A SYSTEM FOR FAST 90 DEhREF ROTATION OF BI-LEVEL IMAGES

1. Field of Lhe Invention
The present invention relates to a digital image processing
method and more particularly to a method for the fast rotation

of bi-level images.

2. Description of the Prior Art

Bi-level images (also called monochrome images) are images
having just two intensity levels (generally black and white or
black and green) because their bi-level bitmaps contain a
single bit per pixel. The entire bitmap for a screen for a

resolution of 1,024 x 1,024 pixels is 2% bits, or about
128,000 bytes.

Through the increasjﬁg proliferation in offices and home
offices of low memory computers, such as workstations and
personal computers, computer storage of office documentation,
reports, forms, letters and even photographs, is becoming
prevalent as a means for reducing physical storage
requirements and improving accessability to common office

files.

Documents avre commonly received into computer systems by
optical character reader (OCR) scan, facsimile or on-line data
transmission. The challenge is to take the image of a document
entered into a system, for example by OCR, and be able to
manipulate it quickly and efficiently, so that it can be

easily viewed by the end user.

Rotating a bi-level image by 90°, 180° and 270° with respect
to its orientation on input are among the most commonly used
operations during document image processing. The traditional
solution is to rotate the image one pixel at time, but this

operation is very time consuming.

As a result, a number of methods have been proposed in the .

prior art for expéditinq image rotation, particularly plus or
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minus 90 rotal fong, sinee thene are c‘.-n'ns':ldel.'ably more complex

than 180" 1otalion e 1o (he packed internal data
representation of the image pixels, wherein each byte contains
eight image pixels. The rotated image must occupy the storage
that contained the original image before rotation. Thus, for
this type of rotation, the number of rows must be a multiple
of eight, since the bits in each vertical column are packed
into bytes by the rotation and a row of the output image must
not end with a fraction of a byte. Consequently, placeholding
data values must be added to columns that are not multiples of

eight.

J.S. Patent Number 4{627,020 of TBM Corporation, sets forth a
method for rotating an image by 90° that was considérably
faster than tﬁe traditional method because it caused the
-rotation of up to 64 pixels (8 by 8 blocks) at a time, rather
than just one pixel. A block of the image would be moved into
temporary storage (called a look-up table) and divided into
smaller groups of byles of rotatable size. Each group that did
not have the same-valne for all bits is then rotated. This
method took advantage of the fact that large areas of most
images are background colour (e.g. white), and that blocks or
graphs of the image containing all one colour need not be
rotated. This is an enhancement now commonly added to rotation
methods. However, as will be seen, the method of the 4,627,020
patent is not as efficient as the method proposed in the
present invention since it utilizes additional memory accesses

and address manipulations for each byte rotated.

U.S. Patent Number'4;658,430, also of IBM Corporation, is
directed to a method for rotating encoded data images that
have, for example, been transmitted over a telephone line, by
a multiple of 90°. The orientation of encoded date presents
different-problems from the rotation of the type of data to
which the present invention is addressed.

U.S. Patent Number 4,837,845 of IBM Corporation is
specifically directed to the problem of rotating binary image
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data plus or aminus 90% from its original orientation. The

image dala is Lirsl staracd in paittially transposed form in a
matrix conlained in eight 32-bit registers. The matrix is
separated into groups of bits of rotatable size (sub-matrices
of equal size), and first preselected bit positions are
transposed with second preselected bit positions in each
group. Rows of bits in the groups are then exchanged with

second rows of bits in the groups.

Each of these IBM patents discuss, aé prior art, a number of
much earlier publications and references directed to solving
the problems associated with image rotation, and the contents
of each of these IBM patents, particularly in their sections
describing the prior arvt, are incorporated herein by

reference.

In addition to the foregoing, U.S. Patent Number 4,916,746 of
International Computers Limited discloses rotating an image
through 90 dégrees, either clockwise or counterclockwise,
using a hardware rotation circuit. The rotation circuit
comprises a FIFO and shift register, where data is read out of
the FIFO a word at a time and written back into the FIFO with
a displacement of one bit, effecting a spiral data path. The
shift register is then used to assemble the output rotated

image data.

U.S. Patent Number 4,985,849 of Canon K.K. discloses an image
processing system for forming a slantwise mapped or rotated
modified image of an original image. The relation between the
address locations of the original points of data and the
output points is calculated, and these calculated values are
prestored in lockup tables. The image data from the original
address locations is then transferred or copied using the

output address information from the lookup tables.

U.S. Patent Number 5,067,167 of Cornell Research Foundation
Inc. discloses rotating a three-dimensional image by 90° by

using a data processor to modify the original spacial
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coordinate valuna «f tha threa-dimensional image.

U.S. Patent Number 5,233,168 of Pitney Bowes Inc. discloses
deskewing an image by scanning the image te capture a pixel by
pixel mapped image, determining size and skew of the mapped
image, performing a series of area-limited vertical pixel
shifts, and performing a series of area-limited horizontal

pixel shifts.

Other approaches to.providing rapid image rotation have been
hardware specific solutions, such as a special hardware device
called a rotation buffer disclosed in U.S. Patent Number
4,947,344 of IBM Corporation or special circuitry disclosed in
U.S. Patenl mmber 4,992,960 of Yamaha Corporation. However,
these Lypes. of haurdware solubtions Lequire considerable costs
associated with modified existing hardware, as opposed to a
solution implemented in software for maximizing the existing

hardware storage capabilities.

SUMMARY OF THE INVENTION

Like the methods disclosed in previous IBM patents ('020,
'430, and '845), the present invention also works on 64 pixel
blocks of image data alt a time in expediting image rotation to
or.ieni:él'..icm of 90" or 270% from ilts orvientation on input.
However, because Lhe melthod of the present invention reguires
fewer memory accesses than the prior art methods, it has been
found to be 15 to 30% faster in operation on Intel-based IBM®
personal computers having 32-bit registers, which is the type
of environment to which this invention is predominantly

directed.

Accordingly, the invention provides, in a 32-bit operating
system, a method of rotating by 90° a block of bi-level image
data having 8 rows by 8 columns of pixel data bits. The method
includes the computer-implemented steps of generating an
intermediate matrix having 8 rows by 8 columns of pixel data
bits, wherein each row from the block has been divided and

translated into a paired nibble column, alternate rows from
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the hloack being arrangedd tLiransvarsely and lower order rows
from Lhe bhlock being anrangecl on top of adjacent higher order
rows in the paired nibble columns of the intermediate matrix
and saving the rows of the intermediate matrix sequentially
into first and second 32-bit registers. The first 32-bit
register is then copied into a third 32-bit register and the
second 32-bit register into a fourth 32-bit register. Each of
the first and second registers is shifted by one bit in
opposite directions and alternate bits from the fourth
register are dynamically overlaid onto the first register
whiIe alternate bits from Lhe third register are dynamically

overlaid onto the second register.

The present invention is also directed to a system provided
with means for carrying oul the computer implemented steps of

the method.

BRIEEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will now be described in detail

in assocjiation wilh the accompanying figures, in which:

Figure 1 is a schematic representation of a typical

operating systems for practicing the present invention;

Figures 2 and 3 illustrate the display screen of a
personal computer or work stalion showing a document oriented

by a difference of 90°; and

Figure 4 is a flow diagram illustrating the computer

implemented steps in rotating a image 90° clockwise or

counterclockwise.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention operates in a 32-bit . programming
operating system environment such as IBM's 0S/2@ system, Posix

Unix systems or Microsoft's system NT.

The elements of an operatﬁng system of this type are

Sheet Has Been Reﬂlaced

i MWELA




This Sheet Has Been Replaced

Ptlustrated schomatl icatiy in Figqure 1, and would typically

inclhude a host pooconsor 12 having a 32-bit slorage registers,
an image storage 14, a display terminal 16, means for
receiving image data, such as an OCR-image scanner 18, and a
printer 20. Other means for receiving image data into the
operating system would include data transmission énd
facsimile. The display terminal 16, the image scanner 18 and
the printer 20 each inay have different requirements for
reading or presentation of a document or image. Accordingly,
the processor 12 in conjunction with image storage 14 will be
required to manipulate the image data to meet the presentation

requirements of each of Lhe peripheral devices 16, 18 and 20.

For example, a photographic image may be scanned into the
system via scanner 18 and end up as a horizontally displayed
image 22 on a computer display 24, such as illustrated in
Figure 2. In order for the end user to use the displayed image
in any meaningful way, the orientation of the image must be

rotated 90° clockwise to the position 22a shown on the

computeyr display 24 in Figure 3.

The steps of the method of this invention are illustrated in
the flow diagram of Figure 4. As discussed earlier, the
present invention rotates image data in 8 by 8 pixel block
segments. Thus, an 8 by 8 pixel block segment selected from
the stored data of the entire image (block 50 in Figqure 4) may
be represented by the 64 bit matrix set forth below in Table
A:

IDAMY PARIFInER Y s
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TABLE A
Row 1 ‘“;;“'-'i;g‘ -AS Ad | A3 A2 Al AC
Row 2 B7 B6 BS B4 B3 B2 Bl BO
Row 3 c7 Ccé6 C5 Cc4 C3 c2 Cl CcO
Row 4 _ D7 D6 DS D4 D3 D2 D1 DO
Row 5 E7 E6 ES E4 E3 E2 El EO
Row 6 | E7 E6 ES F4 E3 F2 Fl FO
";;; 7 —;7 -"“:;;—IQES G4 G3 G2 Gl GO
Row 8 W |ue |us |ne |w3 |E2 |HL |HO
Where A0, Al, ......, H6, H7 each represent a bi-level pixel

forming the matrix.

Clockwise 90° rotation of the matrix of Table A turns the
mabrix on its side so that Row 1 becomes the right-hand column
of 8 bits, with the A0 pixel at the bottom. Counterclockwise
90° rotation turns the matrix so that Row 1 becomes the left-
hand column of 8 bits, with the A0 pixel at the top. These two
resulting data repres enlallonq are illustirated in Tables D and

F in this description.

The same general principles and functions are applied to
achieve both clockwise and counterclockwise rotation according
to the invention. However, as will be discussed in detail
below, the functions are reversed, in many cases, to achieve

counterclockwise, rather than clockwise, rotation.

The working area for transforming the image data is 32-bit
registers in the procéssor, from which the transformed data is
moved back to the memory (storage) ready for display or
printing. A 64-bit matrix can be stored in two 32-bit

registers.
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'he present invention is performed in four main steps. First,

an intermediate malrix is generated that sets the foundation
for dividing the matrix into two register-size rows of 4-bytes
each. The intermediate matrix is stored in the two target 32-
bit registers, and then copied into a further pair of 32-bit
registers. The data in the four registers is then manipulated,
and the four registers are finally collapsed back into the

original two that now contain the rotated data image.

Throughout, only threé-mémory éccesses per byte (or 24 per
block) are required, first when the byte is read in a
processor register, next when the value is used to access a
lookup table for generating the intermediate matrix and a

final memory access Lo save the rotated data back in memory.

This represents a 25)% reduction over the next fastest rotation
method of the prior art {which regquires four memory accesses
per byte or 32 for a full block), and accounts for the

improved speed of the present invention.

According to the preferred embodiment of the invention, the
selected 8 by B pixel matrix or block of image data is
transformed into a intermediate matrix (block 52), that is re-
arranged in a manner that starts the process of re-aligning
the pixels to a position more proximate to their position
following complete rotation. In the case of an intended 90°
clockwise rotation, the intermediate matrix is as set out in

Table B:
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TABLE B

Row 1 e 3 | &7 | E3 c7 |c3 |A7 |a3
Row 2 G6 G2 | E6 E2 cé C2 A6 A2
Row 3 jes |61 |BS |E1 cs |(c1 |as |a1 "
Row 4 G4 |Go |E4 |EO ca |co |[as |ao J‘
Row 5 7 |H3 {F7 |F3 |D7 |D3 |B7 |[B3
Row 6 ‘w6 |m2 | F6 | E2 D6 |D2 |B6 |B2
Row 7 Hs m—_.m ES | Fl D5 (Dl {B5 |B1
“Row 8 wa |Ho | s | Fo p4 |DO |B4 |BO

The partial rearrangement for rotation effectively divides and
translates each row into a pair of nibble columns. The first
four rows of the intermediate matrix contain the translated
paired nibble columns of the odd-numbered rows from the
original block of data (ie., rows A, C, E and G) arranged
Lransversely. In the case of a clockwise rotation, the
Lransverse avrrangement is from right to left, with the higher
order bits from each half-row arranged on top of the lower
order bits. For counterclockwise rotation, it will be seen
from reviewing Table E that the transverse arrangement is from
left to right, with the lower order bits arranged on top of
the higher order bits from each half row. The bottom four rows
of the intermediate matrix contain the even-numbered rows from
the original block of data (ie., rows B, D, F, and H) in the
same arrangement as the upper four rows.

In the preferred embodiment of the invention, the intermediate
matrix is generated using four lookup tables, which are set
out in the section tltled Appendlx which forms part of the

present disclosure

Each of the four lookup tables is responsible for converting
two rows in the 8 by B8 pixel matrix. For clockwise rotation,
Table 1 from the Appendix is used for converting Rows 1 and 2,



“table 2 tor Rows 3 and 4, Table 3 for Rows 5 and 6, and Table
-4 for Rows 7 awd 8, and the rows are converted alternately
(ie. rows 1, 3, 5 and 7, followed by rows 2, 4, 6 and 8). For
counterclockwise rotation, the lodkup tables are used in the
reverse order, that is, Table 1 is used for converting Rows 8
and 7, Table 2 for Rows 6 and 5, Table 3 for Rows 4 and 3, and
Table 4 for Rows 2 and 1.

Generation of the intermediate matrix, in the preferred
embodiment, is by dynamic overlay with the results being saved

immediately to two 32-bit processor registers.

Use of the lookup tables for a 90? clockwise rotation can be
illustrated by the following example, starting with the bi-
level 8 by 8 pixel matrix in binary notation set out in Table

C.

TABLE C
Row 1 Jo 0 0 0 1 1 1 1
Row 2 0 o) 0 o) o o 1 1
Row 3 0 0 0] 1 0 1 0 0
Row 4 0 | 0 0 1 0 1 0 1
Row 5 0] 0 -1 1 0 0 0 0
Row © 0 1 0 ] 1 1 0 0
Row 7 0 0 1 0 1 1 1 0
Row 8 0O |oO 1 0 0 |0 1 0]

First, for row 1, entry 15 of lookup table 1 is used:

*kd ok Lookup Table 1:

From | ' To
ROW - BINARY REPRESENTATION BINARY REPRESENTATION
15 00001111 ' 00000001 00000001 00000001 00000001

This 32-bit value is saved in register R1 as:

T
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BYTE 3 BYTE 2 BYTE 1 BYTE O
Ri 00a000N0 | anonnnn | a00nnon | 00n00001

Next, for row 3, entry 20 of lookup table 2 is used:
*¥x*%x [LOOKUP TABLE 2:

FROM _ TO
ROW BINARY REPRESENTATION BINARY REPRESENTATION

20 00010100 00000000 00000100 00000000 00001000

This value is logical ORed, or dynamically overlaid with the
4-byte value for row 1, in which any "one" value from either
4-byte row replaces a "zero" value. The resulting revision of
the first 32-bit rvegister is:

BYTE 3 BYTE 2 BYTE 1 BYTE 0
R1 00000001 00000101 00000001 00001001

Next, for row 5, entry 48 of lookup table 3 is used:
*%*%* LOOKUP TABLE 3

FROM TO
ROW BINARY REPRESENTATION ' BINARY REPRESENTATION
48 00110000 00000000 00000000 00100000 00100000

When this 4-byte value is logical ORed with the contents of Rl

the following register value results:

BYTE 3 BYTE 2 BYTE 1 " BYTE 0
R1 00000001 00000101 00100001 00101001

Finally, for row 7, entry 46 of lookup table 4 is used:
*%***LLOOKUP TABLE 4:

FROM TO
ROW BINARY REPRESENTATION - BINARY REPRESENTATION
46 ’ 00101110 01000000 01000000 11000000 00000000

After logical ORing. Rl with the value, register Rl contains:

BYTE 3 BYTE 2 BYTE 1 BYTE 0
R1 01000001 01000101 11100001 00101001

Repeating the same procedures for row 2, 4, 6 and 8, using
lookup table 1, 2, 3, and 4 respectively, the result is saved.
in R2 as: '

BYTE 3 BYTE 2 BYTE 1 BYTE 0 . :
R2 00010000 00110100 . 11000001 00101101 - T e
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This cowpleltes Lhe process of the inltermediate matrix

generation. To clavify Lhe results, the contents of Rl and R2
may be displayed in terms of bytes with higher-order bytes on

top of lower order bytes in a matrix—-like format as follows:

R1 BYTE 3 01000001
R1 BYTE 2 01000101
R1 BYTE 1 11100001
R1 BYTE O 00101001
R2 BYTE 3 00010000
R2 BYTE 2 00110100
R3 BYTE 1 110060001
R3 BYTE 0 00101101

Therefore, returning Lo the original generic example, the
first four rows (or first four-byte row) of the intermediate
matrix are saved into the first 32-bit register Rl (block 54)
of Figure 4, and the remaining four rows (or second four-byte
row) of the matrix are saved into a second 32-bit register R2
(block 56). Thus, in a 32-bit environment, the intermediate
matrix is held in the two 32-bit registers in R1 and R2 in the

following representation:

Rl: G7 G3 ET E3CV7C3 AT A3 | G6 G2 K6 K2 Ch C2 A6 A2 | G5 GI E5 K1 C5 Cl A5 Al | G4 GO E4 EO C4 CO A4 AO

R2: H7 U3 E7 F3 D7 03 B7 B3 | W6 2 F6 F2 D6 D2 B6 B2 | 5 M F5 F1 DS DI BS Bl | N4 HO F4 EO D4 DO B4 BO

The contents of registers Rl and R2 are then copied to two
other 32-bit registers R3 and R4 respectively (block 58) to

achieve the following representation.

Rl: G7 G3 E7 B3 C7 C3 A7 A3 | G6 G2 E6 B2 C6 C2 A6 A2 | G5 G1 E5 E1 C5 C1 A5 Al | G4 CO B4 EO C4 CO A4 A0
R2: W7 H3 E7 F3 D7 D3 B7 B3 | H6 H2 F6 F2 D6 D2 B6 B2 | H5 HI F5 F1 DS D1 BS B1 | H4 HO F4 FO D4 DO B4 BO'

R3: G7 G3 E7 B3 C7 C3 A7 A3 | G6 G2 E6 B2 C6 C2 A6 A2 | G5 Gl B5 BI C5 CI A5 Al | G4 GO E4 EO C4 CO A4 A0
Re: W7 U3 E7 F3 D7 D3 B7 B3 | H6 2 E6 F2 D6 D2 B6 B2 | HS M1 FS F1 D5 DI BS Bl | H4 HO F4 FO D& DO B4 BO




wWhen

even bits Rl and R4 are zeroed out (block 62) and the odd bits

of R2 and R3 are zeroed out (block 64),

Lhe r1otation is

an 90"

changes in the registers
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clockwise votation (block 60),

to yield the following

the

Ri:
R2:

G7 GO E7 00 C7 00 A7 00
00 13 00 E3 00 D3 00 B3

G6 00 E6 00 C6 00 A6 00
00 112 00 F2 00 D2 00 B2

G5 00 ES 00 C5 00 A5 00
00 Hil 00 F1 00 DI 00 Bl

G4 00 E4 00 C4 00 A4 00
00 HO 00 FO 00 DO 00 B0

R3;
R4:

00 G3 00 E3 00 €3 00 A3
7 00 F7 00 D7 00 RB7 00

00 G2 00 E2 00 C2 00 A2
6 00 F6 00 D6 00 B& 00

00 G1 00 El 00 Ct 00 Al
Ii5 00 E5 0G D5 00 BS 00

00 GO 00 EO 00 CO 00 A0
4 00 F4 00 D4 00 B¢ 00

|

The contents of R1 are then shifted right by one bit and the

contents of R2 are shifted left by one bit (block 66),

so that

the contents of the four registers appears as follows:

Rl:
R2:

00 G7 00 E7 00 C7 GO A7
113 00 £3 00 N3 00 B3 00

00 G6 00 E6 00 C6 00 Ab
li2 00 ¥2 00 D2 00 B2 00

00 G5 00 E5 00 C5 00 AS
it 00 F1 00 DI 00 BI 00

00 G4 00 E4 00 C4 00 A4
110 0O FO 00 DG GO BO 0O

R3:
R4:

00 G3 00 E3 00 C3 00 A3

7 00 K7 00 D7 00 BY 00

00 G2 00 F2 00 C2 00 A2
116 00 F6 00 D6 00 B6 00

00 G1 00 E1 00 C1 00 Al
5 00 ¥5 00.D5 00 BS 00

00 GO 00 EO 00 €O 00 A0
114 00 £4 00 D4 00 B4 00

Next R1 is logical ORed with R4 (block 74) and R2 is logical
ORed with R3 (block 76) to achieve the following content of

registers Rl and R2:

|

R1: W7 G7 E7 E7 D7 C7 B7 A7

fi6 G6 F6 E6 D6 C6 B6 A6

I15 G5 £5 E5 D5 C5 BS AS

4 G4 F4 E4 D4 C4 B4 M "

ummmmmm&mw

H2 G2 F2 E2 D3 C2 B2 A2-

Hil G1 1 Bl D1 CI Bl Al

mmmmmmmm"

In matrix formation,

pixel matrix:

R1 and R2 now contain the rotated 8 by 8
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TABLE D

R1:

H7 |e7 |E7 |E7 b7 |c7 |B7 |a7
H6 |G6 |F6 |E6 |De |c6 |Be |a6
5 |cs |¥s |Es |ps |cs |Bs |as
He |ca |Fs |Ee |Da |ca |Ba |aa
R2:

H3 |63 |F3 |E. |p3 |c3 |B3 |a3
H2 |c2 |F2 |E2 |p2 |c2 |B2 |A2
g1 |c1 |Fm |E1 |pb1 Je1 |B1 |a
Ho |Go |Fo |E0 |pD0 |co [Bo |ao

90° counterclockwise rotation is achieved following a similar
method. Generation of the intermediate matrix, as mentioned
above, is performed in the preferred embodiment using the
lookup tables in reverse order, to generate an intermediate

matrix from Table A, as follows:

TABLE E
Row 1 A4 A0 |ca co |E4¢ |[EO |G4 GO
Row 2 A5 Al C5 Cl ES El G5 Gl
Row 3 A6 A2 |cs c2 |E6 |E2 |G6 G2

" Row 4 A7 A3 c7 c3 E7 E3 G7 G3
Row 5 B4 BO |Da po |Fsa |FO [Ha HO |
Row 6 B5 Bl |D5 p1 |Fs |F1 |HS H1 ]
Row 7 B6 B2 |De p2 |Fe |F2 |H6 H2 ||

[ Row 8 B7 B3 |Dp7 p3 |F7 |E3 |H7 H3

In a 32-bit environment, the above intermediate matrix can be



THIS SHEET HAS SEEN
REPLACED

held in the Lwo 32-bit registers R1 and R2 (blocks 54 and 56)

in. the followinyg representation:

RI: AT A3C7TC3E7E3GTG3 | A6 A2 C6 C2 E6 E2G6G2 | AS Al CSCl ES El G5 GI | A4 AO C4 CO £4 E0 G4 GO

R2: B7 B3 D7 D3 F7 F3 H7 H3 | B6 B2 D6 D2 F6 F2 H6 2 | BS Bl D5 D1 FS F1 HS Hl

B4 BO D4 DO F4 FO H4 HO ﬂ

The contents of Rl and R2 are then copied to the two other 32-

bit registers R3 and R4, respectively (block 58):

A4 AD C4 €O E4 EO G4 GO
B4 BO D4 DO F4 FO il4 [0

A5 Al C5 Cl ES El G5 Gl
B5 BI N5 D1 €S Fl 115 Hl

——

B5 Bl D5 DI F5 F1 115 I
B5 BI DS D1 F5 F1 HS 1)

A6 A2 C6 C2 E6 F2 G6 G2
B6 B2 D6 D2 F6 12 il6 H2

Ri: A7 A3 C7 C3 E7 E3 G7 GI
R2: B7 B3 ) D3 KT E3 117 13

B4 BO D4 DO F4 FO H4 10
B4 BO D4 DO F4 FO H¢ HO

B6 B2 Db DZ F6 E2 N6 U2
86 B2 D6 D2 F6 F2 16 H2

RI: AT A3 CT C3 KT B3 G Gl
Ré: BIBIDIDIFTFIWIIB

For the counterclockwise rotation (block 60), the odd bits of
Rl and R4 are zeroed out (block 68) and the even bits of R2
and R3 are zeroed out (block 70). This changes the contents of

the four registers as follows:

00 AG 00 CO 00 EO 00 GO
B4 00 D4 00 F4 00 H4 00

00 Al 00 C] 00 E]l 00 Gl
B5 00 D5 00 E5 00 115 00

00 A2 00 C2 00 E2 On G2
B6 00 D6 00 K6 00 Ii6 00

Ri: 00 A3 00 €3 00 E3 00 G3
R2: B7 00 b7 00 F7 00 W/ 00

A4 00 C4 00 E4 00 G4 00
00 BO 00 DO 00 FO 00 ii0

AS 00 €5 00 E5 00 G5 00
00 Bl 00 DI 00 F1 00 1}

A6 00 C6 00 E6 00 G6 00
00 82 00 D2 00 F2 00 I2

R3: A7 00 C7 00 E7 00 G7 00
R4; 00 B3 00 D3 00 F3 00 H3

The contents of Rl are shifted left by 1 bit and the contents
of R2 (block 72) so that the 4 registers now appear as:

Rl: A3 00 C3 00 B3 00 G3 00
R2: 00 B7 00 D7 00 F7 00 H?

A2 00 C2 00 E2 00 G2 00
00 B6 00 D6 00 F6 00 Hb

Al 00 C1 00 E1 00 GI 00
00 BS5 00 D5 00 FS 00 H5

A0 00 CO 00 EO 00 GO 00
00 B4 00 D4 00 F4 00 H¢

R3: 07 00 C7 00 E7 00 G7 00
Ré: 00 B3 00 D3 09 F3 00 H3

A6 00 C6 00 E6 00 G6 00
00 B2 00 D2 00 F2 00 H2

A5 00 C5 00 BS 00 G5 00
00 B1 00 b1 00 F1 00 HI

A4 00 C4 00 E4 00 G4 00
00 BO 00 DG 00 FO 00 HO

Rl is logical ORed with R4 (block 74), and R2 with R3 (block
76). The then have the following

representation: e

first two registers

This Sheet Has Been RTlaced
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Ki: AV BRI CI D3 E3 R GVl ALBI VDL b2 G2 a2 | AU R GEDLEDFT Gl T A0 20 O DO %0 FO GO 1O

R2: AT BICIDTETFTGI 7 A6 86 C6 N6 F6 £6 6 fl6 | AS 85 €5 05 ES FS G5 HS | A4 B4 C4 D4 E4 F4 G4 14

Rl and R2 now contain the 8 by 8 pixel matrix rotated 90°
counterclockwise from the original orientation. Presented in

matrix formation, the data appears as follows:

TABLE F

R1l:
AO BO CO no EO -FO GO HO
Al —!;1 “(,l— o D 3 o E] Fl Gl H1
w2 ez |c2 |2 |e2  |e |o  |m
A3 B3 C3 D3 E3 F3 G3 H3
R2:
A4 B4 Ca -;4 .E4 Fa G4 H4
AS BS ) C5 - --1.)_5;" ;5 ES G5 HS
A6 B6 C6 D6 E6 E6 G6 H6
A7 -;7 “E;-_““57 E7 E7 G7 H7

In the preferred embodiment implemented on an IBM 32-bit
machine, the method of the present invention runs consistently
faster, and has less overhead when ported across 32-bit

platforms, than pPreviously known methods.

Test results have indicated that the present method is over
307, faster on Intel-based IBM PC computers, and the result

would be even better if cache memories were used.

Modifications of thé-preferred embodiments described herein
which would be obvious to one skilled in the art are intended

to be covered by the appended claims.
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LOOKUP TABLE 1 :

FROM 0

ENTRY BINARY REIRESENTATION BINARY REPRESENTATION
0 000006000 00000000 00000800 00000080 00000060
1 00000001 00000600 00000008 06000000 00OG0001
2 aonoacte 00000000 00000000 GGO00001 HOOANO0O
3 00000011 00000000 60006000 00000001 00000061
4 ononoing 00006000 00000001 00000000 606060000
] 00000101 QuGo0000 00000001 0NOE0BBC 08000001
G 00000110 00000A00 00060601 00000801 00800000
7 00000111 00000060 00000001 00000001 00000001
8 oooolone ' 00000001 00000000 60000000 0OBOO000
9 00001001 00000001 00006000 00000006 00000001
10 60001010 060ao0N1 00600000 NO0E0001 00GODOCO
11 00001011 06000001 00006060 00000601 00080001
12 caooniloo ' 00006001 000600001 00000000 00066600
13 oot 101 (10080001 00000601 00080000 0800000 ]
14 ooaai1iin 00000001 80800801 AOOG000T 00000000
15 00061111 - 00000001 00000EA] 0666B00] 00000001
16 00016000 00000000 00000000 00BO0OBO 00600010
17 00010001 00000000 00OGO00O 00OOEEAG 000006811
18 oooleolo 00000000 00000000 00ODOOO1 0OOOOB10
19 0ool0011 00000000 06000000 00000001 00000011
20 600loloe 00000000 00000001 00006EEO 06806010
21 eeolQlol 00000000 00060081 000DCOO0 0BAPEB11
22 coelaelio 00000000 00000001 00000001 0BEAOO]10
23 60010111 000600600 00000001 00OOGOA1 006OAI11
24 foeiioa0 00000061 00006660 00060000 00000010
25 60011001 80066661 00000080 000DOORE 060AOB11
26 ooellele 60060001 80000000 06006001 06060810
27 ee011011 60000601 00000000 6000681 666600811
28 poeliloo ' 06660001 60000601 00006060 006686610
29 eesiiiel 660008081 00060601 00660000 66060011
30 geelille 66000001 606060061 00000EE1 660ABB10
31 00011111 _ 06000001 066600601 0000001 66886611
32 00160000 6086000600 06000660 06008016 600B00E6
i3 001066061 06660600 00600060 06600010 66606601
34 60leoele 00000000 60000000 00000011 06000080
35 60160011 ' 66000008 60000006 00000011 6E60G0O1
36 606106100 06660000 06000001 00000016 00008060
37 oeloelol 00068060 066060001 00060010 60600061
38 00100110 . 06000866 00000081 000008011 66860000
39 goleei11l ' 060008000 60000001 60600011 66008681
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48
41
42
a3
44
15
46
a7

18
19

51
52
53
54

r

55

56
5/
54
59
60
61
62
63

64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79

80

81
82
83
84
85
86
a7

belalees
6olo1e61
ooleliele
oololell
oololiee
0010110}
ogiolna
0101111

nelleaoo
ooiloont
00110010
0011001}
00110100
oo1taelol
ooiloilc
00110111

oc111e00
aoltien
ootlileio
oortion
oeliiiee
0o0l11101
ooli1iiio
DR RN

01000000
01000001
oloocele
ologeolt
01000100
0le08161
6loosile
g106e111

01601000
oloolasl
giceliele
01661011
010601160
oleeilel
6loelile
01601111

81016600
o101ce01
oleleelo
e1eleell
elololoe
ololelel
ol1eielia
61010111
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00606601 66600000 DOCOOO18 06A6BAE0
00000001 00E06060 00G0EGIE 00006001
000000G! 00000000 006GA011 000060006
00006001 06000000 000G00G11 06000001
00000001 000600601 00CO0010 6AEOOGAE
00060001 00060081 00000010 06000001
00000001 00000001 00006011 00000000
060000001 00000001 00000811 00000001

00000006 00600000 00000010 AOOOEB10
00000000 06000000 660000106 60000011
00000000 00000000 06000011 00008010
00000000 000600000 00000011 00008011
00000000 006000001 06000010 00680010
00000000 00000001 60000010 00000011
00000000 00000601 00006011 60000010
00000000 00000001 00OOBO11 00BOOO]1

00600001 60000600 00006010 00066016
00008001 000000060 00606010 06666011
00600001 G00DOO0O 00000CAI1 00000810
00000001 00000000 00060011 00606011
00000001 00000001 0BOCOB10 06088010
00000001 00000001 00000010 000EO01]
00000001 60OOOOOO! 00000011 06000610
aooconel 06000001 000000611 00060011

cooocece 06066016 60000008 0OBEHO0O
00000000 60000610 000060000 00006601
00000000 00000610 00000001 006O0BEO
00000000 D0CBEO10 00000001 000BOGE1
06000000 00000811 6000008 00660600
00006060 00008611 00GEA0AG 06BAEEO1
00000000 066860011 60000001 00686600
00060000 0000BE11 000000G1 00606081

60000001 60066610 00060066 8666660
00006061 60600010 60008060 086868661
60000081 00006610 00000001 DOBAGBEO
006000661 00060610 60000601 60668601
00000061 60600811 00060006 H606HOGE6
60600061 00000011 06000608 66606061
06600001 00cEEE11 0DODOOOL 00660000
60060061 00006011 06660081 06686001

06600000 00006610 60E00EA6 08686010
00006000 06006010 00GOGEEE 0B6EO11
00000000 00000G16 60000001 06066018
00006606 06000010 60000601 866060611
* 00000000 00060611 ©000000GO 6OEEEE1D
88006000 0000011 00608806 06060611
00000060 0BOGGO11 00OBEEO1 00BOE61M
00000000 0000E611 00000601 0000686]1
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a8
ag
90
91
92
33
g1

\|s

a6
9/
98
a4
100
101
102
103

104
105
106
10/
108
169
118
1

112
113
114
115
116
117
118
119

126
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135

oielloee
a1e11001
gieliele
ololiell
01011100
giotliol
olellilo
01011111

01100000
01100001
01100010
oli0geil
01100100
61100101
gliagtio
oltooilll

01101000
61101001
eli010i0
olloloit
e110t100
01161101
01101110
CERIORRN

01116000
011106001
oilloole
01110011
01110100
o11lelol
eiiielle
g11i1eill

e11116e8
61111001
gl11lele
g11i1ei1
61111186
811iliel
81111110
ei111111

106006000
16006001
legooelo
10006011
10060100
iceceaiel
10000110
10000111
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00066601 0OAORE10 GAOA0E0B 06866016
00000061 006008010 00000600 90000011
00000001 00006010 00806801 00060810
00600001 00000610 00066601 00600011
20000001 00660011 00000000 66006010
00000081 ©0600011 00000000 00000011
00008661 00000011 00000001 80000810
060000861 00006011 AOOOOE0T 00000011

00000000 00008010 00060010 60080800
00000060 66000010 60006010 00060001
00600006 00000010 00000011 00080000
60000000 06600010 60000011 06000001
000000006 00000011 00000010 00006000
00000000 00000011 60000010 06000001
000000006 00000011 06600011 60000000
00600000 00600011 60006011 00000001

00000061 0OGEBG10 ©EO0BOIG 0BOEOEOO
60000601 000060010 00000010 80006001
6000080! 06600016 00000011 00000000
00060001 00000016 60DO0G]1 00BOBOO1
00000001 00000011 60066810 06008860
00000001 06006611 60000010 06006001
00000001 ©PEOEA11 0BBOOB11 0DBOODOD
00000001 00000011 00066011 00600801

06060000 60000810 0RBOGO16 66006810
000000606 0POBG0OID 00000010 BOODBI]
60060006 000RBO1H ©COG0011 00000010
00000000 00600010 @00RCO11 80006611
00000000 00600011 00OAOO10 0OBOBO1O
00000000 6000A011 00000610 00000611
00000006 008GB611 00000011 00000016
00008000 06000811 06060011 06006811

06006601 606666018 06OPBE10 66006618
00000001 66008018 006A0010 60886611
000068001 06000816 0060611 86066010
66000001 00060018 60000611 66686811
00000601 66860011 00000616 H0BBBA1S
06000661 06600611 00006016 66860611
00000601 66006011 60868611 660068018
06006061 00AGB11 6EOGE611 680686811

86066010 00000006 06000000 06666608
00000016 60060000 00600606 66000601
00000010 60000606 00600601 60666060
00000810 06066060 00800001 06080661
00860016 00000681 00000000 06066686
80600616 66680601 00008006 00OBDOO1
00060810 60000601 66000601 66000080
00000010 06060061 00000001 06000001
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136
137
138
139
140
141
142
143

144
115
146G
147
118
149
150
151

152
153
154
154
156
157
158
189

. 160
161
162
163
164
165
166
167

168
169
170
171
172
173
174
175

176
177
178
179
180
181
182
183

10081000
jeeeloal
1oee1010
10001011
10001100
10001101
10601110
10001111

10010000
10016001
10010010
10010011
10010100
10010101
10010110
1001011

106811000
10011001
10011010
10011011
10011100
10011101
jooitlie
100111

10100000
16100001
16100010
10100611
16160100
101006101
lolee1lo
16108111

10101860
10181001
10161016
10161011
10101100
16101101
10161110
16101111

101106600
16110061
10110810
16116011
1011e]o00
10116101
10110110
10110111
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D0666e11 06600068 00660600 00860000
00000611 00000006 30000000 ©O0OBAO1
00000011 600E0EAE 00000001 J0600EA0
00000011 00000060 000060001 00003001
00066011 000000681 00000600 00006000
00000011 00000001 36GGNOO0 (8000001
(wu(eo11 60000001 (G0A000I 00006000
00000011 0000O001 0CUNOGOT GOOC0DS 1

£0006010 00000000 00006000 00000010
00000010 00000000 00000000 00060011
00000010 00000000 00000001 0000GOI0
00000010 00000000 60000001 00060011
00000010 80000001 00000600 80060010
00066016 00000001 00000006 00006011
00000016 00060001 90000001 00800010
00000010 660600001 0000000] 00000011

00000011 0000BOO06 0000000 0OBAOE1O0
66000011 00080000 00000060 06006011
00000011 00000000 00000001 00800010
00000011 00000E0O 0000606001 00000011
00000011 00006001 00000000 60000010
06660011 00006601 00000000 00000011
00000011 00D0OOOL 00000001 0000EO10
00000011 00006001 06000001 00000011

00000010 00000000 00002010 00DOOEOO
00066010 POGOOO0O 00000010 00006681
00000010 0OBAOOOE 00060011 00000600
00000010 ©0BBOOOE 00060011 00000001
00000010 66000001 00000010 66008000
00000010 006006001 00000010 06006001
£AEEEA10 0POEOOO] 00060611 BOOOBOOO
000600810 00000001 60060011 00006661

00060011 00006066 60008818 008606060
86060011 00600666 0O06GO10 80006E81
06060011 OGOAOAS B0EEEO11 ©6ABEH6O
0006680811 00ODEOOG 600G0E1]1 66000661
00000011 06606061 60066610 B806060OE
000660811 00600001 006660610 0600661
060606011 90PAEOO1 ©OC0O011 DOGBABEE
00000611 60000661 00066611 0600001

66060018 00600000 0080661C 68000016
60000018 0GOOOGOO 60600018 £0EOAB11
00000016 0060000 BOOAEO1]1 66006616
00000010 00000006 60006811 06B0EB11
00660010 00000001 00000016 06000010
00000016 00000061 66000010 00600611
66000010 60000001 60006011 60080619
00000010 80660001 56000011 06000011

IBM CONFIDENTIAL

i



184
185
186
187
188
189
190
191

192
191
fud
195
196
197
198
199

200
201
202
203
201
285
206
207

268
209
210
211
212
213
214
215

216
217
218
218
220
221
222
223

224
225
226
227
228
229
230
231

10111000
10111001
loi11eie
1ot11011
i0l11100
lel11101
10111110
10111111

11000000
11000001
11000010
1100001 1
11000100
11000101
11000110
11600111

11661000
11001001
11001010
t1001011
110681100
11601101
11601110
1100111

11010060
110100601
11010610
11016011
l1elo108
11010101
lleieliie
11610111

11011800
1le11081
11611610
11011611
11011166
11811101
11611110
11011111

11106006
11160001
111e@610
11100011
11100100
11160101
11100110
11100111
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000060811 000EHEOG 00000010
00000011 00600000 00000610
00000611 00000000 000080611
00000011 00GBO00O 06600011
00000611 00000601 00000810
000000]1 00000001 0000E010
00000011 00000001 00800011
00000011 D00OGO01 00000011

00000010 00000010 00000000
00000010 00000010 00G00000
00000016 00000010 00006001
00000010 00000010 00000001
00600010 00000011 00600000
000000j0 60600011 00000000
00000010 00000011 00000001
00000016 00CGOOIT 0000000t

0000GG11 00006010 000600000
00000011 00606610 00000000
00000011 00000010 ©0G0COGO]
00000011 00000010 00000001
00006011 800000]1 00000000
00000011 0DOOGO11 000000
00000011 00000O1] 00000001
00006011 00000011 00OOOOOI

060000010 00000010 0CBOOGEO
00000016 60000010 000008080
00000010 00008010 00000001
00008010 00000010 00000001
00006010 00000611 006000Q0
00000010 06000G11 00000000
00000010 0080GG1]1 00000601
06000016 000600011 60000001

06066611 60066010 06060000
60000011 06000010 OOOBGEEA
0eocoell osecealo 66aeee0l
00606611 ceeooc1o 06080601
00000611 60000011 60600000
06co0611 ocecoell ecescese
00600011 00000011 €6660061
00600011 66000011 ©06BOGE1

06666616 66600016 00600016
00800010 00000610 00806010
06600010 00000016 60006011
00000610 06000616 00066011
06000016 06000011 66000010
00000010 60600011 66000010
00000010 00066611 08600011
60000010 00006011 00000011
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0066e010
00000011
06000010
600006011
00000010
000600011

000ooco0
00006001
00000060
60000001
00000000
00060001
600060060
00000001

00060600
006000601
00000000
60600001
000060800
00000001
00000000
00008061

00000010
6ocoeoll
6oeoaole
0oaooeil
00000010
00060611
060000010
060066611

00660010
00e06611
booceele
ocecoall
gecooels
06000011
teeccole
06000011

00066600
00060061
00060008
pooeeeel
00000000
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232 11101068 ' 86600011 00086G16 0OOOBO10 0GO666GO
233 11101601 66006611 0ODODD10 0DOOOGIO 000OGBO]
234 11161010 0000Ca11 06000616 00000611 00000600
235 11181811 00000011 00660010 06000011 00000601
236 11101100 00000011 66o0GA11 0000CO10 66000000
237 11101101 00nocel! 00000011 06000010 06000001
238 111ai116 00000011 0600060611 0060011 00600000
239 1101111 00000011 60068011 06000011 00000001
210 11110000 00006010 00000010 00000010 00000810
241 1110001 00000010 60006010 60000010 00006011
212 Hglo 00000010 60000010 06000011 00600010
243 11116011 00000010 00000010 00000011 00000011
244 11110100 00000010 000000811 0000BB10 00000B]6
243 11110101 00000010 60000011 00000010 06006011
216 11110116 00000010 00600011 00066A11 00000610
247 11110111 00060010 006BBO11 00000011 60000011
248 11111000 00060011 00OO0G1O 6OODGOIO 0ODOOO1O
249 11111001 00000011 00000010 00000010 00000011
250 11111010 00000011 00600010 80000011 00060010
251 IRRRRUIN /06000011 00660010 000B6O]1 0BBOGO]]
252 11111160 0000001] 66000011 60000010 00008010
253 i1111101 60000611 60000011 06060010 0DBEOBLL
254 11111118 00000011 00000011 00000011 ©0000010

255 v 00000011 08000011 000GGO1] 00000011

L SN ]
—
s
=a
e
o
_——te
2t e
. '
e g
P g

=

-



This Sheet Has Been Replaced ;

LOOKUP TABLE 2 :

FROM - 70

EMIRY BINARY REPRESENTATION BINARY REPRESENTATION
0 00000000 00000000 00006000 00600000 GO000000
1 00000001 (0000000 00000600 00006000 00000100
2 00600010 00000000 60000000 000003100 00GOQD0D
3 80000011 000600680 00000000 00060100 06000100
1 00000100 00000000 00000100 060000060 00G0080Q
9 00000101 00000600 00000106 00000000 00000100
6 00000110 00000000 00006100 60000100 000000
7 000001 1] 000060000 00000106 06000100 00000100
8 ooenloee 00000106 000060608 00000000 00000000
9 00001001 000001060 @0000000 00000000 06000100
10 00001010 00600100 00000000 00000100 06000000
11 goaoliott 06000100 60000000 00000100 80000100
12 onooli0e 00000100 00066100 00000006 00OB0000
13 00001101 00000100 06000100 00GCO000 80000100
H poogllio 00NeN1i0no 80600100 00000180 0000000
15 00001111 00000100 00600166 00000i00 00008160
16 poe10000 00060008 60000068 00000000 00001000
17 00010001 00000000 £0CEOO0O 00000000 00001100
18 gooicalo 00000606 60000000 00000106 00081600
19 ooolealt 500006006 0PBOOOOO 000106 00001100
20 oeeloies 60000000 60000100 60000000 08001006
21 pooiolol ©0000000 80660100 00060000 00001160
22 00010110 60006000 60000100 06000100 00001000
23 06610111 00000000 08080106 00006100 06601100
24 60611008 00060106 66000000 00000088 00001060
25 peelioel 0ooeel06 00080006 00000060 60001100
26 boolieie 00000100 00006066 00006106 00001660
27 oeeilell 00000106 860CO06G 80000160 006G1166
28 00011100 66006106 00000100 000OGEOG 60601006
29 geelllel 00066100 66066100 60006600 00001108
38 66811110 00006100 00000108 00000166 00001660
K} | 08011111 60000106 000681600 08066168 0O0E11600
32 60100060 500680000 00600000 00001000 00666808
33 601ce861 600600008 08060600 060661060 08060168
34 eoleeeio " 00600600 9BOBOOOO 00001106 86806600
35 00160011 66000000 60060066 60061100 60660166
36 00100100 60000000 00008106 06DB1006 68606000
37 60100161 00006000 60060160 00001660 00080180
38 oocioella 00000060 00000100 00601100 66060060
39 eolo011t - 00000606 00OSO100 0BO011668 0000100
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10 00101066 ' 00000108 0008060 0001006 06BEGEEE
41 00181801 96006100 0006ARE0 00001000 00063100
42 gololole 200006100 00080006 060C1100 308006800
43 6eleioil : 060081060 06APAEOO 6601108 GBBEO100
44 poiallee CC060100 0OOOB100 00001000 00C0GO0E
15 peieliol - 90006100 00080186 00601600 00800100
16 00i61110 00000100 60600166 00001100 00006000
47 00101111 00000100 600081060 00001100 00060100
18 00110000 00006000 00000000 00001006 00001000
49 00110001 00000800 000066000 00001600 00061100
H0 ooiinnin (0N00N00 0006A0OO 00001100 00001000
51 00110011 000000006 60000000 00001100 00001100
52 00110100 00000000 60606100 00001000 00001000
53 00110101 00000000 00006106 06001006 00061160
59 ‘ ooilolio 60000000 60000160 00001160 06661000
55 ocil10111] 00006000 66000100 006001108 06001100
36 00111000 00602100 00000000 0ODO1O0A DODO100D
57 60111001 00000106 00000006 00001000 006061100
58 onitiole 60000100 60600606 00001100 60001600
59 00111011 000006100 00006608 £0001100 06001100
60 00111100 00000100 00000)06 00001000 00001000
Gl eolillel 00600100 90000100 000G1000 00001100
62 poliniie 00000106 0AGOO1G6G 0AOH1100 60DG1000
63 ' 00111111 00000100 00000100 0000]100 66001100
64 01000000 00000000 00061000 0000GE00 00600660
65 01000001 - DDOOO00G 06001006 00000000 60008100
66 0l0o00810 ' 00000000 06001806 00000100 00600000
67 01600011 60000000 00OL1860 60000100 06OOC100
68 91000100 00000000 00001106 00000000 66006000
69 01000101 00000000 0APO1106 6000O0CE 06OOO100
70 01000118 06600006 00061100 00060100 00666688
71 01008111 26006060 000011866 00000100 00606166
72 olceloee 06600106 006001066 006OE0EO 06000860
73 g1001001 66060106 00001660 006EEE00 60668168
74 o1001ai8 00600100 00001600 0OOCO106 00GE668E
75 eleelsll 66600100 06001000 00066100 06680166
76 oleolice 06600100 60001100 06666000 666800060
77 gleeliel 66600166 00601168 66000000 06880180
78 oloeeil110 66000106 66601160 66666100 08866688
79 o eloel11l 00600166 00661100 60600100 6EOOO166
8o ololeege 60000080 00601800 00000008 06601860
81 01016601 _ 60600000 00001060 0660060000 00001166
82 _ oloigoelo ‘ 60060008 0DOG1006 6BBDO100 ©06661008
. 83 eloieell 60006000 00001000 60000160 00081160
84 eloleloo 06000060 00061106 66600060 06661060
85 gleielel 06600600 00001100 60060600 06801188
86 olgloile 06000006 060611060 ©00006100 00801660
a7 01010111 60006608 60001100 00000108 DEBO1106
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88 olelleee 00eeo10e 06601000 00600606 0GOO)0GE
89 01011001 00060100 06801060 06000008 06001100
S0 giollele 00006166 00601008 00000100 00001000
91 gloliell 000801060 80601000 00000100 GO001100
92 a1eliioe ooeeclica 66601106 06E0000E 000A1000
93 pleiilol : 00060100 00001100 DOOBEOOO 0B001100
94 81011110 £0000100 60001100 00000100 00061000
95 alo111il (0060100 00001100 6ABEOI0O 00001100
96 01106000 00060000 00001000 00001006 06000000
97 01100001 00000000 00001000 00001000 000600100
o o1tnonle 00000006 00001000 00601100 00000000
99 01100011 000060006 00001006 606001100 00660100
100 61160100 00000808 00001100 00001800 08000000
161 ailoeiot 00006000 00001106 00001600 00008100
182 01)00110 00000060 60001100 00601100 80000000
103 gtieeN| 020660000 00061100 00001100 00660100
104 ailoleco 00000108 00001060 08601000 60000000
105 01101001 00000100 00601006 08001000 00000100
106 01101010 00000100 00001000 00061100 60006000
107 01101011 00000100 00001000 00601100 00008100
108 01101160 00000100 60061100 60061000 80000068
109 olioliel 60000100 0006]100 06001000 000081600
110 01161110 00000100 00OB1160 00OD1100 OOOBOOBD
111 e11etin 00000106 066011060 60061106 0BOA10D
112 01110600 660006060 £OGO1000 00001000 ©0DB1060
113 01116001 00000000 G0O01000 60001000 G00O1160
114 011j0610 00000000 00001066 60001100 60001000
115 01110011 660006660 00601000 DOOO1106 000011600
116 01110109 00000000 /0001100 00001006 60001000
117 gl110101 00000000 caan1l0e 00001000 00801100
118 e111e110 ' 00000000 00001100 00001160 06601000
119 81110111 66000006 80801106 06001100 00601160
120 81111668 66000160 06061068 00601000 66601688
121 61111001 00008106 00001608 06061060 £BCO1160
122 - eli11eie £6000160 00061066 60001100 08001668
123 01111611 00608100 66001860 60061168 60BG1160
124 elliilee 60600100 606001160 6oeolcee 6eeolaad
125 o1lii1l1el 06066168 66081166 60001666 60061168
126 61111110 00060166 56601100 66601160 60001000
127 o1111111 00006166 00081106 00001186 606081160
128 100008680 00061600 60000600 60600866 06606608
129 160080001 00001006 60000000 66000000 B80GE160
136 10060018 666016006 66060066 00000160 0060O0OE
131 16600811 00081000 90060080 66066100 666661600
132 . 10068160 00661060 60000106 000A6E00 60600008
133 10000101 00001606 600600168 00000000 06000108
134 16000110 06001000 60006100 00666160 60080060

135 16000111 - 00061000 66000100 00000160 0E0OO10B
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This Sheet Has Been Replaced
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136 10001060 06661106 00606068 04060068 00008066
137 10001001 80001100 00060660 000606606 00008160
138 leealola 00601100 00000068 06000100 08006000
139 : 10001011 00001106 00600000 00000100 00660100
140 10001100 @0001100 06660100 0AG00G00 06608060
141 10601161 00001100 80000160 0AEBOO0H 0NOGA1GO
142 10001110 00001100 006G0100 00A0B100 G0006000
113 10001111 00001100 00000100 NOOOOICO 00006100
144 10010000 00001000 60000000 06000000 06001000
145 10010001 00001000 BAPOO0LO 0AEOOOGE 00H01160
146 10010010 00001000 00000006 00066100 00001060
147 10010011 ' 00001000 00000000 00000108 G0O0]160
148 10010100 00001000 06000100 00000000 06001000
149 10010101 00061000 60600100 60000680 00001100
150 10010110 00001000 800001060 00000100 60001000
151 10010111 00001066 00000100 00008100 08001100
152 10011000 00001100 0ROOOGAE 0OOOOBBE 060001000
153 10011001 06001100 00006660 60000000 00001100
154 10011010 00001100 00606000 00000108 80001000
155 10011011 00001100 00000000 00000100 00001100
156 10011100 00001100 00000106 00000008 00001060
157 16011101 00001100 06000100 00000008 00001100
158 10011110 00001100 06000160 00006106 00081060
159 10011111 00001100 00000100 00000106 00661100
160 10100000 00601000 0EODODGE 0DOB100E OOOEOOEO
161 10108001 60001000 00000000 00001000 £EOOO166
162 10100016 000010600 060NOGOG 0PEO1100 DOODBOER
163 10100011 ' 000010060 00POODEE 00601100 00000160
164 16100100 00001000 0ROEOA16O 60001000 HOOOOEOOD
165 10100101 00001000 00000100 00001060 00666160
166 10186116 00061000 0BOEO10A 0001100 HOOOBO0O
167 160108111 60001660 60000100 00001106 06009108
168 1601681000 06001100 60000066 00601086 06006600
169 168101061 00681160 06660000 60061666 06060166
178 16101010 . 90001100 00AOAAOO BGBAE1100 060BOB6E
171 16101011 06001100 00660000 00001100 68606160
172 101681108 00601160 06666108 66601060 00606660
173 10101161 66601166 06606100 66601008 60680160
174 10161116 : 06001100 00000100 00EO1100 60666000
175 10101111 ©6601100 00000100 60001100 06600160
176 10116000 _ 00061606 00666066 00001000 00001060
177 S 16110001 06001600 00000060 60001060 00801160
178 : 18110010 60001000 06000006 60001100 00601000
179 10110011 00081000 60000000 60001160 00001100
180 16110160 00001000 60000100 00001000 00681060
181 18110101 60001600 £6EHE100 00001000 00001160
182 - 10118118 00001006 066000160 00601106 00061600
183 18116111 00001600 60000100 66001100 00001160
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184
185
186
187
188
189
190
191

192
193
194
195
196
197
198
199

200
201
202
203
204
205
206
207

208
209
210
211
212
213
214
215

216
217
218
219
220
221
222
223

224
225
226
227
228
229
238
231

1e111cee
lo111001
16111010
16111811
10111160
1a11t1101
j01ii11e
10111111

11600000
11060601
11000010
11600011
11000100
11000101
11000110
11000111

11061600

11601001
11061010
116681011
11001100
11081101
11061110
11001111

11016000
11610001
11010010
11010011
11616100
11010161
110181160
11016111

11811600
11e11681
11e11010
1ie11e811

11011180

11e111e1
11611110
11811111

1118600800
11160601
11160010
11100011}
11100100
11leeiel
11100110
i1leeiil

This Sheet Has Been Re

AR

000811060 06066666 06001660 08081006
0000811060 00060000 906010008 00061100
00001108 0OGOOO0O 00801100 DOGD16GO
006001160 000000008 000011008 00001100
06001100 00000100 06001060 00601606
06001100 00066100 00001000 00081100
00001100 00000100 00001160 06001000
00001100 00000166 000011680 00001100

00001000 80001006 00000060 006OBAEO
80001000 00601066 00000000 00008100
00001060 00GCO10GO 00000100 DODOOOGO
60001000 600681068 00000100 00060100
00001000 00061166 00080000 00006EEO
06001000 00001100 00000606 00080100
0000106E 0ODO1100 00000100 000R000D
000010006 00001106 00036100 00000100

06061100 60001006 60006060 00060060
00001106 00061000 000000008 00800100
00001100 60001000 00068100 000BO0CD
00001100 00001000 00600108 00000100
06001100 00001100 00006606 00BEO0OO
00061106 000C]1100 00600008 00000100
00001}00 0OOO1100 0COOO10O0 800GOOOO
00061166 00601100 00000100 80000100

00001000 00001000 00O0EO0O 6O6O1060
000016060 00601000 00000066 80B01160
6eo01000 000CE1606 ©OOCO106 600BIA0O
00001000 00001000 0000G100 00001160
600601008 00061100 06000666 60001660
00601000 00001106 £OK0EOGO 06601160
00001000 00001108 00C0O106 06081660
00001668 00061100 60066100 6088611688

00001168 060601000 60606860 68861060
06601160 66601000 66660060 68461100
60061160 oocolece 0006e108 6001606
06681160 006861000 08666180 06061100
66601160 000911606 00060660 06801666
00001108 00001168 00660000 00061160
60001160 00681100 00600180 66661006
06801100 ©0601106 66660100 00601100

06001660 00061606 66061000 806606866
60001000 60001600 06001608 86666168
00001066 60001008 606601108 608660660
00001000 60001660 0OEO1188 D6OOB100
00001000 00001106 06001000 ©0666060
00601000 000G1106 06BG1006 66008100
00801066 60001160 60001108 00006000
20001000 00001100 00061108 00000160
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232
213
234
235
236
237
238
219

240
241
242
243
244
245
246
247

248
249
250
251
252
253
251
255

11161060
11181681
11101010
11101011
11161100
11101101
11101110
ir1anii

11110000
1111000}
11118040
11116011
11110100
11110101
11116110
1110111

11111060
11111661
11111010
11111811
11111100
11111101
11111110
111111

e~

060601108
00061160
00001108
00601108
00001130
00001100
00001100
06001100

00001608
00081000
00001000
00001000
00601000
00001000
00001060
00001000

00001100
00001100
06001100
00001100
ooooliee
00681108
booalioa
poeo1100

ge0e1000
20601000
00001600
gooe1000
gooallna
00001100
@aoeol 100
00001100

00661060
00801000
60001000
00001000
06001100
00041100
00001100
00001100

60001000
00001000
00001000
80001000
ceaealioo
00001100
00001100
00001100

| LONFIDENTIAL

Has Been Replaced

i \\\\l\\

peooleee
60601608
80001100
00061100
30001000
00001000
0ooo1100
00001100

00001600
0no01060
00001100
00001100
00001000
0o0alieoo
00001100
00001100

00001000
00001000
00001100
00001160
00001060
60601600
00001160
00001100

06000000
00000100
00660000
08606100
00060006
00000100
00000060
00000106

00001000
06081100
00001000
00001100
00601600
00001100
06001000
00001100

000601000
000011060
00601000
00061160
00001000
00001100
00001000
00001100



Sheet Has Been Replaced

“THmiw

LOOKUP TABLE 3 :

FROM 0

ENTRY BINARY REPRESENTATION BINARY REPRESENTATION
0 00000000 00000000 Q0000000 00CO000C 0G0GG00A
1 Ooooc00) 00000000 G60O00G00 06000000 000100600
2 00000016 00000000 00000000 000100006 00000000
3 60000011 80000006 00600008 00010000 00010006
1 o0nenaing 00006000 00010006 00000006 60660000
5 ovaunelol 00000000 00010006 00000000 08010000
6 0oocoelia 00000000 060108000 00010000 08600000
7 00000111 00000000 00010000 00010006 GBO10660
8 00001000 00010000 00600006 00000000 00060600
9 0ova1e01 00010000 00000008 00000000 08618000
10 ooooloi0 00010000 60000000 00010000 ©060BO00
11 60001011 00010000 00000006 0OO10000 00010060
12 60001100 00010008 00016008 00000000 00600600
13 00001101 00010600 000100600 00080000 ©6O10060
14 60001110 00010600 06010600 00010000 06000000
15 0oealill 80016006 0061000868 006010000 06610060
16 ' 0o0leobe 00060060 00E000CE G000OCGE 06100060
17 00010001 00000000 0OOOO0OG 000000600 60110600
18 00010610 00000000 00B00000 00010000 00100060
19 oeoleotl 00000000 00000080 60010008 00110000
20 00010100 00000008 60O10660 0DOROOOO 0O1000E0
21 boolelol 00000000 00010006 0OGGOCOO 00110000
22 boolalle 00080008 00610000 00010000 00106080
23 . oboeleill 00000000 DOD160OG 00010000 00110000
24 00011060 _ 00010060 00000006 00800600 00108660
25 60011901 000610060 60000000 06600006 60110668
26 0gollole 00010600 000060000 00010000 06106680
27 geellell 60010666 686000006 06610000 08118686
28 6011160 60010066 00010606 00006000 60106666
29 geelliel 000160660 66616006 0OOOGOOO 06110668
38 oeolllle 06010060 00010000 00016000 60160000
31 6eel1iill 6686106060 00610008 606616660 060110606
32 00160860 96000066 60000800 006106606 60066600
i3 fo106061 06660006 00060000 00100600 00016068
34 00106010 60000000 06000666 60110006 00066008
35 0010801} 666666686 60000800 00116008 080810006
36 oolocleo 00600008 00010000 068100066 60060060
37 00100101 : ' 00000006 006100086 60100600 00816666
38 ecioolie 0060606 06010000 00110000 806600800
39 ae100111 60600000 00010000 00110000 66010008
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48
41
42
43
44
45
46
47

48
14
50
51
52
53
54
55

56
37
58
59
60
61
62
63

64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79

80
81
82
83
84
85
86
87

06101600
geloieal
oaleiold
galeloll
oolellea
eolaliol
00101110
00161111

00110000
Qattoool
00110010
00110011
oe110lo0
no110101
0o110lio
gollaltl

ealligoe
00111001
goliioio
00111011
aolliioe
ooiil1el
goliiiie
00111111

01000000
01006001
oleoeoie
01000011
01000100
01000101
6looei1e
01006111

61061000
01601861
o1oelsie
01061611
gleellee
6les11e1
olo6111e
61601111

01010600
01010061
gigloole
e1e1001l
01o10160
01610101
o1010110
010101}

Thls Sheet Has Been Re

AR

00816000
80010660

00000080 00100008
poeeeoes ooloeaes

o6oeaeee
06010600

()
v

06010666 080006000
6o0laaoe 00000606
00016006 00810000
00010060 00010000
00010000 00010006
00010000 0DO1000O

00000000 00000000
00000000 00600000
00000000 00000000
06000000 00000000
00060000 00010000
00000066 00010060
00000000 00010000
08000006 00010000

00010000 00000000
00010000 60600000
00010000 00000000
00016006 00000000
00010000 60010000
00010060 00016008
00010000 00016060
00010000 00016008

00000008 00100000
00066000 00100000
00000600 001060000
00000000 00100000
00000600 00110000
60000000 00110008
0060006000 60110000
00000000 001160000

00610660 66166060
06016660 60106606
060100006 00100000
000100608 00168068
88010006 00110006
00016066 66116000
oeelooao eollesee
60010000 06110060

06606000 60160000
00806000 06100666

60110000 06600000
doilaces aealoeed
00100000 00000060
00100000 00010000
00110000 06606000
00110000 06010000

00100000 00100000
00100600 00110000
00110000 00100000
00110000 00110000
00100000 00100000
00100006 60110000
00110008 00108000
00116000 00110000

00106066 60100000
00100000 00110000
00110000 00100060
00110060 00110000
00106000 60100000
po100600 0o1l0000
06110060 00100000
00116000 00110000

©000600Q 00600008
00000000 00010000
00010000 60000000
00010000 00010000
00000000 DOOOOBRO
00006000 00010000
00010066 660606006
000160660 0coelo000

66660666 660600000
06660006 66618006
@oe10066 60006000
60010060 BpE10000
00000600 808000608
66600606 00810668
06216000 60008680
00010000 0GO10000

60660000 60166600
08666008 60110000

00000006 60106066 00610000 06106800
66ea0660 08106060 08616006 00110008
00000006 001106600 60666600 00160800
00000000 06110600 0666000C 668110000
00000000 00110806 060166600 06100000
0006B006 60110000 00610000 0G110008
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88
89
90
91
92
93
94
95

96
9/
94
an
100
101
102
103

104
185
106
167
108
109
110
111

112
113
114
115
116
117
118
119

120
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135

819110e0
alelieal
aigliela
aieliall
alei1lee
plattial
glalrlle
a1l

011080000
01160001
alieoto
agliooot!
01100100
ol10010t
61160110
01100111

g1101600
ait0l10al
olialele
oliaiali
oliellee
olialiel
olletlle
oriatin

01110606
01116001
01118010
01118611
pl1ielee
01110101
01110110
bi11e111

oliileee
01111881
gillieie
81111811
01lillee
81111161
01111116
ai1iin

10660000
100006001
10006010
10600011
10000100
16000]01
iceoei11e
10000111

06010608 06100660
28610000 00100606
60010000 06166060
660100006 00100660
06010000 06116000
00016600 66110000
06010000 66110600
00010000 00110000

00000000 00100000
00000000 00100060
80000000 00100000
(00006006 00100000
00000000 00110000
00006000 00116000
00060000 006116000
00000600 00]16600

00010000 00160000
66010000 00166000
00010600 00106000
00010060 00180600
00010000 00110000
00616000 00110600
060010000 00110000
00010000 00116000

00806068 68160800
08060606 60106068
00000066 60160008
000006606 06160060
00006000 60110608
060060000 68116606
00006066 66116608
00000868 081106886

860160606 001066600
teélecos 66100606

This Sheet Has Been Reraceé

[T

09600066 80100600
00600000 00110600
00810606 00100000
0oo10066 00110600
00600000 00100000
00006000 00110000
00010000 00160060
00010000 00110000

00100000 00880000
00100000 00018006
08110000 00000000
00110000 08810000
00106000 00000000
00100006 00010008
60116000 00000060
66110000 00816000

00160000 06006600
00160000 06016060
80110000 06000600
00110000 00610000
00100000 00080008
00100000 00010000
00110000 00000000
00110000 00010000

00160000 06106800
00100000 00118060
06110008 60166660
06110006 66110800
001000060 001660600
001660006 00110660
061100008 001600600
601100666 0alleasa

66lo0066 0a16a066
00166060 00110680

660100600 00100000 00110008 08166008
60010608 00100000 60116000 06110066
06016060 00110000 80106000 BB1000BO
06610006 68110080 68l00068 06118860
06010008 001100008 661100680 66108860
0ooio000 60110000 06110006 06116868

0010866600 60000066 000G606LE DOOEEOBO
00168066 60006600 60000000 68610600
00166006 66060000 DOO100BG 66600000
08100000 60000060 06010000 006010660
60166000 00010000 00600000 CODOODEE
00100000 06010000 ©6060EEO 00B18660
60105600 00010008 ©£60186C0 00BOOEEG
00108000 0010806 66010000 6OO16660
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136
137
138
139
140
141
142
143

144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159

160
161
162
163
164
165
166
167

168
169
176
171
172
173
174
175

176
177
178
179
186
181
182
183

19601660
le6eleol
10091010
legeiell
loeatleg
1e6oa1101
leeallia
10001111

10010000
10010001
lo0ie0ie
10010011
10016100
10810101
16010110
10010101

10811000
10011001
10011010

10011a11

leelliog
10011101
leaillie
10011111

10106080
loloeogl
10100010
leleesi1
10100100
leieel1el
10106110
18166111

181016068
10101061
le1e1010
l1e1e1011
16101108
18181181
10101110
18101111

10116000
16116861
10116010
10118011
lallelee
18i1elel
1o0l10116
16110111

001100606 06600060
0e1lo00e ooocasee
00110060 00000000

This Sheet Has Been Replaced

00666660 00000008
08000080 00010008
00016060 00000000

g61]oce0 pocaeeee 60010006 60010600
26110000 00010000 06000006 06000000
00110006 00010000 00000008 006106600
00110000 00010000 000100600 00000000
00110000 C0G10000 NOGO1000E 66610000

00160000 60666000 00000006 06106000
00J00000 00000006 06000006 00110008
80106000 00000000 000100600 08160060
00100006 60000000 60610006 60110000
66106000 00010006 00008800 60100080
00]00000 00010000 08000006 60110000
00100000 00010000 00010000 00100600
00106006 00010066 00010008 60110000

00116006 DPOOOOOO 00BOGHBO 06100060
00110000 0000006 00000000 00110608
00110000 00000006 00016000 00166000
00110000 0000600C 0GB100060 00116660
00110060 00010000 00000006 00160000
00110000 00010008 GO0000G6 00110600
00110000 00010000 00010060 00100000
00110000 00016060 00010000 00110000

006100660 00600008 00100000 6000000
00106006 00000060 00100000 00010000
00106000 00000068 0G110000 0OBOOOOD
00100000 000006006 00110000 86010060
00100000 00016068 53100660 0OBOBOOD
06looooe 00010000 00106060 606106860
00106000 0001000 0O110B0G 00BGOGCO
00160000 606100606 00116060 66016600

60116006 66600060 661006680 66606066
gollp000 00000060 00106008 BOOl00BA
66110606 00000066 60110868 66068680
00110000 60000000 60116000 £6016006
668110000 606166066 06166000 60006066
66116060 60010066 06166680 06010660
Gollcees 06016000 00110060 66660006
00110066 60810668 06110000 06010000

00100000 66600000 00100060 66166060
60160600 00666866 061660860 60110660
00100066 06066000 60110066 06106068
00100000 06606066 00110060 60110068
66106600 60610000 00100600 66100608
08100006 00810600 00160060 66110668
001060000 60010000 60110060 00100608
66100060 00010660 00110000 00110068
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184
185
186
187
188
189
150
191

192
193
194
195
196
197
198
199

200
201
202
203
204
205
206
207

208
209
210
211
212
213
214
215

216
217
218
219
220
221
222
223

224
225
226
227
228
229
230
231

161110080
18111061
10111010
10111011
10111108
18111101
10t1i110
10111111

11600008
11000001
11oeaaia
11060011
11600100
11660161
11066110
11000111

11001080
110010601
11601010
11001011
ileello0
11@081101
11egllio
11001111

11010000
11010001
11016010
11010011
11010108
11010181
11016110
11016111

11611666
110116001
11011010
11611811
11811108
11011161
11811119
11011111

11100060
11100801
11100810
11166611
11100100
11166101
11100110
11100111

08116000 006000608
00118000 oooeseeo
26110660 000GGBE6
00110006 06000060
001166606 00016666
00110000 00016606
00116060 00010000
00110000 000100600

coloecoo oelogooe
00106000 00100060
06160800 00108000
00100006 00100600
60loooo0 06110000
00100000 060110000
80100000 00110000
060100000 00110000

06110000 00180660

Dollooee 606106000
60110000 00100000
oglioone oaloooea
00116060 00110000
00110060 00110000
00110000 00116000
06110600 60110008

00106006 06100000
00100000 60100600
ooleecen 06100006
00160000 00100000
06100060 001100060
0olgcoee 60110000
pe106006 50110008
66100068 00110000

ee11e660 66160000
06116060 0668108600
6@118be6 o8loo000
66110660 08186800
6elleceo 00110668
00116006 66110000
08116060 ©6116060
6ol116666 6elleeea

Sheet Has Been Reﬁaced .
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08100068
06100000
goligeee
0a110000
6eloceaa
061000060
60110000
00110600

00000006
00000000
00010060
00010000
66000000
00000000
00010000
oeo16e00

00000086
60060000
00010000
0oa1e060
00006000
00000600
80010060
660010000

60008006
00000000
ooolo0ee
6eelaeoo
60000000
00000000
060010000
000106660

66600000
gceaeoee
beoioocen
eealocees
86060000
66660060
00616008
60010006

aeleeces
oeiloooe
06100006
66110008
60100086
00110600
0010600600
00110000

60066000
00016000
00000060
66010000
66006060
00010000
00660608
00010000

00066000
00010000
00006000
00010000
00000000
60010000
90000000
00010000

60100000
00110000
00100000
06110600
06106000
00110000
eolooaoe
09116600

ea160000
oelieeee
06100000
6elloeeg
60loecean
@el1e666
861600080
00110000

66166000 60160000 86100006 66666066
06106008 00100660 001660660 60810060
00100000 06166060 60110606 66660000
06166680 60100600 60110066 66810660
60100008 68110066 00100000 60660060
06106600 0p110060 06106008 66010808

- 00100000 00110000 60110660 6666E000

00166€00 6al10066 00116068 60610600

IBM CONFIDENT 1AL



232
213
234
235
236
237
238
239

240
241
242
241
244
245
246
247

248
219
250
251
252
253
254
2585

111@1066
11161881
11161010
li1g1a811
11101100
11181101
11101110
11101111

11110000
11110001
triiooio
11110011
11110100
11110101
11118116
11118111

11111060
11111001
11111610
11111011
l1l11100
11111101
11111110
THILILT

This Sheet Has Been Reﬁaced

(TR

00110000 00100000 081068060 00066660
00110006 081000668 GG100066 Q0010000
00110000 00106000 00110660 00066000
00110000 00100000 06110600 00010000
06110066 00110060 00100000 00000000
00110008 00116660 00100000 000106GO
06116006 00110000 00110000 000EOBEO
00110000 6all0600 00110000 80010000

00100000 00100668 00100000 001008000
00100000 00166600 00190000 00110000
00160000 60100000 00110000 001000080
00100000 901006060 00110000 00110000
00100000 00110000 00100000 00100000
00160860 06110000 00100000 00110000
00100000 00110000 00110000 00100060
00100000 00110000 00110000 00110000

20110008 00100006 00100008 00100008
00110006 00100000 00100060 00110000
90110008 90100000 6110000 ©O10O0EH
00110000 06100000 00110000 60110060
00110000 60116000 00100000 00106006
00110000 DG110000 00100000 601100006
001100068 60116000 00110000 00100000
00110066 00110000 00110000 006114008



LOOKUP TABLE 4:

ENTRY

=W N - D

~N OO

io
11
I2
13
14
15

16
17
18
19
20
21
22
23

24
25
26
27
28
29
36
31

32
i3
34
35
36
37
38
39

FROM
BINARY REPRESENTATION

06000600
00060001
00000010
00000011
00000100
00000101
0ogoajio
00000111

00601000
0cooi00t
pooaiolo
0ooeala1l
60001106
06001101
00001110
ooaeillil

00010000
00010001
00010010
ooeieell
oeeleloe
boolelel
ceolelle
oool18111

00911008
88811001
oeoi1810
geellell
oeo1l11e0
eaeliiel
goelllle
06611111

80160088
00160001
oalce010
60108011
0ojoel160
6olea101
oeleolie
00100111

T0
BINARY REPR

00000000 00600000
00600000 00600000
00000000 00000000
00000000 00006000
00000008 010600000
00000000 61000006
00000000 01000000
00000006 01000008

61000006 06006000
01000000 000600600
01000000 60006060
01600000 00060000
01000000 01000000
01000000 01000008
01006000 01000006
01000006 01000600

00000060 00006000
00006600 08000000
00000006 60000666
00060060 00006060
Occooooe 01008000
00000066 01000000
06060000 01600060
00000066 01006668

@loe0008 06000000
6leeoe00 00006000
81006600 06608000
01066006 06006008
61060006 01000000
616060066 01666000
01660666 81000060
01600608 01000066

08068666 06600000
06606060 06000608
06000066 06600800
66000600 68600066
00006066 81000060
880080000 01060060
00000606 01680660
606866000 ©1060008
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(00008000 00000000
$0000000 010000G0O
01000000 00000000
01000000 01060000
000600000 00000060
00000000 010000600
01000000 00606000
11000000 01000000

08000060 600000080
00000000 01000000
010000080 06000000
(1000000 01000000
00000000 060000000
00000000 01000000
01006068 00000000
01006000 01006600

00066006 10000060
00000008 11600000
01000000 16000000
01000000 11000000
00000000 10000008
00600000 11000000
61060060 10000000
010000606 11000000

66060060 10000068
00066600 11000000
01680060 16000008
0leoecee 11600066
060666008 18600086
00000060 110000660
01600006 16060068
piogeoce 11000000

19600060 00000006
106000688 61000060
11606060 66600860
11666066 61000068
10000608 06060000
1606006 61000006
11666060 06600000
11006068 81000000
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40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55

56
a7
58
39
60
61
62
63

64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79

a8
81
82
83
84
85
86
87

goioleee
aaioleol
golelelo
geleleil
fele1100
oolollel
golollia
00101111

00116000
00116001
Go110010
00110011
goiloloo
oolloelatl
oeilelle
ooliein

ool1le00
0011100l
goli1ieio
00111011
6al11100
gotiliel
ooliilie
00111111

01000060
01000001
01000010
010000611
6looeloo
01060101
6iocoaile
01066111

0leg1600
o1ce16061
oloeliele
01001611
aleeilee
eleo1iel
eleeille
01661111

01010660
g1010001
oleleele
elo1ee1l
eleleiee
ololeiol
eleioile
e1a10111

01060666
g1coe668
01006060
Oleeaean
01000006
01000000
01000008
01000008

00006660
00008000
00000000
00660000
00000000
00000000
00000000
00000000

01000000
01000000
01660000
01006000
01000086
01000000
01000000
016080000

00000086
00006066
00060008
00006060
000006066
06000000
ooooeees
06000600

61000668
©1000666
01608660
g1600680
01660000
816606006
olepoeae
g100060686

oeoaocee
000660600

000606800

06000000
00060068
00000660
00000060
00000000
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cecoecee laeeceon
08060066 10000600
80660006 11060000
00000008 11000000
01000606 10000008
01000600 10600000
01006600 11000000
01060000 11000060

60000600 10600000
60000000 16600000
00000000 11000000
00000000 11000000
01060606 100060000
01060000 10000000
01008000 11000000
01000000 11600000

066000600 10066000
00000000 10000000
000006060 11000000
00000000 11060600
01008060 10000000
01000000 10080000
01600000 11000008
01060006 11000000

16600000 000006000
10008000 00066000
10000000 01000000
16000000 01008000
11066660 06066000
11660000 086000000
11660600 01000000
1168068008 01000080

166606686 660660660
10600600 00060660
10060660 01660060
10666000 61006060
11660068 aoeoecee
11660600 08660066
116660686 01606000
11060060 61686000

10000006 66660008
16660060 08066008
16660060 91060600
10660000 91606680
11000008 08600060
11008000 60660080
11060068 081686600
11600000 01666060
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00600600
61606000
06066000
01060000
a0cee008
01000000
06000600
01006000

16000600
11000008
10000000
11000600
10000060
11000000
10006060
11000060

10000000
11000000
10000000
11600000
10000000
11000060
10000000
11006000

00000000
01000000
66000008
01060060
00000000
016000060
06000000
plo00008

606606068
81660000
000080060
61600008
6ooesoee
61666008
00000008
@l006000

lageoee0
11006008
16600008
11606000
10086006
11600066
16600600
11000000
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88
a9
90
91
92
93
94
95

a6
8
94
99
100
161
102
103

104
105
106
107
108
169
110
111

112
113
114
115
116
117
118
119

126
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135

o1ol1eee
01011001
olelieia
81011011
01011108
o1aliloet
61011110
a10i1111

01100000
61160001
atieoalo
01100611
@11001006
olleeiel
01160118
61100111

01101000
o1loioel
oilelole
ei1ei011
olielioo
olleliel
glieille
o1181111

@11i0000
61110601
olllee1a
el1leell
@ll10100
a1110161
elliella
el11e111

61111600
Gl111e81
e1111e1e
81111811
al11ilee
ei111le1
e111111e
81111111

10060006
10666001
16606016
166606011
1000e100
10000101
lee06110
10000111
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01006660 10006086 06866600 106680060
61060000 10060000 06600600 11000660
010000008 10006060 61060000 10006066
01000006 10000000 61000000 11000060
01000008 11000060 06008660 10060000
01000006 11000008 06000000 11000000
01000000 11600006 016000666 10080009
61000066 11066606 81000000 11006000

00600000 10000000 16000060 00000000
00000606 10000000 10000000 01066000
00000660 10008600 11600000 000606000
06000006 10000000 11600000 01000000
00000000 11000000 100060006 00000000
00000600 110060680 10000000 01000000
00000000 11000000 11000006 000060000
000006000 11000000 11000006 016000000

01000600 10000000 10000000 00006600
01060006 10000000 16000006 01000000
01000600 10066000 11000006 00066000
01000000 10000000 11000006 01086800
01000000 11000000 10006000 00006600
flcoooe0 110006006 10066000 01000000
01600066 11000000 11000006 00000000
01000060 11006600 11060000 01000660

00600000 10600600 10660000 10000608
00008600 10066000 10006600 11000000
000000060 10000000 11000666 10660000
060000008 100000060 11600008 11666000
00000000 11060000 10000006 10000080
boooccen 11000000 10066000 11000000
60000060 110600660 110660000 10608060
000080686 11666000 11000600 11000808

01666000 10000000 16666066 10686000
01660600 10606006 106606060 11666086
01000006 10006600 11000066 16680660
01000008 10000000 11000000 11066060
01660000 11000066 106008066 18000660
01000006 11666000 10000000 11000068
01600060 11000060 116606660 10000660
01006660 11000000 11000080 110860800

16666000 60000000 00600000 08606000
10000068 00000600 66668000 61000606
16600000 60666066 01666006 £6660600
16000660 00000080 01000060 01666000
10600000 01000008 60006600 £6060600
10060008 01000000 66660060 01600060
10080006 ©1080066 01600000 66060086

10660000 01000006 01006600 616060008 -
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136

- 137

138
139
140

141.

142
143

144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159

160
161
162
163
164
165
166
167

168
169
176
171
172
173
174
175

176
177
178
179
186
181
182
183

leea1068
168616061
10001810
1000161t
10601100
logallatl
leeelila
10661111

16010000
10010001
10010010
10016611
16010100
16810101
loelelle
legiolll

10011000
18011601
10011010
16011011
iee11106
10011101
1011110
16011111

10160060
10100001
lelooolo
10100611
10100100
10108101
10108110
16100111

1101068
161816061
lelalele
10101011
16101100
1g181161
16101110
10101111

16110600
18110061
10116818
10110611
161101600
18116101
leiielle
10110111
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116666800 06000600 H0O6E606 66080600
11000600 68000068 00608066 01000008
11006000 00060006 01000688 00000060
11006608 00000006 01066000 01000000
11000006 01006006 06000000 00660000
11000000 010000008 00000000 01000600
11000000 01600000 01606660 00080000
11000000 01000008 01000000 01080000

10000006 000000668 00060060 10000000
16000000 60600008 00000000 11000000
10000006 60006000 01000006 10008000
10000008 00000000 01000066 11086000
16660000 01600000 60000000 10000600
10000008 01088006 60000000 1160BBOD
100066060 01000600 010006060 10000060
10000000 D1000006 61000000 11660000

11006066 66000660 06066060 100800000
11000006 6000000 00B0006G 11000080
11000000 66000000 61060000 10000060

11008000 06660000
11006606 61000000
11000000 01600000
11000000 01000000
11000606 01000000

100060006 00060000
10000000 08800600
16000006 00000060
10000000 060000000
looogeoe ©1060660
10000008 616006006
160000666 81008000
100060006 61060660

11666008 06066600
11668006 06680600
110066668 080006006
11000608 60600666
11606068 81600066
11c66008 01660600
11000066 910600000
11000680 51060008

166606666 68600000
10000000 60060660
166008068 06600000
10000066 60000660
10088666 01000000
160600600 61006660
16600000 £1606068
106006060 01006000
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810006060 11000000
00000000 10000000
00000600 11000000
ploc0000 16000000
61000066 11000000

10000000 06000080
10600008 ©1000060
11666006 00000000
110600000 61060600
10600000 00000000
10660066 061000600
116660060 00600000
11666006 016668000

10600000 00006600
10666060 ©1800000
11660660 00000000
11066600 £1000006
10086080 00068000
16600000 61060608
11806006 60066868
11660060 01000000

1606006000 190068660
100666600 11060666
11000608 16000060
11860000 11000000
16660000 10000000
16666600 110000060
11660006 16600060
11000000 11060006
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184
185
186
187
188
189
196
191

192
193
194
195
196
197
198
199

20@
201
202
203
204
205
206
2087

208
209
210
211
212
213
214
215

216
217
218
218
220
221
222
223

224
225
226
227
228
229
230
231

18111008
18111061
lel1101e
18111811
10111100
16111101
16111118
16111111

11060000
11060001
l1oe0010
11000011
11000100
l116ea101
11000110
11080111

11001000
11601001
lieslele
110010)1
11601100
11001101
11ea111e
118081111

11010000
11010001
11916010
11016011
11610160
11010101
11618110
11ele1i1

11611000
11011061

11011618 .

11611011
116111e8
11011161
11811118
11011111

11166600
11100001
11106810
11108811
11106100
11100101
111ee11e
11100111

11660000
11060000
11068000
11660006
110060068
11000000
11060000
11000000

10060008
10006600
10000600
10000000
10600600
16000000
16000000
16000000

11066000
11000000
11000600
11000000
11000000
11006000
11000000
110060000

10000006
10006060
100000600
10666000
100ee000
10600000
100600600
16660000

11860606
11060608
11000000
11666606
11600060
11060660
11660600
11660608

10860060
10000006
16666000
100066086
16660000
106686060

06660006
oceecees
80600006
006006606
010oe66e
61000066
01060000
01000000

10086606
10000600
10600006
10000008
110000006
11¢e6600
11600666
11666000

100000600
10600000
16600000
10000000
11000000

"11000000

11000006
11600000

10000000
100000060
16006000
160600060
11000000
1160660060
11000000
11606066

16060000
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160008600
166600600
11660000
11060060
10660004
16660000
11606000
11600000

boeeeoeo
60000000
01000600
0l1o06600
060000000
00000000
0lecoogo
01000008

000000608
ooeoaaoo
picooooe
61000000
00ego008
0ooe6000
oloeco00
610e0008

oo068608
60000000
oloeoaeo
0leegooa
oaco0e60
06660000
ele0e000
01666600

eo8o0000

16066668 00000660
16060000 610066608
16000066 ©1000060
11000000 66006666 160000600
110606600 06600000 11060066
11000066 01666606 10000660
11806600 61660060 11666600

R

loeeesae
11000060
10660006
11000608
le006600
11000086
10000600
11006600

06006000
01000060
00000000
01000000
00000000
01000000
00000600
01000000

60000006
01006000
00000008
01000000
60000006
01c00000
60000008
01060008

10006608
11600000
106000000
11000000
lesa0000
11600000
16600060
11608600

100086000
11600060
18000000
11606600

10666000 18800066 08660000
10000008 10000000 81086006
10660000 11666866 660806000
16000006 11088000 01080000
11606600 10000068 00660860
11000068 10800060 01668000
10066060 11000860 11000086 66600000
10800000 11000006 11000060 01000060
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232
233
234
235
236
237
238
239

240
241
242
243
244
245
246
247

248
249
250
251
252
253
254
255

111681080
111610061
11181610
11181811
11101108
11101101
111el110
11101111

11110060
I1110001
11116610
11110811
11116100
11116101
11110110
11110111

11111060
11111661
11111010
111110611
11111100
11111101
11111110
11111111

11666000
116066000
11006600
1100660
11066608
11060008
11000066
11060000

1oceeeee
166600668
10060008
10000000
10060008
16606000
16660000
100060600

11066600
11600008
11600000
11060000
11066600
11660000
11600060
11006600

160606000
160060000
16600600
lo6eee00
11606000
11660660
11000000
11060060

10886006
10006608
10606000
10060000
11660068
110600606
11006600
11066000

100066660
10000000
lgeeceo0
leceeeen
11000008
11800000
11006060
11000008
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16666600
16600000
11666008
11060066
106000000
16000008
11066060
11000060

10680066
16660660
110060008
11600000
10600060
16600600

"11000000

11660000

16066000
16666000
110600600
11000080
16000008
leea0066
11006608
11606008

T

geeceaes
91060000
0ooocoe0
01006600
oceccece
a1066660
00600000
01600000

166666000
11000000
10600600
11000600
10600060
11066000
10000000
11006000

16668660
11600660
160006008
11600006
166060606
110660600
10066000
11600000
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The embodiments of the invention of which an exclusive

property or privilegye is claimed are defined as follows:

1. In a 32-bit operating system, a method of rotating by g0°
a block of bi-level image data having 8 rows by 8 columns of
pixel data bits, comprising the computer implemented steps of:

generating an intermediate matrix having 8 rows by B8
columns of pixel data bits, wherein each row from the block is
divided and translated into a paired nibble column, alternate
rows from the block being arranged transversely and lower
order rows from the block being arranged on .top of higher
order rows. in the baired nibble columns of the intermediate
matrix;

saving the rows of the intermediate matrix sequentially
into first and second 32-bit processor registers;

copying the first 32-bit register into a third 32-bit
processor register and the second 32-bit register into a
fourth 32-bit processor register;

shifting each of the first and second regisfers by one
bit in opposite directions; and

overlaying alternate bits from the fourth register onto
the first register and from the third register onto the second

register.

2. The method, according to claim 1, wherein the step of
generating an intermediaﬁe matrix comprises generating an
intermediate matrix wherein the alternate rows are arranged
transversely from right to left, and wherein higher order bits

from each divided row are arranged on top of lower order bits.

3. The method according to claim 2, wherein the step of
shifting each of the first and second registers by one bit in
opposite directions comprises shifting the first register by
one bit left and shifting the second reéister by one bit
right.

4. The method according to claim 3, wherein the step of

overlaying alternate bits further comprises the steps of
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zeroing out all odd bit of the first and fourth registers and
all even bits of the second and third register, and logical

ORing ' the first register with the fourth register and the

7

second with the third register.

5. The method according to claim 1, wherein the step of
generating an intermediate matrix comprises generating an
intermediate matrix wherein the alternate rows are arranged
transversely from left to right, and wherein lower order bits
from each divided row are arranged on top of higher order

bits.

6. The method, according to claim 5, wherein the step of
shifting each of the first and second register by one bit in
opposite direction comprises shifting the first register by
one bit right and shifting the second register by one bit
left.

7. The method according to claim 6, wherein the step of
overlaying alternate bits further comprises the steps of
zeroing out all even bits of the first and fourth registers
and all odd bits of the second and third registers, and
logical ORing the first register with the fourth register and

the second register with the third register.

8. The method, according to claim 1, wherein the step of
generating an intermediate matrix comprises:

obtaining a first set of 4-byte values from at least one
lookup table for each odd-numbered'row from the block and
dynamically overlaying said first set of 4-byte values in the
first 32-bit register; and _

obtaining a second set of 4-byte values from said at
least one lookup table for each eveﬁ-numbered row from the
block and dynamically overléyipg said second set of 4-byte
values in the second 32-bit register.

9. In a 32-bit operating system, a method of rotating a bi-
level image by 90°, comprising the computer implemented steps
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a) selecting an unrotated 8 by 8 pixel matrix from the

of:

imége data;

b) geheratinq an intermediate matrix having 8 rows by
8 columns of pixel data bits, wherein each row from the block
is divided and translated into a paired nibble column,
alternate rows from the block being arranged transversely and
lower order rows from the block being arranged on top of
higher order rows in the paired nibble columns of the
intermediate matrix; '

c) saving the _rows of the intermediate matrix
sequentially to first and second 32-bit registers;

d) copying the first 32-bit register into a third 32-
bit register and the second 32-bit register into a four 32-bit
register;

e) shifting each of the first and second registers by
one bit in opposite directions;

f) overlaying alternate bits from the fourth register
onto the first register and from the third register onto the
second register; and

g) repeating steps a) through f) until the image has
been rotated.

10. A 32-bit operating system for rotating a block of bi-
level image data having 8 rows by 8 columns of pixel data
bits, comprising:

means for generating an intermediate matrix having 8 rows
by 8 columns of pixel data bits from the block, wherein each
row from the block is divided and translated into a paired
nibble column, alternate rows frdm the block being arranged
transversely and lower order rows from the block being
arranged on top of higher order'rows in the paired nibble
columns of the intermediate matrix;

at least first, second, third, and fourth 32-bi§
processor registers, the first and third registers for saving,
in duplicate, the first four rows of the- intermediate matrix
and the second and fourth registers for saving, in duplicate,
the remaining four rows of the intermediate matrix;

.means for shifting earh Af +ha Fived ~nd ~n---
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by one bit in opposite directions; and
means for overlaying alternate bits from the fourth
register onto the first register and from the third register

- f

onto the second register.

11. A system, according to claim 10, wherein the means for
generating an intermediate matrix comprise at least one lookup
table.

12. A systém, according to'claim 11, wherein said at least
one lookup table comprises multiple look tables, each lookup
table being adapted for generating a 4-byte value for at least
one row from the block.

13. A systen, according to claim 10, wherein the means for
generating an intermediate matrix comprises:

four lookup tables, each lookup table being adapted for
generating 4-byte values for at least two rows from the block;
and

means for dynamically overlaying 4-byte wvalues from

alternate rows from the block into one of said registers.
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