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In summary, then, the sequence of Interpress operations which would appear in the master to 
create the Base Coordinate System is: 

.0254 SCALE 

CONCAIT 

8.5 0 TRANSLATE 

CONCAIT 

90 ROTATE 

CONCAIT 

Now, let us assume that the creator of the master wishes to establish a local coordinate system 
whose origin is at the point 3,4 in the Base Coordinate System, and whose axes are rotated 30 
degrees counter-clockwise from those of the Base Coordinate System. (Note: A 30 degree 
rotation is not permissible in Interpress 82. This example is included to demonstrate the full 
power of the transformation operations. It would be rejected by an Interpress 82 printer as an 
inadmissible operation.) The transformation which will transform coordinates expressed in this 
local coordinate system to the Device Coordinate system is established by concatenating two 
additional transformations to the transformation T which currently carries the initial Master 
Coordinates into the Device Coordinates. The Interpress expression for the transformation 
which will carry coordinates expressed in a coordinate system whose axes are parallel to the 
Base Coordinate System, but whose origin is at the point 3,4 in the Base Coordinate system 
back to the Base Coordinate System is 3 4 TRANSLATE, represented by: 

3 4 TRANSLATE = 1 
o 
3 

o 
1 
4 

o 
o 
1 

We now perform a CONCAIT operation to produce: 

T= 1 
o 
3 

o 
1 
4 

which multiplies out to produce: 

T= o 
-300 
1350 

300 
o 

900 

o 
o 
1 

o 
o 
1 

o 
-300 
2550 

300 
o 
o 

o 
o 
1 

We now generate a second local coordinate system whose origin is coincident with that of this 
first local coordinate system, but whose axes are rotated 30 degrees counter-clockwise from it. 
The Interpress expression that will provide the transformation that will carry coordinates 
expressed in this second local coordinate system back to the first local coordinate system is 
given by 30 ROTATE, and is represented by: 

30 ROTATE = cos 30 
-sin 30 

o 
sin 30 
cos 30 

o 
o 
o 
1 
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which is expressed numerically as: 

30 ROTATE = .8660254 
-.5 
o 

.5 

.8660254 
o 

We now perform a CONCATI operation to produce: 

T= .8660254 .5 0 0 
-.5 .8660254 0 -300 

0 0 1 1350 

which multiplies out to produce: 

T= -150 259.808 0 
-259.808 -150 0 
1350 900 1 

300 
0 

900 

o 
o 
1 

0 
0 
1 

Finally, consider the point 2,1 expressed in this last local Master Coordinate System, and apply 
the current transformation, T, to it thus: 

2 1 1 -150 259.808 
-259.808 -150 
1350 900 

o 
o 
1 

The product of the one-row matrix by the transformation Tis: 

790.192 1269.616 1 

This corresponds to a point which is located 790.192 1/300ths inches from the lower left hand 
comer of the paper along the short edge, and 1269.616 1/300ths inches up from the bottom of 
the page on a line parallel to the long edge of the paper. Converting to inches produces the 
point 2.634 inches, 4.232 inches. Thus, it corresponds to a point which is 2.634 inches from 
the lower left hand comer of the paper along the short edge, and 4.232 inches up from the 
bottom of the page on a line parallel to the long edge of the paper, and that is precisely 
correct. The exact expressions for the location of the referenced point, expressed in l!300ths 
inches, is: 

x = 300*(3 + sqrt(5)*(cos(tan-10.5 + 30))) = 1269.615 1/300ths inches 

y = 300*(8.5 - (4 + sqrt(5)*(sin(tan·10.5 + 30)))) = 790.192 1/300ths inches. 

In summary, then, the sequence of Interpress operations which would appear in the master to 
create the final local Master Coordinate System is: 

.0254 SCALE 

CONCATI 

8.50 TRANSLATE 

CONCATI 

90 ROTATE 

CONCATI 

3 4 TRANSLATE 

CONCATI 

30 ROTATE 

CONCATI 
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0.8 Normalizing pixel arrays 

A scanned image of an area xPixels by yPixels is defined in a Standard Coordinate System 
using the following conventions: 

1. The first pixel on the first scan line is located at the origin. 

2. The subsequent pixels on the first scan line proceed up the y-axis, with the last pixel on 
the first scan line being located at 0, yPixels-1. 

3. The first pixel of the second scan line is located at (1,0), and subsequent pixels on the 
second scan line proceed up the line x = 1, with the last pixel on the second scan line 
being located at (1, yPixels-1). 

4. The first pixel on the last scan line is located at (xPixels-1,0), and subsequent pixels on the 
last scan line proceed up the line x = xPixels-1, with the last pixel on the last scan line 
being located at (xPixels-1, yPixels-l). 

Thus, the orientation of an image as it appears in the Standard Coordinate System is a 
function of the starting point of the scan, the direction of the "fast" scan, (Le. which direction 
each scan line goes), and the direction of the "slow" scan, (Le. the direction in which the 
sequential scan lines appear). Figure 0.2 shows the orientations of a large letter "J" as it 
would appear in the SCS for the eight possible scanning sequences. 

The definition of a PixelA"ay includes a transformation, m, which "normalizes" the scanned 
image. A scanned image is said to be normalized when it has the following characteristics: 

1. The image appears in its "desired" viewing position (Le. the position in which the image 
user desires it to be viewed. If I wish you to view an upside down .. J" then upside down 
is its desired viewing position. ) 

2. The origin is in the lower left hand comer of the desired viewing position. 

3. The upper left hand comer of the image in the desired viewing position is at the point 
(0,1), Le. the image is scaled so that it occupies a rectangle whose height is one unit 

Figure D.2 exhibits the Interpress operator sequence together with the resultant transformation 
matrix for normalizing each of the eight possible scanning sequences under the assumption 
that the desired viewing position is the conventional upright position. 

An example will illustrate how each of these normalizing transformations is generated. 
Consider the case shown in the lower left hand of Figure 0.2. The scanning sequence is 
assumed to start in the upper left hand comer of the rectangle bounding the "J". The fast 
scan is from left to right, the slow scan from the top to bottom. The figure which results in 
the SCS is a counterclockwise rotated "J" with its smaller leg resting on the x-axis, and the top 
of its longer leg lying on the y-axis. We use the same technique we have employed in the past 
to "back" the MCS coordinate system into this configuration. Consider that we have the "J" 
upright in the MCS with origin at its lower left hand comer, and the upper left hand comer of 
its bounding rectangle located at (0,1). Now, perform the operation 0 1 TRANSLATE. This 
creates a coordinate system with origin at (0,1), and provides the transformation that will 
convert coordinates from that system to the MCS from which we started. Next, perform the 
operations -90 ROTATE, and left concatenate it with its predecessor transformation. This 
creates a coordinate system that is properly rotated with respect to its predecessor, and 
concatenates this transformation with its predecessor. The resultant transformation is one that 
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will carry coordinates from the translated/rotated coordinate system back to. the MeS. Finally 
perform the operations lIxPixels SCALE, and left concatenate it with its predecessor 
transformation. This creates a coordinate system whose units are l/xPixels times those of the 
MeS, and provides the final transformation that will carry coordinates from the 
translated/rotated/scaled. coordinate system back to the MCS. The Interpress 82 statement of 
this sequence of operations is: 

lIxPixels SCALE 
-90 ROTATE 

CONCAT 
o 1 TRANSLATE 

CONCAT 

In matrix terms the matrix algebra proceeds as follows: 

lIxPixels 0 
l/xPixels SCALE = 0 lIxPixels 

0 0 

0 -1 
-90 ROTATE = 1 0 

0 0 

0 -l/xPixels 
CONCAT = l/xPixels 0 

0 0 

1 0 
o 1 TRANSLATE = 0 1 

0 1 

0 -l/xPixels 
CONCAT = lIxPixels 0 

0 1 

0 
0 
1 

0 
0 
1 

0 
0 
1 

0 
0 
1 

0 
0 
1 

The reader can confirm that the resultant transformation performs the desired normalization. 

D.9 Pixel array example 
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Consider the case where we would wish to print the enlarged image of the capital letter "]" 
shown in Figure 0.2 on a page described within the coordinate frameworks of our previous 
example. Although the MeS has its origin at the lower left hand comer of a landscape page, 
the DCS has its origin at the upper left hand comer of a landscape page. In most printer 
implementations the image scan sequence must match the printer scan sequence. If we assume 
this to be the case in this instance then the image must be scanned beginning in the upper left 
hand comer of its enclosing rectangle, fast scan left-to-right, slow scan top-to-bottom. The 
orientation of such a scanned image in the SCS is shown in the lower left hand comer of 
Figure 0.2. 

Let us assume that the image of the "]" is 3 inches wide by 4 inches high, and that it is 
scanned at a resolution of 150 black-white pixels per inch in both the fast- and slow-scan 
directions. Let us further assume that we wish to create an image that is also 3 inches wide by 
4 inches high, with its lower left hand comer located at the point (1,2) in the BCS. 
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As Figure 0.2 shows, the transformation matrix representing the normalizing transformation, 
m, for this scanned image is given by: 

m= 
o 
l/xPixels 
o 

-lIxPixels 
o 
1 

o 
o 
1 

Because the original image was scanned at 150 bits per inch, its 3 inch by 4 inch size generates 
a scanned array of 450 pixels by 600 pixels. The 600 pixel dimension lies along the x-axis in 
the SCS, hence xPixels = 600, and the matrix m for this specific instance becomes: 

m= 
o 
1/600 
o 

-1/600 
o 
1 

o 
o 
1 

Now, from our previous development we know that the value of the current transformation, T, 
that will carry the BCS to the OCS is given by: 

T= o 
-300 
2550 

300 
o 
o 

o 
o 
1 

In order to image our character at the point (1,2) we must perform the operation 1 2 
TRANSLATE CONCA IT, which results in: 

T= 1 0 0 0 300 0 
0 1 0 -300 0 0 
1 2 1 2550 0 1 

T= 0 300 0 
-300 0 0 
1950 300 1 

Since our normalized character is one unit high, and, in this case, our unit is an inch, and we 
wish it to be 4 inches high, we must now perform the operation 4 SCALE CONCA IT, which 
results in: 

T= 4 0 0 0 300 0 
0 4 0 -300 0 0 
0 0 1 1950 300 1 

T= 0 1200 0 
-1200 0 0 
1950 300 1 
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Finally. we concatenate m with T to obtain the transfonnation which applies when we image 
our Pixel Array, which results in: 

mT = 0 -11600 0 0 1200 0 
1/600 1 0 -1200 0 0 

0 1 1 1950 300 1 

mT = 2 0 0 
0 2 0 

750 300 1 

Let us interpret this matrix, and demonstrate that it is correct. Consider the general 
coordinates (Xs' Y) of a pixel in the SCS. To obtain the device coordinates of this point we 
transfonn its vector representation by the matrix mT. Thus: 

[XD YD 1] = [XS Ys 1] mT 

[XD YD 1] = [Xs Ys 1] 2 0 
o 2 
750 300 

o 
o 
1 

If we expand this latter fonn into its equation fonn we obtain: 

XD = 2Xs + 750 

Y D = 2Ys + 300 

From this fonn it is clear that the origin of the pixel array in the SCS goes to the point 
(750,300) in the DeS. If these coordinates were scaled to inches they would be (2.5,1) since 
there are 300 DCS units per inch. From Figure 0.1 it should be clear that the x-coordinate of 
DeS (stated in inches) is 8.5 minus the y-coordinate of BeS, and the y-coordinate of DeS is 
equal to the x-coordinate of BeS. Now we wanted a 4 inch high image with lower left hand 
comer located at the point (1,2) in the landscape page viewpoint of BCS. If we add the 4 inch 
height of the image to the 2 inch BeS y-coordinate .we obtain the BeS y-coordinate value of 6 
for the upper left hand comer of the image. Such a value is equivalent to a DeS x-coordinate 
value of 8.5 - 6 = 2.5 inches. Similarly the 1 inch x-coordinate in the BeS corresponds to the 
1 inch y-coordinate in the DeS. Hence the coordinates of the upper left hand comer of the 
scanned image (its origin in this scanning process) is properly located. 

We can also see that each pixel of the first scan line will be deposited on every other pixel 
along the corresponding scan line in the output image. That is, the pixels of the first scan line 
will be deposited at locations (750,300), (750,302), (750,304), and so on. Pixels on the second 
scan line will be deposited at locations (752,300), 752,302), (752,304), and so on. Note that the 
printer is assumed to print at 300 bits per inch while the image was scanned at only 150 bits 
per inch. If the factor of 2 were not present the 600 pixels along the height of the image 
would be printed on 600 consecutive printer pixels which would only occupy 2 inches on the 
printed page. In the absence of any special hardware/finnware/software combination in the 
printer the factor of 2 would cause the 600 pixels along a scan line of the image to be 
deposited on every other pixel as shown above. However, most printer implementations will 
fill in the missing pixels by means of some interpolation process. In this case a simple bit 
replication along the scan line, and a scan line replication of each scan line provides an 
example of a possible interpolation process. 
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Interpress to Device Transformation 

11811 SCALE CONCATT 

11811 0 0 11811 0 
0 11811 0 0 11811 
0 0 1 0 0 

First Intermediate to Interpress Transformation 

254/10000 SCALE CONCATT 

.0254 0 0 300 0 
0 .0254 0 0 300 
0 0 1 0 0 

Second Intermediate to First Intermediate Transformation 

85/10 0 TRANSLATE CONCATT 

1 0 0 300 0 
0 1 0 0 300 
8.5 0 1 2550 0 

Base to Second Intermediate Transformation 

90 ROTATE 

0 1 0 
·1 0 0 
0 0 1 

First Local to Base Transformation 

3 4 TRANSLATE 

1 0 0 
010 
3 4 1 

CONCATT 

0 300 
·300 0 

2550 0 

CONCATT 

o 300 
·300 0 

1350 900 

Second Local to First Local Transformation 

CONCATT 

0 
0 
1 

0 
0 
1 

0 
0 
1 

0 
0 
1 

o 
o 
1 

30 ROTATE 

0.8660254 
·0.5 

0.5 
0.8660254 
o 

o 
o 
1 

·150 
·259.808 

1350 

259.808 
·150 

o 900 

Figure 0.1 Coordinate Transformation Sequence 

D 

o 
o 
1 
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1/yPIxels SCALE 

1 0 
yPlxels 

0 
_1 __ 

yPlxels 

0 0 

1/yPixels SCALE 

1 "1 SCALE2 
CON CAT 
"1 1 SCALE2 
CONCAT 

0 

0 

1 

xPlxels/yPixels 1 TRANSLATE 
CONCAT 

_"_1_ 0 0 
yPlxels 

0 
_"_1_ 

0 
yPixels 

~ 
yPixels 

1/xPixels SCALE 

xPixels/yPixels 0 TRANSLATE 

CONCAT 

90 ROTATE 

CONCAT 

0 
__ 1_ 

xPixels 
_"1 __ 

0 
xPixels 

xPlxels 
0 

yPixels 

1/xPIxels SCALE 
"90 ROTATE 
CONCAT 
o 1 TRANSLATE 
CONCAT 

0 _"1_ 
xPixels 

__ 1_ 
0 

xPixels 

0 

0 

0 

1 

0 

0 

y 

y 

X 
Fast"" Bottom to Top 

Slow"" Len to Right 

y 

x 
Fast "" Top to Bottom 

Slow"" Right to Left 

x 
Fast "" Right to Left 

Slow"" Bottom to Top 

x 

Fast "" Left to Right 
Slow"" Top to Bottom 

y 

X 
Fast "" Bottom to Top 

Slow"" Right to Left 

y 

x 
Fast"" Top to Bottom 

Slow"" Lett to Right 

x 
Fast "" Right to Lett 

Slow"" Top to Bottom 

X 

Fast "" Left to Right 
Slow"" Bottom to Top 

1/yPixels SCALE 

"1 1 SCALE2 
CONCAT 
xPlxels/yPixels 0 TRANSLATE 

CONCAT 

_"1 __ 0 
yPixels 

1 
0 

yPixels 
xPixels 

0 
yPixels 

1/yPIxels SCALE 

1 "1 SCALE2 
CONCAT 
o 1 TRANSLATE 
CONCAT 

o 

o 

o 0 
yPlxels 

o _"1 __ 

yPlxels 

o 

1/xPixels SCALE 

1 "1 SCALE2 
CONCAT 

"90 ROTATE 

CONCAT 

o 

xPlxels/yPixels 1 TRANSLATE 

CONCAT 

o _"_1_ 
xPlxels 

_"_1_ 

xPixels 
o 

~ 
yPixels 

1/xPixels SCALE 

"1 1 SCALE2 

CONCAT 

"90 ROTATE 

CONCAT 

0 __1_ 

xPixels 
__ 1 _ 

0 
xPixels 

0 0 

o 

o 

0 

0 

Figure 0.2 Pixel Arrays in the Standard Coordinate System for all Possible Scanning Sequences 

Normalizing Operations and Resultant Matrices 
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context 23,24 Error reporting 6 
continuous tone photograph 26 escape code sequence 12 
Control operators 44 Execution state 19 
Coordinate systems 29 execution type 15 
CORRECf 61 extras 56 
correction 56 
CORRECTMASK 61 fast scan 38 
cOm!CtShrink 62 FINDDECOMPRESSSOR 46 
CORREcrsPACE 61 FlNDFONT 46 
co"ectTolerance 62 Fonts 56 
co"ectMX 61 frame 19,22 
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co"ectTY 62 Functional concepts 3 
Creation data types 17 
creation type 15 General matrix operations 76 
current frame 22 GETCP 51 
Current position operators 51 gray 18,25,26,53 
current transformation 30,49,86 

Header information 7 
Data Line 71 hierarchical name 46,57 
Data types 16 homogeneous coordinates 77 
DCS 29, 30, 31, 33 HTN 70 
defined 77 
denominator 16 ICS 29,30,31,33 

descriptor field 8 Identifier 16,41, 57 

Definition format 71 Identity matrix 81 

Device Coordinate System 29,47,53,75 Identity transformation 36 
device-independent 29 IFCOPY 45 

dimensionless 29 IFELSE 44 

00 50 IGET 50 
document 3 ill-conditioned 82 

Document processing scenario 5 Illustrative example 85 
OOSAVEALL 45 image 19 

OOSAVESIMPLEBODY 50 Imager Pool 50 
Imager State 23,46 

easy net transformations 39 imager variables 19,22,23,24 
easy set 39,53 imaging model 25 
easy vector 60,64 imaging operator 51 
effective printing size 56 initial frame 23 
ENC 70 Initial transformations 36 
encoded Interpress master 7 Ink 25,67 
encoded master 14 ink tile 26 
encoding syntax 4 Instancing 50 
END 9,14 integer 10,16 
End of Line Situation 75 Interpress 15 
environment 45 Interpress 82 Electronic 
Environments and names 46 Printing Standard 1,9,10,14,23, 
error 59 41 
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Interpress syntax 4 
Interpress use of coordinate name 56 
systems and transfonnations 75 net transfonnation 52 
reflection 34 nibble 70 
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revisited 82 nonnalized 91 
ISO 646 12, 16 Nonnalizing pixel arrays 91 
Item size 70 Notation 47 

notational fonn 77 
Justification 59 null vector 42 

Number 16,41 
landscape 56 Numbers and integers 41 
landscape mode 30 numerator 16 
Language 67 
language components 15 Operator 16,17,21,41 
LIN 70 Order of notation 14 
Line Control Code 70 Organization of the 
Line justification 59 Outline 18,21 
local coordinate systems 30 output transition 24 
LongOp 8 
Long Sequence 8 page body 14 
Short sequence and page frame 22 
long sequence tokens lO page image 25 
lower bound I 42 pageFrame 58 

persistent 23 
MAKEPIXELARRA Y 53 pixel 25 
MAKESIMPLECO 17 pixel array 4,18,21,52,54 
MAKEVEC 21 Pixel array example 92 
Mapping 67 point size 37,56 
MARK 17 Point Transfonnation 48 
Mark 17,41,42 portrait mode 30,56 
mask 25,37 postfix notation 14 
Mask operators 54 preamble 14,22,45,58 
MASKFlLL 55 prediction 69 
MASKPIXEL 55 primitive operators 16 
MASKSTROKE 55 Printer implementation 
master 3, 7, 14 capabilities 5 
Master Coordinate System 29,53,75 Priority 46 
matching mark 42 priority important 28 
matching unmark 42 product of the vector 
mathematical integers 16 and the matrix 77 
matrix 76 product matrix 79 
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Raster line 72 stack 17,19,24 
raster scan conversion 26 Standard Coordinate System 29, 31, 38, 53, 
raster type printers 60,64 56,91 
rational 16 standard form 13 
RAW 70 state transition 24 
readjustments 4 stencil 25,54 
Reference key 41 Storage 67 
References 65 Storing stack elements 22 
reflection 34 string 50 
ROTATE 48,57 strokeEnd 55 
rotation 34,83 stroke Width 55 
Run 72 successive incremental 
run length encoding 69 transformations 86 

Support levels and mapping 67 
sampled black-and-white 18,26,53 
samples vector 53 lestCopy 45 
scale 57,86,87 Text 67 
scaling 34,83 The Xerox encoding system 4 
scope 24 token format 8 
SCS 29 token identifier 9 
segments 18 tokens 5,8 
sequenceComment 13 topFrameSize 22 
sequenceCompressedPixelVector 11,69 Trajectory 18,21 
sequenceContinued 11,69 inverse of the current 
sequenceIdentifier 10 transformation 51 
sequencelnsertFile 13,46 transformation 76 
sequence Integer 10 transformations 18,21,29,33 
sequenceLarge Vector 10 Transformations used in 
sequencePackedPixelVector 11 conjunction with character 
sequenceRational 10 operators 37 
sequenceString 12 Transformations used in 
SETCORRECTMEASURE 61, 62 conjunction with masks 36 
SETFONT 50,58 Transformations used in 
SETXREL 51 conjunction with pixel arrays 38 
SETXYREL 59,60 Transmitted and created 
Short Number 8 language components 15 
Short number tokens 10 transition functions 24 
ShortOp 8 translation 34,83 
Short Op and long Op tokens 9 Transmission data types 15, 16 
Short Sequence 8 transparent 46 
SHOW 50 transparent ink 27 
showVec 50,58 two-up printing 29 
Sixteen-; twenty-; and Types and literals 41 
twenty-four bit codes 74 
skeleton 45 unalterable state 24,45 
slow scan 38 unit height rectangle 37 
Space correction 61 upper bound u 42 
spaceband 59 Using the documentation 1 
special delimiter codes 14 
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Vector 
vector graphic 
Vector operators 
Vector Transformation 
Vectors 

white ink 
widthX 
widthY 
Word 

17,21, 41, 76 
4,67 
44 
48 
42 

27,54 
59 
59 
70 

Xerox Character Code Standard 12 
Xerox encoding 7 
Xerox Encoding System 4 
Xerox Standard Character Code 12 
Xerox Standard Character Set 12, 13 
xpixels 53,91 

ypixels 

{ 
} 

53,91 

9,14 
9,14 
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