoutputasin Example1.

The sameoutputwould be produced(on stdout)whenusingtheUNIX atobm -name example1 -chars 01 with the
above input.

Example 3

If thename is “example3”andthecharactersdenotinga0 anda1 bit arethedefaults,theinput

#--#-###---#--#-##
#--#-#-#--#------#
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shouldproducethefile example3.xbmcontaining

#define� example3_width 18
#define example3_height 2

static unsigned char example3_bits[] = {
0xe9, 0x48, 0x03, 0xa9, 0x04, 0x02 };

Example 4

Let’s take acloserlook athow theoutputis generated.If thename is “example4”andthecharactersdenotinga0 anda1
bit arethedefaults,theinput

#--##---#--##---#
#-------------###

shouldproducethefile example4.xbmcontaining

#define example4_width 17
#define example4_height 2

static unsigned char example4_bits[] = {
0x19, 0x19, 0x01, 0x01, 0xc0, 0x01 };

This is theexamplepresentedin class.

All (both) input lines have length 17, so example4_width needsto be # defined as 17. As thereare two lines,
example4_height needsto be# defined as2.

Thecontentof thecharactervectoris obtainedasfollows (weareusingthefirst input line asanexample):

1. write thebit representation:
10011000100110001

2. re-write this, startingfrom the right andpadwith 0-bits to obtaina multiple of 8 bits (example4_bits[] is a
charactervector):
000000010001100100011001
Thepaddingto obtainamultiple of 8 bits is doneperline.

3. writing eachbytein hexadecimalnotationgives:
0x01, 0x19, 0x19

4. Writing this from right to left:
0x19, 0x19, 0x01

Similarly, thesecondline will leadto 0x01, 0xc0, 0x01.

In theprogram,processingcanbedonebyteby byte ! Also, thereversingneednot bedoneexplicitly, but canbedone
“on thefly”.

bmtoa

bmtoa will be constructedby compiling and linking bmtoa.c aswell asbitmap.c. bitmap.c is producedby using
“bitmap” asthenameinputin atobm, renamingorcopying (manually)thefile bitmap.xbm createdbyatobm tobitmap.c
andremoving thestatic in thatfile. Theprogramin bmtoa.c mustusethedefinitionsin bitmap.c (via anexternal
reference)to print thebitmapto standardoutput. To accessbitmapheightandwidth information,a file bitmap.h must
beincludedwhich is constructedfrom thefirst two linesof bitmap.xbm. Theprogrambmtoa mustasktheuserfor
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1. Thecharacterdenotinga 1 bit, default ’#’.

2. The
�

characterdenotinga 0 bit, default ’-’.

As before,default meansthat the useris allowed to pressreturnratherthanentera singlecharacter. In that case,the
default characteris used.

Invalid input resultsin anappropriateerrormessage(dependingon thetypeof error) to thestandardoutput(not to file)
andprogramterminationwith anexit status1.

Note

You mayassumethatthetotalnumberof bits (rows x columns)input will never bemorethan10000.

Resources
� Thetemplateto usefor yourC code:template.c
� Thetemplate/exampleto usefor your Makefile: Makefile
� Be consistentin your indentation.UsingtheGNU tool “indent” canhelp. Below aresomereasonablecommand-

line options(whichyoumaywish to put in your .cshrcfile if youusecsh).

# indent (GNU C beautifier)
#
# -ts1: tab stop width = 1
# -bli0: block indent ({}) 0
# -c28: try to start code-line comments in column 28
# -cd28: try to start declaration-line comments in column 28
# -npcs: no space after function call names
# -l72: maximum non-comment-line length
# -lc72: maximum comment-line length
#
alias indent ’indent -ts1 -bli0 -c28 -cd28 -npcs -l72 -lc72’

Beware of TABs. TAB expansion(as a numberof blank spaces)on onemachinemay be different from TAB
expansionon another. This may result in codewhich looks properly indentedon oneplatform andchaoticon
another. To avoid this:

� donever insertTABs willingly for indentationpurposes,
� make sureyour editordoesnot substitutea number(8, for example)of consecutive blanksby a TAB. In vi

for example,you maywish to set tabstop=100 to avoid substitution.
� For agraphicallook atbitmaps(not required),you canusetheUNIX/X Windows utility bitmap.
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