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ABSTRACT

This thesis 1is intended to improve the printing
quality of a digitized image. Input information source
is a digitized and processed (if required) image file.
Destination device is a dot matrix or laser printer.

The image is represented by on nxm dimensional
matrix. Each element of the matrix corresponds to 8-bit
pixel intensity. This means that one of 256 different
intensity values is possible for the elements of the ma-
trix. Each image pixel is presented by a 16x16 dot ma-
trix on the paper. Different pixel intensities corre—
spond to a different number of dots in the 16x16-dot ma-
trices. This means that 256 different pixel levels are
presented by 256 grey levels on the paper. So, 256 dif-
ferent grey tones are possible for any image printout.

The problem which this work mainly deals with is
how these different grey levels can be represented on a
paper by the known dot matrix or laser printer. The more
precise the printer, the better is the hardcopy.

In this thesis a new image printing algorithm has
been developed. The algorithm is applied to base
Halftone printing technique to determine the place of
dots. The algorithm manages the placement in relation to

intensity of neighbors dots. With that result, soft
crossing between the different grey levels can be
achieved. The algorithm is based on the static electri-

cal charge interaction analogy.

In addition to the new algorithm, some known image
processing techniques which are segmentation, regional
approach, edge detection and so0 on.. can be applied to
improve the image printing quality.



OZET
YENI BiR GORUNTU BASMA YAKLASIMI

Giintimiizde hizla geligen ve gittikce genisleyen
uygulama alaniyla gdrintii igleme, bilgisayar teknoloji-:
sine paralel ilerlemektedir. Daha detaylai g6rinti igleme,
daha biyik miktarda bellek ve daha yoBun islem gerektir-
diginden, bilgisayar teknolojisindeki hiz wve kapasite
artigi otomatik olarak bu alana ivme kazandirmaktadir.

Amaca uygun iglenmis bir gériintinin bagka bir
uygulama ortamina aktarilmasia veyva stzkonusu ortam
tarafindan kullanilmasi ile, yeni, ortama ©6zgli teknolojik
sinirlamalar ortaya ¢ikar. Buna belirgin bir Ornek olarak
iglenmisz bir goriintinin kagids basma agamasinda yazici
teknolojisinin getirdigi sinirlamalar verilebillir. Bir
gbriintliiyls giintimiz monitor teknolojisiyle, 8-bit ©&rnek-
leyip gbzlemek miimkiin iken, cok vyaygin olarak kullanilan
yvazicilarla ayni duyarlilikts basmak miimkiin degildir.
Son zamanlarda lazer vyazicilardaki geligmeler bu konuda
oldukea umut verici durumdadar.

Bu ¢alisma ile, sayisallagstirilmis ve iglenmis bir
goriintiniin kagBida aktarilmasi asamasinda katkida bulunmak
amaciyla, sadece kaBida basma tekniBi iizerinde yoBun-
lagilmistair. Bu amac¢la yeni bir goriinti basma algorit-
masi: gelistirilmis ve denenmigtir.

Basilacak gérintd siyah-beyaz olup, nxm bhoyut-
larinda bir matris ile temsil edilmektedir. Genelde
512x512, 2586x256 ve 128x128 gibi matris boyutlari g¢ok saik
kullanilmakla birlikte, istenilen herhangi bir matris
boyutu da kullanilabilir. Her bir matris elemani 8-bitlik
bir sayidan olugsmaktadir. Bunun anlami ise herhangi bir
matris elemani i¢in 0 ile 255 gri seviyeleri arasinda
yanlizca bir gri seviyesi olasidir. B&ylece herhangi bir
gorintd icin, maksimum 256 tane gri seviyesi olasadair.
Gériéintll matrisini vaziciyas aktarmada vine cok kullanilan
varitonlama teknigi kullanilmaigstair. Negatif  goriinti
icin, bu teknige gb6re, gdrintiideki her bir gri sevivesi,
yvazicida belirli wve sabit bir fiziksel alanda ayni sayida

nokta yoBunlugu ile temsil edilmektedir. Pozitif goriinti
basmak ic¢cin ise, sdzkonusu gri seviyesini 2355 den c¢ikar-
diktan sonra, karsi diisen nokta vogunlugu ile temsil
edilir. Ya da, negatif g6rintide sdézkonusu gri seviye-

sine karsi diisen nokta verlegiminin tersi alinarak



bagilabilir. Yazicida 256 tane farkli gri seviyesi
basabilmek i¢in birim fiziksel alan 16x18 kare nokta

matris secilmigtir. Matrisin tiimden bog olmasi en digiik
gri seviyesi olan, sifir gri seviyesine karga: gelmekte-
dir. Matrisin bir nokta harig¢ tiim noktalarinin dolu

olmasi ise, en koyun gri seviyesi olan 255°e karsi gelmek-
tedir. Burada kaBit tzerindeki birim 16x16 noktaz matrisin
fiziksel =&alani, basilan gorintinin kalitesini direkt
belirleyen en 6nemli faktordiir. Bir yazici ne hkadar
kiicik bir alna birim matrisi si1gdirabiliyorsa, o orandsa
kaliteli gdriinti basacak demektir. DiBer bir deyimle bir
yazicinin nokta ¢&ziinlirligili ne kadsr biliyiikse o oranda iyi
gdrinti basacak demektir. Yaygin olarak kullanilan nokta
matris yazicilarin cOzlinirligili, ing¢ basgina en fazla 240
nokta civarindadir. Son vyillarda gelismeye basliyan lazer
vazicillarin c¢oziinlirliigd inc basina 300 noktayla baglayip
bugiin 1200 nokta vyoZunlugunsa ulasmigtair. Hatta, renkli
vazicilarda ¢oziniirlik ine basina 2400 nokta yogunluBunsa
nlasmigtir. Biitiin bu gelismeler bize yakin gelecekte
fotoBraf kalitesinde gériintid basabilecegimizi igaret
etmektedir. Basailacak gbréintd die¢in, kabul edilebilir
birim fiziksel alan belirli olsun. Bu alana, ¢dziniirligi
yiksek olan bir yazicinin c¢ok daha fazla nokta yerleg-
tirebilecegi a&agaiktair. Bu da direkt, olarak c¢oziinGrliaga
yiaksek olan bir yaziciyla, g¢ok daha fazla sayida gri
tonlamanin yapilabilecegine, dolayisiyvla ¢ok daha iyi
kalitede g6riintid basilabilinecegil sonucuna gotlirilr, Buna
belirgin bir ©oOrnek olarak, 512x512 boyutlaraindaki bir
gdrintli 8 inglik standart A4 ksgidina basmak istiyelim.
Eger go6riintid 256 tane farkla tonlamayla basilacaksa, bu
durumda kulanilacak yazicinin ¢6ziniirldginin ing bagina
1024 nokta oclmasi gerektiZi kolayca hesaplanabilir. Yine
ayni gorintiyi, ayni alana, ing bagina 300 nokta
etzinilirliige sahip bir vyaziciyla basmak istersek, bu
durumda 4x4 nokts birim verlegim matrisleriyle, ancak 186
gri seviyesiyle bassbiliriz. Yani 258 gri seviyesine
sahip bir goruntiyll, ksgitta 16 gri seviyesiyle temsil
edebilmekteyiz. Buda bsasilan godrintide onemli bilgi
kayibina neden olmaktadar. Yine basilan goriintinin
kalitesi gozo6niine alinmadan, 512x512 boyutlarindaki bir
gbrintli 256 gri seviyesi 1ile basilmak istenirse, vyine
aynl yaziciyla, 27"x27" (6%9%cm x 88cm) boyutlarinda bir
alana vyerlegebilmektedir. Sonug¢ olarak herhangi bir
¥EZ1C1 teknolojisi segildiZinde, basilan gdriintiiniin
kalitesi gozdbniine alinmadiBinda, gri seviye sayisi ile
Fiziksel alan, ters orantilidair. Birini artirmak
istedigimizde, diBerini kiciltmemiz gerekir. Diger
taraftan, basilan gérintil secilen vyazici teknolojisine
g6re blyiiyebilmekte. Ya buna gd6z vyumulur, yada bire-bir
doéntsiim igin gerekeli olan gri seviyesi ssptanip buna
gbére gobrintid basilair. Ikincinin seg¢ilmesi durumunda
basilan goriintiideki ayrintilar kaybolur. Kabul
edilebilir bir goriinti basmak istendiginde, bunun en az
bire-bir boyutlari safliyacak minimum ¢&zliniirliige sahip
bir yvazici teknolojisi ile basilmasiyla amaca ulagilmig
olacaktir.
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Bu g¢aligsmada, basilacak gbrinti boyutlari cok fazla
dnemsenmeden daha c¢cok basilacak birim matrislerin icinde-
ki noktalarin yerlesiminin nasil olmasi gerektigi soru-
suna cevap aranmls ve vyerlesim mekanizmasi kurulmaya
calisilimistar. Bu amagla yeni bir yerlesim algoritmas:
geligtirilmigtir. Yaritonlama +teknigi ilk kullanilmaya
baglandiginda, her bir gri seviyesine kargilik daha odnce
olusturulmus hazir yerlesgsim fontlari kullanilarak gdrintil
basilirdi. Bunun, basilan gtriintii Gzerinde yapay desenler
olugturmasindan dolay:l yeni yéntemlere yonelindi. Buna
bir ¢6ziim olarak, varitonlama vyapilmis g8riintiiye glhriltié
katilda. Bu da basilan gdriintii {izerinde billurlasan
giiriiltiiye neden oldu. Diger bir vyoéntemde matris ig¢in-
deki noktalarin rasgele konumlandirilmasiyla yapay desen-
lerin olusumu ortadan kaldirilmasya g¢alisildi. Yine, buda,
gbriintli fizerinde billurlagan gliriiltiye neden oldu. Halen
pratikte kullanilmakta olan yOntemler temelde yaritonlama
teknifine dayanmakta ve deZisik egikleme teknikleri kul-
lanmaktalar. Bunlara, Floyd-Steinberg, Knuth ve nokta
difiizyonu gibi algoritmalar Grnek verilebilir. Yeni
geligtirilen algoritma, digZer algoritmalar gibi yara
tonlama teknigine dayanmaktadir. Algoritma, ne giirilti
ilavesi, ne de egikleme tekniklerini kullanmamaktadair.
Algoritma gdériintlli Gzerinde hig¢ bir ilave iglem yapmadan
tiim dogal yapisini oldugBu gibi korumaktadir. Bu nedenle
basilan go6riintiéniin de dogal yapisina ¢ok daha yakan
clmasi beklenmektedir. Algoritma basilacak goériintiiyve ait
birim matristeki noktalarin yerlegimini yapmaktadir. Bunu
vaparken dogu, bati, kuzey ve giiney komsularina bakarak
cok yoBun komgulara vyakin bolgelerde, daha ¢ok nokta
vi1Bilmasini sa8liyacak sekilde bir mekanizma ile vyerle-
simi yonetmektedir. Zaten, bir resim gézdniine alindigin-
da, resmin noktalsri arasinda biitinlegtirici bir Sziligkil
vardir. Yani noktalar yalniz bagina pek bir anlam olug-
turmazlar. Faksat noktalar, aralarindaki 6ziligki ile bir
araya getirildiginde bir anlam olugtururlar. Yonetmi
vapacak @algoritima statik elektrik etkilegsim analojisine
dayanmaktadir. EKurulan analojive gore yerlegimi yapila-
cak g6rintil noktasinin dogu, bati, kuzey ve giiney komsu-
larinin gri seviyelerine ayni sayida statik pozitif

elektrik vkt karsi getirilmektedir. Yerlestirilecek
noktanin gri seviyesi de, ayni sayaida negatif yukle
temsil edilmektedir. Komsularin yviik esdefBeri yerlesim

matrisinin kenarlarinin ortasina konulmakta, yerlesimi
vapilscak gri seviyesinin tek bir negsatif yik karsilig:a
olan nokta, matrisin ortasinas konur. Statik elektrik
ethkilesiminden bilindigi gibi, negatif vik bileske kuvvet
doBrultusunda hareket edecektir. Boyvlece birineci nokta-
nin verlesim veri kabaca belirlenmig olur. Kaba yerlegimi
vapilan nokta, yverlestigi bolgenin komgsularaiyla nétir-
legir. Bu da, herbir nokta vyerlestikten sonra bilegke
kuvvetin yon degistirmesini saglamaktadir. Bu islem sbO=z-
konusu birim matrisin gri seviyesinin biitin noktalara
verlegstirilinceyve kadar devam edilir. Ayni islemler biitin
bir gérintiiyiai basmak igin tekrarlanir.

Vil



Yerlegimi vyapilmis bir gri seviyesi 16x16 boyutlarinda
bir matris oclup, gri seviyesi kadar 1, gerikalan eleman-
lara sifir olan bir gériéiniim sunar. Sozkonusu birim matris
32-bayt bir data ile temsil edilmektedir. Her bir bayt-
ta, eger Dbir bit 1 ise vyazicida ilgili pozisyonuna bir
nokta konur. EBer sozkonusu bit sifir 1ise, yazicida
11gili pozisyon bos birakilir. Yerlesimi yapilmis birim
matristeki noktalar daha ¢ok gri seviyesi yliksek olan
kenarlarda toplanmasktadir. EZer yerlesimi vyapilan nokta-
nin gri seviyvesi komgularina g6re dahs yiksek ise, birim
matris igindeki nocktalar matris merkezine dogru vyogunla-
S1r. Yok eBer, komsulari daha yogun bir seviyede 1ise,
noktalarin yogunlugu kenarlara dogru artacaktair. Bu da
zaten bir gdriintiideki surekliliBin bir sonucudur.
Sonugta bir goriéintiinén her bir gri seviyesi iein 32
baytlik data olusturulur. 128x128 boyutlarindaki bir
goriintii igin 524,288 baytlik bir data olusgur. Bu datanin
yaziciya aktarilmasi, ortalama 15 dakika zaman gerektir-
mektedir. Algoritmanin en biylk dezavantaji zaman alici
olmasidair. Ancak bilgisayar teknolojisindeki hiz ve
kapasite artisa bunu problem olmaktan ¢ikaracaktar.
Hatta algoritmanin yaziciva yerlestirilmesi bu problemi
buytik 6lefide ortadan kaldairacaktir. Burada asil iizerinde
durulmasi: gereken durum vazicinin nokta g¢bziniirligidir.
Yazic1i c¢Ozntrliigiinin digik olmasi, vapay desenlerin
clugmasina neden olmaktadair. Bu nedenle 258 gri seviye-
siyle basilascak bir godorintid igin, ing basaina 1024 nokta
coOziinirlik, kabul edilebilir bir gériintid basabilir. ing
basina 1200 nokta bassn lazer yazicilar heniiz yeni
pivasaya sunulduklarindan, algoritma bu tlir yazicilarda
denenmemistir. Ayrica algoritmanin, su an yaygin olarak
kullanilan goriinti basma algoritmalariyla karsilastir-
masil, vyapillamamigtir. Heniiz geligme asamasinda olan
algoritma nokta yerlegtirme sirasinda Zaman zZaman
zorlanmaktadair. Bu durumlari diizeltecek vyeni ¢b=ziimler
iireterek, tam performansi gozlenebilir. Su an salgoritma
kabaca calismaktadir. Gegicil chziim getirilmig baz1i
verlegim durumlari mevcuttur. Ayrica gorintii islemede
uygulanan bir ¢ok vyontem, (kenar vakalamza, bélgesel
islemler... gibi) algoritmaya kilavuzluk ederek,
gériintiiniin bazi tzelikleri ©On plana gikarailabilir. Yine
baz1 0Ozelikleri de Dbastirilarak kagZida aktarilablir.
Ayraica biitiin bu teknikler basma kalitesini de
iyilegtirebilirler. Algoritmanin diger bir 6zelligi de
komsu gri seviyeleri arasinda yumugak Eecigi
saglamasidair. Bu durum ¢ok keskin kenarlarin ©Onemli
oldugu bir goriintii igin istenmez. Ancak bbyle durumlarda
kenar vakslama tekniZi salgoritmaya kilavuzluk ederek,
vumusak gecigler, bdlgesel olarak ortadan kaldirilabilir.
Algoritma kolaylikla renkli goériintii basabilecek sekilde
yeniden dizenlenebilir. Ancak bu durumda gériintii yerleg-
tirme ve vyazicida basma zamanainin {¢ katina g¢ikacaga
unutulmamaladir.

vilii



Sayisallagstirilmig bir resmin kagit {istiine aktaril-
mas1i, Ozellikle masa-istil yayincilaikta yofun olarak kul-
lanilmaktadar. Burada ulagilan kalite yazici teknoloji-
sinin sundugu olanaklarla sinirlidair. Goruntii basmanin,
vakin gelecekte yoBun ilgi bulacagi diger bir uygulama
alani da, yayginlasmasi beklenilen elektronik gazeteci
liktir. Herhangi bir belgenin veya haberin ananda kopya-
sinin tutulmasi icin kagit ortami son derece pratik ve
ucuz olacagindan, ¢ok yvayginlasmasi beklenmektedir.
Ayrica ciplak gozle ulasma imkani saBlamasiyla da diBer
goriintii saklama ydntemlerine oranla oOnemli avantajlar
saglamaktadair. Yine vyakin gelecekte g&riinti iglemenin
yvogun olarak uygulandigi tip alaninda, gO6rintiniin negatif
film yerine kagida aktarilmasi ¢ok daha pratik ve ucuz
olacaktir. Fotograf makinalarindan alinan gorintinin,
kimyasal bir igslem gerktirmeden, fotogEraf kalitesinde,
aninda kagida aktarilmasi yakin zamanda gdergeklegmesi
beklenmektedir.

Bu ¢aligmanin sonunda yerlegim algoritmasini igceren
bir gdriintii basma programi yazilmigtir. Program herhangi
bir dosya formatindaki goériintilyli, verilen bir pencereyle
ekranda kaba hatlariyla gostermektedir. Bu pencereyi,
verilen bir dosya ismiyle saklayabilmektedir. Pencere
boyutlari dikkate alinarak, yeni algoritma ile vyerlesim
vapildiktan sonra, PLACE.DAT isimli dosyada vyerlesim

bilgisi tutulur. Daha sonra secilen bir yazici tipi ile
vaziciya aktarilair. Program EPSON LX 400, HP LASER JET
111 ve JET IV yazicilarini desteklemektedir. Program
ayrica bazi gdériintii igleme tekniklerini opsiyon olarak
icermektedir. Bu tekniklere iliskin alt programlar
vazilmamistir.
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CHAPTER 1 INTRODUCTION

An image 1is constructed from energy reflected
from three dimensional visible or nonvisible objects or
scene. Detection of an image can be done by human eyes
or electronic sensors, such as camera.

An electronic sensor converts three-dimensional 1light
energy to electrical signal, as intensity of the image.
After detection of the image, processing procedure
starts. First the image 1is sampled with convenient
sampling level, then gquantized with convenient level.
Both sampling rate and quantization levels are the
vital points of image processing success. At the re-
sult quantized image is saved as digital imagde.

Digitized image can be processed for different purpose.

Edge detection, noise reduction, artificial intelli-
gence are some of the processing purpose.

Assumed that, related image has been digitized and pro-
cessed, if required. Printing that image file is the
subject of this thesis.

In this thesis 512x512 dimensional and 8 bits quanti-
zed an image is processed.
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1.1 Digital Image Representation

Both sampling interval and quantization level are
vital during capturing the image. Sampling interval
should satisfy Nyquist sampling criteria. According to
criteria, sampling rate should be two times gdreater
then the highest frequency‘ of the image. If this not
satisfied distortion of spectrum (aliasing) occurs{l].
According to CCIR A accepted bandwidth for a video

signal is 5.5 M Hz. So sampling rate should be at
least 11 MHz. For digital image 512x512 dimensional
sampling of an 1image is accepted. For that reason, it

can be shown a digitizer with 100 ns sampling interval
is suitable for that propose.

It has been seen that 5 or 6 bits quantization of in-
tensity of an image 1is acceptable. More than that
quantization level results better quality image. Nowa-
days 32 bits quantization is in use. ‘

In this thesis 512x512 dimensional and 8 bits quantized

image is processed.

1.2 Halftone Printing Technique

Halftone technique which is 1in use only technique
today’'s environment. Two type imagery is present.
First, continuous tone imagery is whose intensity quan-
tization involves multiple grey level with no percepti-
ble quantization. Example are television images and
photographs. Halftone imagery is imagery which appears
to have multiple grey levels due to halftone dots that
vary locally over the area of coverage. Examples are

newspaper magazine, and book inages[?].

An digitized image is modeled as nxm dimensional ma-
trix. Each element of matrix is the intensity of image

at related point as binary number.
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Mathematical model of the this can be expressed as
follows :

f(x,y) = 21-1 (1.1)
X £ n

- O
A 1A

1A

Yy <nm

h : number of image columns
m : number of image rows

1 : number of image intensity bits

In this work, 1 equals to 8. So 28=2568 different grey
levels are used for processing of image. '

An image can be represented as following matrix :

X - columns
72 S oo

1 n

y 1 e @ & ...... o
| 2 ¢ @ © .. ... °
3 o 0o @ ...... ®

O S H
‘'m e & e ...... )

Figure 1.1 Matrix presentation of an image.

Printing an image file is the transformation from
intensity value (i.e.,a binary number ) to physical
area on the paper via printing device.

The basic process of the transformation has been shown.
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f(x,y) P(x,y)

Figure 1.2 Image transformation gcheme.

Transformation should be done point by point between
the image matrix and printer.Varying image intensities
in the matrix are correspond to varying dots density in
the printing area. Intensities smaller than the heaviest
dots can be printed in many different placement in the
placement area. This means one-to-many transformation
has been encountered. In this situation decision given

an algorithm required.

Let us focus on the 8 bits grey level image transforma-
tion and take a point from image matrix :
assume that related position intensity is

£(2,2)=1 x=2 , y=2
Let ué transform the intensity of image to the printer.
Assume that printer font is 2x2 dots. Since transforma-

tion means to placement of that single dot in the 2x2

matrix.
Number of different placement combination is

( ) (4-1): i1

4 different placement are possible.



Placement as follows :

Figure 1.3 Different placement of a dot.

If image intensity correspond to 2, i.e., £(2,2)=2 then 6
different placement are possible.

Figure 1.4 Different placement of two dots.

If f(2,2)= 3 , then 4 different placement are possible.

Figure 1.5 Different placement of three dots.

If f(2,2)=~ 4 , then 1 placement is possible.

Figure 1.8 Placement of four dots.

In the present Halftoning strategy, two type trans-

formation is in use.
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1. Creation drey-scale fonts for pxp pixel reagion, are
used to map individual input image grey-scale intencities
into suitable pxp binary regions or characters in the
output image. This yealds a conceptually and practically
simple implementation scheme, but the appearance of false

countours often precludes the use of this process alone.

2 Psedorandom thresholding and the aplication of the
dither.

The visual appearance of false countours generated
in haftone process is reduced by introduction of random
noise to the halftone image. The perceptual effect of
the introduction of this noise is dicreased concentration
on high-frequency image information .

This spatially disturbuted noise couses the observer to
locally integrate the intencity imn a local region.

In practice, noise may be added to the input grey level
prior to conversation to a bilevel image. Additionally,
optimization of this process 1is possible. Since the
process of pseudorandom noise addition followed by pixel
thresholding is equivalent to the thresholding of the
signal with a pseudorandom threshold. This is the base
of dither matrix[2,3],



CHAPTER 2 NEW PLACEMENT ALGORITHM

With new implemented algorithm, placement of any
image pixel in related position has been done with
respect to 1its neighborhood intensities. Placement
algorithm has been based on the static electrical charge-

effect behavior. So, some assumptions have been done.

Assumption 1: All positive numbers which are
corresponded to neighbors dots, represent same number of

positive charges.

Assumption 2: All negative numbers which are
corresponded to neighbors dots represent same number of

negative charges.

Assumption 3: The dots number which is going to be

placed always represents same number of negative charges.

Assumption 4: As in electricity, same type dots repel
each other and different type dots attract each other.

Assumption 5: If the same number of opposite types of
dots come close together, this results in
neutralization. This means that, the resultant charge
can not affect any other charges, and can not be affected

either.

Assumption 6: The pixel which is going to be placed has
square dots structure. So, west and east neighbors

representative dots have been installed on related
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directional line in same distance from the center of the
square. And also north and south neighbors dots have
been installed on related directional line in same

distance from the center of the square.

Assumption 7: Center of the square and west, east, north
and south directional lines are forbidden placement areas
of the square. 50, any dot can not be placed in these

areas.

A pixel should be placed according to these assumptions.
The same process 1is repeated for placement of whole
image.

2.1 Review of Static Charge Interaction

Because static charge interaction analogy has been

used for placement process, it has been found useful to
review charge interaction for better understanding.
Lets get a positive and a negative charge, then place
them apart from each other with a8 distance r. As shown
in Figure 2.1 (a), the positive charge attracts the
negative charge with known the force which is toward the
positive charge. Because of the negative charge, same
amount of force in opposite direction attracts the
positive charge.

+2q —-q +q
F
—-">=C & & —D @H?Fkﬂa———*® ®0
+a -q +q —-q +q +q-q
(a) (b) (ec) (d)

+q

+q —-a {(e)

Figure 2.1 Static charge interaction
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As known in electricity, attracting force is as follows:

(2.1)
4dne r2

Fi{newton]

q = 1.6 10-18 C

€ = 8.85 10-12 (F/m)

In analogy, force magnitude - is not important. The motion

direction is only used result of the charge interaction.

So, we do not deal with the magnitude of resultant

force.

As can been seen in Figure 2.1 (b)), a negative charge

between the two positive charges in the same distance

to each, can not move in any direction, remaining

stationary.

In Figure 2.1 (c¢) a negative charge between the +2q and

+q in the same distance from each, moves toward the +2q.

In Figure 2.1 (d), same number of different type charges

close together neutralize each other. There is no any

charge effect in result.

In Figure 2.1 (e) Different number of positive charges

have been placed in perpendicular direction move a

negative charge which is placed in intersection point, in

direction of resultant force.

Assume that each neighbor of pixel has been placed at:

middle of each side of placement square, in same distance

from center of the square. All possible movement

directions have been shown in Figure 2.2.
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+q +q +q

- - _
q R |2 R 1-a

+q ¢ +q +2q —«—#—— +q +q 4 +q

+q +q 0

(a) (b) (c)
no motion toward the West toward the North
0 4] +q
—q R

R -q v 1—q
Of———e¢»——4g9 +q * +q +q AV S 0
R

0 +q (1]

(d) (e) (f)
toward the East toward the South toward the NW
+q 0 o

//
R
,/ -q -q
Or————?;———-+q 4] ﬁt* +q +q 0
_q . R R /T
X b
N Ve
N Iz
0 +q +q
(g) th) (1)
toward NE toward SE toward SW

Figure 2.2 Motion direction of negative charge under
west, east, north and south neighbor charges.

2.2 Presentation Limits of Pixels
As previously mentioned, each pixel of image has
been presented as 16x16 dots matrix on the paper. Limits

of presentation as follows:

Limit 1 : Each pixel which is going to be placed has been
presented with zero as minimum dots number and 255 as
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maximum dots number. Mathematically say,

0 £ intensity of pixel £ 28 - 1 (2.2)
counterpart to
0 £ dots number < 28 - 1 (2.3)

Limit 2 : Any intensity of a pixel is presented as same
number of dots for negative image. For positive image,
each pixel shonuld be presented as (255 - intensity)
number of dots.

negative image :

0 £ (dots number = intensity) = 20 - 1 (2.4)
positive image :
0 £ (255 - (dots number = intensity)) = 28 - 1 (2.5)

Limit 3 : An eight bit pixel is presented as 16x16 square
matrix on the paper. So, zero intensity pixel correspond
to full 16x16 square matrix, and 255 intensity pixel
correspond to empty 16x16 square matrix for positive
image. An other words, zero matrix correspond to white,
full filled matrix correspond to maximum black shade.

Any pixel intensity lies between the black and white
corresponds to related shading.

Limit 4 : All dots which are corresponded to pixels
intensity are placed. Some degenerative placement events
can take place for particular neighbors.

2.3 Static Charge Like Dots Interaction

All of dot placement algorithm has been based on
static charge 1like interaction. In certain placement
situations dot which is going to be placed is under the
diagonal resultant force. So, dots will move toward the

cross of square. All other directions of movement are
not certain. So, degenerative situations have been
encountered. These kind of problems have been solved

with redirecting the placement process. Some mechanism
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has been implemented for that propose.

2.4 Simple Placement statements

if the resultant force over the dot which is going
to be placed has diagonal direction, placement of dot is
simple and certain.
All possible simple and certain placement situations are

as follows :

f 3
NW NE N N N N
*R R/
w_‘ ‘_Ew \\ . E w E w E W < F
Ry’ W
SW r SE 2 s s s
S(a) (b) (e) (d) (e)

Figure 2.3 (a) All possible directions.
(b) North-west direction of resultant force.
(c¢) North-east direction of resultant force.
(d) South-west direction of resultant force.
(e) South-east direction of resultant.

force.

2.5 Forbidden Degenerative Placement Statements

Because of both the on-line and the center of
square are forbidden regions of placement areas, any dot
can not be placed in these aress. This is the cause of
degenerative situations. Because of all dots which are

correspond to image intensity should be placed, any
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mechanism should be found to place these dots.

Because of idea of algorithm, it is meaningless to place
a dot on the 1line or the center of the square. These
regions are not defined.

Lets get a regular image which has same intensity
neighbors. Lets try to place a single dot. Because the
resultant force is zero, dot can not move to any
direction and also center is forbidden region, a
mechanism should found to place that dot. This statement
will be discussed later on.

Again lets get west directed resultant force and try to

place a dot. Two possible areas are present which are
north-west and south-west. How this dot can be placed is
the problem should be solved. Some mechanism should be
found . to place this kind of dots.

Forbidden degenerative statements are as follows

N N N N N
w E W :3 E W R E w R E w E
RJ!
3 S S ) S
(a) (b) (e) (d) (e)

Figure 2.4 (a) Zero resultant force statement.
{b) West directional resultant force.
(c) North directional resultant force.
(d) East directional resultant force.
(e) South directional resultant force.

2.6 Partition Maximum Dots Number

This definition comes from regular placement and

limits over the placement area. Jt is impossible to
place 255 dots in 8x8 matrix. The 8x8 matrix can take
only 64 dots as maximum. As mentioned before, each

matrix's dot corresponds to a certain physical area. It
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is impossible to place a dot in not defined area. This
kind of problems occur when try to place a dot with very
dense one or two neighbors with respect to other
neighbors.

The maximum dots number is one of dots number between 1,
4, 16, and 64 dots. It varies as power of 4.

If the number of dots which is going to be placed is
smaller or equal to 4, maximum dots number is 1 dot.

If the number of dots which is going to be placed is
smaller then 17 and grater than 4, the maximum dots
number is 4 dots. If the number of dots which is going
to be placed is grater then 16 and smaller then 65, the
maximum dots number is 16 dots. If the number of dots
which is going to be placed 1is grater or equal to 65,
then maximum dots number is 64.

For placement of single pixel all of maximum dots number
can be used because of subdivision process. The
intensity of pixel is direct related parameter of maximum
dots number. If the any partition of placement has
raised to maximum dots number, it can not accept any more
dots even if resultant force 1is directed to that
partition. This is the job of maximum dots number

mechanism.

2.7 Hidden Degenerative Statements

These degenerative statements occur during the
execution of algorithm. The situations can not predicted
from static charge analogy. This 1is why, it is called
S0.

During execution of algorithm, sequential three partition
of placement area may be turned off, because of raising
its maximum dots number. But still, neighbors direct the
dots to that field with one of east, west, north or south
related forbidden degenerative statement. During the
execution of forbidden degenerative statement algorithm,
decrease the dots number of neighbors to change direction

of placement. But if the partition which is going to be



-15-

placed 1is turned off, and new direction 1is also turned
off,then the process is continued to redirect placement
to previous off partition causes problem. In this
statement algorithm can not converge. So, new
redirecting mechanism should be found for to place
related dot. Placement should be directed to enabled
partition. This means to the algorithm is forced to
behave degenerative. An other degenerative behave can
occur if the placement direction is diagonal directional
to the disabled placement partition. In this placement
situation, the algorithm decrease both diagonal
neighbors by one, for to redirect the placement. And
also, bidrectional placement can be evaluated as a
degenerative statement. If the placement direction is
bidrectional (i.e. 1line directional), algorithm first
looks for polarity direction and enable statement of both
partitions. If the both properties are satisfied for a
partition, placement is realized. If the both partitions
have only enable statement, the placement can be done in
the one of these partitions. This causes to occurrence
of pattern on the image for sequential same placement
statement. A solution to that problem, dynamic partition
switching mechanism has been appended to algorithm.

2.8 Polarizing Direction

Lets take a square has been divided its four
partitions. And also, 1lets each partition has the
subsquare which is going to be divided its four
partitions. Lets main square has zero resultant force
statement and take four dots to place. Without polarity
direction, each dot will be placed in north-west
subpartitions. This causes asymmetry problem. For to
solve this problem, polarity direction should be defined
for each subpartitions. This means to for north-west
subpartition, polarizing direction should be north-west,
for north-east subpartition, polarizing direction should
be north-east, for south-west subpartition, polarizing

direction should be south-west.



-16-

Polarizing direction enforces dot to be placed in this
direction at first, if the placement is allowed.

Placement of four dots without polarizing direction and
with polarizing direction has been shown as follows :

0 NH RE

) ° ® ®
0 0
o O
® °
¥
8] SW SE
(a) (b)

Figure 2.5 (a) Placement of 4 dots without polarizing
direction.
(b) Placement of 4 dots with polarizing
direction.

2.9 Escape Mechanisms of Degenerative Statements

1. Placement in zero resultant statement :

During the placement of a pixel, 1if the west and
east neighbors have the same dots number and at same
time, the north and south neighbors also have the same
dots number, both may have negative numbers either, cause
this statement. In this situation, algorithm looks for

partition which has minimum dots number and places dot in

this partition. If all partitions have same number of
dots, then placement is done in first privilege
partition. The partition which has placement privilede

is determined by polarizing direction. If the partition
is turned off statement, then placement 1is redirected
toward the next privilege partition.
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2. Placement in forbidden degenerative statements :

If dot has been directed toward the west, east,
north or south line direction by related neighbors, cause
to this problen. In this situgtion, placement is done
according to the given polarity direction. Because two
partitions are possible for placement, which one will be
selected first, should be determined by the privilege
information. If first selected partition has been turned
to off statement, placement should be done in next
passible partition. If the both are turned off
statement, last partition neighbors should be decreased
by one, to redirect the placement progress to other
partitions.

3. Placement in the hidden degenerative statements :

If the placement has been directed toward the off
statement partitions, cause the problem. If this is the
result of diagonal direction of dot movement, both
neighbors of related partition are decreased by one until
dot has been redirected to other partitions. Then the
placement is done.

If the problem is result of line directed statements, the
algorithm first looks for first privilege partition. if
it is turned off statement, off course it should be,
then it looks for second privilege partition. If the
second partition is also turned off statement, algorithm
will decrease both neighbors of 1last partition, until
directed to the different partition for placement.

If the next directed partition is also turned off
statement, and resulting to non convergence statement,
three neighbors of last partition are decreased by one.
This selection has been done to encourage the neighbors
to the =zero degenerative statement. And then, the dot is

placed according to the zero degenerative statement.



-18-

2:10 Result of Placement Process

At the result of placement of single pixel, the
pixel pattern is changing with different neighbors set.
If the neighbors intensities are denser then pixel
itself, then dots of pixel will disturb around the side
of square. If the pixel itself is denser then neighbors,
then dots will disturb around the center of the square.
And also, the placed dots distribution is denser around
the side of square which has denser neighbors.
At the paper side of event, all these features result to

very soft crossing between the image pixels is expected.

2.11 Inside of The Algorithm

Algorithm get a pixel which is going to be placed
and its four neighbors. Do the placement of the pixel in
16x16 square dot matrix. Then, return 32 bytes as
placement data. As can be predicted, huge placement data
amount will be obtained at the result of whole image.

Lets make some calculations.
If the image which is going to be placed has
128x128 dimensions, placement data amount is

128%128%32 = 524,288 bytes
256x256 dimensions, placement data amount is

256%256%32 = 2,087,152 bytes
512x512 dimensions, placement data amount is

512%521%32 = 8,388,608 bytes.
And also, as can be predicted this amount of data needs
huge storage memory and 1little placement time. This
amount of storage, placement time are not too much
today’s computer environment. But original problem comes
from printing devices which are have 1limit of 600 dots
per inch. As mentioned before, to print out the 512x512
dimensional image to 8 inch paper 1024 dots per inch
printer is required. This is the problenm. We should

wait for a while to see actual result of algorithm.
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General algorithm flowchart is as follows :

Pixels streanm

eRE

Score Board

che

Score Board

<z

C

~z

Score Board

A e

OUTPUT
Placed pixel dots pattern.

Figure 2.6 General flowchart of placement algorithm.
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Single step division of whole pixel dot matrix to its

submatrices as follows :

All A12
A21 A22
A
B11l B12
BZ21 B22
B
Cl1} C12
c21} €22
C
D

Figure 2.7 Single step division of the pixel dot matrix.
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Lets analyze the single step through the algorithm
flowchart.

Algorithm starts with getting pixel which is going to be
placed and its four neighbors from image data streanm,
then tries to place the whole pixel dot matrix.

First call score board function to divide A matrix to its
four partitions as All, A12, A21, A22 with the taken
neighbors. Then, each partition of A matrix is
assigned to B submatrices. First get All partition and
assign to B matrix, then call score board function to
divide B matrix to its four subpartitions as B11, B1l2,
B21, B22, with neighbors of All. Calculation of
neighbors for subdivision matrixes is vital point of
algorithm. As can been seen following Figure 2.8,
submatrixes of divisions are neighbors of each other for
next division. This is the interactive property of the
algorithm. So, placement is getting complicated.

Lets determine the neighbor of A1l :

West neighbor is (west neighbor of A matrix / 4).
East neighbor is Al2 submatrix.

North neighbor is (north neighbor of A matrix / 4).
South neighbor is A2l submatrix.

Other neighbors of submatrices are determined in similar
method. Because the pixel which is going to be placed,
divided four partitions, the neighbor pixel intensity is
also should bekdivide by four, for subdivision matrices.
This is why mother matrix neighbors has been divided by
four, for submatrix neighbors. As going to the down
inside of flowchart, B matrix has been taken as mother
matrix, then score board function has been called with
related neighbors. Division partitions has been assigned
to C matrices. C submatrices neighbors can be determined
as above. Then single C matrix has been taken as mother
matrix, and score board function has been called for
division of C matrix. Returned partitions now, in bit
level in D matrix. At the end of this process placement

of four dots has been completed.
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Placement will progress over the feedbacks to get the
remained partitions of matrices.
Division of all mother matrices and their neighbors are

as follows :

NA.n
L
A.nw A.ne NA.wy A.ne
4 /,////
L LA
A.sw
A.sw A.se
A.nw A.nw A.ne
L
A.nwiﬂ/./zllm.e NA.e%féA.se A.sg’g// NA.e
e 4 4 0 4
0 65452 7
A.se INA.s NA.s
4 4

Figure 2.8 The partitions of A matrix and their related

neighbors.
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NB.n
4
B.nw B.ne v
NB.w /iiJB.ne
4
V]
B.sw :
B.sw B.se
NB.n B.nw B.ne
4
B.nwﬁ/ﬁNB.e NB.u[B491B.se B.sw/? NB.e
% 4 4 % 4 4
S /{;/é s
B.se INB.s NB.s
L 4

Figure 2.9 The partitions of B matrix and their related

neighbors.
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NC.n
4
C.nw C.ne
Nc.w//c.ne
- Vo
C.sw
C.sw C.se
NC.n C.nw C.ne|
4
C.nwv/é/ NC.e NC.WZ/ C.se C.sw% RC.e
/// 4 2 //, s '9 Z
7. / 7
C.se INC.s NC.s
4 4

Figure 2.10 The partition of C matrix and its related
neighbors.



-25-

ND.n
L
D.nw D.ne ND.w|B 66D .ne
4
%
D.sw
D.sw D.se
BD.n| D.nw D.ne
4
D.nw%{’HD.e ‘ND.waf/ D.se D.SW%ND.&
4 4 4
gy /155; /é%
D.se ND.s ND.s
% 4

Figure 2.11 The partitions of D matrix and its related

neighbors.

Same division is realized for remaining partitions of
mother and child matrices. At the end the placement
process 32 bytes has been saved for each pixel. And
placement is progressed for whole image pixels.

In the placement matrix each bit correspond to a single
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dot. So, if the bit is set, the printer place a dot on
the paper. If not, then printer passes related place.

Bytel Byte2

row0
rowl
Tow2
row3
rowd
TOWd
rowB
row’7
row8
rowd
rowl0
rowll
rowl2
rowl3
rowl4d
rowld

Figure 2.12 Appearance of the placed pixel in byte level.

2.12 Inside of Score Board Function

Score board function is the decision given part of
algorithm. So, it is the heart of algorithm. The function
gets number of dots and its related neighbors with
polarizing direction, then return four partition of
dots. This process is same for all division of mothers
and their child matrices.

Some short hand words are used in the function as
follows:

nw : stand for north-west partition

ne : stand for north-east partition

sw : stand for south-west partition

se : stand for south-east partition

west : stand for west neighbor

east : stand for east neighbor

north : stand for north neighbor
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south : stand for south neighbor

During placement, the function gives the decision
according to simple and degenerative statements. Use the
all possible placement procedure as mentioned if
required.

Lets do placement of 4 dots with all zero neighbors.
Maximum number of dots partition is 1. And polarity
direction is nw.

First, the function calculates west-east and north-south
differences, then interpret results for encouragement of
dot. If placement partition has been determined then,
decrease the remained dots number and both neighbors by
one. Then recalculate neighbors difference for placement
of next dot. The process is continued until all dots has
been placed.

Table 2.1 Division Table

Dots
Number|West|East |North|{South| nw ne SW se
4 -1 1] -1 (8] 1 1] 0 0
3 -1 }-1 -1 -1 off 0 o 1
2 -1 }{-2 -2 -1 off 1 0 of f
1 -2 |-2 -2 -2 off} off 1 off
0
® ®
0 g
® ®
0

Figure 2.13 Division result dots matrix.
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2.13 An Example of Placement Procedure

Lets take 8 dots which are going to be placed with
all zero neighbors in three levels. This means that,
placement will be started with the B matrix in the
algorithm flowchart. This selection has been done because
of simplifying the execution of the algorithm.

First level division results have been given as follows
Because the number of dots equals to 8, maximum dots
number for each partitions should be 4 for the first

level division.

0 . -1
L
0 0 -1 0
0 0
remained dots = 8 remained dots = 7
west - east = 0 west - east = -1
north - south = O north - south = -1
(a) (b)
-1 -2
® ] ®
-1 -1 -1 -2
o ®
-1 -1
remained dots = 6 remained dots = 5
west - east =0 west - east =1
north - south = 0 north - south = -1
(e) (d)

Figure 2.14 First level division.
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-2 -3
o o o @
-2 -2 3@ -2
® ® ® L
-2 -2
remained dots = 4 remained dots = 3
west - east =0 west - east = -1
north - south = 0 north - south = -1
(e) (£)
-3 -4
o ® o @
o ol®
- -3 -3 -4
3 ® °
e o o ©
-3 -3
remained dots = 2 remained dots = 1
west - east =0 west - east =1
north - south = 0 north - south = -1
(g) (k)
-4
] [
o0
.._4 -
o0 4
o ®
-4
remained dots = 0O
west -~ east =0
north - south = 0O

(1)

Figure 2.15 First level division is continued.

At the end of first division neighbors are in



-30-~

west = -4 east = -4 north = -4 south = -4
statement. These neighbors do not affect next divisions.
The first level division results of each partition dots

number are as follows :

2 dots
2 dots

nw = 2 dots SW

]

ne = 2 dots se

For second level division, first 1level partitions dots
number have been assigned to mother matrices dots
number. Then, their child matrices allocation will be

done as second level division.

Division of nw partition

Number of dots is 2.

Neighbors of first level nw are
west = (0/4) = 0 east = 2

north = (0/4) = O south = 2
Polarizing direction is north-west.
Maximum partition dots number is 1.
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0 0
0 2 0 1
®
2 1
remained dots = 2 remained dots = 1
west - east = -2 west - east = -1
north - south = -2 north - south = -1
(a) (b)
0 -1
)
0 0 -1 1]
o &
o 0
remained dots = 1 remained dots = O
west - east =0 west - east = -1
north - south =0 north - south = -1
(c) (d)

Figure 2.16 Division of the first level nw partition.

Division results :
nw =1 ne =0 sw = 0 se = 1

west = -1 east = 0 north = -1 south = 0

Lets do the division of first 1level ne mother partition
to its second level division :

Nomber of dots is 2.

The maximum dots number is 1.

First level ne partition neighbors are

west = 2 east = (0/4) = 0 north = (0/4) =0 south = 2

Polarity direction is north-east.
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o o
2 0 1 0
o
2 1
remained dots = 2 remained dots = 1
west - east = 2 west - east =1
north - south = -2 north - south = -1
(a) (b)
o -1
o
o o g -1
® [
o 1]
remained dots = 1 remained dots = O
west - east = west - east =1
north - south =0 north - south = -1
(c) (d)

Figure 2.17 Division of the first level ne partition.

At the and of division, second partitions are
nw = 0 ne = 1 sw = 1 se = 0
And statement of neighbors are as follows :

west = O east = -1 north = -1 south = 0

Lets do division of first level sw partition
Dots number is 2.

Maximum partition dots number is 1.

Polarity direction is sw.

Partition neighbors are
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west = (0/4) = 0 east = 2 north = 2 south = (0/4) = O

2 1
)
D 2 0 1
4] o
remained dots = 2 remained dots = 1
west - east = -2 west - east = -1
north - south = 2 north - south = 1
(a) (b)
0 0
® 5
0 0 -1 0
o
0 -1
remained dots = 1 remained dots = 0
west - east =0 west - east = -1
north - south = 0 north - south = 1
(e) (d)

Figure 2.18 Division of the first level sw partition.

Division results :
nw = 0 ne = 1 sw = 1 se = 0
west = -1 east = O north = 0O south = -1

Lets do the division of first 1level se mother partition
to its four child partitions.

Dots number which is going to be divided is 2.

Maximum partition dots number is 1.

Polarizing direction is south-east.
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Partition neighbors are
west = 2 east = (0/4) = 0 north = 2 south = (0/4) = O

2 1
[

2 0 1 0
0 0
remained dots = 2 remained dots = 1
west - east = 2 west — east =1
north - south = 2 north - sonth = 1

(a) (b)
0 0
o o
0 0 0 -1
o
0 -1
remained dots =1 remained dots = O
west - east =0 west - east = -1
north - south = 0 north - south = 1
(e) (d)

Figure 2.19 Division of the first level se partition.

Division results :

nw = 1 ne =0 sw=0 se=1

west = O east = -1 north = O south = -1

At the end of second division submatrices have been
formed, but still bit level assignment has not been done.
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To do so, a third level division should be realized.
After that third level division actual place of each dot
will be determined with the bit assignment. Even if the
dots number raise to single dot, it can not been known
where 1is the actual place of a dot, unless the D

submatrices are formed.

Lets do the third level division of second level
partitions.
Second level division results :

for first level nw partition,

nw = 1 ne = 0 sw = 0 se = 1
for first level ne partition,

nw = 0 ne = 1 sw = 1 se = 0
for first level sw partition,

nw = 0 ne = 1 sw = 1 se = 0

for first level se partition,

nw = 1 ne = 0 sw =0 se = 1
Since the partition which has zero dots number, always
gives the =zero subpartitions at the bit level, we can not
pursue to calculate the submatrices of these type

partitions.

Lets do the division of nwl/se2 partition.
The number which is close to directions (i.e. nwl,ne2...)
denotes the division level in following division process.

Dots number is 1.

Polarity direction is nw.

The maximum dots number is 1.

The neighbors are
west = O east = integer(2/4) = 0
north = integer(2/4) = 0 south = 0
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o -1
o
0 o -1 (]
0 0
remained dots = 1 remained dots = O
west - east =0 west - east = -1
north ~ south =0 north - south = -1
(a) (b)

Figure 2.20 Division of the nwl/se2 partition.

Division results are

1
Q

0
0 assignments should be

se
D22

nw = 1 ne = 0 SW
D11 =1 D12 =0 D21
done at the bit level.

i
o

Lets do the division of nwl/nw2 partition.
Dots number is 1.
Maximum dots number is 1.
Polarity direction is nw.
Neighbors are
west = 0 east = 0 north = 0 south = 0

o -1
®
0 o -1 0
0 0
remained dots =1 remained dots = O
west - east =0 west ~ east = -1
north - south =0 north - south = -1
(a) (b)

Figure 2.21 Division of the nwl/nw2 partition.

Division results are



nw = 1 ne = 0 sw =0 se =0
This means that, D11 =1, D12 = 0, D21 =0, D22 =0
assignments should be done at the bit level.

Lets do the division of nel/sw2 partition:
Dots number is 1.

Polarizing direction is ne.

Maximum dots number is 1.

Neighbors are

west = integer(2/4) = 0 east = 0
north = 0 south = integer(2/4) = 0
4] -1
o
1] 0 3 -1
1] 0
remained dots = 1 remained dots = 0
west - east =0 west - east =1
north - south = 0 north - south = -1

(a) (b)
Figure 2.22 Division of the nel/sw2 partition.

Division results are

nw = 0 ne = 1 sw = 0 se = D

D11 = O D12 =1 D21 = 0 D22 = O assignments should be
done at the bit level.

Lets do the division of nel/ne2 partition.
Dots number is 1.
Maximum dots number is 1.
Polarity direction is ne.
Neighbors are
west = 0 east = O north = 0 south = O
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[
0 0 0 -1
0 0
remained dots = 1 remained dots = O
west - east =0 west - east =1
north - south = 0 north - south = ~1

(a) (b)

Figure 2.23 Division of the nel/ne2 partition.

Division results are

nw = 0 ne = 1 sw = 0 se = 0
This means that, D11 = 0, D12 = 1, D21 = 0, D22 = O
assignment should be done at the bit level.

Lets do the division swl/ne2 partition.
Dots number is 1.
polarity direction is sw.
Maximum dots number is 1.
Neighbors are
west = O east = integer(2/4) =0
north = integer(2/4) = 0 south = O

0 o
0 0 -1 1]
@

o -1
remained dots = 1 remained dots = 0
west - east =0 west - east = -1
north - south = 0 north - south = 1

(a) (b)

Figure 2.24 Division of the swl/ne2 partition.

Division results are
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nw = 0 ne = 0 sw =1 se = 0
D11 =0 D12 = 0 D21 =1 D22 = 0 assignments should
be done at bit level.

Lets do the division of swl/swZ2 partition division.
Dots number is 1.

Maximum dots pumber is 1.

Polarity direction is sw.

Neighbors are

west = 0 east = 0 north = 0 south = 0

0 0
»
g 4] -1 4]
o

0 -1
remained dots =1 remained dots = O
west — east =0 west - east = -1
north - south = 0 north - south = 1

(a) (b)

Figure 2.25 Division of the swl/sw2 partitioh.

Division results are
nw = 0 ne = 0 sw =1 se =0
This means that, D11 = 0, Diz =0, D21 =1, D22 =0

assignments should be done at the bit level.

Lets do the division of sel/nw2 partition.
Dots number is 1.

Polarity direction is se.

Maximum dots number is 1.

Neighbors are

west = integer(2/4)
north =integer(2/4)

I
Q

east = 0
g south = 0
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0 0
0 0 0 -1
®
0 -1
remained dots = 1 remained dots = O
west - east =0 west - east =1
north - south = 0 north - south = 1

(a) (b)
Figure 2.26 Division of the sel/nw2 partition.

Division results are

nw =0 ne =0 sw=0 se =1

Pi1 = O D12 = O D21 =0 D22 =1 assignment should
be done at the bit level.

Lets do the division of sel/seZ partition.
Dots number is 1.

Maximum dots number is 1.

Polarity direction is se.

Neighbors are

west = 0 east = 0O north = 0 south = 0

0 0
0 0 0 -1
o
0 -1 '
remained dots =1 remained dots =
west - east =0 west - east =
north - south = 0 north - south =

(a) (b)

Figure 2.27 Division of the sel/se2 partition.
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Division results are

nw =0 ne =0 sw =0 se = 1
This means that, D11 =1, D12 =0, D21 =0, D22 =1
assignments should be done at the bit level.

After the bit level assignments, pixel placement data is

now ready for the printing.

Whole placement of pixel is as follows :

- L

Figure 2.28 Placement pattern of 8 intensity pixel.
2.14 Program Structure

An image handle tool has been written in Cc
language with in Microsoft C 6.0 Compiler environment.
Hainly tool has file handle, some 1image processing
techniques including placement process and printing jobs.
The program has been designed as user friendly menu
driver tool. So, during executing program very limited
information is needed.

The program has been developed with in IBM PC compatible
ACER 1120SX computer. Program needs conventional memory
and VGA display driver. Because placement data can be in
huge amount, magnetic storage driver should have enough
memory to keep the data. Data amount is

(window row dimension * window column dimension X% 32)

bytes.

With this tool, an image file, up to 512x512 dimensions,
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can be displayed whit any window of image with a
displacement offset. Then selected a window can be saved
with 512 bytes displacement. Saved file has 512 bytes
from beginning of the file as header may be used for
future usage for some useful information about the image
file.

Process menu has placement and histogram equalization
processes. Edge detection and regional processes are
included for optional future processes. They are not
present at this moment. In placement process, after
placement has been done saves 32 bytes of placed pixel,
first bytel of rows then byte2 of rows in place.dat file.
Do this process for hole given image window.

In printer menu a placed data can be printed. So any
image File which is going to be placed, first should be
processed with placement process, then can be printed.
Two types printer has been allowed. Dot matrix or Laser
printer can be selected. Program supports Epson dot
matrix and HP Laser printers. The care should be take
especially row dimensions of printing for 80 columns
printer, it should not accede the 128 rows of image.

Same thing for laser printer is 150 rows of image.

Printer menu prints out the image in sideways (landscape
mode). So, start to printing from right side of image
column from top to bottom. First get 16 byteZ of pixel
rows of hole column, then print it out, and then get next
16 bytesl of pixel rows.



row0
Towl
row2
row3
rowd
TOWS
rowbH
Trow?
row8
rowd
rowl(
rowll
rowl2Z
rowl3
rowld
rowl5s

Figure 2.29 Row structure of a single

Bytel
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pixel in byte.



| Save

| Process
| Print

| Quit

| Regional Process

| Histogram Process

| Placement Process

ﬂ Loading offset
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Image dimensio
Loading window

{Load>

| Printing Style
| Printer Type
Il <Print>

Figure 2.30 Appearance of program menus.



2.15 Program outputs

A_45A




Figure 2.32. 256x256 dimensional an image print out 500 dpi laser printer.




RESULTS AND CORCLUSION

As a result, in this work present half tone prin-
ting technique’s problems has been shown. The solution
to that problem has been given with the new implemented
algorithm. With the new placement algorithm, efficiency
of present printers has been improved. But exact solution
the problem is still depend on the printer technology.
In nowadays, new 1200 dpi laser printer and 2400 dpi color

printer have been announced in the market. ¥ith these
printer exact result of algorithm can be seen. But
unfortunately, we have not got the time and aceess

possibility to those printer, results of the algorithm in
those resolutions conld not been given in this thesis.
Instead, algorithm performance has been given in the 300
dpi and 600 dpi printers. Comparison of the algorithm
result with present printing techniques has not been done.
The best printing technique should be presented in the

software environment, then comparison should be done.

Because of the soft c¢rossing between the grey
levels, very close grey levels can not be distinguished
from each other during the printing. This may be problem
if the edge of the image is very important for us. But as
explained before, with some image processing techniques,
this problem c¢an be solved in the image processing
environment. And the algorithm can be enriched with those

techniques.
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The algorithm can be easily evaluated for color
printing. Again, better printing quality is expected.
And also, algorithm can be applied to other fields which
have the similar problem.

At the end of this work an image printing compu-
ter program has been written with the new implemented
algorithm. And results have been given in the 300 and 600
dpi printers.
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APPENDIX A SOURCE PROGRAM LIST
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/¥ general.h includes general declarations. */

##idefine TRUE 1
#define FALSE 0
#idefine XORIT 0x80

#define BS 0x08
fidefine CR 0Ox0D
#define ENTER CR

##tdefine RETURN CR
#define NULLCHAR "\O~

#idefine ESC Ox1B
#define HOME 0x147
#define UP 0x48

##define DOWN 0x50
##define LEFT 0x4B
#define RIGHT 0x4D
fidefine LF 0x00A
#define M_MENU
#define L_MENU
#define PSS_MERU
##idefine P_MENU
#define STL_MENU
#define DRV_MENU
#define OFF
#define ON

HOOBWNEO



/* Color.h file contains possible color codes in VGA

%X 16 color mode.

x/

#define
#define
##idefine
#define
##define
#idefine
##define
##idefine
#define
##define
#define
#define
#idefine
#define
#define
#define

BLACK
BLUE
GREEN
CYAN
RED
MAGENTA
BROWN
WHITE
DGRAY
LBLUE
LGREEN
LCYAN
LRED
LMAGENTA
YELLOW
IWHITE

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08
0x09
0x0A
0x0B
0X0C
0x0d
O0x0E
0x0F
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/¥ Manifest.h file declarations are about menus, warnings
%% and title which are used in the main and subprograms.

x/

#tdefine X_MAX 639
#define Y_MAX 479
#define FALSE 0

##define ON 1
##define OFF 0

int in_menu = FALSE;
int new_style = ON;

int ecss_style = OFF;
int main_select = 1;
int load_select = 1;
int pss_select = 1;
int prt_select = 1;
int stl_select = 1;
int drv_select = 1;

char file_name [61];
char save_name [61];
char image_rdim [6];
char image_cdim [6];
char wind_roffset [6];
char wind_coffset [6];
char image_offset [6];
char driver [15];

char load_message [] {"Loading..."};
char save_message [] {"Saving..."};
char print_message [] = {"Printing..."};

char *m_menu []=(

"ITMMMMMMMMMMN ;
": Load ™
*: Save "
": Process
*: Print :
": Quit ="

- s °
~ - - - - - - -

“ HMMMMMMHMMMM < "
-.I'};

char *1_menu []={

IHHMHMHHMMHHHHHHMHHMH "

File name -
": Image dimension
": Loading window '
": Loading offset
": <Load>

H H LS E I
- - - - - - - -

“ HMMMMMMMMMMMMMMMMMMMN <
B
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char *s_menu []=(
“IMMMMMMHMMMMMMMMMMMMMMMMMMMMMMMMY \
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMN ; ~,
": Save as...:

- ¥
- »

“HHHHHMHHHMHMHHHHHHMHHHMHHHHHMMHHHH-\,
MMMMMMMMMMMMMMMMMMMMMMMMMHMMMMMMMMMMMMN <™,
lll-};

char *pss_menu []={

“IMMMMMMMMMMMMMMMMMMN ;
": Edge Dedection
*: Regional Process :"
*: Histogram Process :"
*: Placement Process :"

-
- M N v w v -

"ﬁMHHHHHHHMHHHHHHHHHH;“
lIll};

char *p_menu []={
"IMMMMMHMMMMMMHMHMMMHMN ; -
“: File Name R
“: Printing Style *
*: Printer Type
<Print>

s = 3
M v M v v w

“ HMMMMMMMMMMMMMMMMMMY <~
"%

char *stl_menu []={
*THMMMMMMMHEN; ",
": New =",
": Classic :7,

“ HMMMMMMMMMM <~
l'l'};

char *drv_menu []={
*IMMMMMMMMMMMMMMMNHE;
": DOT MATRIX :
*: LASER

s =
- ~ - - -

“ HMMMMMMMMMMMMMMMMY <"
R -

char *f_menu [] ={

" TMMMMMMMMMMMMEMMMMMMMHMMMMMMMMMMMMMMMMMMMMMM MMM MMM HMHH N
MMMMMMMHMMMMHEN; ~,

": File name :

"HMHHHMHHHHH&M&MHHHHHHHMMHHHHMHHHHMHHHMHHMHHHHHHHMHHHHHHH
MMMMMMMMMMMMMM <™,
lll.};
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char *offset_menu [1=¢
IHMHHMHMHHMHHHHHMHHHMHMHHHMHMHMMHHHHH
": row : column :
HMHHMHMHMHMMHMHHHHHHMHHHMMHHMHHHHHHHH<
},

char *foffset_menu [] {
IMMHMMHHHHMHMMHMHHMHHHHHMHMHHHMM
*: Image displacement :
HHMHHMHHMHMHHMHHHHMMHHHHHHHHHHHH<
"}



/% place.h is a

X% prin
x/
struct

{

ting.

ROW

union

{

struct

{

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
}bitsl;

struct

{

header file

char
char
char
char
char
char
char
char
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of dot placement of image

bit7 : 1;
bitg : 1;
bit5 : 1;
bit4 : 1;
bit3 : 1;
bit2 : 1;
bitl : 1;
bit0 : 1;

unsigned char holebytel;

1b
unio

st
{

t1;
}bvtel;
n

{

ruct

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
}bitsZ;

struct

{

unsigned
1bt2;

}byvte2;

13

struect ELEMENT

{

float
float
float
float

3

nw;
ne;
SW;
se;

char
char
char
char
char
char
char
char

char

struct NEIGHBOR

{

float
float
float
float

};

west;
east;
north;
south;

bitls : 1;
bitl4 : 1;
bitl3 : 1;
bitl2 : 1;
bit1l : 1;
bitl0 : 1;
bit9 : 1;
bit8 1;
holebyte2;
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/* This program has been devaloped for to print an image
¥ file. For that reason, new implemented algorithm has
x% has been applied in printing process. IP.C is the

¥ main program of over all.

*/

#include <dos.h>
#include <stdio.h>
#include <graph.h>
#tinclude <ctype.h>
#inclunde <conio.h>

#include <string.h>
#include <stdlib.h>
#include “"manifest.h”
#include “color.h”
#include “general.h”

#define XORIT 0Ox80
union REGS regs ;

extern void disp_curs(int,int,int, int);
extern int loadf(char *);

extern int placef(char *x);

extern int savef(char *);

extern int prnf{char *,int);

extern int 1lprnf(char %);

extern int menu_curs(int, int,int,int, int,int);
extern int retkey(void)};

int write_menu(char *[],int,int,int);
void load_menu(int);

void save_menu(int);

void process_menu(int);

void print_menu(int);

void write_char(char,int,int,int,int);
void set_cursor(int,int);

void write_grchar(char,int,int,int,int);
void gei_str(char *,int,int,int,int);
void write_str(char *,int,int,int);
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void main ()

{
int depth,inchar;

_setvideomode(_VRES18COLOR);
do{
if(!in_menu)
{
in_menu=TRUE;
depth = write_menu(m_menu,0,65,IWHITE);
}
inchar=menu_curs{(1,66, (depth-4),11,IWHITE, \
M_MENU);

if(inchar == ESC)
{
_setvideomode( TEXTC80);
exit(0);
}
switch(main_select)
{
case 1:
load_menu(IWHITE);
break;
case 2: .
save_menu(IWHITE);
break;

case 3:
process_menu(IWHITE);
break;

case 4:
print_menu(IWHITE);
break;

case 95:

_setvideomode(_TEXTC80);
exit(0);

+
}while(inchar != ESC);

—setvideomode(_TEXTC80);
}/*% end of main program %/
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void write_array(string,row,col,color)
char *string;
int row,col,color;
{
unsigned int i =0;
if( strlen(string) !=0 )
do {
++1;
++col;

write_char(stringf{i],row,col,color,XORIT});

}while(i < strlen(string));
else;

}

void write_str(string,row,col,color)
char *string;
int row,col,color;

{

unsigned int Jj,newcol;

for (j=0, newcol=col; J < strlen(string); j++,

newcol++)

write_char(string[jl,row,newcol,color,X0RIT);

}

void write_char(character,row,col,color,orxor)

char character;
int row,col,color,orxor;
{
set_cursor(row,col);
regs.h.ah=9;
regs.x.cx=0x01;
regs.h.al= character;
regs.h.bl= (unsigned char)(color
int86(0x10, &regs, &regs);
}

void read_char(character,rowl,coll)
char *character;
int rowl,coll;
{
set_cursor(rowl,coll);
regs.h.ah=8;
regs.h.bh=0;
int86(0x10, &regs,&regs);
}

void set_cursor{int row,int col)
{
union REGS regs;
regs.h.ah=2;
regs.h.bh=0;
regs.h.dh= (unsigned char) row;
regs.h.dl= (unsigned char) col;
int86(0x10,&regs,&regs);
}

orxor);

\
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int write_menu(string,row,col,color)
char *string [];
int row,col,color;

{

unsigned int Jj;
row_width=strlen(string[0]);
col_offset=col+row_width-1;

for (i=0; O < strlen(string[i]);i++)
col_width=i; :
i=0;

for(i=0,newcol=col; strlen(stringl[il)

{
if((i==0) ! (i==(col_width-1)))
{

int i,row_width,co0l_width, newcol,col_offset;

1=0 ;++i,++row)

for(j=0,newcol=col; j< strlen(string[il); \
++Jj,++newcol)
write_grchar(string[il[j], row, newcol, color, \

3

else if (0<i< (col_width-1))
{

XORIT);

write_grchar(string[i][0]}, row,col,color, \

XORIT);

write_grechar(string[il[(row_width-1)],row, \
col_offset,color,X0ORIT);

for(j=1,newcol=(col+1);j<(strlen(stringlil)-1);

++j, ++newcol)

write_char(string[i][j]}, row, newcol, color, \

}
}

return(col_width);
} /¥ end of write_menu fanction X/

void write_grchar(character, row, col,

char character;

int row, col, color, orxor;
{

set_cursor(row,col);
regs.h.ah=9;

regs.x.cx=1;

regs.h.al= character;

regs.h.al |=0x80;
regs.h.bl=(unsigned char) (color
int86(0x10,8&regs, &regs);

}

XORIT);

color, orxor)

orxoer);
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void main_menu(color)
int color ;
{
int depth,inchar;
depth=write_menu(m_menu,0,65,color);
inchar = menu_curs(l,66, (depth-4),11, \
color ,M_MENU);
write_menu(m_menu,0,65,color);

}

void load_menu(color)
int color;
{
int inchar,count;
int row,col,curr_row,curr_col;
int depth,curr_depth;
curr_row = row = 20;
curr_col = col = 5;
depth=write_menu{(l_menu, 10,10,color);
curr_depth = depth;
dof{
inchar = menu_curs(11,11,(depth-4),20, \
color,L_MENU});
if(inchar == RETURN)
{
switch(load_select)
{
case 1:
count = 860;
TOW = CUrr_row;
col = curr_col;
write_menu(f_menu,row,col,color);
write_str(file_name,(row + 1), \
(col+l4),color);
disp_curs((row +1),(col + 14),(count -5), \
color);
get_str(file_name,(row + 1),(col+14), \
color,count);
disp_curs((row +1),(col +14),(count -5), \
color);
write_str{file_name,(row + 1),(col+14), \
color);
write_menu(f_menu,row,col,color);
inchar = "a’;
break;

case 2:

count = B;

TOW = CUrr_TOwW;

col = curr_col;

write_menu(offset_menu,row,col,color);

write_str(image_rdim,(row + 1),(col+8), \
color);

write_str(image_cdinm, (row +1),(col+27), \
color);

disp_curs((row +1),(col +8),count,color);

get_str(image_rdim,(row + 1), (col+8), \

color,count);
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disp_curs((row +1),(col +8),count,color);
disp_curs((row +1),(col +27),count,color);
get_str(image_cdim,(row + 1), (col+27), \
color,count);
disp_curs((row +1),(col +27),count,color);
write_str(image_rdim,(row + 1),(col+8), \
color);
write_str(image_cdim,(row + 1),{(col+27), \
color);
write_menun(offset_menu,row,col,color);
inchar = "a’;
break;

case 3:
count = 6;
TOW = CUrr_Trow;
col = eurr_col;
write_menu(offset_menu,row,col,color);
write_str(wind_roffset,(row + 1),(col+8), \
color);
write_str(wind_coffset,(row + 1),(col+27), \
color);
disp_curs((row +1),(col +8), count,color);
get_str(wind_roffset,(row + 1), (col+8), \
color,count);
disp_curs((row +1),(col +8),count,color);
disp_curs({(row +1),(col +27),count,color);
get_str(wind_coffset,(row + 1), (col+27), \
color, count);
disp_curs((row +1),(col +27),count,color);
write_str(wind_roffset,(row + 1),(col+8), \
color);
write_str(wind_coffset,(row + 1),(col+27), \
color);
write_menu(offset_menu,row,col,color);
inchar = "a’;
break;

case 4:

count = B;

TOW = CUrr_TOW;

col = curr_col;

write_menu(foffset_menu,row,col,color);

write_str(image_offset,(row + 1),{(col+23), \
color);

disp_curs({(row +1),(col +23),count,color);

get_str(image_offset,(row + 1), {(col+23), \

color, count);

disp_curs((row +1),(col +23),count,color);

write_str(image_offset,{(row + 1),(col+23), \
color);

write_menu(foffset_menu,row,col,color);

inchar = “a”; /%for menu correction%/

break;
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case 5:
in_menu = FALSE;
_clearsecreen(_GCLEARSCREEN);
write_str(load_message, (row +8),col,color);
loadf(file_name);
write_str(load_message, (row +8),col,color);
getch();
inchar = “a”; /% for menu correction.x/
break;

H
}
if{(in_menu == FALSE) break;
}while(inchar != ESC);
if (in_menu != FALSE)
write_menu(l_menu,10,10,color);
else ;

1

void save_menu(color)
int color;

{
int count = 60;
write_menu(s_menu,20,0,color);
write_str(save_name,21,14,color);
disp_curs(21,14,(count -4),color);
get_str(save_name, 21,14,color,count);
disp_curs(21,14,(count -4),color);
write_str(save_name, 21, 14, color);
write_menu(s_menu,20,0,color);
write_str(save_message,25,5,color);
savef(save_name);
write_str(save_message,25,5,color);

1

void process_menu{(color)
int color;
{
int depth, inchar;
int row,col;

TOW = 23;
col = 5;
depth=write_menu(pss_menu, 20,20,color);
do
{
inchar = menu_curs(21,21, (depth-4),19,coloxr, \
PSS_MERU);
if(inchar == RETURN)
{
switch(pss_select)
{
case 1:
inchar = "a’;

break;
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case 2:
inchar = "a’;
break;
case 3:
inchar
break;
case 4:
_clearscreen(_GCLEARSCREEN);
in_menu = OFF;

1
[+

write_str(“placement in progress..."”,(row+5)\
col,LGREEN);

placef(file_name);

printf(”"\a");

write_str(“placement inprogress..."”,(row+d),\
col, LGREEN);

-

inchar = "a’;
return ;
3
};
}while(inchar != ESC);
write_menu(pss_menu, 20,20,color);

1

void print_menu(color)
int color;
{
int depth,inchar,count;
int curr_row,curr_col,curr_depth,width;
int row, col;
int double_strike;
curr_row= row = 10;

|

curr_col= col 5;
count = 60;
width = 19;
depth = write_menu(p_menu,row,col,color);
curr_depth = depth;
do{
inchar = menu_curs{({(row + 1),(col + 1),{depth-4), \
width,color,P_MENU);
if (inchar == RETURN)
{
switch(prt_select)
{
case 1:
TOW = curr_row + 10;
col = curr_col;

write_menu(f_menu,row,col,color);
write_str(file_name,(row + 1),(col +14),color);
disp_curs((row + 1),(col +14),(count -5),color);
get_str(file_name,(row +1),(col + 14),color,count);
write_str(file_name, (row +1),(col + 14),color);
disp_curs((row + 1),(col + 14),(count -5),color);
write_menu(f_menu,row,col,color);

inchar = "a’;

break;



case 2:

width = 10;

TOW = curr_row + 3;

col = curr_col + 22;

depth = write_menu(stl_menu,row ,col ,color);

do{
inchar = menu_curs{((row +1),(col +1),(depth-4), \

width,color,STL_MENU);

if(inchar == RETURN);

{
switch(stl_select)
{

case 1:
new_style = ON;
css_style = OFF;
break;

case 2:
new_style = OFF;
ess_style = ON;
break;

}

1

}while ((inchar != ESC) && (inchar != RETURN));
write_menu(stl_menu,row,col,color);

inchar = "a’;

break;

case 3:
width =17;

TOW = CUrr_row + 4;
col = curr_col + 22;
depth = write_menu{(drv_menu,row,col,color);
do{
inchar = menu _curs((row +1),(col +1),(depth-4), \
width,color,DRV_MENU);
if (inchar == RETURN)
{
switch(drv_select)
{
case 1:
strepy(driver, "DOT MATRIX™);
break;
case 2:
strepy(driver, "LASER" );
break;
}

3
}while((inchar != ESC) && (inchar !=RETURN));

write_menu(drv_menu,row,col,color);
inchar = "a’;
break;
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case 4:
row = curr_row + 10;
col = curr_col;
double_strike = OFF;
write_menu(p_menu, curr_row, curr_col, color);
write_str(print_message,row,col,color);
/*print the image file X/
if(! stremp(driver, "DOT MATRIX"))
{
prnf(file_name,double_strike);
1;

ifd!
{

stremp(driver, "LASER" ))
lprnf(file_name);

1;
write_str(print_message,row ,col,color);
inchar = "a’;
return;

1
1

TOW = CUrr_row;

col = curr_col;

width = 18;

depth = curr_depth;

}while(inchar != ESC);

TOW = CUrr_row;

col = curr_col;

write_menu(p_menu,row,col,color);

void get_str(string,row,col,color,count)
char *string;
int row,col,color,count;
{
int curr_col,position ;
char oldchar,inchar;
curr_col = col;
position = 0O;
set_cursor{row,col);
if((inchar = (char) retkey()) != RETURN )
{
write_str(string,row,col,color);
strepy(string,””);
write_char(inchar,row,col,color,X0ORIT);
write_char( " _",row,++col,color,X0RIT);
¥(string + position) = inchar;
¥(string + (++position)) = NULLCHAR;

while( (inchar = (char) retkey() ) !'= RETURN )
{
switeh (inchar)
{
case BS :
if (position > 0)
{
oldchar = *(string +(--position));
X(string + position)} = NULLCHAR;
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write_char( _",row,col,color,X0ORIT);
write_char(oldehar, row, --col, \

color,X0ORIT);
write_char("_", row, col,color,X0ORIT);
}
else ;
break;
default :
if(col < (curr_col + count))

{
write_char( " _", row, col, color, XORIT};
write_char(inchar, row, col, color, XORIT);
write_char( _°, row,++col,color,X0ORIT);
¥(string + position) = inchar;
*¥(string + (++position)) = NULLCHAR;
1
else ;
break;
}
1
write_char( _ " ,row,col,color,XORIT);
}
else ;
} /% end of get_str function %/
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/¥ menu_curs.c swaps cursor around the any passed menu.
x/

#include <stdio.l>

#include <conio.l>

#include <dos.h>

#include “general.h”

#tdefine FALSE O

menu_curs{row,col,depth,width,color,menu_key)
int row,col,depth,width,color,menu_key;

{

int inchar,select;

extern int main_select;

extern int load_select;

extern int pss_select;

extern int prt_select;

extern int stl_select;

extern int drv_select;

switch(menu_key)
{
case M_MENU :
select=main_select;
break;

case L_MENU -
select=1load_select;
break;

case PSS_MENU :
select = pss_select;
break;

case P_MERU :
select=prt_select;
break;

case DRV_MENU -
select = drv_select;
break;

case STL_MENU :
select = stl_select;
break;

row +=select-1;
disp_curs(row,col,width,color);
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do {
inchar=retkey();
switch(inchar)
{
case DOWN :
if(select <= depth)
{
++select;
disp_curs(row,col,width,color);
disp_curs{++row,col,width,color);
3

break;

case UP :
if(select > 1)
{
~-—-select;
disp_curs(row,col,width,color);
disp_curs(--row,col,width,color);
}
break;
case ESC :
break;
1

}while((inchar != RETURN) && (inchar != ESC));

switch(menu_key)

{

case M_MENU :
main_select=select;
break;

case L_MENU :
load_select=select;
break;

case PSS_MENU
pss_select= select;
break;

case P_MENU
prt_select
break;

select;

case DRV_MENU -
drv_select = select;
break;

case STL_MENU :
stl_select = select;
break;

}
disp_curs(row,col,width,color);
return(inchar);

}/*¥end of menu_curs %/
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disp_curs(row,col,width,color)
int row,col,width,color ;
{
int i;
for( i=0; i<width;++i)
write_char(219,row,col+i,color,X0RIT);

}

int retkey()
{
int inchar;
inkey(&inchar);
return (inchar);

}

int inkey(ascii) ‘

int *ascii;

{

union REGS regs;

regs.x.ax = 0;

int86(0x16,&regs,&regs);

if(regs.h.al == Q)
¥*ascii=regs.h.ah;

else *ascii = regs.h.al;

}
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/¥ loadf.c loads related image file to the screen with
*¥ the given window parameters.

x/

#include <dos.h>
#include <stdlib.h>
#include <math.h>
##include <stdio.h>
#include <ctype.h>
##include <string.h>
#include <malloc.h>
#tinclude <graph.h>
##include <conio.h>
#include “ecolor.h”

#define COLUMNLENGHT 512

extern void write_str(char ¥,int, int, int);
extern int write_menu(char %[}, int, int, int);
extern void disp_curs(int, int, int, int);
extern void get_str(char %, int, int, int, int);

void write_dot(unsigned char,int,int);

extern char image_offset[];
extern char image_rdim[];
extern char image_cdim[];
extern char wind_roffset[];
extern char wind_coffset[];
extern char *f_menul];

unsigned char fbuffer [COLUMNLENGHT];

fpos_t ¥pos;
char fread _warr [] = {"cannot open the file... press any
key"};

int loadf(file_name)
char *file_name;
{
FILE *loadstreanm;
int i,3;
long im_offset;
int im_rdim,im_cdim;
int win_rdim, win_cdim;
int count = B60;
int row = 20;
int col = 5;

im_offset atol(image_offset);

im_rdim = atoi(image_rdim);
im_cdim = atoi(image_cdim);
win_rdim = atoi{wind_roffset);
win_ecdim = atoi{wind_coffset);



if

{
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(!(stremp(file_name,"")))

write_menu(f_menu,row,col,IWHITE);
write_str(file_name,(row + 1),(col + 14),IWHITE);
disp_curs((row +1),(col +14),(count -5),IWHITE);
get_str(file_name,(row +1),(col +14),IWHITE, count);
disp_curs((row +1),(col +14),(count -5),IWHITE);
write_str(file_name,(row +1),(col +14),IWHITE);
write_menu(f_menu,row,col,INWHITE);

}

else

} /%

void

if ((loadstream = fopen(file_name,”“rb"}) == NULL)
{

write_str(fread_warr,(row +3),co0l,RED);

getch();

write_str(fread_warr,{(row +3),co0l,RED);

return (1);

3

else

-

fseek(loadstream,im_offset, SEEK_SET);

/Xfgetpos(loadstream,pos); %/

for{( i = 0; i< win_rdim; i++)

{ ,

fread(&fbuffer[0]l,(sizeof(char) * win_cdim), \
1, loadstream);

fseek(loadstream, (long)(im_cdim - win_cdim), \

SEEK_CUR);
for(j = 0; 3 < win_cdim; ++3)
{
if(fbuffer{j] > 96) _setpixel(j,i);
15
}

feclose(loadstream);

/¥ load the buffered image to display. */
/¥write_dot{dot,i,3);*/

end of loadf.c function. %/

write_dot(l_data,x,y)
unsigned char 1_data;

int x,y¥;

{
union REGS regs;
regs.h.ah = 0x0c;
regs.h.al = 1_data;
regs.h.bh = 0;
regs.x.dx = x;
regs.x.cx =

Y,
int86(0x10,&regs,&regs);
1
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/¥ savef.c function save the current loaded file.X/

#include <stdio.h>
#include <«string.h>
#include <conio.h>
#tinclude “color.h"
##include <malloec.h>
#include <stdlib.h>

#define SAVEOFFSET 512

extern void write_str(char %, int,int,int);
extern char image_offset[];

extern char file_name [];
extern char image_offset []1;
extern char image_cdim [];
extern char wind_roffset [1;
extern char wind_coffset [1;

unsigned char fbuffer[512];

int savef(save_name)
char *save_name;

{

int i;

int row = 24;

int col = 35;

int win_rdim, win_cdim;

int im_cdim;

long im_offset;

char *blank;

char character;

FILE ¥savestrean;

FILE *filestream;

im_offset atol(image_ offset);

im_cdim = atoi(image_cdim);
win_rdim = atoi({wind_roffset);
win_edim = atoi(wind_coffset);

if( (blank = (char %) calloc({(size_t)SAVEOFFSET, \
sizeof(char))) == NULL)
{

write_str("calloc fajiled”,row,col,RED);
getch();
write_str(“calloc failed” ,row,co0l,RED);
return (1);
H

blank = realloc(blank,(size_t )SAVEQFFSET);
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if((savestream = fopen(save_name, "rb”")) != NULL)
{
write_str(“over write ?(y/n)", row,col,RED);
character = (char) getch();
write_str("over write ?(y/n)",row,col,RED);

if({(character == ‘y’) !! (character == "Y"))
{
felose(savestream);
if((savestream = fopen(save_name,“wb")) == NULL)
{
write_str("cannot save the file !”,row,co0l,RED);
getch();
write_str(“cannot save the file !",row,col,RED);
free(blank);
return(l);
};
if((filestream = fopen(file_name,”rb”)) == NULL)
{
write_str("cannot open the image file!™, \
row,col,RED);
geteh();
write_str(“cannot open the image File!", \
row,col,RED);
fclose(savestream)};
free(blank);
return(l);
};

fwrite(&blank[O0],(sizeof(char) * SAVEOFFSET), \

1,savestream);
fseek(filestream, (long)(im_offset),SEEK_SET);

for(i = 0; 1 < win_rdim; i++)
{
fread(&fbuffer[0], (sizeof(char) * win_edim), \
1,filestreanm);
fseek(filestreanm, (long)(im_cdim - win_edim), \
SEEK_CUR);
ferite(&fbuffer[0],(sizeof(char) ¥ win_cdim), \
1,savestrean);
15

fflush(savestream);
feclose(savestream);
fclose(filestream);
free(blank);
return(0);

}

else return (1);

}
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if ((savestream = fopen(save_name, wb")) == NULL)
{
write_str(“"cannot open new file !”,row,col,RED);
getch();
write_str(“cannot open new file !",row,col,RED);
return (1);

}
if((filestream = fopen(file_name,"rb"”)) == NULL)
{
write_str(“cannot open the image file!™, \
row,col,RED};
getceh();
write_str("cannot open the image file!", \
row,col,RED);
felose(savestream);
free(blank);
return(l);
1;

fwrite(&blank, (sizeof(char) * (int)SAVEOFFSET), \
1,savestream);
fseek(filestream, (long)(im_offset),SEEK_SET);
for(i = 0; i < win_cdim; i++)
{
fread(&fbuffer[0], (sizeof(char) * win_cdim), \
1,filestream);
fseek(filestream, (long)(im_cdim -~ win_ecdim), \
SEEK_CUR);
furite(&fbuffer{0],(sizeof(char) ¥ win_cdim), \
1,savestream);
1

fflush(savestream);
fclose(savestrean);
fclose(filestreanm);
free(blank);
return (0);



/% palcef.
Xk current

x/

#include
#include
#include
#include
#include
#include
#include

extern
extern
extern
extern
extern
extern
extern

int placef
{

int 1, J
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¢ does the placement of whole image which is
ly loaded.

<stdio.h>
<string.h>
<conio.h>
<ctype.h>
<malloc.h>
<stdlib.h>
“color.h”

int place(FILE *,int,int,int,int,int,int, int);
int write_str(char *,int,int,int);

char wind_roffset[];

char wind_coffset[];

char image_offset[];

char image_rdim[];

char image_cdimf];

(char *file_name)

, k, row, col;

int win_rdim, win_cdim;
int im_rdim,im_cdim;
long im_offset;

unsigned

char *rl, %r2, *r3, *temp;

FILE *placestream;

FILE *f3

row = 23
col = 5;
im_offse
im_rdim

im_cdim

win_rdim
win_cdim

if(! (st
{
write
getceh
write

lestream;
t atol(image_offset);
atoi(image_rdim);
atoi(image_cdim);
atoi(wind_roffset)};
atoi(wind_coffset);

nmwnmnni

remp{file_name,”"")))

_str("load file first!™, row, col, RED);

();
_str("load file first!”™, row, col, RED);

return (1);

1;

if{((plac
{
write
getch
write
retur

15

estream = fopen(“"place.dat”,”wb"”)) == NULL)

_str(“cannot open the file !", row, col, RED);

O);

_str("cannot open the file !, row, col, RED);
n (1);
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if((filestream = fopen(file_name, "rb")) == NULL)
{

write_str("cannot open the image file!™, \

row,col,RED);
getch();
write_str("cannot open the image file!"™, \
row,col,RED);
1;

if({(r1l = (unsigned char *) calloc(
(size_t)(win_cdim + 2),(size_t)sizeof(char)))\
== NULL)
{
write_str("no enough memory !", row, col, RED);
getch();
write_str("no enough memory !, row, col, RED);

1;

if{(r2 = (unsigned char *) calloec(
(size_t)(win_cdim + 2),(size_t)sizeof(char)))\-
== NULL)

write_str("no enough memory !*, row, col, RED);
geteh();

write_str("no enough memory !“, row, col, RED);
return (1);

1;

if((r3 = (unsigned char *) calloc(
(size_t)(win_cdim + 2),(size_t)sizeof(char)))\
== NULL)

write_str{("no enough memory !“, row, col, RED);
getch();

write_str("no enough memory !, row, col, RED);
return (1);

};

if((temp = (unsigned char %) calloc(
(size_t)Y(win_cdim +2),(size_t)sizeof(char)))
== NULL)
{
write_str("no enough memory !”,row,col,RED);
getch();
write_str("no enough memory !”,row,col,RED);
return(l1l);
1
/% initialize the image rows for the processing. %/
/% first row is zero for upper boundary. %/
fseek(filestream, (long)(im_offset),SEEK_SET);

fread(&r2[1],(sizeof(char) * win_cdim),1,filestream);
fseek(filestream,{long)(im_cdim - win_cdim),SEEK_CUR);

fread(&r3[1],(sizeof(char) * win_cdim),1,filestream);
fseek(filestream, (long)(im_cdim - win_cdim),SEEK_CUR);
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/¥ send first initialized rows to place.c function %/
for{(d = 0; 3 < (win_edim); j++)
{
place(placestream, (int)r2[j + 11,(int)r2[3], \
(int)r2[j + 21,(int)rl1[J +11,\
(int)r3[j+11,0,(j*16));
1;

/% send next rows to place.c function ¥/
for(i = 1; i < (win_rdim - 1); i++)

{

temp = rl;
rl = r2;
r2 = t3;
r3 = temp;

fread(&r3[1],(sizeof(char) ¥ win_cdim), 1, \
filestream);
fseek(filestream, (long)(im_edim - win_edim), \
SEEK_CUR);
for(g = 0; 3 < (win_cdim); J++)
{
place(placestream, (int)r2[{j+1],(int)xr2(33, \
(int)r2fj+2],(int)ri1[5+1]7, \
(int)r3[j+11, (i*16), (3*16));

};
i ;
/¥ initialize last row ¥/
temp = rl;
rl = r2;
r2 = r3;
r3 = temp;
for(k = 0; k < win_cdim; k++)
{
r3fk + 131 = 0;
1;
for(j = 0; 3 < (win_edim); Jj++)
{

prlace(placestreanm, (int)r2[J+13, (int)r2(33, \
(int)r2{j+231,(int)ri1[J+13,(int)r3[J+11, \
((win_rdim - 1) *x 16),(jx18));
1

fflush{placestream);
fclose(placestream);
feclose(filestream);
free(rl);

Free(r2);

free(r3d);

free(temp);

} /¥ end of placef.c function %/



/¥ plac
*/

#include
#include
#include
#include
#include

f#idefine
#define
#idefine
#define
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ement.c does placement of printing an image file.

<stdioc.h>
<graph.h>
<conio.h>
<stdlib.h>
“"place.h”

NW 1
NE 2
SW 3
SE 4

int maxdotsf(float);

void ro
int po

extern s

w_setf(int, struct ROW, int,int);
1_dirf(float,float);

truct ELEMENT s_boardf(float dots_npumber, \
int pol_dir,int maxdots, struct REIGHBOR N):;

struct NEIGHBOR NAO, HA[41, NAB[16], NABC[643, \
neighbor;
struct ELEMENT A, AB[4], ABC[16], ABCD[64], buffer;
struct ROW row0, rowl, rowZ, row3, rowd4, rowd, \
row6, row7;
struct ROW row8, rowd, rowl(0, rowll, rowlZ, rowl3,\
rowld, rowlhH;
int place(placestream,dots_numberin,west,east, \
north,south,roffset,coffset)
int dots_numberin;
int west,east,north,south;
int roffset, coffset;
FILE *placestream;
{
int i,x;
int maxdots,pol_dir;
float w_e, n_s;
float dots_number;
/% initialization of A matrix’'s neighbor. %/
RAO.west = (float)west;
RAO.east = (float)east;
BAO.north = (float)north;
HAQO.south = (float)south;
w_e = west - east;
n_s = north - south;
dots_number = (float){(dots_numberin);

/% divide A matrix to its our part %/

maxdot
pol_di

s = maxdotsf(dots_number);
r = pol _dirf(w_e, n_s);

A = s_boardf(dots_number,pol_dir,maxdots, NAQ);
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/% initialize the neighbor of All, Al12, A21, A22
*¥ submatrices X%/

NA[O].west = (NAO.west / 4); /% neighbors of All %/
NA[{Ol.east = A.ne;

RA[0].noxrth = (NAO.north / 4);

NA[O].south = A.sw;

NA[1].west A.nw; /% neighbors of Al2 X/
NA[1].east (NAQ.east / 4);

NA[1].north
NAf1].south

(BAO.north / 4);
A.se;

uminn

NA[{2].west = (NAO.west / 4); /¥ neighbors of AZ21 %/
NA[2].east = A.se;
NA[2].north = A.nw;

NA[2].south (NAO.south / 4);

NA[3].west = A.sw; /% neighbors of AZ2Z2 X%/
HA[3].east = (NAO.east / 4);
NA[3].north = A.ne;

NA[3]1.south (NADO.south / 4);

/% initialize the AB[] element X%/

/¥ assignement of All°s B11,B12,B21,B22 %/
dots_number = A.nw;

maxdots = maxdotsf(dots_number);

AB{0] = s_boardf(A.nw, N¥W, maxdots, NA[O1);

/* assignement of Al12°'s B11,B12,B21,B22 x/
dots_number = A.ne;

maxdots = maxdotsf(dots_number);

AB[1] = s_boardf(A.ne, NE, maxdots, NA[11});

/*assignement of A21°s B11,B12,B21,B22Z x/
dots_number = A.sw;

maxdots = maxdotsf(dots_number});

AB[2] = s_boardf(A.sw,SW, maxdots, NA[2]);

/* assignement of A22°s B11,B12,B21,B22 %/
dots_number = A.se;

maxdots = maxdotsf(dots_number);

AB[3] = s_boardf(A.se,SE, maxdots, NA[3]);
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/% initialize neighbor of B11, B12,B21, B22 matrices x/
for(i =0, x =0; 1 < 4; i++, x += 4)

NAB[x].west (NALi].west / 4); /*¥ neighbors of

*x A[i,J]IB11 x/

NAB[x].east = AB[i].ne;
HAB[x].north = (NA[il.north / 4);
NAB[x].south = AB[i].sw;

NAB[x+1].west

AB[i].nw; /* neighbors of
*% A[i,3IB12 x/

(BA[i}.east / 4);

(RA[i]l.north / 4);

HAB{x+1].east
NAB[x+1].north

W

NAB[x+1].south AB[1i].se;

NAB[x+2].west = (NA[i].west / 4); /% neighbors of
*k Afi,jlB21 x/

NAB[x+2].east = AB[il.se;

NAB[x+2].north = AB{i].nw;

NAB{x+2].south (BA[i].south / 4);

AB[i].sw; /% neighbors of
*x A[i,31B22 x/

(NA[i].east / 4);

AB[i].ne;

(NA[i].south / 4);

HNAB[x+3].west

NABfx+3].east
NAB[x+3] .north
NAB{x+3].south
};

/% division of A[i,3IB[i.,3] to C[i,]J] */
for( i =0, x =0; i < 4; i++, x +=4)
{
/% division of A[i,3IB11 to C[i,J] */
dot=s_number = AB[il].nw;
maxdots = maxdotsf(dots_number);
ABCIx] = s_boardf(AB[i]l.nw,(i + 1), maxdots,\
NAB[x1);

/% division of A[i,jlIB12 to C[i,3] %/

dots_number = AB[i].ne;

maxdots = maxdotsf(dots_number);

ABCI[x+1] = s_boardf(AB[il.ne,(i + 1),maxdots,\
NAB[x+1]);

/¥ division of A[i,jIB21 to C[i,3]1 %/

dots_number = AB[i].sw;

maxdots = maxdotsf(dots_number);

ABC[x+2] = s_boardf(AB[i]).sw,(i + 1),maxdots,\
NAB[x+21);

/X division of A[i,Jj]1B22 to CI[i,j] */

dots_number = AB[il.se;

maxdots = maxdotsf(dots_number);

ABC{x+3] = s_boardf(AB[i].se,(i + 1),maxdots,\
NAB[x+3]);

};
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for( 1 =0, x = 0; 1 < 18; i++, x += 4)
{
/%X initialize neigbors of A[i,3jIB[i,3J]1C1l1 %/
NABC[x] .west (NAB[i].west / 4);

NABC[x].east = ABC[i].ne;
NABC[x].north = (NAB[i].north / 4);
NABC[x].south = ABC[i].sw;

/% initialize neighbors of A[i,j]1B[i,3]C12 %/
NABC[x+1].west ABCli].nw;

NABC[x+1].east (NAB[i].east / 4);
NABC[x+1].north (NAB[iJ.north / 4);
NABC[x+1].south ABC[i].se;

e

/% initialize neighbors of A[i,j]IB[i,3]C21 %/
NABC[x+2] .west (RAB[i].west / 4);
NABC[x+2].east ABC[i].se;

NABC{x+21.north ABC[i].nw;

NABC[x+2}.south (NAB[i].south / 4);

[T R T

/¥ initialize neighbors of A[i,jIB[i,31C22 *x/

NABC[x+3].west = ABC[i].sw;
NABC[x+3].east = (NAB[i]l.east / 4);
NABC[x+3].north = ABC[il.ne;

NABC[x+3].s0uth
15

for( 1 =0, x =0; i< 16 ; i++, x += 4)

(NAB[i]}.south / 4);

{

pol_dir =(int){(i/4) + 1;

/% division of A[fi,j1IB[i,3jl1C1l1 to D[i,jl1 */

dots_number = ABC[i].nw;

maxdots maxdotsf(dots_number);

ABCD[x] s_boardf{ABC[i].nw,pol_dir,maxdots,\
NABC[x]);

1

/¥ division of A[i,3]1B[1,31C12 to D[i,3j] */

dots_pnumber = ABC[i].ne;

maxdots = maxdotsf(dots_number);

ABCD[x+1] = s_boardf(ABC{i]l.ne,pol_dir,maxdots,\
NABC[x+1]);

/% division of A[1,31B[1,31C21 to D[i,j] %/

dots_number = ABC[i].sw;

maxdots = maxdotsf(dots_number);

ABCD[x+2] = s_boardf(ABC{i].sw, pol_dir,maxdots,\
NABCIx+21);

/% division of A[i,j1Bfi,33 to D[i,i] */

dots_number = ABC[i].se;

maxdots = maxdotsf{dots_number);

ABCD[x+3] = s_boardf(ABC{i].se, pol_dir,maxdots,\
NABC[x+31);

};



/* bit manuplation %/

row(
bit0

/¥ first byte of
rowO.bytel . bitsl.

row0.bytel.bitsl.bitl

row0.bytel.bitsl.bit2

row0.bytel.bitsl.bit3

row0.bytel.bitsl.bit4

rowld.bytel.bitsl.bitd

rowd.bytel.bits1l.bitb

row0.bytel.bits1.bit?7

/¥ second byte of row0O %/

rowJ.byteZ2.bits2.bit8

row0.byte2.bits2.bit$8

row0.byte2.bits2.bitl10

rowO.byte2.bits2.bitll

row0.byte2.bits2.bitl12

row0.byte2.bits2.bitl13

row0.byte2.bits2.bitl4

row0.byteZ.bits2.bitl5

rowl
bit0

/¥ First byte of
rowl.bytel.bitsl.

rowl.bytel.bitsl.bitl

rowl.bytel.bitsl.bit2

rowl.bytel.bitsl.bit3

rowl.bytel.bitsl.bit4

rowl.bytel.bitsl1.bith

rowl.bytel.bitsl.bitbB

rowl.bytel.bitsl.bit?7
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(unsigned char){((int)\
ABCD{0].nw);
(unsigned char)((int)\
ABCD{0].ne);
(unsigned char)({(int)\
ABCD[1] .nw);
(unsigned char)((int)\
ABCD[1].ne);
(unsigned char){((int)\
ABCD{41.nw);
(unsigned char){(int)\
ABCD[4].ne);
(unsigned char)((int)\
ABCD[S].nw);
(unsigned char){(int)\
ABCD[5].ne);

(unsigned char)((int)\
ABCD[16] .nw);
(unsigned char)((int)\
ABCD[161.ne);
(unsigned char}{({(int)\
ABCD[17].nw);
(unsigned char){((int>\
ABCD[17] .ne);
(unsigned char){{(int)\
ABCD[20].nw);
(unsigned char){({(int)\
ABCD{20].ne);
(unsigned char)((int)\
ABCD[21].nw);
(unsigned char)((int)\
ABCD[21] .ne);

(unsigned char)({(int)\
ABCD[O0].sw);
(unsigned char)({int)\
ABCD[0].se);
(unsigned char){((int)\
ABCD[1].sw);
(unsigned char)({(int)\
ABCD[1].se);
(unsigned char)((int)\
ABCD[4] .sw);
(unsigned char){{(int)\
ABCD[4] .se);
(unsigned char)({int)\
ABCD{5].sw);
(unsigned char){(int)\
ABCD[5].se);



/% 2nd byte of rowl ¥/

rowl.
rowl.
rowl.
rowl.
rowl.
rowl.
rowl.

rowl.

byte2

byte2

bytel.

byteZ2.

byteZ

byteZ.
byte2.

byte2.

.bits2.
.bits2.
bits2.
bits2.
.bits2.
bits2.
bits2Z.

bits2.

/¥ first byte of

TORZ.
TOR2.
TrowzZ.

Trow2.

Trow2

TOWZ.
TrowZ.

Trowz.

bytel

bytel

bytel.
bytel.
.bytel
bytel.
bytel.

bvtel.

.bitsl.
.bitsl.
bitsl.
bitsl.
.bitsl.
bitsl.
bitsl.

bitsl.

/¥second byte of

TOWZ.
rowz.
rowl.
TOWZ.
rowz.
TowzZ.
TOWZ.

TOWZ.

byte2

byteZ.
byteZ.
byteZ2.
byteZ2.
byteZ.
byteZ.

byte?Z.

.bits2.
bits2.
bits2.
bits2.
bits2.
bits2.
bits2.

bits2.

bit8
bitg
bitl0
bitl1l
bitl2
bitl3
bit14
bitl5
Tow2d
bit0
bitl
bit2
bit3
bit4
bit5
bit6
bit7
row2
bit8
bit8
bit10
bitl1l
bitl2
bit13
biti4

bit1s
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{unsigned char){((int)\
ABCD[18] .sw);

(unsigned char)((int)\
ABCD[18] .se);

= (unsigned char)((int)}\
ABCD[17] .sw);

= (unsigned char)((int)\
ABCD[17].se);

= (unsigned char)((int)\
ABCD[{20].sw);
(unsigned char){({int)\
ABCD[20] .se);
(unsigned char){({(int)\
ABCD[21].sw);
(unsigned char){((int)\
ABCD[211.se);

= (unsigned char){{(int)\
ABCD[2] .nw);
= (unsigned char){(int)\
ABCD[2].ne);
= (unsigned char)((int)\
ABCD[3].nw);
= (unsigned char)((int)\
ABCD[3].ne);
= (unsigned char){(int)\
ABCD{6].nw);
= (unsigned char)((int)\
ABCD[B] .ne);
= (unsigned char)((int)\
ABCD[7] .nw);
= {(unsigned char){(int)\
ABCD[7] .ne);

= (unsigned char)((int)\
ABCD[18].nw);
= {(unsigned char){{(int)\
ABCD[18] .ne);
(unsigned char)({int)\
ABCDI18].nw);
(unsigned char){{(int)\
ABCD[19] .ne);
= (unsigned char)((int)\
ABCD[227 .nw);
(unsigned char){({int)\
ABCD[22].ne);
(unsigned char)((int)\
ABCD{23] .nw);
(unsigned char){({int)\
ABCD[23]1.ne);

i1

It



/%X 1st byte of row3d %/
row3.bytel . bitsl.bit0

row3.bytel.bitsi.bitl -

row3.bytel . bitsl.bit2

row3.bytel.bitsl.bit3

row3.bytel.bitsl.bit4

row3.bytel.bitsl.bitd

row3.bytel.bitsl.bith

row3.bytel . bitsl.bit?

/% 2nd byte of row3 %/
row3.byte2.bits2.bit8

row3.byteZ2.bits2.bit9g

row3d.byteZ2.bits2.bitl10

row3d.byte2.bitsZ.bitll

row3.byteZ2.bits2.bitl2

row3.byte2.bits2.bitl13

row3.byteZ2.bits2.bitl4

row3.byte2.bits2.bitld

/X% First byte of rowd
rowd.bytel.bitsl1.bitO

rowd .bytel.bitsl.bitl

rowd .bytel.bitsl.bit2

rowd .bytel.bitsl.bit3

rowd .bytel.bitsl.bit4

rowd .bytel . bitsl.bith

rowd .bytel . bitsl1.bit6

rowd .bytel.bitsl.bit?

1

1

1

]

H

i

i

1

1

~85-

H

(unsigned char){{(int)\
ABCD{2].sw);
(unsigned char)({(int)\
ABCD[2].s¢e);
(unsigned char)((int)\
ABCD[3].sw);
(unsigned char}{{int)\
ABCD[3].se);
(unsigned char)({(int)\
ABCD[B].sw);
(unsigned char){(int)\
ABCD[6].se);
(unsigned char)({(int)\
ABCD[71.sw);
(unsigned char)((int)\
ABCD[71.se);

(unsigned char){((int}\
ABCD[18].sw);
(unsigned char)((int)}\
ABCD[18].s5e);
{(unsigned char)((int)\
ABCD[18].sw);
(unsigned char){((int)\
ABCD[19].se);
(unsigned char)((int)\
ABCD[22].sw);
(unsigned char){{(int)\
ABCD[22].se);
(unsigned char){(int)\
ABCD[23].sw);
(unsigned char){((int)\
ABCD[23].se);

{(unsigned char)((int)\
ABCD[8] .nw);
{(unsigned char){({int)\
ABCD[81.ne);
(unsigned char){(int)\
ABCD[9] .nw);
(unsigned char)((int)\
ABCD[S81.ne);
{(unsigned char}({int)\
ABCD[12] .nw);
{(unsigned char){((int)\
ABCD[12] .ne);
(unsigned char){(int)\
ABCD[13].nw);
(unsigned char){((int)\
ABCD[13].ne);
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/X% second byte of rowd

rowd .byte2.bits2.bit8

rowd .byte2.bits2.bit8

rowd.byte2.bits2.bitl0

rowd .byte2.bits2.bitll

rowd .byte2.bits2.bitl2

rowd .byte2.bits2.bitl3

rowd .byte2.bits2.bitl4

rowd .byte2.bits2.bitld

/¥ first byte of
rowd.bytel.bitsl.

TroOwWd
bit0

rowdS.bytel.bitsl.bitl

rowb.bytel.bitsl.bit2

rowd.bytel.bitsl1.bit3

rowd.bytel.bitsl.bit4

rowb.bytel.bitsl1.bitd

rowb.bytel.bits1.bit6

rowS.bytel.bitsl.bit?

/* second byte of rowb X/
= (unsigned char){((int)\

rowd.byte2.bits2.bit8

rowd.byte2.bits2.bit9

rowS.byte2.bits2.bitl0

rowS.byte2.bits2.bitll

rowS.byte2.bits2.bitl12

rowS.byte2.bits2.bit13

rowd.byte2.bits2.bitl4

rowd.byte2.bits2.bitlb

Il

X/

(unsigned char)((int)\
ABCD{24] .nw);

(unsigned char){(int)\
ABCD[24] .ne);

(unsigned char)((int)\
ABCD[25].nw);
(unsigned char){(int)\
ABCD[25].ne);

(unsigned char)({int)\
ABCD[28].nw);
(unsigned char){(int)\
ABCD[28] .ne);
(unsigned char){((int)\
ABCD{29].nw);
(unsigned char)((int)\
ABCD[28] .ne);

(unsigned char)({(int)\
ABCD[8].sw);
(unsigned char)({(int)\
ABCD[8].se);
(unsigned char){{(int)\
ABCD[9] .sw);
(unsigned char)((int)\
ABCD[9].se);
(unsigned char){((int)\
ABCD[121.sw);
(unsigned char)((int)\
ABCD[121.se);
(unsigned char)}((int)\
ABCD[13].sw);
(unsigned char)((int)\
ABCD[13].se);

ABCD[24] .5w);
(unsigned char)((int)\
ABCD[24] .se);
(unsigned char){({(int)\
ABCD[25].sw);
(unsigned char){((int)\
ABCD[25] .se);
(unsigned char)((int)\
ABCD[28] .sw);
(unsigned char){((int)\
ABCD[28].se);
(unsigned char)((int)\
ABCD[28].5w);
(unsigned char)({(int)\
ABCD[28].s€e);



/¥first byte of rowt ¥/
rowB.bytel.bitsl.bit0 =

rowB.bytel.bitsl.bitl =

rowB.bytel.bitsl.bit2 =

bytel.bitsl.bit3

rowb.

bytel.bitsl.bit4

rowb.

bitsl.bitd

rowb.bytel.

bytel.bits1l.bitB

rowb.

bytel.bitsl.bit?

rowb.
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(unsigned char){({(int)\
ABCD[10] .nw);
(unsigned char)({(int)\
ABCD[10] .ne);
(unsigned char)((int)\
ABCD[11].nw);
(unsigned char)((int)\
ABCD[11].ne);
(unsigned char)((int)\
ABCD[14] .nw);
(unsigned char){({(int)\
ABCD[147 .ne);
(unsigned char){((int)\
ABCD[15].nw);
(unsigned char){((int)\
ABCD[15] .ne);

/% second byte of rowt %/

rowB .byteZ2.bits2.bit8 = (unsigned char)({int)\
ABCD[26] .nw);
rowB.byte2.bits2.bit9 = (unsigned char)((int)\
ABCD[26].ne);
rowB.byte2.bits2.bitl10 = (unsigned char)({(int)\
ABCDI[27]1.nw);
rowB8.byte2.bits2.bit1ll = (unsigned char)((int)\
ABCD[27] .ne);
rowb.byteZ2.bits2.bitl2 = (unsigned char)((int)\
ABCD[30].nw);
rowb6.byte2.bits2.bitl3 = (unsigned char)((int)\
ABCD[30].ne);
rowb.byte2.bits2.bit14 = (unsigned char)((int)\
ABCD[31].nw);
rowB.byteZ2.bits2.bit1lS = (unsigned char)((int)\
ABCD[31] .ne);
/% First byte of row7 X/
row7.bytel.bitsl.bit0 = (unsigned char)((int)\
ABCD[10].sw);
row7.bytel.bitsl.bitl = (unsigned char){(int)\
ABCD[10].se);
row7 .bytel.bitsl.bit2 = (unsigned char){({int)\
ABCDf11].sw);
row7.bytel.bitsl1.bit3 = (unsigned char){({(int)\
ABCD[11] .se);
row7.bytel.bitsl.bit4 = (unsigned char)((int)\
ABCD[14] .sw);
row7.bytel.bitsl.bitd = (unsigned char){((int)\
ABCD[14].s¢e);
row7.bytel.bitsl1.bit6 = (unsigned char){({int)\
ABCD[15].sw);
row7 .bytel.bitsl.bit7 = (unsigned char){({(int)\

ABCD[15] .se);
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/* second byte of row7? %/

row?.

row?

Tow’.
row’.
Tow7.
row’.
row7.

row’.

.byte2

byte2

byte2

byteZ2.

byte2.

byte2.

byte2.

byte2.

bits2

.bits2

bits2.

bits2

.bits2
bitsZ.
bits2.

.bits2.

/¥ first byte of

row8
rowd
row8
row8
row8
row8
row8

TOW8

.bytel

.bytel

.bytel.

.bytel.

.bytel
.bytel

.bytel

.bytel.

.bitsl
.bitsl.

bitsl.

bitsl

.bitsl.
.bitsl
.bitsl

bitsl.

.bits
.bitg
bit10
.bitl1l
.bitl12
bitl3
bitl4
bitls
row8
.bitO
bitl
bit2
.bit3
bit4
.bitd
.bitB

bit?

i

1

/* second byte of row8 %/

row8.
row8.
row8.
row8.
row8.
row8.
rowd.

row8.

byte?2

byte?Z

bytel.
byte2.
byteZ.
byteZ2.
byte?2.

byvtel.

.bits2
.bits2
bits2Z.
bits2.
bits2.
bits2.
bits2.

bits2.

.bit8

.bit9

bitl0
bitl1l
bitl2
bit13
bit1l4

bit1d

(unsigned char)((int)\
ABCD[28] .sw);
(unsigned char)((int)\
ABCD[26] .se);
(unsigned char)((int)\
ABCD[27]).sw);
(unsigned char)({(int)\
ABCD[27] .se);
(unsigned char)((int)\
ABCD[30]).sw);
(unsigned char)((int)\
ABCD[301.se);

- (unsigned char)((int)\

ABCD[31].sw);
(unsigned char)((int)\
ABCD{31].se);

(unsigned char}{{int)\
ABCD[32].nw);
(unsigned char){{(int)\
ABCD[32].ne);
(unsigned char)({(int)\
ABCD[33].nw);
(unsigned char)((int)\
ABCD[33].ne);
(unsigned char)((int)\
ABCD[361.nw);
(unsigned char){((int)\
ABCD[36] .ne);
(unsigned char)((int)\
) ABCD[{37] .nw);
(unsigned char)((int)\
ABCD{37].ne);

(unsigned char}({int)\
ABCD[48] .nw);
(unsigned char){{int)\
ABCD[48].ne);
(unsigned char)({(int)\
ABCD[49] .nw);

= (unsigned char)((int)\

ABCD[49] .ne);
(unsigned char){((int)\
ABCD[52].nw);
(unsigned char)((int)\
ABCD[52] .ne);
(unsigned char){{int)\
ABCD[53].nw);
{unsigned char){((int)\
ABCD[53].ne);



/X% first byte of row9
row9.bytel.bitsl1.bit0

row89.bytel.bitsl.bitl
row3.bytel.bitsl.bit2
row9.bytel.bitsl.bit3
row9.bytel.bitsl.bit4
rowd.bytel.bitsl1.bitd
rowS.bytel.bitsl1.bit6
rowd.bytel.bitsl.bit?
/* second byte of row9d
rowd.byte2.bits2.bit8
row9.byte2.bits2.bit3
rowd.byteZ2.bits2.bitl10
row3.byte2.bits2.bitll
rowd9.byteZ2.bits2.bitl2
row9.byteZ2.bits2.bitl13
row8.byteZ2.bits2.bitl4
row8.byte2.bits2.bitlb
/% First byte of rowlC
rowl0.bytel.bits1.bit0
rowl0.bytel.bitsl.bitl
rowlO.bytei.bitsl.bitZ
rowl0.bytel.bitsl.bit3
rowl0.bytel.bitsl.bit4
rowl0.bytel.bitsl.bitd
rowl0.bytel.bitsl.bitb

rowl0.bytel.bitsl.bit?
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(unsigned char}((int)\
ABCD[32]}.sw);
(unsigned char)((int)\
ABCD[32] .se);
(unsigned char)((int)\
ABCD[33].sw);
(unsigned char)((int)\
ABCD[33] .se);
(unsigned char)((int)\
ABCD[36].sw);
(unsigned char){{(int)\
ABCD[36].se);
(unsigned char){((int)\
. ABCD[37].sw);
(unsigned char)((int)\
ABCD[37] .se);

x/

= (unsigned char)((int)\
ABCD[48] .3w);

= (unsigned char)((int)\
ABCD[48] .s¢e);

= (unsigned char){((int)\
ABCD[48] .5w);
= (unsigned char)((int)\
ABCD[49] .se);

= (unsigned char)((int)\
ABCD[52].sw);

(unsigned char)((int)\
ABCD[52] .se);
(unsigned char}{({int)\
ABCD[53].sw);

(unsigned char)((int)\
ABCD[53] .se);

1]

1

x/

= (unsigned chard{{int)\
ABCD[34] .nw);

= (unsigned char)((int)\
ABCD[34] .ne);
(unsigned char)((int)\
ABCD{35]) .nw);

(unsigned char)((int)\
ABCD[35].ne);
= (unsigned char)({int)\
ABCD{38].nw);

(unsigned char)((int)\
ABCD[38].ne);

(unsigned char){{(int)\
ABCD[38].nw);

(unsigned char)((int)\
ABCD[39] .ne);

I

"
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/X second byte of rowl0 %/
rowl0.byte2.bits2.bit8 = (unsigned char)({int)\
ABCD{50].nw);
rowl0.byte2.bits2.bit8 = (unsigned char)((int)\
ABCD[50] .ne);
rowl0.byte2.bits2.bitl1l0 = (unsigned char){((int)\
ABCD[S51].nw);
rowl0.byte2.bits2.bitll = (unsigned char)({(int)\
ABCD{51] .ne);
rowl0.byte2.bits2.bitl1l2 = (unsigned char){((int)\
ABCD[b54] .nw);
rowl0.byte2.bits2.bitl3 = (unsigned char){((int)\
ABCD[54] .ne);
rowl10.byte2.bits2.bit14 = (unsigned char)((int)\
ABCD[S55] .nw);
rowl0.byte2.bits2.bitld = (unsigned char){({int)\
ABCD[55].ne);
/¥ First byte of rowll x/
rowll.bytel.bits1.bit0 = (unsigned char)({(int)\
ABCD[34].sw);
rowll.bytel.bitsl.bitl = (unsigned char){(int)\
ABCD[34].se);
rowll.bytel.bits1.bit2 = (unsigned char)({int)\
ABCD[35].sw);
rowll.bytel.bitsl1.bit3 = (unsigned char){({int)\
ABCD[35].s¢e);
rowll . bytel.bitsl.bit4 = (unsigned char){(int)\
ABCD[38].sw);
rowll.bytel.bitsl.bith = (unsigned char)((int)\
ABCD[38].se);
rowll.bytel.bitsl.bit6 = (unsigned char){(int)\
ABCD[39].s5w);
rowll . bytel.bitsl.bit7 = (unsigned char)({(int)\
ABCD[39]}.se);
/* second byte of rowll %/
rowll.byteZ2.bits2.bit8 = (unsigned char)((int)\
ABCD[50] .sw);
rowll.byte2.bits2.bit9 = (unsigned char){({int)\
ABCD[50]1.se);
rowll.byte2.bits2.bitl10 = (unsigned char){({int)\
ABCD[51].8w);
rowll.byte2.bits2.bitll = (unsigned char)({int)\
ABCD[51] .s5e);
rowll.byte2.bits2.bitl12 = (unsigned char){({(int)\
ABCD[54] .sw);
rowll.byte2.bits2.bit13 = (unsigned char)((int)\
ABCD[54] .se);
rowll.byte2.bits2.bitl4 = (unsigned char){{int)\
ABCD[S55].sw);
rowll.byte2.bits2.bitld = (unsigned char)((int)\

ABCD[55].se);



/% first byte of rowl2
rowl2.bytel.bitsl.bitO

rowlZ2.bytel.bitsl.bitl
rowlZ2.bytel.bitsl.bit2
rowlZ2.bytel.bitsl.bit3
rowlZ.byﬁel.bitsl.bit4
rowl2.bytel.bitsl.bitd
rowlZ2.bytel.bitsl1l.bit6
rowlZ2.bytel.bitsl.bit?7
/¥ second byte of rowl2
rowl2.byteZ2.bits2.bit8
rowl2.byte2.bits2.bit8
rowlZ2.byteZ.bits2.bitl10
rowlZ.byte2.bits2.bitll
rowl2.byte2.bits2.bitl2
rowl2.byte2.bits2.bitl3
rowl2.byteZ2.bits2.bit14
rowl2.byteZ2.bits2.bitld
/¥ first byte of rowl3
rowl3.bytel.bits1.bit0
rowl3.bytel.bitsl.bitl
rowl3.bytel.bitsl.bit2
rowl3.bytel.bitsl1.bit3
rowl3.bytel.bitsl.bit4
rowl3.bytel . bitsl.bitd
rowl3.bytel.bitsl.bithB

rowl3.bytel.bits1.bit7
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E 3

i

H

i

1

it

H

11

/

(unsigned char)({inti\

ABCD[40] .nw);

(unsigned char)((int)\

ABCD[40] .ne);
(unsigned char)((int)\
ABCD[41] .nw);
(unsigned char){(int)\
ABCD{41] .ne);
(unsigned char){({(int)\
ABCD[44].nw);
(unsigned char)((int)\
ABCD[44] .ne);
(unsigned char){((int)\
ABCD[45].nw);
(unsigned char)({(int)\
ABCD[45] .ne);

*/

(unsigned char)((int)\
ABCD[56] .nw);
(unsigned char){({(int)\
ABCD[56] .ne);
(unsigned char)}{(int)\
ABCD[57].nw);
(unsigned char)((int)\
ABCD[S7].ne);
(unsigned char)((int)\
ABCD[B60].nw);
(unsigned char)({({int)\
ABCD{GB60] .ne);
(unsigned char){{int)\
ABCDI[61].nw);
(unsigned char){((int)\
ABCD[6B1] .ne);

(unsigned char){(int)\
ABCD[40].sw);
(unsigned char){(int)\
ABCD[40].se);
(unsigned char)((int)\
ABCD[41].sw);
(unsigned char)((int)\
ABCD[41]).se);
(unsigned char)((int)\
ABCD[44] .sw);
(unsigned char){({int)\
ABCD[44].se);
(unsigned char)({int)\
ABCD[451.sw);
(unsigned char){((int)\
ABCD[45] .se);
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/¥ second byte of rowl3 %/
rowl3d.byte2.bits2.bit8 = (unsigned char)((int)\
ABCD[56] .sw);
(unsigned char)((int)\
ABCD[56].se);
(unsigned char)((int)\
ABCD[S57].5w);
(unsigned char){(int)\
ABCDI[57].se);
rowl3.byte2.bits2.bitl1l2 = (unsigned char){({(int)\
ABCD[60].sw);
rowl3.byte2.bits2.bit13 = (unsigned char){({(int)\
ABCD[60].se);
rowl3.byte2.bits2.bitl4 = (unsigned char}{{(int)\
ABCD[61] .sw);
rowl3.byte2.bits2.bit1l5 = (unsigned char)((int)\
ABCD[61].se);

rowl3.byte2.bits2.bit9

11

rowl3.byte2.bits2.bitl0

rowl3.byte2.bits2.bitll

/* first byte of rowl4d %/
rowld . bytel.bitsl1.bit0 = (unsigned char)({(int)\
ABCD[42] .nw);
(unsigned char){({int)\
ABCD[42] .ne);
(unsigned char)((int)\
ABCD{431 .nw);
" (unsigned char)({int)\
ABCD[43].ne);
rowld.bytel.bitsl.bit4 = (unsigned char){({(int)\
ABCD[46]1.nw);
rowld4d . bytel.bitsl.bit5 = (unsigned char)({(int)\
ABCD[46] .ne);
rowld _bytel.bitsl.bit6 = (unsigned char)((int)\
ABCD[47]1 .nw);
rowld4.bytel.bitsl.bit7 = (unsigned char)({(int)\
ABCD[47].ne);

rowl4.bytel.bitsl.bitl

rowld . bytel.bitsl.bit2

rowl4.bytel.bitsl.bit3

1)

/¥ second byte of rowl4d x/
rowld.byte2.bits2.bit8 = (unsigned char){({int)\
ABCD[58] .nw);
(unsigned char){(int)\
ABCD[58].ne);
rowld.byte2.bits2.bitl1l0 = (unsigned char){((int)\
ABCD[59] .nw);
rowld . byte2.bits2.bitll = (unsigned char)((int)\
ABCD[58] .ne);
rowl4 . byteZ2.bits2.bitl2 = (unsigned char){{int)\
ABCD{62].nw);
rowld . byte2_ bits2.bitl1l3 = (unsigned char){((int)\
ABCD[62].ne);
rowld _byte2.bits2.bitld4 = (unsigned char){((int)\
ABCD[63].nw);
rowld4 byteZ2.bits2.bitl5 = (unsigned char)((int)\
ABCD[63] .ne);

rowl4d.byte2.bits2.bit9

1



/¥ first byte of rowld
rowl5.bytel.bitsl.bitO

rowld.bytel.bitsl.bitl

rowlS.bytel.bitsl.bit2

rowl5.bytel.bitsl.bit3

rowl5.bytel.bitsl.bit4

rowlS5.bytel.bitsl.bitd

rowlS.bytel.bitsl.bit6

rowl5.bytel.bitsl.bit?

rowld
bit8

/¥ second byte of
rowlS.byteZ2.bits2.

rowl5.byte2.bits2.bitg

rowlS5.byte2.bits2.bitll

rowlS.byte2.bitsZ2.bitll

rowl5.byte2.bits2.bitl2

rowl5.byte2.bits2.bitl3

rowl5.byte2.bits2.bitl4d

rowlS.byte2.bits2.bitld

/% end of bit manuplati

/¥ revers placed data for

row0.bytel.btl.holebyte
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x/
(unsigned

char)((int)\
ABCD[42] .sw);
(unsigned char)((int)\
ABCD[42].se);
(unsigned char)((int)\
ABCD[43] .5w);
(unsigned char)((int)\
ABCD[43] .se);
= (unsigned char)((int)\
ABCD[46] .sw);
= (unsigned char)((int)\
ABCD[46].se);
= (unsigned char)}{((int)\
ABCD[47] .5w);
= (unsigned char){{int)\
ABCD[47] .se);

1

x/

(unsigned char){((int)\
ABCD[58].58w);
(unsigned char)((int)\
ABCD[58] .s¢e);
(unsigned char)((int)\
ABCD[58].sw);
(unsigned char){({(int)\
ABCD[58].se);
(unsigned char)((int)\
ABCD[62]}.sw);
(unsigned char)((int)\
ABCD[62] .se);
(unsigned char){{(int)\
ABCD[63] .sw);
(unsigned char){{int)\
ABCD[B83].se);
X/

i

on

positive image X/
(unsigned char)

1

rowl.bytel.

row2.bytel.

row3.bytel.

rowd _bytel.

rowb.bytel.

rowb.bytel.

row?7.bytel.

row8.bytel.

row3.bytel.

btl.

btl

btl.
btl.
btl.
btl.
btl.
btl.

btl.

.holebytel

“row0.bytel.btl . holebytel;
holebytel (unsigned char)
“rowl.bytel.btl.holebytel;
(unsigned char)
“row2.bytel.btl.holebytel;
holebyvtel {unsigned char)
“row3.bytel.btl.holebytel;
holebytel {(unsigned char)
“rowd.bytel.btl _holebytel;
holebytel (unsigned char)
“rowb.bytel.btl.holebytel;
holebytel (unsigned char)
“rowb.bytel.btl.holebytel;
holebytel (unsigned char)
“row7.bytel.btl.holebytel;
holebytel (unsigned char)
“row8.bytel.btl.holebytel;
holebytel (unsigned char)
“row9.bytel.btl.holebytel;



rowl0.bytel.btl.

rowll.bytel.btl

rowl2.bytel.btl.
rowl3.bytel.btl.
rowld.bytel . btl.

rowld.bytel.btl.

row0.byte2.bt2.
rowl.byteZ2.bt2.
row2.byteZ.bt2.
row3.byteZ.bt2.
rowd _byteZ.bt2.
rowd.byteZ.bt2.
rowb.byteZ.bt2.
row7.byte2.bt2.
row8.byteZ2.bt2

row8.byteZ2.bt2.

rowl0.byteZ.bt2.
rowll.byteZ2.bt2.
rowlZ.byte2.bt2.
rowl3.byte2.bt2.
rowld.byte2.bt2.

rowld.byte2.bt2.
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holebytel = (unsigned char)
“rowl0.bytel.btl.holebytel;
.holebytel = (unsigned char)
“rowll.bytel.btl.holebytel;
holebytel = (unsigned char)
“rowl2.bytel.btl.holebytel;
holebytel = (unsigned char)
“rowl3.bytel.btl.holebytel;
holebytel = (unsigned char)
“rowld.bytel.btl.holebytel;
holebytel = (unsigned char)
“rowlS.bytel.btl.holebytel;

holebyteZ2 = (unsigned char)
“row0.byte2.bt2.holebyteZ;
holebyte2 = (unsigned char)
“rowl.byte2.btZ2.holebyte2;
holebyte2 = (unsigned char)
“row2.byte2.bt2.holebyte2;
holebyteZ2 = (unsigned char)
“row3.byteZ2.bt2.holebyte?;
holebyte2 = (unsigned char)
“rowd .byte2.bt2.holebytel;
holebyteZ2 = (unsigned char)
“rowd.byteZ.btZ.holebyte2;
holebyte2 = (unsigned char)
“rowb.byteZ.bt2.holebyte2;
holebyte2 = (unsigned char)
“row?.byteZ2.bt2.holebyte?;

.holebyte2 = (unsigned char)

“rowB.byte2.bt2.holebyte2;
holebyte?2 = (unsigned char)
“row89.byteZ2.bt2.holebyte2;
holebyte2 = (unsigned char)
“rowl0.byteZ2.bt2.holebytel;
holebyte? = (unsigned char)
“rowll.byte2.bt2.holebyte?;
holebyte2 = (unsigned char)
“rowl2.byte2.btZ.holebyteZ;
holebyte2 = (unsigned char)
“rowl3.byte2.bt2_holebyte2;
holebyteZz = (unsigned char)
“rowld.byte2.bt2. holebytel;
holebyteZ = {(unsigned char)
“rowl5.byteZ2.btZ.holebyte2;
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/¥ save resault of placement in place.dat file %/

/¥ first of rows %/

furite(&rowO.bytel.btl.holebytel,1
furite(&rowl.bytel.btl.holebytel,1

furite(&row3.bytel.btl.holebytel,1
fwrite(&row4.bytel.btl. holebytel,1,1

placestream);
placestream);

placestream);
placestream);

» 1,

’1,
fuwrite(&row2.bytel.btl.holebytel,1,1, placestream);

.1,

furite(&rowd.bytel.btl.holebytel, 1,1

placestream);

furite(&rowb6.bytel.btl.holebytel, 1,1, placestreanm);
furite(&row7.bytel.btl.holebytel,1,1, placestream);
fwrite(&row8.bytel.btl.holebytel,1,1, placestream);
fwrite(&row9.bytel.btl.holebytel, 1,1, placestream);
fwrite(&rowlO.bytel.btl.holebytel, 1,1, placestreanm);
furite(&rowll . bytel.btl.holebytel, 1,1, placestream);
frrite(&rowl2.bytel.btl.holebytel,1,1, placestream);
furite(&rowl3.bytel.btl.holebytel,1,1, placestream);
furite(&rowld .bytel.btl _holebytel,1,1, placestream);
fwrite(&rowl5.bytel.btl.holebytel,1,1, placestream);

/* second byte of rows X/

furite(&rowO.byte2.bt2.holebyte2,1,
furite(&rowl.byte2.bt2.holebyte2,1,
fwrite(&row2.byte2.bt2 holebyte2,1,
fwrite(&row3.byte2.bt2.holebyte2,1,
fwrite(&rowd .byte2.bt2.holebyte2,1,1

s placestream);
, placestream);
> bplacestream);
s placestream);
> placestream);

fwrite(&row5.byte2.bt2.holebyte2,1,1, placestream);
fwrite(&rowb.byte2.bt2.holebyteZ,1,1, placestream);
fwrite(&row7.byte2.bt2.holebyte2,1,1, placestream);
fwrite(&row8.byteZ2.btZ2.holebyte2,1,1, placestream);
fwrite(&row3.byte2.bt2.holebyte2,1,1, placestream);
fwrite(&rowlO.byte2.bt2.holebyte2,1,1, placestream);
fwrite(&rowll.byte2.bt2._holebyte2,1,1, placestream);
fwrite(&rowlZ.byte2.bt2.holebyte2,1,1, placestreanm);
fwrite(&rowl3.byte2.bt2.holebyte2,1,1, placestream);
fwrite(&rowld .byte2.bt2.holebyte2,1,1, placestream);
fwrite(&rowl5.byte2.bt2.holebyte2,1,1, placestreanm);

/% display row structurs X/

row_setf (0, rowd, roffset,coffset);
row_setf(1l,rowl,roffset,coffset};
row_setf(2,row2,roffset,coffset);
row_setf(3,rowd,roffset,coffset);
row_setf(4,rowd,roffset,coffset);
row_setf(5,rowd,roffset,coffset);
row_self(6,rowB,roffset,coffset);
row_setf(7,row7,roffset,coffset);
row_setf(8,row8,roffset,coffset);
row_setf(9,rowd,roffset,coffset);
row_setf(10,rowl0,roffset,coffset);
row_setf(1ll,rowll,roffset,coffset);
row_setf(12,rowl2,roffset,coffset);
row_setf(13,rowl3, roffset,coffset);
row_setf(14,rowld, roffset,coffset);
row_setf(15,rowlh, roffset,coffset);

return (0);
} /* end of place.c %/
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/¥ row_set function display row structurs %/

voild row_setf(row_num,row,roffset,coffset)
int row_num,roffset,coffset;
struct ROW TOW;
{
int J;
unsigned char byte, mask;
mask = 1;
for(j = 0; 3 < 8; j++)
{
byte = (unsigned char)
(row.bytel.btl.holebytel >> j);
byte &= mask;
if(byte) _setpixel((row_num + roffset),\
(3 + coffset));

1;
for(j = 0; 3 <« 8; j++)
{
byte = (unsigned char)\

(row.byte2.bt2.holebyteZ >> j);
byte &= mask;
if(byte) _setpixel((row_npum + roffset),\
(3 + coffset + 8));
15

1

/% maxdotsf() function gets dots number to be divided by
¥k four and retun maximum number of dots for each part
*% dynamicly.

*x/

int maxdotsf(dots_number)
int dots_number;
{
if(dots_number > B4} return(b4a);
else if((dots_number > 186) && (dots_number < 65))
return(16);
else if((dots_number > 4 ) && (dots_pnumber < 17})
return( 4);
else if((dots_number >= 1) && (dots_pumber < 5))
return( 1});
else return (0);
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/¥ s_boardf.c function gets number of dots to be divided
¥k to four part maximum number of dots in each division

*¥ and neighbor structur. Then function itself returns

x¥ division structur.

x/

f#include <stdio.h>
#finclude <math.h>
# include "place.h”
#include <conio.h>
##idefine ON 1
#idefine OFF O

struct ELEMENT s_boardf(float dots_number,int pol_dir,\
int maxdots, struct NEIGHBOR N)
{

struct ELEMENT buffer;

float west,east,north,south;

float nw,ne,sw,se;

float max_dots;

float nw_trun, ne_trun, sw_trun, se_trun,trun_total;
int nw_enable, ne_enable, sw_enable, se_enable;

int temp;

float w_e, n_s;

float nw_max,ne_maxX,Sw_maX,sSe_max;

float w_max, e_max, n_max, S_max;

float nw_tmp, ne_tmp, sw_tmp, se_tmp;

float total,r.net,percent;

static int NWSEswitch, NES¥Wswitch, switch2, switch3;

max_dots = (float)(maxdots);

nw = 0;

ne = 0;

sw = 0;

se = 0;

NHUSEswitch = 2;
NESWswitch = 3;
switch?2 = 1;
switeh3 = 4;
nw_enable = OR;
ne_enable = ON;
sw_enable = ON;
se_enable = ON;
west = N.west ;
east = R.east ;
north = N.north;
south = N.south;
w_e = west - east;
n_s = north - south;
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if(dots_number)
{
w_max = (west + (2 * dots_number)) / 8;
e_max = (east + (2 ¥ dots_number)) / 8;
n_max = {(north + (2 * dots_pumber)) / 8;
s_max = {south + (2 X dots_number)) / 8;
nw_tmp = n_max + w_max;
ne_tmp = n_max + e_max;
sw_tmp = s_max + W_max;
se_tmp = s_max + e_max;
total = nw_tmp + ne_tmp + sw_tmp + se_tmp;
nw_max = (nw_tmp % dots_number) / total;
ne_max = (ne_tmp *¥ dots_number) / total;
sw_max = (sw_tmp ¥ dots_number) / total;
se_max = (se_tmp ¥ dots_number) / total;
temp = (int){(nw_max);
if({nw_max - (float)(temp)) > 0.1Ff)
{
++temp;
1
nw_max = (float)(temp);
temp = (int)(ne_max);
if((ne_max - (float)(temp)) > 0.1f)
{
++temp;
1;
ne_max = (float)(temp);
temp = (int)(sw_max);
if({(sw_max - (float)(temp)) > O0.1Ff>
{
++temp;
};
sw_max = (float)(temp);
temp = (int)(se_max);
if((se_max - (float)(temp)) > O0.1F)
{
++temp;
};
se_max = (float)(temp);
dof{
r = {(float)sqgrt((double)((w_e ¥ w_e)+(n_s ¥ n_s)));
net = r - dots_number;
-—dots_number;
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if( (w_e > 0) && (n_s > 0) && (net >= 0) )
{
if(nw_enable)
{
++nwW;
percent = n_s /(n_s + w_e);
north -= percent;
west -= (1 - percent);
w_e = west - east;
n_s = north - south;
if(nw >= nw_max)
{
nw_enable = OFF;
};
}

else {
++dots_number;
--north;
--west;
w_e = west - east;
n_s = north - south;

15
}
JEExRdckRk kK /
else if( (w_e > 0) && (n_s < 1) && (net >= 0))
{
if(sw_enable)

{
++sW;
percent = (- n_s) / (- n_s + w_e);
south -= percent;
west -= (1 - percent);

w_e = west - east;
n_s = north - south;
if(sw >= sw_max)
{
sw_enable = OFF;
};
}

else {
++dots_number;
--south;
--west;
w_e = west - east;
n_s = north -~ south;

1;
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SRk ok Rckokkkokkokokk Kk /
else if( (w_e > 0) && (n_s == 0) && (net >= 0))
{
if{((pol_dir == 1) && (nw_enable) &&
’ (sw_enable))

{
nw += 0.50;
sw += 0.50;
~-west;

w_e = west - east;
if(sw >= sw_max)

{
sw_enable = 0OFF;
1
if(nw >= nw_max)
{
nw_enable = OFF;
};

}

else if((pol_dir == 3) && (sw_enable) && \
(nw_enable)})
{

sw += 0.50;

nw += 0.50;

--west;

w_e = west - east;
n_s = north - south;
if(nw >= nw_max)

{
nw_enable = QFF;
};
if(sw >= sw_max)
{
sw_enable = OFF;
1
}
else if((nw_enable) && (sw_enable))
{

nw += 0.5;

sw += 0.5;

~-~-west;

w_e = west - east;
if(sw >= sw_max)

{
sw_enable = OFF;
1
if(nw >= nw_max)
{
nw_enable = OFF;
};
}
else {
++dots_number;
--west;
w_e — west - east;
};
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Sk ook kckokokskokdokskok kkokk /
else if((w_e < 0) && (n_s > 0) && (net >= 0))

{
if{ne_enable)
{
+4ne;
percent = n_s /(n_s - w_e);
north -= percent;
east —= (1 - percent);
Ww_e = west - east;
n_s = north - south;
if(ne >= ne_max)
{
ne_enable = OFF;
1
}
else {
++dots_number;
—-north;
-—-east;
w_e = west - east;
n_s = north - south;
};
}

JEEkRcKkeckokskokkokokekokkekkkkok /

else if( (w_e < 0) && (n_s < 0) && (net >= 0))
{

if(se_enable)

{

++se;

percent = n_.s / (n_s + w_e);

south -= percent;

east -= (l-percent);

w_e = west - east;

n_s = north - south;

if(se >= se_max)
{
se_enable = OFF;
3

else {
++dots_number; 459
——south;
—-—east; ‘
w_ e = west - east; 4&
n_s = north - south;

s Q§3é$'
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Z IR KKK KKK XKk kK /
else if((w_e < 0) && (n_s == 0) && (net >= 0))

if((pol_dir == 4) && (se_enable) &&\
(ne_enable))

se += 0.50;
ne += 0.50;
—-—east;
w_e = west - east;
if(ne >= ne_max)
{
ne_enable = OFF;
}s
if(se >= se_max)
{
se_enable = OFF;
15
}

else if((pol_dir == 2) && (ne_enable) && \
(se_enable))

{

ne += 0.50;
se += 0.50;
-—east;
w_e = west - east;
if{(se >= se_max)

{
se_enable = OFF;
1;
if(ne >= ne_max)
{
ne_enable = OFF;
};
3}
else if((se_enable) && (ne_enable))

{

se += 0.5;

ne += 0.5;

-—-east;

w_e = west - east;
if(ne >= ne_max)

{
ne_enable = OFF;
};
if(se >= se_max)
{
se_enable = OFF;
1;
}
else {
++dots_number;
——east;
w_e = west - east;
};
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JEsoksoKkkdokskokokskokokskokkek /
else if((w_e == 0) && (n_s > 0) && (net >= 0))

{
if((pol_dir == 1) && (nw_enable) && \
(ne_enable))
{
nw += 0.50;
ne += 0.50;

~-north;
n_s = north - south;
if(ne >= ne_max)

{
ne_enable = OFF;
1;
if(nw >= nw_max)
{
nw_enable = OFF;
};

1
else if({pol_dir == 2) && (ne_enable) && \
{(nw_enable)})

{

ne += 0.50;
nw += 0.50;
—-—north;

n_s = north - south;
if(nw >= nw_max)

{
nw_enable = OFF;
15
if(ne >= ne_max)
{
ne_enable = OFF;
1;
1
else if((ne_enable) && (nw_enable))
{

ne += 0.5;

nw += 0.5;

--north;

n_s = north - south;
if{nw >= nw_max)

{
nw_enable = OFF;
1;
if(ne >= ne_max)
{
ne_enable = QOFF;
1
}
else {
++dots_number;
~—north;
n_s = north - south;
15
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/Rksokokskkskolokkkok Kok koK kokkkk /

else if((w_e == 0) && (n_s < 0) && (net >= 0))
{

if((pol_dir == 3) && (sw_enable) && \
(se_enable))
{
sw += 0.50;
se += (0.50;

—-south;
n_s = north - south;
if( se >= se_max)

{
se_enable = OFF;
1;

if(sw >= sw_max)
{
sw_enable = OFF;
1;

3
else if((pol_dir == 4) && (se_enable) && \
(sw_enable))
{

se += 0.50;

sw += 0.50;

~—south;

n_s = north - south;
if(sw >= sw_max)

{
sw_enable = OFF;
};
if(se >= se_max)
{
se_enable = OFF;
};
3
else if((sw_enable) && (se_enable))
{

sw += 0.5;

se += 0.5;

~-south;

n_s = north - south;
if{se >= se_max)

{
se_enable = OFF;
1;
if(sw >= sw_max)
{
sw_enable = 0OFF;
1;
3
else {
++dots_number;
—-south;
n_s = north - south;
};
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/FRIKIKKAAKAKAKAKKKAKAKIAKAKK /

else if((w_e == 0) && (n_s == 0) | (net < 0))
{
if({(nw_enable) && (ne_enable) && \
(sw_enable) && (se_enable))
{
nw += 0.25;
ne += 0.295;
sw += 0.25;
se += 0.25;
if(nw >= nw_max)
{
nw_enable = OFF;
1;
if(ne >= ne_max)
{
ne_enable = OFF;
1
if(sw >= sw_max)
{
sw_enable = QOFF;
1
if(se >= se_max)
{
se_enable = OFF;
1;
}
else if((sw_enable) && (ne_enable))
{
sw += 0.50;
ne += 0.50;
if(sw >= sw_max)
{
sw_enable = OFF;
1;
if{(ne >= ne_max)
{
ne_enable = OFF;
};
}
else if((nw_enable) && (se_enable))
{
nw += 0.50;
se += 0.50;
if(nw. > nw_max)
{
nw_enable = OFF;
1;
if(se »>= se_max)
{

se_enable

1

OFF;
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else if((nw_enable) && (ne_enable))
{
nw += 0.50;
ne += 0.50;
north -= 0.50;
n_s = north - south;
if(nw >= nw_max)

{
nw_enable = OFF;
};
if(ne >= ne_max)
{
ne_enable = QFF;
};
}
else if((sw_enable) && (se_enable))
{
sw += 0.50;
se += 0.50;

south -= 0.50;
n_s = north - south;
if(sw >= sw_max)

{
sw_enable = OFF;
};
if(se >= se_max)
{
se_enable = OFF;
1;
1
else if((ne_enable) && (se_enable))
{
ne += 0.50;
se += 0.50;

east -= 0.50;
Ww_e = west - east;
if(ne >= ne_max)

{
ne_enable = OFF;
};
if(se >= se_max)
{
se_enable = OFF;
1
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else if((sw_enable) && (nw_enable))

{

sw += 0.50;

nw += 0.50;

west -= 0.50;

w_e = west - east;
if(sw >= sw_max)

{
sw_enable = QOFF;
15
if(nw >= nw_max)
{
nw_enable = OFF;
};
H
else if(ne_enable)
{
++ne;

north -= 0.50;
east —-= 0.50;

w_e = west - east;
n_s = north - south;
if(ne >= ne_max)
{
ne_enable = QOFF;
1;
}
else if(sw_enable)
{
++8W;

south —-= 0.50;
west —-= 0.50;

w_e = west - east;
n_s = north - south;
if(sw >= sw_max)
{
sw_enable = OFF;
1;
else if(se_enable)
{
++se;

south -= 0.50;
east -= 0.50;
n_s = north - south;

w_e west - east;
if{(se >= se_max)
{
se_enable = OFF;
1;



else;

}while(

nw_trun
ne_trun
sw_trun
se_trun
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else if(nw_enable)

else;

{

+4+NW;

north -= 0.50;

west -= 0.50;

n_s = north ~ south;
w_e = west - east;

if{nw >= nw_max)

{

nw_enable = OFF;

};

dots_number }s;

nw
ne
SW
se

trun_total =

- (int){(nw);
- (int)(ne);
— {(int)(sw);
~ {(int)(se);

nw_trun + ne

if(tron_total)

{

if(tran_total == 1.0f}

{

else

else

else

else

if((pol_dir == 3)

{

++5SW;

3

if((pol_dir == 2)

{

++ne;

1

if((pol_dir == 4)

{

++se;

}

if((pol_dir == 1)

{

++nw;

}

if((pol_dir == 1)

{

+ise;

}

if((pol_dir == 4)

{

++0wW;

1

_trun + sw_trun + se_trun;

&& (sw_enable})

&& (ne_enable))

&& (se_enable))

&& (nw_enable))

&& (se_enable))
/¥crossing*/

&& (nw_enable))



-109-

else if((pol_dir == 2) && (sw_enable))
{

++SW;

k¢
else if((pol_dir == 3) && (ne_enable))

{
++ne;
}
else 1f((! nw_enable) && (! se_enable))
{
if((N¥SEswitch == 2) && (ne_enable))
{
++ne;

N¥SEswitech = 3;

1
else if((NWSEswitch == 3) && (sw_enable))
{ .

++sW;
NWSEswitech = 2;
}

else;
1
else if((! ne_enable) && (! sw_enable))

if((NESHswitch == 1) && (nw_enable))
{

++0W;
NESWswitceh = 4;
3

else if((HESWswitch == 4) && (se_enable))
{

+t+se;
NESWswitch = 1;
3

else;

1

else;

t4

if(trun_total == 2.0f)

{
do{
~—trun_total;
if{(nw_trun == ne_trun) && (sw_trun == se_trun)
&& (nw_trun == sw_trun})
{
if(((pol_dir == 2) |} (pol_dir == 3)) &&
{ne_enable) && (sw_enzable)})
{
~—trun_total;
+ine;
++8SW;

3



else

else

else

else
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if(((pol_dir == 1) i (pol_dir == 4)) &&
(nw_enable) && (se_enable))
{
——trun_total;
++nw;
++s€]
}
if(((pol_dir == 1) }| (pol_dir == 4)) &&
(! nw_enable) && (! =se_enable))
{ _
——trun_total;
+4+ne;
++sw;
}
if(((pol_dir == 2) !} (pol_dir == 3)) &&
{! ne_enable) && (! sw_enable))
{
——trun_total;
+4+NW;
++se;
1
if(switeh2 == 1)
{
if(nw_enable)
{
+40W
nw_trun = 0.0f;
ne_trun = 0.0f;
if{nw >= nw_max)
{
nw_enable = OFF;
1;
switeh2 = 4;
}
else if(se_enable)
{
++s€;
se_trun = 0.0f;
sw_trun = 0.0f;
if(se >= se_max)
{
se_enable = OFF;
};

switech2 = 1;

else if(ne_enable)
{
++ne;
ne_trun =- 0.0f;
nw_trun = 0.0f;
if(ne >= ne_max)

{
ne_enable = OFF;
1

switch2 = 3;

}



else if(sw_enable)

else {

{
++8w;
sw_trun =
se_trun =
if(sw >= sw_max)
{
sw_enable = OFF;
};
switehZ2 = 2;
1

0.0f;
0.0f;

++trun_total;
switchZ = 4;

H

-
»

}
else if(switchZ2 == 2)

{

if(ne_enable)

{

++ne;
ne_trun = 0.0f;
nw_trun = 0.0f;
if(ne >= ne_max)
{
ne_enable = OFF;
};
switch2 = 3;
1

else if(sw_enable)

{

else if(

{

++5W;
sw_trun = 0.0f;
se_trun = 0.0f;
if(sw >= sw_max)
{
sw_enable = OFF;
};
switch2 = 2;

se_enable)

++s5€;
se_trun = 0.0F;
sw_trun = 0.0f;
if(se >= se_max)
{
se_enable = OFF;
1;
switch2 = 1;
}



else
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else if(nw_enable)

{

+4+NwW;

nw_trun = 0.0f;

ne_trun = 0.0f;

if(nw >= nw_max)
{
nw_enable = OFF;
};

switch2 = 4;

1

else {

++trun_total;
switch2 = 3;

1;
1
if(switchZ == 3)
{
if(sw_enable)

{

++5W;

sw_trun 0.0f;

se_%trun = 0.0f;
if(sw >= sw_max)

{
sw_enable = OFF;
};
switchz = 2;
1
else if(ne_enable)
{
++ne;
ne_trun = 0.0f;
nw_trun = 0.0f;
if(ne >= ne_max)
{
ne_enable = QOFF;
};
switch?2 = 2;
}
else if{sw_enable)
{
++E8W;
sw_trun = 0.0f;
se_trun = 0.0Gf;
if(sw >= sw_max)
{
sw_enable = OFF;
1;

switch?2 = 2;
}
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else if(nw_enable)

{
+4+NW;
if(nw >= nw_max)
{
nw_enable = OFF;
};
switeh2 = 4;
3

else {
++trun_total;
switch2 = 2;

}s;
1
else if(switchz == 4)
{
if(se_enable)
{
++se;
se_trun = 0.0f;
sw_trun = 0.0Ff;
if(se >= se_max)
{
se_enable = OFF;
1;

switeh2 = 1;

else if(nw_enable)
{
+4+NwW;
nw_trun = 0.0f;
ne_trun = 0.0Ff;
if(nw >= nw_max)
{
nw_enable = OQFF;
1;
switech2 = 4;

else if(sw_enable)

{

++8W;

sw_trun = 0.0f;

se_trun = 0.0F;

if(sw >= sw_max)
{
sw_enable = QFF;
15

switeh?2 = 2;

}
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else if(ne_enable)

H

++ne;

ne_trun = 0.0f;

nw_trun = 0.0f;

if(ne >= ne_max)
{
ne_enable = OFF;
1

switch?2 = 3;

H

else {

++trun_total;
switeh2 = 1;
3

}

else;

else if((nw_enable) && (nw_trun

{
++nw;
if(nw >= nw_max)
{
nw_enable = OFF;
};
}
else if((se_enable) && (se_trun
{
++s€;
if(se >= se_max)
{ .
se_enable = OFF;
15
else if((ne_enable) && (ne_trun
{
++ne;

ne_trun = 0.0f;
if(ne >= ne_max)

{
ne_enable = OFF;
};
}
else if((sw_enable) && (sw_trun
{
+4+3W;

sw_trun = 0.0f;
if(sw >= sw_max)
{
sw_enable = OFF;
13

0.75£))

0.73£))

0.75f))

0.75%f))
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else if((sw_enable) && (sw_trun == 0.25f))
{
+4+8W;
sWw_trun = 0.0f;
if(sw >= sw_max)

{
sw_enable = OFF;
}s
1
else if((ne_enable) && (ne_trun == 0.25Ff))
{
++ne;

ne_trun = 0.0f;
if(ne >= ne_max)

{
ne_enable = OFF;
1;
1
else if((se_enable) && (se_trun == 0.25f))
{
++s€;

se_trun = 0.0fF;
if(se >= se_max)

{
se_enable = OQFF;
};
1
else if((nw_enable) && (nw_trun == 0.25f)})
{
+4+0W;

nw_trun = 0.0f;
if(nw >= nw_max)

{

nw_enable = OFF;

1;
else;

Iwhile(trun_total);/*% end of 2 truncation
*% dotsk/

};

if(trun_total == 3.0f)
{
if{(pol_dir == 4) && (se_enable) && (ne_enable)
&& (sw_enable))
{

++s5e;
++ne;
++SW;
1
else if((pol_dir == 1) && (nw_enable) &&
{(ne_enable) && (sw_enable))
{

+4+nw;
++ne;
++sSW;

1
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else if((pol_dir == 2) && (ne_enable) &&
(nw_enable) && (se_enable))
{

++ne;
++nw;
++se;
}
else if((pol_dir == 3) && (sw_enable) &&
(nw_enable) && (se_enable))
{

++8W;

+4+nw;

++s€;

1
else if(switch3 == 3)
{

if((sw_enable) && (nw_enable) &&
(se_enable))

{

++5W;
+4nw;
++se;
switch3 = 2;

}
else if((ne_enable) && (nw_enable) &&
' (se_enable))
{

++ne;
+4+nw;
++se;
switeh3 = 3;
1
else if((se_enable) && (ne_enable) &&
(sw_enable))
{

++se;
++ne;
++SW;
switeh3 = 1;
3}
else if((nw_enable) && (ne_enable) &&
(sw_enable))
i

++nDW;

++ne;

++8W;
switeh3 = 4;
}

else ;

1



-117-

else if(switch3 == 2)
{
if((ne_enable) && (nw_enable) &&
(se_enable))
{

+ine;
+4+NW;
++se;
switch3d = 3;

}
else if((sw_enable) && (nw_enable) &&
(se_enable))
{

++5W;
+4+NnwW;
++s€e];
switeh3d = 2;
}
else if((se_enable) && (ne_enable) &&
(sw_enable))
{

++s€;
++ne;
++8W;
switch3 = 1;
1
else if((nw_enable) && (ne_enable) &&
(sw_enable))

{

++NW;
++ne;
++5W;
switch3 = 4;
1

else;

3

else if(switch3 == 4)
{

if((se_enable) && (ne_enable) &&
(sw_enable))
{

++se;
++ne;
++5W;
switeh3 = 1;
1
else if((nw_enable) && (ne_enable) &&
(sw_enable))
{

++0NW;

++ne;

++SW;
switch3 = 4;
}
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else if((sw_enable) && (nw_enable) &&
(se_enable))
{

+4+5W;
++nw;
++se;
switehd = 2Z;
}
else if((ne_enable) && (nw_enable) &&
(se_enable)})

{
++ne;
++nw;
++se;
switehd = 3;
}
else;
}
else if(switeh3 == 1)
{

if({nw_enable) && (ne_enable) &&
(sw_enable))
{

+40W;
++ne;
++5W;
switch3 = 4;
}
else if({(ne_enable) && (nw_enable) &&
{se_enable))
{

++ne;
++nw;
++s5€3;
switch3d = 3;
}
else if((sw_enable) && (nw_enable) &&
-(se_enable))
{

++5W;
++nw;
++se;
switch3 = 2Z;

}
else if((se_enable) && (ne_enable) &&
(sw_enable))
{

++se;

++ne;

++5W;
switeh3 = 1;
}

else;

1

else;
};/% end of 3 truncation dots ifx/
}; /¥ end of whole truncation ifx/
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};/% end of dots_number check ifx/

buffer.nw = (float)((int)nw);
buffer.ne = (float)({(int)ne);
buffer.sw = (float)((int)sw);
buffer.se = (float)((int)se);

return buffer;
} /¥ end of scor_boardf.c function %/
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/¥ prnf.c function prints out a placed image file.
x% to the dot matrix printer.

*/

#include <stdioc.h>

#include <dos.h>

#include <conio.h>

#include <ctype.h>

##include <stdlib.h>

#include “color.h”

#define ARRLENGHT (512 % 16)
##idefine ESC Ox1b

extern void write_str(char *%, int, int, int);
extern char wind_roffset[];

extern char wind_coffset[];
unsigned char put_ount(unsigned char};
unsigned char status(void);

unsigned char prn_buff[ARRLENGHT];

int prnf(char *file_name, int double_strike)

i
int i, j, =, n, k, row,
int win_rdim, win_cdim;
int remainder, division;
long offset;

col;

FILE *prnstream;

unsigned char temp_buff{16];

TORW = 23;

col = 5;

win_rdim = atoi{wind_roffset);
win_cdim = atoi(wind_coffset);
remainder = (win_rdim % 16) % 256
division = (win_rdim % 18) / 258

if((win_rdim > 120)
{

write_str{"exceeding printer

getch();
write_str("exceeding printer

s

-
¥

(win_edim > 180))

dimensions!™,\
row,col,RED);

dimensions!™,\

row,col,RED);

return (-1);

1
if{((prnstream = fopen(“"place.dat”,
{
write_str{("cannot open the file
getch();

write_str(“"cannot open the file
return (1);

1;

“rb")) ==
1", row,
1", row,

NULL)

col, RED);

col, RED);
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/¥ first get data, then send it to printer X/
fprintf(stdprn,“\x01"); /* clear printer buffer */
fputs("\x1b\x41\x02" ,stdprn); /*set line feed X/

for(j = 0; 3 < (2 * win_edim); Jj++)

{

if(kbhit())
{

write_str{("printing canceled !*, row, col, RED);
getech();

write_str("printing canceled !”, row, col, RED);
fputs(“"\x1b\x41\x8",stdprn);

feclose(prnstream);

return (1);

};

for(i = (win_rdim - 1), m = 0; 1 >= 0; i-——, m++)
{
offset = 32 ¥ (long)win_cdim * i + j X 16;
fseek(prnstream,offset,SEEK_SET);
fread(&temp_buff{01,16,1,prnstream);
for(k = 0; k < 16; k++)
{
pro_buff[(m % 16) + k] = temp_buff[15 - k];
5 E
13
fputs({"\x1b\x5a",stdprn);
put_out((unsigned char) remainder);
put_ocut({(unsigned char) division);
for(n = 0; n < (win_xdim *¥ 1868); n++)
{
put_out(prn_buffin]l);
1
if(double_strike)
{
put_out{ "\r");
for{(i = 0; i < (win_rdim % 16); i++)
{
put_out(prn_buff[i]);
1
};
put_out( "'\r’");
put_out('\n");
}; /7% end of first for loop X%/
fclose(prnstream);
fflush(stdprn);
fputs("\x1b\x41\x9",stdprn);
return (0);
} 7% end of prnf.c ¥%/
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unsigned char put_out (unsigned char character)

union REGS regs;
while(! status);

regs.h.ah = 0;
regs.h.al = character;
regs.x.dx = 0;

int86(0x17,&regs, &regs);
return (regs.h.ah);

H

unsigned char status (void)
{
union REGS regs;
regs.h.ah = 2;
regs.x.dx = 0O;
int86(0x17, &regs, &regs);
return((regs.h.ah) & (unsigned char)(0x80));
H
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/* lprnf.c function prints out a placed image file to the
*¥ hp laser printer.

x/

#include <stdio.h>
#include <dos.h>
#include <conio.h>
##include <ctype.h>
#include <stdlib.h>
##include “color.h”

#define LARRLENGHT (512 * 2)

##idefine ESC Ox1b

extern void write_str(char *,int,int,int);
extern char wind_roffset[];

extern char wind_coffset{];

extern unsigned char put_out(unsigned char);
extern unsigned char status(void);

int lprnf(char *file_name)
{
int i, j, row, col;
int win_rdim, win_cdim;
int k, n;
long offset;
FILE *prostream;
unsigned char prn_buff[LARRLENGHT];
row = 23;
col = 5;

win_rdim = atoi{wind_roffset);
win_cdim = atoi{wind_coffset};

if((win_rdim > 300) !! (win_cdim > 373))
{

write_str("exceeding printer dimensions!”™,\
row,col,RED);

getch();

write_str("exceeding printer dimensions!™,\
row,col,RED);

return{(-1};

1;
if((prnstream = fopen(“place.dat”,”rb")) == NULL)
{
write_str("cannot open the file !, row, col, RED);
getch();

write_str(“cannot open the file !, row, col, RED);
return (1);

};
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/¥ first get data, then send it to printer %/
fprintf(stdprn, “"\x01b\x45"); /% reset printer %/
fprintf(stdprn, "\x1b*t300R"); /% set raster graphics

*%X resulation %/
fprintf(stdprn, "\x01b*r0F"); /% landscape printing %/
Fprintf(stdprn, "\x01b&110"); /* landscape orientationk/
fprintf(stdprn, "\x01b%xr0A"); /% start raster at left

XX marge X/

for(i = 0; i < win_rdim; i++)

if(kbhit())
{
write_str("printing canceled !", row, col, RED);
getch();
write_str("printing canceled !“, row, col, RED);
fputs(”"\x1b*rB",stdprn);/¥ end raster graphics %/
fclose(prnstream);
return (1);
1;
for(k = 0; k < 16; k++)
{
for(j = 0; jJ < (win_cdim % 2); j++)
{
offset = 32 *x (long)(win_cdim) * i\
+(J % 16) + k;
fseek(prnstream, offset, SEEK_SET);
fread(&prn_buff{j],1,1,prnstream);
I
fprintf(stdprn, "\x1b*kbZiW",(win_cdim % 2));
for{(n = 0; n < (win_cdim % 2); n++)
{
put_out(prn_buffin]l);
15
1;

}; /7% end of first for loop ¥/
felose(prnstream);
fflush(stdprn);
fputs("\x1b%rB",stdprn); /% end raster graphics %X/
fputs("\x00c¢” ,stdprn); /¥ send form feed %/
return {(0);

} /7% end of lprnf.c %/
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/¥ 1prnf600.c function prints out a placed image file to
¥ the 600 dpi hp laser printer.

x/

#include <stdio.h>
#include <dos.h>
#inciude <conio.l>
#include <ctype.h>
#include <stdlib.h>
#include “color.h”

#define LARRLENGHT (512 x 2)

f#idefine ESC Ox1b

extern void write_str(char *,int,int,int);
extern char wind_roffset[];

extern char wind_coffset{];

extern unsigned char put_out(unsigned char);
extern unsigned char status(void);

int 1lprnf600(char *file_name)
{
int i, j, row, col;
int win_rdim, win_cdim;
int k, n;
long offset;
FILE ¥prnstream;
unsigned char prn_buff{LARRLENGHT];
row = 23;
col = 5;

win_rdim = atoi(wind_roffset);
win_cdim = atoi(wind_coffset);

if((win_rdim > 300) {! (win_ecdim > 375))

{

write_str("exceeding printer dimensions!”,\
row,col,RED);

getch();

write_str("exceeding printer dimensions!”,\
row,col,RED);

return(-1);

};

if((prnstream = fopen(“”place.dat”, " rb”)) == NULL)

{

write_str(“cannot open the file !”, row, col, RED);

getch();

write_str(“cannot open the file !™, row, col, RED});
return (1);

};
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/¥ first get data, then send it to printer %/

fprintf(stdprn,”
fprintf(stdprn,”
fprintf(stdprn,”™

fprintf(stdprn,”
fprintf(stdprn,”™

fprintf(stdprn,”
fprintf(stdprn,”
fprintf(stdprn,”

\x01b\x45"); /¥ reset printer %/
\01b%~12345X" ); /*set PJL languagex/
@PJL SET RESQOLUTION=600 CR"); /* set
¥ 600dpix/

@PJL SET PAGE PROTECT=0FF CR™);
@PJ1L. ENTER LANGUAGE=PCL CR"); /¥in PCL

*X languageXx/
\x01b*r0F"); /% landscape printing %/
\x01b&110"); /% landscape orientation¥/
\x01b*r0A"); /¥ start raster at left

*X marge ¥/

for(i = 0; i < win_rdim; i++)

{
iF(kbhit())

write_str(“printing canceled !”, row, col, RED);

getch();

write_ str(“printing canceled !, row, col, RED);

fputs("\x1lbx*

rB”,stdprn);/¥% end raster graphics %/

feclose(prnstream);
return (1);
1;
for{(k = 0; k < 18; k++)
{
for(j = 0; 3 < (win_edim X 2); j++)
{
offset = 32 ¥ (long)(win_ecdim) * i +(3 * 186)\
+ k;

fseek{prnstream, offset, SEEK_SET);

fread(&prn_buff[jl,1,1,prnstream);

1;

fprintf(stdprn, "\x1b*xbZi¥W",(win_cdim % 2)};

for(n = 0; n < (win_cdim % 2); n++)

{

put_out(prn_buffnl);

};

1;
}; /% end of first for loop %/
felose(prnstream);
fflush(stdprn);

fputs("\x1bx%
fputs({("\x00c
return (0);

rB” ,stdprn); /% end raster graphics %/
*,stdprn); /% send form feed X/

} /7% end of lprnf600.c %/
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Last Algorithm Implementation Changes

During the implementation of algorithm, some

changes have been done at the end. This changes have
not be taken account in the given example for
explanation simplicity. All changes have been done are

as follows

1. After the diagonal directed dot placement, each
common neighbor of related partition has been decreased
by the percentage of neighbor weight, instead of by 1.00.
¥ith this, placement of a diagonal dot 1is enforced
toward the heavy neighbor.

neighborl = neighborl-(neighborl/(neighborl + neighbor2))
neighbor2 = neighborZ2-(neighbor2/(neighborl + neighbor2))

2. If the placement direction is 1line directional, the
placement of a dot has been done with 0.50 fraction of a
dot to each of related two partitions. And only the
neighbor which is the placement is directed to, decreased
by 1.00, instead of decrement of each neighbor by 1.00.
With this change, convergence problem vanishes.

3. For to take account the intensity of the pixel which
is going to be placed, resultant force of neighbors have
been calculated. And then, dots number is subtracted
from resultant force dynamicly. Without this mechanism,
some time, inside of placed pixel remains empty, even if
soft crossing is succeeded.

r = sqrt((w_e)¥*(w_e) + (n_s)*(n_s))

net = r - dots_number
w_e = west - east
n_s = north - south

If the net is greater or equal to zero, placement is done
according to neighbors encouragement. Other wise, the
placement of dot 1is done with 0.25 fraction of a dot to
all partitions.

4. At the end of each division session, some time,
fraction part of dots occurs in the some partitions.
Since the dot number is integer, summation of all these
fractional parts is always an integer. At the end of
division session, placement of these dots have been done.
During the placement of the fractional part, symmetrical
dots distribution 1is taken as base approach. So,
diagonal placement has been taken as first placement
process.
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5, Maximum dots number of each partition is determined by
the neighbors and dot_number variable dynamicly. The
process is as follows

First calculate the intensity of medial point of each
side. This 1intensity 1s determined by dots_number
variable and related neighbor.

west side intensity : w_sd
east side intensity : e_sd (east + dots_number)/ 2
north side intensity : n_sd (north + dots_number)/ 2
south side intensity : s_sd (south + dots_number)/ 2

(west + dots_number)/ 2

Then, subtract the related neighbor s contribution. And
calculate the half intensity of each partition :

w_max = (1/2)(w_sd ~ (west / 4))
e_max = (1/2)(e_sd -~ (east / 4))
n_max = (1/2)(n_sd - (north / 4))
s_max = (1/2)(s_sd - (south / 4))

Then, ecalculate the each partition intensity :

nw_tmp = w_max + n_max
ne_tmp = n_max + e_max
sw_tmp = s_max + w_max
se_tmp = s_max + e_max
total = nw_tmp + ne_tmp + sw_tmp + se_tmp

At result, calculate the each partition maximum dots
number as percentage of dots number :

nw_max = (nw_tmp / total) * dots_number
ne_max = (ne_tmp / total) * dots_number
sw_max = (sw_tmp / total) * dots_number
se_max = (se_tmp / total) ¥ dots_pumber

This maximum dots determining process is repeated for all
levels of division.
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