A SYSTEM FOR FASI'QO DEGREE,ROTATICN OF BIjLEVEL_INAGES 1. Field_of t he
“invenition The presepéTEAVERR PAsHelR Sedid dhahiabn BRI MI0AAAS! NeAGES
or e

met hod and nore particulafly’to a netho tf.ast rotation of bi-leve
I mges. 2. Description of the Prior Art Bi-level imges (also called '

monochrome i mpges) g8l d NBges, davhPgnk ush two-intensity levels (generally
bl ack and white or black and green) because their bi-level bitmps contain
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-increasing proliferation in o?flces and hone offices of |ow nenory
conputers, sulf & vGveh aAM¥FRSand personal conputers, conputer storage of
of fi ce docunentation, reports, forns, letters and even photographs, is
becom ng prevalent as a neans_ for _reducin physi cal st orage

requirements #nd i MASHAIREIRE 25 abhe| Pyies égon of fice files. I)ocunents
are conmonly pgcaiiRd | fhagéaMWiNo SY81 €88 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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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 the 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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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



of "an original inmage. The relation between the address | oc
original points of data and the output poi nts |s caIcuIate
cal cul ated val ues Le prestqrel ed i oku& tabI The | gemg;actél fromthe
original address’loca ” ' étr‘é’d t"pé‘o %8 'usi™y? T he out put

. : : o is Sheet Has Be nReplaced
processi ng system-for formng a slantw se napped or rotat eg &l

|ons i's' thél tra
address information frontthe Iookup tables. U S. Patent Nunmber 5, 067, 167 of

Cornel |l Resear h FOB gatlogl Q égses rotating ree- di nS| naI

i mge by 90[erTY] g&eng th%%p s0P& & fofi 96¥h O¥Fi%yi %ﬁﬁ?é?ses
REPLACEMENT SFEE§k3w€ﬁqr dhnaﬁ\egéatayegcafmﬁ hg ttheeemdigeensi aapttwrrmgeplwe& by
Pat ent Nunber 5123 168 of Pltqﬂg s Inc. disc]oses g ﬁgm Q%aaqéina%e

by scanning t B gBapped, Gt a.%?EEFmB?H&%«ﬁlﬁﬁpﬁE Ye O HetiRe nPAPRE
size and skew phatbe PEPESrmiNge.a PseLaed NG A a3@yd-asintlf ted ederitideAld pixel
verti cal plXElshifts, 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.ien'l:al'..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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while altelnaLe bll £rom 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
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and second regk%&%&%iTﬁf“%ﬁé(%%égigyetgk%lnal 16, the image scanner 18 and
the printer 20 each may 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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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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operating system environnment such as IBMs O5/2[err] syst B g"ﬂenwej”e

original two that now contain the rotated data image.

Throughout, only threé-mémory accesses 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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di splay 24, such as illustrated in Figure 2. In order for the ﬁﬁ}j’e m .
use the displayed i mage in any neani ngful way, the orlentatlo

must be rotatedABIE & ockwi se to the position 22a shown on the conputer

display 24 in [ ~F—Hre=steps-of-t-he<het-hogd—ah=thi FEToTore
illustrated |nlkﬁgwfiom/d|agran3mf Figrg gy A4 glascubged epcBi er| Arhe | A3
present inventilon rotates inmage datg in § by 8 |pi xel hlock keg ThHus

"age (bl ook S R0V Erqure 4) g be |ebr deiht od 45t hp oA bl Commtp e sdi <2

forth bel ow in I%\b| e A RE L@gEI\/EEI\glsT-H'I?Eg Ddte 2 11 NQV 1093 6 | »5 Al "
Row 4 G4 |Go |E4 |EO ca |co |as [ao J‘
Row 5 7 |u3 |r7 |F3  |D7 |D3 |B7 |[B3
Row 6 ‘ws |w2 | F6 | E2 D6 |D2 |B6 |B2
Row 7 Hs m—_.—m E5 | F1 D5 (Dl {B5 |B1
“Row 8 we |no |Fa | Fo pa |pD0o |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,
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matrix on its s ﬂ@{ ﬁgw bec s the right-hand colum of 8 bits,
with the AO plxa at %r1 2C§B§?§rclockmﬁse 90[err] rotation turns

the matrix so that Row 1 becones the left- hand colum of 8 bits, with the
AO pi xel at th These sul,ting daja rep esentatlons ahe

illustrated i n%fg%q‘east ané’fgol ?\‘%t hll?tggg‘@r lp%tf% Mt o et beneral preferred
princi pl es and empestimmst ares SypHivedntic ackirdwy battth dlec hwissel tndeing saved
Counter0|OCk“‘ﬁﬁd@ﬁfﬁﬂé%&E%%“%&%ngz—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 o -1 1 0 o 0 0
Row 6 0 1 0 1 1 1 0 0
Row 7 0 0] 1 0 1 1 1 0
Row 8 | 0O .]oO 1 0 o |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 Rl as:

This Sheet Has B
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matrix is genereted tbekuperapppef.oundation for dividing the matrix into
two register-size rows of 4-bytes each The internediate matrix is stored
in the two target 32- bit registers, and then copied into a further pair of
32-bit registers. The data in ggey four registers is then ganlpulated and

the four regi stR@Ns are fiBENARY REHRESPWEITIBRCK into ﬁﬂﬂny REPRESENTATION
00010100 00000000 00000100 00000000 00001000

% BEEN

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 df
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
Zgw BINARY REPRESENTATION ' BINARY REPRESENTATION
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

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

FROM TO
ggw ~ BINARY REPRESENTATION - BINARY REPRESENTATION
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
loockup table }, 2, 3, and 4 respectively, the result is saved.
in R2 as: ' '

BYTE 3 BYTE 2 BYTE 1 BYTE O

R2 00010000 00110100 . 11000001 00101101 “*'*5-~:m'w—-~~ ;__;*_

' 'This Sheet Has Been
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requires four N%ﬁﬁr?ea@ééﬁéeyegennbyEEmsro$25&ﬂé51d1ﬂﬂ bl glsk roaddr bytes on

accounts for th@o{a”%o?‘ag’ﬁe%p?’%\%%{ |by}'e Ef)he’?g%lt@ﬁ FEarg

preferred enbodi nent

bl ock of

vent

ey it

RO

i mage data is transforned into a internediate matrix (bl ock 52),

cor di tgoiggws:

rtXx

&

that is re- arrmngedein a nannerltdﬁ@tos(;eytls the process of re-aligning the

pi xel s to a posiyt iggpg MPre proxynp

ot on 4 I, s o0, miended Qo). elockuse rotaty
R1 BYTE O 00101001
R2 BYTE 3 00010000
R2 BYTE 2 00110100
R3 BYTE 1 110060001
R3 BYTE 0 00101101

t ei.r position follow ng conplete
JF8 Bgim ﬁ] on, the

the

first four rows (or first four-byte row) of the intermediate

Therefore, returning Lo the original generic example,
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).

matrix is held in the two 32-bit registers in R1 and R2 in the

Thus, in a 32-bit environment, the intermediate

following representation:

Rl:

G G3 ET E3 C7 C3 A7 A3 | G6 G2 F6 K2 C6 C2 A A2

G5 Gl E5 Bl C5 CI AS Al

G4 GO E4 EO C4 CO A4 AO

R2:

H7 3 €7 F3 D7 D3 B7 B3 | W6 12 F6 F2 D6 N2 R6 B2

iI5 M F5 F1 D5 D1 BS Bl

114 HO F4 FO D4 DO B4 BO

The contents
other 32-bit

of registers R1 and R2 are then copied to two

registers R3 and R4 respectively (block 58) to

achieve the following representation.

Rl: G7 G3 E7 E3 C7 C3 A7 A3
R2: W7 H3 E7 E3 D7 D3 B7 B3

R3: G7 G3 E7 E3 C7 C3 A7 A3
R4: 17 U3 F7 F3 D7 D3 B7 B3

G6 G2 E6 E2 C6 C2 A6 A2
H6 12 F6 F2 D6 D2 B6 B2

G6 G2 E6 E2 C6 C2 A6 A2
Hi6 12 F6 F2 D6 D2 B6 B2

G5 G1 E5 Bl C5 C1 A5 Al
H5 H1 F5 F1 DS D1 BS Bl

G5 Gl BS EI C5 CI A5 Al
H5 W1 F¥5 F1 D5 D1 BS Bl

G4 GO E4 EO C4 CO A4 AO
H4 HO F4 FO D4 DO B4 BO'

G4 GO E4 EO C4 CO A4 A0
H4 HO F4 FO D4 DO B4 BO




TABLE B Row | Gr G3 E7 E3 7 C3 . A7 || ARASRNEET HAS BEEN
G5 &2 E6 E2 Co C2 A6 A2 Row 3 ' (€3} Gl RE3ACED

C5 CL AS A Row4 : A GO E4 EO A O AL — RO
Row 5 Whep Thesopptiaes is qy S0Tpgl o seag ek on (Plock BR), the

112 F6  F2 oyB8 1iRZ k1 BRda @2 JRQW G, : Ht 659 anf theD8dd Phit
B5 Bl RowB Kb Bk R gt@abroed oy (Lo Pyand, partial -

rearrangenent PérREogad B arecgeireed ogitvi(docin®4 )y antd ayeeldather 60 Lavéng
a pair of nibblLg aeleéms, gﬂga{éii%tépgr rows of the internediate matrix
contain the translated paired ni e coflums of the odd-nunbered rows from
the original block of data (ie., rows A, C, E and G arranged Lransversely.

£ &

inthec ~ Ul MU:UUM\J\/IJL“C > Y ‘: —-- = — - 1 o LAY A LR
right to |j Bt G7 O ETHOChED Nalghes 0aoBschercs B0 86s00f r Den @RS00 (65,08 A% v | 6 108 Fg@E4 PR A 00

top of tterd: oven3 cored@o pdodt 8. | BNz GCrE D 01 G MC! Ciwf B EooFPloabi Gl if too \Ae bd Fobod Do 00 B0
seen fromMpreviewing Table E fhat the transverfse arrangenent i g from

R3; 00 G3 00 E3 00 C3 00 A3 | 00 G2 00 E2 00 C2 00 A2 00 G1 00 El 00 Ct 00 Al 00 G0 00 EO 00 CO 00 A
R4: 17 00 E7 00 D7 00 BT 00 | H6 00 F6 00 D6 00 B6 00 I15 00 F5 06 D5 00 B5 00 | l4 00 ¥4 00 D4 00 B4 00

|

The contents of R1 are then shifted right by one bit and the
contents of R2 are shiflted left by one bit (block 66), so that

the contents of the four registers appears as follows:

R1: 00 G7 00 E7 00 C7 00 A7 | 00 G6 00 E6 00 C6 00 A6 | 00 G5 00 E5 00 C5 00 AS | 00 G4 00 E4 00 C4 00 A4
R2: U3 00 F3 00 D3 00 B3 00 | 12 00 £2 00 D2 00 B2 00 | Il 0O F1 00 DI 00 Bl 00 | 10 00 EO 00 DO 00 BO 00

R3: 00 G3 00 E3 00 C3 00 A3 | 00 G2 00 K2 00 €2 00 A2 | 00 G1 060 E1 00 Cl 00 Al | 00 GO 0O EO 00 CO 00 40
Ré: 17 00 F7 00 D7 00 B/ 00 | 116 00 6 00 D6 00 B6 00 | #5 00 ¥5 00 D5 00 BS 00 { 114 00 F4 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: 7 G7 F7 E7 D7 C7 B7 A7 | H6 G6 F6 E6 D6 C6 B6 A6 | H5 G5 FS E5 D5 C5 BS A5 | li4 G4 F4 E4 D4 C4 B4 A4 "

HRZ:IBG3F3E303C38353 H2 G2 F2 E2 D3 CZ B2 A2 | H1 Gl F1 Bl DI C1 Bl Al | HO GO FO EO DO CO BO AO H

In matrix formation, R1 and R2 now contain the rotated 8 by 8

pixel matrix:

This Sheet Has Been Replaced
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left to right,
bits fromeach hal f-
matri x contain the even-nunbered rows fromthe original
rows B, D, E, Bh8I'E)Pin the sane arrangenent as the upper four rows.
preferred enboﬁlnent of the invention,

or der

usi ng four
which forns p
i s responsi bl
cl ockwi se rot
and 2, REP
and 6. and Ta

(ie. rows 1,

with the lower order bits arranged on top of This@hdei Bpen Replaced
row. The bottom four rows of the in “ﬁ m\“‘ m“\

bl ock
In th

the internmediate matrix is generated

| ookup tables ich are set In the section t Appendi x
of pr t d | osyre. Eafh _of t fouy okfip t abl es
hgr ertiing’ two % S |H§¥he Bcgy 8 p$§ nﬁpfrx For
ron, ffabl'e 1 iromfhe Appendrx [S USeq for cpnverting Rows 1
BEVENT CSHEET 16 Tab| 862 f grD®Rows| $6and {4B6Tab| 63 f¢r Rows 5
pr—RoOWg— 7 —amd-8—ang—the—rpws—arg-convelted alt ernatel y
i GB, f dlFOwed| BP r oysD®, 4| O5 and By. FpAS
H H¢ |ca |F4 |Ea |Dpa |ca |Ba |Aa
R2:
H3 G3 F3 EL D3 c3 B3 A3
H2 G2 F2 E2 D2 c2 B2 A2
H1l Gl Fl El D1 C1l Bl Al
HO GO FO EO DO Cco 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 c4 co E4 EO G4 GO
Row 2 AS Al CS c1 ES El GS Gl
Row 3 A6 A2 C6 c2 E6 E2 G6 G2

" Row 4 A7 A3 c7 c3 E7 E3 G7 G3
Row 5 B4 BO D4 DO F4 FO H4 HO f‘
Row 6 BS Bl D5 D1 F5 F1 HS Hl ]
Row 7 B6 B2 |D6 D2 F6 F2 H6 H2

[ Row 8 B7 B3 D7 D3 E7 F3 H7 H3

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

A4 Ag)C4 CO E4 Ef) G4 GO
0 1

1 Do Q

|

0

S

R2: 1B7 B3 D7 D3 E7 E3CH7 H3

al fal

AL

Bé(B2 D6 Dz Bb F2 H6QI2 R

Z 0

1 L0

DBEHBI D5 D1 FS F1 HS |}
Q

0 Row 8

0 1 0

0 0 1

0

B4 BQ D4 DO H3 EO 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):

Rl:
R2:

A7 A3 C7 C3 ET B3 (7 Gl
B7 B3 D7 D3 ET E3 11T W3

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

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

R3:
R4:

AT A3 CT C3 BT K3 G7 Gl
B7 B3IDIDIFTFINT I3

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

——

B5 BI DS D1 F5 F1 HS 1)

B5 Bl D5 DI F5 F1 115 I

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

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

For the counterclockwise rotation (block 60),
Rl and R4 are zeroed out (block 68) and the even bits of R2

and R3 are zeroed out (block 70).

the four registers as follows:

the odd bits of

This changes the contents of

Ri:
R2:

00 A3 00 C3 00 E3 00 G3
B7 00 D7 00 E7 00 17 00

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

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

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

R3:
R4;

A7 00 C7 00 E7 00 G7 00
00 83 00 D3 00 E3 00 H3

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

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

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

The contents of R1 are shifted left by 1 bit
of R2 (block 72) so that the 4 registers now appear as:

and the contents

Rl:
R2:

A3 00 C3 00 B3 00 G3 00
00 B7 00 D7 00 F7 00 H7

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¢

=

07 00 C7 00 E7 00 G7 00
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),

76). The

representation:

first two

registers

then have

L
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First, for row 1, entry 15 of |ookup table 1 is used: **** ngggmwﬁﬁghgmkglmxd
From-. - To ROW - Bl NARY REPRESENTATI ON .
REPRESENTATI ON 15 00001111 00000001 00000041 :

00000001 Thiss-BL-ddt value is saved in registeg R as: REPL [
LOOKUP TABLE

*k k%

10 Next, for row 3, entry 20 of |ookup table 2 is used:
2: FROM TO ROW Bl NARY REPRESENTATI ON
Bl NARY RE TAH-ON=20:: — =~ —. -~ - -0001Q100 ____ 00000000 _00000100
00000000 PXOOLOGO:Thi s wahue | s &qgl.ﬁa} OBed. | Qf sBynan Gall }f. .
row-1ih which any "one'| val ue from'ert

t he 4- byt g—~valuefor
R12:z &7 @7 CvBll R1eT cﬂne

o

esml deineGs FENd R ONs & cf Bexs b LS Ts 2§4bsi4tu D4 E4 F4 G4 I

repl aces
register

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:
AOQ BO CcoO NO EO -FO GO HO
Al Bl Cl D1 El Fl Gl H1l
A2 B2 c2 D2 E2 F2 G2 H2
A3 B3 C3 D3 E3 F3 G3 H3
R2:
A4 B4 C4 Da E4 F4 G4 H4
AS BS C5 D5 ES F5 G5 HS
A6 Bé C6 D6 E6 F6 Geé H6
A7 B7 Cc7 D7 E7 F7 G7 H7

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

faster, and has

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 the pPreferred embodiments described herein
which would be obvious to one skilled in the art are intended

to be covered by the appended claims.



BYTE 0 R1 ' OOOOIFhB(Sheet Has Been Replaced

BYTE 3 : BYTE 2 BYTE 1
00000101 00000001 00001001 Next, for row 5, entry 48 of -
3 is used: **** LOOKUP TABLE 3 FROM _ TO
Bl NARY REPRESENTATI ON Bl NARY REPRESENTATI ON-48-
ORed

00000000 00000000 00100000 00100000 When this 4-bytt value is |ogical
. BYTE 3

with the contents of RL the follow ng register value results:

BYTE 2 BYTE 0 R 0000001 n0O000101 00100001

0010&9@&‘&Pﬁﬁﬁﬁys‘f0r row 7, entry 46 of lookup table 4 is used: ****LOOKUP
TO RON Bl NARY REPRESENTATI ON

TABLE 4: FROM

Bl NARY REPRESENTATI ON 46 00101110 01000000 01000000

11000000 00000000 Afterromogical ORing RL with the valug, register Rl
cont &NTY: BYTE 3 BINARY BMRESERTAIIon BYTE 1 BYTE i haRkerresenrar 11000001
01000101 11100001 00101001 Repeating the sane procedures for row 2, 4,
6 and 8, using 00000000 00000000 00000000 00N0N000 06000600
1 00000001 00060600 00000008 06000000 00AG0001
2 00000016 00000006 80000060 AAE00001 AOOADO0H
3 0000001 1 00000000 00000000 00000001 06080661
1 00000 100 00008000 00000001 00000000 60060006
4 0000010 | 0U000000 00000061 0NEO0OG0 00000}
G 00000110 00000000 00000001 00000801 00800000
/ 00000111 00000000 00000001 60000001 080006001
8 00001000 - 00000001 00000000 00000000 00006000
9 00001001 00600001 00006060 00000000 00068001
10 anon1010 00000001 00000000 06000001 00600000
11 00001011 06000001 00000080 00000601 000060001
12 00001100 - 00006001 06000001 00000000 00006000
13 00O 101 (10000001 86000601 00080000 06000001
X 00001110 00000001 6AA00B0! AOBE000I 00000000
15 00061111 - 00000001 00006081 0606001 000060001
16 80010000 00800000 00000000 00GE00O 00008618
17 00010001 00000000 00060060 0AOEGEGO 0AB06AI 1
18 00010010 06000000 00000000 00000001 00006810
19 00010011 00006000 06000000 0AOG00O1 00600011
20 00010100 00000000 00000001 00000BOO 06008010
21 eeolQlol 60606606 00000081 00066060 00606011
22 00010110 00000000 00000001 0GAGO00]1 06GEED]O
23 00010111 00000000 00000001 00PEEOB1 0B0ABOIL
24 000116000 00000001 60006060 000660000 06660010
25 06011001 600606601 00000060 0AOPOROE 06060611
26 ooe11810 00000001 06000000 0GOOCOA1 06066810
27 geoilell 000000681 00060600 00000661 006066811
28 eeeiilee - 00660001 00000801 ©000EA06 66668910
29 ee6111e1 66006001 00000081 0BB6G00 66666011
30 geellille 66000061 60066681 0POBOGB1 606ABE1O
31 00011111 _ 06006601 66000061 06060001 800680811
32 60166000 66000000 06000060 66600010 06660660
33 60106681 06060806 00BERORO 0OBOBO1O 66660601
34 60160010 60600060 66660000 06080011 06660660
35 00100011 ' 86000060 00000008 00600011 60660061
36 00108100 06600000 08000081 6O00EO10 60E60E0
;g 06160101 06000060 66606001 0006610 66068601
00106110 o 60600006 60A8G601 ©OBOAA11 660860080
39 86100111 66000006 00000801 ©OGOAB11 6606081

IBM CONFIDENTIAL



| ookup table 1, 2, 3, and 4 respectively, the result is sa d | N R laced
BYTE 3 BYTE 2 BYTE | - BYTE 0 R2 0001000 “ ¥ “e
11000001 00101101 REPLACEMENT SHEET 11 This conpletes
the internediate matrix generation. To clarify the results
of Rl and R2 may be displayed in ternms of bytes with higher-order bytes on

top of |Iower order bytes in a matrix-like format as follows: RL BYTE 3
11100001 R1 BYTE 000101001

01000001 R1 BYTE 2 010000 Rl BYTEI
R2 BYTE 3 00010@0M@1488 BYTE 2 003ddadddy doceabob! Foade?® 38adase
41 00101061 00060001 00E00060 0GONBOI6 000008001
42 00101010 000000481 00000000 000GGOI1 00000600
43 golelell 00606601 00000000 00OGEALI1 068060061
14 00101100 00880001 00060881 00600010 69008000
15 0016110} 00000001 0000006] 00000010 00800001
46 ogiolllae 00000001 000OONO1 000BGO]] 00060000
47 on1e1111 06006001 00000001 00000411 00000001
a8 00110000 00000000 00000600 0G0AG010 00B0AA10
19 goiloont 00000000 06000000 66000010 60600011
50 - 00110010 000006000 00000000 00000011 00000010
51 00110611 00600000 00000000 00000011 00008011
52 00110100 00000000 00000001 0OBOQO1G 006G0O10
53 00110101 : 00000000 00006001 00000010 DO0COAOI1L
54 00110110 000000006 00000001 60000011 00000010
55 00110111 08060000 0086000! 6000011 0600011
56 08111000 00060001 6G00GE00 88606010 00080010
5/ 80111001 60006061 06000060 00800010 60666011
58 00111010 . 00000001 B0GB06E0 B00AGA11 A0B00010
50 Q0111011 00000001 00000000 00000011 00000011
60 00111160 00000601 5A0BAGB] BOGAO0IO 08006010
61 00111101 00000001 00000001 0000BB1IG 00OBOO1]
062 00111110 00006001 60000001 00000011 00000610
63 oniliii 00000001 00000001 00000011 00DBROT1
64 01006600 60000006 00066010 0080000 HOGEEEOS
65 01000001 00000000 00000610 00060000 00600001
66 61000010 00600600 0080610 00000801 05660800
67 01000011 00000000 00060610 006A0BA] 00BGA061
68 01000100 | 56000000 00660011 00600060 6000800
69 61668161 00000006 00000011 00800080 0066001
70 01066116 . 006000000 00060011 000OOGE1 00006600
71 61068111 00000600 00060811 06006861 0060601
72 01661680 00806801 6008G616 00666068 B0666080
73 61061861 08006001 80660810 52600AG0 80BOAGG1
74 61001010 60000081 £0GG6616 80600001 HBABGEEO
75 01661011 00006661 00666010 09AG0G] BGEEE01
76 81661108 06600681 06606611 00AG0AA0 BGBGAOS
77 81661161 66600061 06668611 6A6BAGAG 06A60861
78 81061116 06000061 00600811 6OG0G001 0O6BOEGH
79 _ 81001111 00608061 00AGA11 05AGA061 56686661
80 81010608 06606680 06666610 60900000 68606810
81 01016601  600AG0GH GAAABO10 66GEA00E 66666811
82 01016018 ' 00000608 0OAG0G16 66066661 0BHBEA1A
83 81610611 ‘ 00068066 06660010 80000061 66660011
84 81016100 - §O0AE0G BA0GAG11 6BAAOEO 0AAG01O
85 61610161 06050000 060GGG11 0A6E0GE0 AEBOAG]I
86 01010110 60000080 06660011 68008001 06AGE010

a7 61010111 00000000 0000E611 00000601 0000686]1

IBM CONFIDENTIAL



" R3 BYTE O 00i 01101 Therefore, returning to the orlglnal generlc

exanple, the first four rows (or first four-byte row) of t heh aWd;
matrix are saved into the first 32-bit register RL (bl ock 54) ]
and the remaining four rows (or second four-byte row) of the

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
Rl and R2 in the following representation:. R: G/ C3 F E3 C7 C3 A3 &6 E6
E6 F2466 C2 A6 AZ ie@bed> CS C A5 Al dobbdadh Bsdessto GododeehQomBRIal7 B3 E7
F3 D7gp3 B7 H6 H6 2 #2161 D2 B6 H5 H FS debodob: bioesdTo Baoeodabloobap@1iF4 FO D4
DO B4gB0 The content ssefian@gi sters RL and Rideconel béoacsle @pdoeedit @04ed ot her
32-bitgiregi sters R3 andil4i respectivel y (blaneteedBpooeasiachiegses GOBRIGTIol | owi ng
representation. Rl: GnegBoF7 a C7 C3 A7 A3 d860a02! 600EgR1 CHOROPAPEMPOINS Q) ES
El CS3@ AS Al O 4 01PIENCA COA4 AO | 2: TR0G881N8Fegoady 0p2P0Ep 488008H 12 Fg
F2 069D2 116 2 |1S RIOHSE DS 01 B 1 14R Gopapoal ¢Q900p13§0GRa001 @3o W? E3 C7
C3 A7A3 G6 C2 E6 E2 THVdY A6A2 CS G E5 EJO0REE0ICPO0AIT h0BooRIR PR B0 o1 co
Ad AOR4l: 7 IBnF73 D7 D3 B17 3 H6 112 F6 F2 K D2 B6 B2 S H FS El D5 Di

BS Illggj O E4 FOO4 DonQépbed3O 00000000 00006010 000060010 60086600
9/ 01160001 00000000 06600010 60000010 66060001
98 01100010 : 00600000 00000016 00000011 0OOSO000
i} ol108011 00006000 06608010 00000011 06600001

100 01100100 000000606 6000G011 060060010 60006000
101 01100101 00000000 00060011 60000010 6660060}
102 01100110 00000000 00Q0AA1I 00000011 06060000
103 01100111 00000008 00660011 00000011 00000001
104 01101000 00000061 000OAO10 6OO0BO1E 0OOOOBOD
104 01101001 00000601 00060010 00000010 60060001
106 01101010 00000001 06600016 00000011 06006000
107 01101011 00006001 00000010 00000011 00000601
108 e110t160 00000001 00060011 60606010 00008660
109 01181101 00000001 00000611 00000010 066606001
110 01101110 00000601 0O00AD11 0BEEO011 6OBOEOEO
1ni o1101111 00006081 00000011 00006011 08066661
112 01110800 00060000 0POOEA1G 0RROAO10 0EEBE810
113 011160801 00000060 0AOO0DIG HOOOROI0 0060EO1]
114 o1110010 00000000 00000010 00000011 0ABOO61O
115 01110011 00000000 000010 00000011 06066611
116 01110100 00000000 00GOR011 0BROOO10 0066E616
117 01110101 00000600 00060611 0000AA10 66006611
118 e111e11e 00000008 00006011 00000011 00060010
119 01118111 00600006 06000811 06006011 66000611
128 gl1lleea (6666601 00000018 06600616 60600610
121 e1111ee1 ' 98600001 66060618 0OGAGO16 06686011
122 e1111e10 86006001 60000816 06860611 60060016
123 e1111e11 860006061 0066616 00BORO11 66606611
124 81111108 00000001 08060011 000R6E16 60606018
125 81111181 96660661 60600611 06900016 66860611
126 e111111e 00800001 66006011 6060611 ©0666016
127 81111111 006060861 0AOAOBL1 60006611 00666611
128 10006080 00660610 000AOE60 06060008 00086888
129 10000001 oo £0000016 68060000 £0600E06 66000661
130 - 10006610 00068010 00O00GE6 00OPHOO]1 06060866
131 10006011 00000818 06066060 00600081 000000681
132 100801060 00860616 00000081 00GGEEE0 66668668
133 16000101 00000618 66600001 0000G068 006BOBO1
134 10800110 006600616 06600G01 06000061 66606080
135 10000111 00000010 60606001 00000001 06000061
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REPLACEMENT SHEET 12 VWen the -rotation is all 90" clockmdse rotatlon
(block 60), the even bits RlL and R4 are zeroed out (lemﬂheetﬁ%)Be lace
the odd bits of R2 and R3 are zeroed out (block 64), to y|e

followi ng changes in the registers: Ri: G/ CO.7 00 C 00 A7 0

C6 00 A6 00 05 00 ES 00500 AS 00 &4 00 E4 00 C4 00 A4 00

F3 00 D3003 00 12 00 F2 00 D2 00 B2 00111 00 FI 00 D 00 Bl

HOyOFQ | 00 Do 00 BO 13: 00 C3 00 E3 00 00 OD3 @ oozoo cz 00
A2- 13%0 g oD El 00 @RI A 00 GO 00 EEPEHEEIEIEARPERDIFAB6CEG PHOORRFO 7 00 D7
oo 7150 116 n Feh %% 0‘%0 B6 |1S 00 F59R900iS 2980486y 3¢peceoq Aa0es¥lry oo 04
30 The content %% are then shi ft@@PGP‘P I‘Rﬂﬂﬂfbﬂ@eﬂﬂe 90908P%he
cont s of R2 are @m ? left by one 9PR9PO ( P°° 4984001 0°0ﬁat t he
contefits of the egi sters appear 0008331 1496090 geo gg go .? 700
C700A7, 00 G5 On E6 gg DO A6 “‘E}g Oy Sl Ooooo E4 00
o o¢ 4 R2: 113 00 i ,D3 00 B3 00 12 =2 0‘8’8%%8“ oobNN00
P 02 00

oo BL 00 110 90 ED'00 00 00 BO oo 1P%00Y4 3
e2 oo C2u A2 oGO OnEl 00C 00 A 06 OO OEO CO 00 AO R4: 117 00 |
0) ¥ oo r;no DbI'OWPRE%t ol K K)116  U. 9¢§8p01900p08506-809P00¢Y804880180 05 DO

114 &80 4 00 DI oo 54"%§°‘N|ext R is |ogpwpﬂlocﬁf&%‘ﬂmowqﬂﬂw%ﬂomwock 74)

and " is |ogical lgﬂ? (ﬁ with R3 (bl ock 782"“9%%98?1908%“‘{%@01 (ggg ng
cont# C of 0000600 011
10010100 00000010 00000801 00608600 66866010
149 10010101 ' 00000010 50000001 06000000 000A6AI11
150 10010110 00600010 60060001 00000001 60800010
151 10010111 00000010 06600601 00068001 00060611
152 10011008 00000011 0600000 06HE000 06660810
153 10011001 0A000011 0ABB00DD 00000600 600660 1
154 10011610 66000011 00000000 00006001 66606010
154 10011011 00000011 00A0G00O 0B0BO0CT 00000011
156 10011100 00000011 00006001 00000060 60080010
157 10011101 08080011 00806BO1 00006660 06060011
158 10011110 00800011 60006001 00068001 06000810
150 16011111 00060011 60000001 08000001 00006011
166 10100000 06000010 00G0GEA0 0O00SO10 BAOEGBOR
161 10106861 00860016 60GO0A00 HO0BEO1O 6B0B6B61
162 10100010 00000010 0000AB00 00600011 BE6A0HEO
163 16160011 00000010 ©OBO00O 000BEG11 008GEEO1
164 10100100 : 00000016 0000066] 00000010 00000BEO
165 10106101 00600010 00606001 00600810 88080001
166 10180110 00000010 00060001 000011 60EAGEES
167 16108111 00000810 B000KEO1 00060011 00006601
168 10161666 60660011 09000G60 60060810 0866860
169 10181661 §6060011 GAG06GEG 00066016 BAEBAGHI
176 10181616 06000611 00EEEEAE BOG6A611 HBOBE6AO

171 10161011 0006680811 00ODEOOG 600G0E1]1 66000661
172 10101100 00000011 66600001 60066610 80060860

173 le161161 06666611 00600081 06660610 06066601
00066611 60060001 00BEE11 BEEAABAE

174 ' 10161110

175 16101111 00000011 00000B01 BAOEOE11 00606061
176 16110600 60660010 00006000 00000016 68006010
177 10110061 00000616 0BAAOE0S 000AEB18 ©R6EEBI1
178 181100810 00600016 06000000 60000011 66060016

179 10110011 00000010 00B0GAEE 00060811 006AAA1L
00660610 0POOBAG] 000ARAI0 0000010

180 1011e]o00

181 10116101 00000016 00000061 66000010 00600611
182 10110110 06000010 00000001 60006011 68060616
183 10110111 00000010 80660001 56000011 06000011
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registers Rl and R2:
115.GS FS ES D CS BS
32 F212 D3 C2B2 A2
matrix formation, Rl
REPLACENMENT SHEET 13
A7 H6 -6 F6
CS BS A5 H4
E3 18k . D3
A2 |iss Gl F1

186

187

188

189

196

191

a3
E

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

1 C7 F7 7 Dr C7 7 A7 1U6 C6 FGy.
14 A F4 E4 D4 C4 B4 A4 . 3Z. M
I11d Ft EID C) DA NI OGO EO E

R R :

AS

Wn

and R2 now contain the rotated 8 by

TABLE D R1: H7 G/ F7 E7

E6 D6 Co6 B6 A6 HE Gb FS ES
4 F4 E4 D4 4 B4 A4 R2: H3
101188 A3 H2 &2 gppde11 oodeees oedddele ocbetele
1011108 c Bl 00011 06660000 00GEA10 BA0REA11
10111010 90000011 0000000 00ABBA11 00GAG1H
10111011 008060011 00006000 00806011 000E6!1
10111100 0080061 HO0GAG01 600G0B10 00068010
10111101 000000]1 00000001 06860010 6A00AGI1
10111110 08000011 06000601 08808A11 60060010
10111111 00000811 BOGABOCT 00060011 00000011
11080000 00000810 60006016 60A006HE 06060000
11000001 00000010 00000010 08A0NG00 Q00001
11000010 00000016 00000010 00608001 00006060
1100001 1 00800010 00AO0GI0 00600BA1 BOO0VA0]
11000100 00000010 00608011 00806000 BAG00BA0
11000101 08006010 60000011 00080600 00006001
11000110 00000010 00806611 00000001 98066060
11000111 000080010 00G0A011 00000081 GAAGHER]
11001060 00000611 60086010 6ABO0GE0 BAGEAEAO
11001801 00006011 00608016 006006A0 HAGEAEA]
11001010 00000011 000BA01O G0BGEEA] 0BBOA0AO
11001011 00000011 00000010 00BOSO0! BOGE0D]
11661100 00606011 606AB811 0AOOAOAO HAOEEE6O
11601101 00060011 000RE011 0AAGEAA0 HABEAEO1
11001110 00000011 00000011 00A0GAB] HEOOAGEO
11001111 00000011 60600011 0AEOEAAT BOOGAEA1
11610000 00000010 HB0RGG1A 0AAGBAA0 HEGOAG1
11010601 00000010 AG0SAG1A 0AAOBAA0 BOBEABIL
11010010 00000010 6060010 AEOAGE] BOGAAB1
11610011 00000010 60960010 HGEEAGOL 0BAAER11
11610100 00000010 00AA081]1 0A0AAAG 00BAOALO
11918101 66000010 06600611 AEOAA0O BOEEA]I
11610110 60600010 60860611 6AGGA601 AOBAAAIH
11018111 08060016 06060611 6AEEAE01 AGAAAG11
il6l1008 00066611 60066016 08000060 60800010
11811081 60000811 0BEAGA16 BAGEAAAE DBBEGEII
11811016 06008011 86686016 06006601 06BAGR1A
11011611 00068011 68600610 HGOAG0A1 06EAEA1L
11011166 0000601] 060000011 000000008 Gooooale
11611161 60660811 68AE6A11 0668660 66800811
11811110 60609011 66066011 BEGAA0E1 0BA60018
11811111 06600011 060A0011 6AEAE1 AAAEBA1I
11168608 06066616 00B00G10 ABEE010 BOBEOED
11108001 00000010 06806018 HBAAGEE10 6ABAAER]
11160010 60060616 0BAOGO16 HOOAGEO11 HAOEE0ED
11160011 00060010 00000818 0008011 HAGBBAAI
11100100 00060816 06600011 6606610 HHOOBOGO
11160101 00606016 60606011 66600610 68606061
11108110 00000010 06600011 0GGE6011 6AGH06E
1110611 68000016 0000GO]11 00660611 HOAEAEO]
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HO GO FO EO DO’ CO BO AO 90 countercl ockw se rotatlon

i s' achieved following a simlar method. Generation of tHa&is{s aced
matrix, as mentioned above, is perfornmed in the preferred |ng

the loolcup -tables in reverse order, to generate an |nte

fromTable A, as follows: TABLE E Row 1 A4
EO A GO Row 2 AS Al (03) C1 Gl ROW 3
A6 A2 C6 C2 E6 E2 GB & Row 4 A7 A3 C7 C3
E7 gg 07 GB RO}I\(1 . BO D4 DO F4 FO H4 HO
Row é} l@g FS  F1 00949811 800PABIRAHAPEROI0 006066663G B2
D6 b2 Fo Qoo H2 Row B 9996611 £APOGD1E;PO0000 14300000801 3
H7 5343 In a 32- b|t ﬁnmerpnnent t he above®®POPeLL PROAPSIP SOPRIRY %m@ﬁﬂjbe
REPLQ%NENT SHEET 00000011 0606GOA10 0BGGBEBIT O
11101100 00060011 0AAAAA11 0OOAGE10 eeeeoeoo

237 11161161 00000611 66000011 06660018 B006000I

238 11101110 00000011 06686611 006000}T 08600080

230 1101111 06000011 00088011 0OO0001I 00000801

248 11110000 00006010 00008610 00006810 08007010

241 11110001 00000010 60006010 80600010 00086011

242 110010 00000010 0000010 00000011 00600610

243 11116011 00000016 66600010 00000011 0080001

244 11110160 00000010 60066611 0OGEE1S HAAO0GIE

245 11110101 00000010 6GOE011 00668010 06A0GO]]

216 11110110 00000010 00000011 H0OGOGI1 00000010

247 11110111 030060106 00000011 000000811 00060011

248 11111008 06000011 BEEERI0 O6GEEBIS AEBOGOIE

229 11111001 00000011 60000010 QOOLOB10 06000011

250 11111010 /00000011 66000010 008GAG11 BAOEEO1O

251 1110 06600011 000G0610 00066011 DEAOGO]]

252 11111100 00000011 80006011 00606010 86600010

253 11111101 00000011 006E6G11 6EAABGI0 0OBEOA1L

254 11111110 00060011 00006011 0OOPOOIL 80000810

255 IERERREY] 00000011 0BB00O]1 0ABEEOI] 00000011



14 held in Ihe two 32-bit registers RL and R2 (blocﬁbsgsdfl n R
in t.he following representation: Rh A7 UC7r C3 E7 CB \
C6 C2 E6 E2 r6 & AS AA CSC ESE GG A AOC4 CO E4
D7BOU D D3 n E31 36 B2 D6 D2 F6 F2 H6 112 BS Il ESI
F115111 BItOO DI DO OF FO H HO The contents of Rl and R2 are then
copied to the two other 32- bit registers R3 and R4, respectively (bl ock
58): RI: A7 A Cr G3 E7T E3r.7 C A6 A2 CEC2f F.6 R2 r.6 r. LS Al G5 C
ES HLOGKUP TABRE 200 C4 COE4 EO CG 00 R2: B7 R3 1 n3 E7 F3 117 113 N16 2
116 02 Eh F2 116112 51 11501EDS F 115S Hi Beo D OF4 FO 114 110
13: A7 A3 C7 30 RJ7L (it d R6 BZ 36 OX F6 F2 |1fi 112 R5 Al D11 DI ES
FI 115 111 B4 BO DlgfgyEl FO 14 HORI: 7 B3 07 D3 K4 F3 117 13 B6 2 06
Dt F@nfr? 116 112 g;naRBb nBhedPRraAQtonES FI US 111 %QRDRQQEHFQ@N HO For the
countercl ockwi se rotation (block 60), the odd bits of RL and R4 are zeroed
out (bd ock 68) and tweosesen bits of R2 and godddecdr @oocoss 6&dooo® Wbooodog! ock
70). This changes theosoomntents of the foeadbooor @gsosdEb®osso obmbloows: RI:
00 A3 D0 C3 CO E3 00 00d001000 A2 00 c2 00 E2o0mmoeédd oooepoocAhoodfoflood@booet 000 G
00 AOD COO 00 10 R3eoecd 100 D7 00 7 00 17 obédoosoRBotden 00060100 0bd@010600 16 n
H5 On DO0S FS o0 11%0@0i06 B 000 04 00 F4 @bnobdot ddGeoRRy 0addecd®Cadd0ded 00 G
00 A6 00 Co6 00 E6 ®Ouog®i00  AS on Cs oo oES0@0 B0 ie000000060 0Ge@H000 El 00
G4 00 R4: 000 3 00 M8EOYDIOF3 00113 00 BZoomDo@2 ddEooF® G@odid@ 0eapeoBi On nDI
oFl 001 00 BO 00 G008EDI00 110 The cont eAN0EN GRA0EAPE089RAG 100 SEBPOP OOt by 1

bit and the contents

8 ooenloee 00000106 000060608 00000000 00000000
9 00001001 000001060 @0000000 00000000 06000100
10 00001010 00600100 00000000 00000100 06000000
1l 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 00600100 00000100 00000i00 00006160
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 00000000 00060106 00000000 06001000
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 06000100 00000166 00006166 60001668
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 - 06006006 00060106 00601106 66600100
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of R2 (bl ock 72) so that .the 4 registers now appear as:

0000 ~ A200 C2 00 E2 00 2 0O Al 00

10000 R2: 000
0S 0O ES WBS~

6 W 00

0013 00 B2 00 D2 00 F2 00 2
ON Rl is | ogical

firstgg two

REPLAQEMENT SHEET 15 seimeme 90[ err ]
nore e¢dnpl ex than 18@psxele rotation

representation of thesiarege pi xel s,
pi xel $¢ The rot at ed isdsg&onust occupy the Staepapeocbdvate eapntoad meaodone

origi #al i nmage befor@8tadtdti on. Thus,
of ro¥Ws nust be a nulowigdl@ of ei ght,

are patcked

18
49
40
51
52
53
59
55

36
57
58
59
60
Gl
62
63

64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79

8o
81
82
. 83
84
85
86
a7

7 00 07 00 n o000 7

AOOC5 00 ES 00C5 00 A 00

regi st er se1di1b@@n

00101111

00110000
oatioeal
ooiinnin
00110011
00110100
00110101
ooilolio
ocil10111]

00111000
60111001
onitiole
00111011
00111100
eolillel
poliniie
00LiLITI

01000000
01600681
01060010
01600011
01660108
01600101
01000118
01000111

01001000
g1001001
01661010
eleelsll
oleolice
gleeliel
oloeeil110
eloel11l

ol1016eqe
01016601
oloigoelo
eloieell
eloleloo
gleielel
olgloile
81010111

ORed with R4 (block 74),

have the

[BM

00 B6 00 06 00. F6 00 O
006400D00 F 000 H4 F3: 07 00 7 00 17 000 7 O

cd 00 El 00 A 00 Aﬂlmm
6

RI 11usEﬂifﬂ]iﬁiBeiEﬂB;ii[ed '

~C4 00 400 4 00 Ri: 00 B3 ODD3 00 F3
00 B1 00 DOO FI 00 HL W g00 W00 FO 00

and R2 with R3 (block 76).

- f olabebér dadocbddBdecseRBical ioosrsess

The

rot at i ongesesdendbescbdtosede mbe osapmiader abl y
t han taescelue geaspkedaced nbe mombeeadat a
wher ei Reacds dogdeecoCaIad Hion S06m6 Pht

I mage

f or  tabdogiaoyqseasdds 0000 KGO GGROOAEe nunber

00000100 60068100 00001100

00000000 60000000 00001000
00000800 00066000 00081600
OnNooNN0 0A0eN0N0 00001100
00000000 60000000 00001100
00000000 60600106 00001000
00000000 00000106 66001000
60006000 60000100 00001100
00006000 66000108 0000]100

00600100 00000000 00BO1O0Q
00000106 00000006 08001000
60000100 £0OOEEOO 06001160
00000100 60006000 B00O1100
00000100 00006100 00001060
0ocoo100 00060100 60061000
00000106 0AGOO1G6 0BOO1100
000600100 00000100 0000)100

000060600 00081000 00000000
50000000 06001000 00000000
00060000 06001606 000001600
60000000 00001600 60000100
00000000 60801106 00000000
00000000 006011060 600066BE
fecopo00 66001100 00000100
£6006060 000011806 00000160

00600106 00001008 006OHDOO
66060106 00001660 £066EE00
00600100 00001600 BB0GO106
66600106 06001006 00006160
08606100 60001160 06686000
goocaloo ocoeliee 660008860
06006160 00001100 66808160
600600166 00661100 000600108

60000006 00661066 06000008
06660060 00061000 08060000
60066006 06061606 6BBBO100
600600600 00001060 80000160
06000060 60001100 60600000
06000666 00001100 80000600
06000000 00001108 80008100
£0008608 00001100 00600100

CONFIDENTIAT

Si nce 0p4Q 0G| GOQOOIIGD A6 H 0F PaOPaDA |

00060100

00001000
06001100
00001000
00001100
00001000
00081100
06ealo00
ooooiio0

00001000
00061100
00001600
00001100
00001000
ooooel100
00001000
ceoell00

0060080060
000001060
06000000
06000100
©0006000
00660100
00600000
60600160

00000068
60660100
60600068
06600108
666800068
aoceelaa
oooeeaeg
060060160

oeeelee0
00001166
06061680
00eail6e
66061000
06661108
00061060
06601168

col um



into bytes by the rotation and a row of the output inmage nushhisiShdet i3 BeaniReplaced
‘a‘fraction of a byte. Consequently, placehol ding data val ues

to colums that are not nultiples of eight. U S. Patent: Nunb

of I BM Corporation, sets forth a method for rotating an i mage by a
was considerably faster than the traditional mnmethod because it caused the
rotation of up to 64 pixels (8 by 8 blocks) at a tine, rather than just one
pi xel . A block of the image would be noved into tenporary storage (called a
| ook-8 table) and di®NAld¥E i nt o smal rer gr G0R98166106PR1LRHS0a§H00AH1OBR0MPe si ze.
Each 8 oup that did R81¥dve the sanme val u@oqerooepelgeq egeqege OARLIOE ot at ed.
Thi s %kt hod. t ook adv&h‘ilég(ﬁh the fact th8?999b@@g’@egﬁ%@eﬁqw%@q@lqaﬁages are
bacl c¥r ound col our (&Y% hite), and that BPQ?E@ Q?Pel Qoagc@gelg%ogc

contafning all one cqf @ganeed not be rot atgH “,. HRh )Y '°°nt now
commojll y added to rotat.i é met hods. However,, glé H gkéga';e a 0 et hod of
999

t he 4&%27 020 patentﬂﬁﬁ} ot as efficient a§ 1 aYefat ot he
UM
present invention since It utilizes addltlona esses an address
mani pul ati ons for each byte rotat ed.
96 01100000 00860000 00001080 00001008 00000000
97 01100001 00000000 00601000 00001000 00000100
94 01100010 00000606 00001000 00601100 00000000
99 01108611 00000060 00061048 660011060 00060100
100 01100100 000006606 00001100 00001000 08000000
161 01106101 00000060 00001100 000061608 80008100
102 01100110 00600000 00001100 00001106 80000000
103 81108111 09000660 06601160 60001100 00008100
104 01101000 00060166 000A1000 066010068 60000000
105 01101601 00000100 00001000 00001000 00080100
106 01101010 00000100 00001060 00001100 60000060
187 plleio1i 00000100 60001000 006011068 00000100
108 81161100 00006108 00001100 00001660 66800008
109 01101101 60000100 66001160 60001000 00660160
110 pliotlio 00000106 000B1160 60001100 BOGOGODD
111 01101111 00600100 00001100 60NB1106 00000108
112 01116000 00000060 £EOO1600 DOOB1G00 OOOR1HOO
113 01110061 00000600 00601000 60001060 00001160
114 01110010 00600000 00001060 06601100 00061000
115 01110011 60600060 £6001600 00001166 00PO1100
116 01110100 60000000 60001100 00001066 00HA1600
117 @l110101 00000068 60001106 00001000 00001180
118 01116110 : 00060006 00001100 00601100 0001000
119 p1i1o1ll 006600600 60001100 00001100 00001100
120 81111068 86060160 000681068 00601008 60601008
121 g1111e81 00608108 £AOH1686 080510606 60EO1160
122 e1111010 06060100 60601600 00001100 60081006
123 pii1ieil 06668100 00601066 00001168 000061100
124 81111108 00600108 60001100 96061666 GoEAl060
125 01111181 00006100 60061106 60001666 606011608
126 81111110 00060166 66001100 66061100 06001608
127 61111111 00000166 00661106 00001166 60081100
128 16000080 00621606 00000006 000066686 66068000
129 16000001 00001000 00OPAAOG 0006606 0BOGAE160
138 10006818 66601660 660000600 00POD160 H66EDOOO
131 1666066811 06081060 60000000 66000100 66606166
132 . 10066100 00661000 80000108 0AOOOEOE 00600000
133 10000101 00001660 60006108 00066000 00000166
134 10000110 00061666 66066108 00006108 00000000

135 16000111 - 00061000 66000100 00000160 0E0OO10B
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U. S. Patent Nunmber 4,658,430, also of IBM Corporation, is dir en Replaced
met hod for rotating encoded data i mages that have, for exarrpl g | I II
transmtted over a tel ephone line, by a multiple of 90[err].

orientation of encoded date presents different problens fron1the rotation

of the type of data to which the present invention is addressed. U S

Patent Nunber 4,837,845 of |IBM Corporation is specifically directed
to the problem of rotating binary inmge REPLACEMENT SHEET 16 R2:
A7BCIDSO7E7 F7117 A6B6WI@OEGF6C6116 ASBSCS bédsTiol Hebiace’ ddedéess 4babboberd 114 R1
and R¥ now contai n tHeeededy 8 pixel matri X gool aoadodd@eoc condeds Gbaasioni se from
the 638 gi nal orient atlpageiePr esent ed i n nat BEee1 fooroyedsoeneccbéias dedosssappear s

as f®)9 ows: TABLE F R320INO BO CO 00001 19® oocoeooeEbbosa10b-Goeseios GO
HO 140 10001100 00061106 06600100 00600066 08000000
141 10081101 00001160 06000100 AOEEOOCO 0HOGO1EGO
142 10001110 00001108 00600130 00006100 Q000GB00
143 10001111 00001100 00000100 NOGOOI0O 00008100
144 16010000 00001006 00008000 00000600 06061000
145 10010001 00001000 0000B0GO 00600060 08001160
146 10010010 00001000 00000006 00066100 00001060
147 10010011 ' 00661000 00000000 00006106 00601160
148 10010100 00001006 06006100 06000000 00001000
149 100168181 00001000 060600100 00000600 060061100
158 10010110 00001006 060006100 00600108 00001000
151 10610111 00001066 00000100 00008100 08001100
152 16011000 00001100 06000000 000EOE06 060061000
153 10011001 06001106 00066060 00006000 00081100
154 10011010 00001100 00006000 00000100 60001060
155 10011011 00001100 00000000 00000100 00001100
156 10011100 00001100 00000106 00006006 00001000
157 16011101 00001100 66006100 00000600 00001100
158 10011110 60001100 06060100 66006100 00001000
159 10011111 60001100 60000100 00000106 60001100
166 10100000 00601000 DEOPAOGE OOOB1008 DAGOBOES
161 10100001 00001608 00000060 00001000 0AOAO108
162 10108010 00001066 6600000H 0HAO1100 DOOOBOEE
163 10180011 ' 00001000 DAEOAOOE 06GO1100 06000160
164 16109108 00601600 0OOBO1BO 6OGO1000 OOOBOEO0
165 10100101 00001000 00000100 DAEO100G 00606100
166 16100116 00001006 00000108 0O001100 HOOEOEOO
167 16100111 80001606 00060100 60001100 06OHH100
168 16181000 00001100 00OAOEEE 00601000 66606006
169 18101061 660661160 BEOGOGEO 60AO1666 £6060166
176 16181010 . 00001100 600OAOOG 6OGE1166 06BA6AHE
171 10101011 00001100 66000000 00001100 66666160
172 10161106 00601160 06666108 66601060 00606660
173 18181101 60681186 68603100 60001008 60060166
174 10161116 : 00001100 60060106 0CEO1100 60066006
175 10101111 06001106 60060160 00001100 06006166
176 _ 16116060 _ 06081608 06666066 00601000 060601060
177 <o 10110001 06601600 HOOPEOA0 ©AOO1060 00601100
178 : 10110018 60661000 00060006 60001100 00001000
179 10110011 00001008 00000008 00001100 00001100
180 10110100 00081080 00000100 06001000 06001060
181 10110101 60001008 06EOE166 06001000 0AOO1100
182 - 10118110 00001606 00000100 00001106 06001680
183 10116111 600016060 60086100 06001106 00661160
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-85 c5 D5 ES

E6 F6 G6 H6 A7 B7 C7 D7

H7 In the preferred enbodi nent inplenented on an IBM 32-bit machi ne, the
nmet hod of the present invention runs consistently faster, and has | ess

over hgpd when ported 1genegws 32-bit pl atforrggealidaagheggegé/bgydwey J56H 4R

met hagks. Test resul tsijphiave | ndi cated that {b& ReCsREdeed Bidafide oo 30%
fastegs on | ntel -basedoelBMePC conput ers, anGeddiths’ sabdebo Wendl Do RBotdRN better
i f caghe nenories wereiiusad. Modifi cati ons geds;idacodesdRbe b6od 0ot Hogdiggent s
descnagded herein whicleimmsl d be obvi ous t o gede1dskadebrto bebeidae cadoleodr €

I ntensled to be coveradilhywit he appended cl aiobai106 00068106 80001000 08061100

Al 11 w D ) E] FI €] ThlSS tHas Replaced
1)2 E2 F2 02 112 A3 B3 -
&3 H3 R2: - A4 B4 (07 S E4
FS 5 H5 A6
F7

160 j01ii11e 00001100 00000100 00001160 DOOD100O
191 10111111 00001100 00000166 000011680 00001100
192 11600000 00001000 80001006 00000060 006OBAEO
193 11060001 80001000 00601066 00000000 00008100
194 11000010 00001600 00001000 00000100 B00GDOCO
195 116600611 @0001000 00001000 00000100 00000100
196 11000100 00001000 00061166 00080000 00006EEO
197 11000161 06001000 00001100 00000606 00080100
198 11000110 0000106E 0ODO1100 00000100 000R000D
199 11000111 000010006 00001106 00036100 00000100
200 1leeieee. - 06061100 60001006 60006060 00060060
201 11601001 00001106 00061000 000000008 00800100
202 11061010 00001100 60001000 00068100 000BO0CD
203 116681011 00001100 00001000 00600108 00000100
204 11001100 06001100 00001100 00006606 00BEO0OO
205 11081101 00061106 000C]1100 00600008 00000100
206 11061110 00001}00 0OOO1100 0COOO10O0 800GOOOO
207 11001111 00police 00001100 00000160 00000100
208 11016000 - 00001000 00001000 00O0EO0O 6O6O1060
209 l10100@1 000016060 00601000 00000066 80B01160
218 11610010 6eo01000 000CE1606 ©OOCO106 600BIA0O
211 11010011 00001000 00001000 00000100 00001100
212 11616100 60601060 00001160 00000060 00001660
213 11010101 00001600 00001100 00606660 06601100
214 110181160 00001000 00001108 00C0O106 06081660
215 11016111 00001668 00061100 60066100 6088611688
216 11811600 06001180 86601800 00606688 68861060
217 11e11681 06601160 66601000 66660060 68461100
218 11e11010 60061160 oocolece 0006e108 6001606
219 11011811 06681160 006861000 08666180 06061100
220 110111880 66601160 60001106 00060060 BBEG1666
221 11e11161 00001108 00001168 00660000 00061160
222 11611110 600011600 0p6B1100 00600160 66661000
223 : 11811111 60001106 ©0001100 ©6660100 60061160
224 1118600800 06001660 00061606 66061000 806606866
225 11160601 60001000 60001600 06001608 86666168
226 11160010 00001066 60081608 06681100 68860600
227 11100011} 00001000 60001660 0OEO1188 D6OOB100
228 11100100 00001000 00001106 06001000 ©0666060
229 11leeiel 00601000 000G1106 06BG1006 66008100
238 11100110 00801066 60001160 60001108 00006000
231 i1leeiil 20001000 00001100 00061108 00000160
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17 The enbodi nents of the

. o q

I nvention of which an excldu ' Replacre
privilege is clainmed are defined as follows: 1. In a 32-bi ) \“\
system a nethod of rotating by 90[err] a block of bi

having 8 rows by 8 columms of pixel

data bits,

-l evel

conprising the conputer

i npl enent ed steps of: generating an internediate matrix having 8 rows by 8

colums of pixel data bits,

translated into a paired ni bble col um,

arrangedgsj ransver sel y anlqldlgr or der
top of hhgher order rows;idl,

mat ri X; ,8aving the rows Qfghlie E
and secqngl 32-Dbit procesgeqie{i€9i sters; copyin gs

into a bhsrd 32-bit procyssse register and the s

i nternmedi ate ny

rows from.|
ihe paired nibble €8 2008

:

Sre2-2
A o

a fourthiB2-bit processondiegi ster; -shifting 0@@&%0000 8o

regi st ersg by one
219

240
241
242
243
244
245
246
247

248
249
250
251
252
253
251

255

11101110
ir1anii
11110000
1111060}
[RRRTIEN
HI10011
11118100
11118101
1tiielio
[RERTUIRN
11111000
11111001
11111010
111111
11111100
11111101
IBRARENL]

IBRRRREE!

00001100 60001108
06001100 00001100

00001000 00661060
00061000 00801000
00001000 00601000
00001008 60001000
000601000 08001100
00001000 00081100
00001060 @oosli00
00001000 @c0a1100

00001160 60001000
00001100 00001000
00001100 60001000
00001100 60001000
00001100 00001100
00081106 00001106
00001100 00001100
00001100 00oe1100

LONFIDENTIAL

wherein each row fromthe block is divided and

alternate rows fromthe bl ock being
t he bl ock bei ng
1 080R 1000 A

arranged on

REPOLEDR SBRRRRNY ¢ o
a@ xﬁg
fa¢ "ebHoTaeC "
el
ﬁbdo? 0% 6@0?&300”0'

00001106 00000060
060061100 00060160

00001000 00601000
0ne01000 00001100
00001100 00001000
00001100 00001100
90001000 00001600
000061660 60001100
00001100 86001000
00001100 60001160

90001000 00601000
00001060 00001100
00001100 00601000
00001180 60061100
00001060 00001000
00001000 00001100
00001160 00GO1000
00001100 00061100



bit in opposite directions; and overlaying alternate bits fmpigsieBidial Been Riplaced
regi ster onto the first register and fromthe third register _
second register. 2. The method, according to claiml1, vvhere‘ﬂ

generating an internediate matri x conprises generating an int at e

matri x wherein the alternate rows are arranged transversely fromright to

| eft, and wherein higher order bits fromeach divided row are arranged on

top of |lower order bits. 3. The net hod according to claim2, wherein the

st ep LOOKNH TABLE3ch of the first and second registers by one bit in
opposite directions conprises shifting the first register by one bit left

and shifting the second register by one bit right. 4. The et hod

according to claim3, whgrein the step of overlaying alr%ernate bits further

conprgige the st epru@f represBREHOFEVENT SHEET BINARY REPRESENTATION

0 00060000 00060000 00060000 00000000 0G00806Q

1 0000000 00000800 66006000 06000000 00010000
2 00000010 00000600 00086080 00010000 00000000

3 6060601 1 20000000 £0606608 00810060 06810000

a 00000100 00006000 00010000 00000006 80600000

5 00600101 00000000 00010000 00000008 00010060

6 00000110 00060000 060160600 00810600 00800800

7 60000111 06006000 00610006 00010008 00610060
8 09601060 00610000 00660000 00000000 ABHA0G0E
9 00001061 00010000 00600068 00000060 06618000
10 80001010 00010000 60600600 00010000 08006800
1 60001011 00010008 0000AB0S 00010608 66010060
12 00001100 00010008 00010666 00060000 0080660
13 00001101 00010600 60016600 60060000 86010000
14 80001110 00810000 08010600 00610000 0BAA0A00
15 00681111 86010000 00616680 60010008 06010088
6 06010066 00060000 AG006006 0B00SA0G 00100000
17 09610081 00000000 00000006 00000060 00110600
18 00010610 00000000 06000000 00010000 00100060
19 80010011 08000000 60000060 00010000 06110000
20 00810100 00000000 OB1006D 00DOOBAD BO10A0AD
21 00010101 00000060 00R10000 00880080 06110060
22 00618110 00000000 00810000 00010000 06100080
23 . 08818li1 00000600 HAO10600 00010000 00110808
24 68011060 | 00010668 00008008 00660080 00100660
25 00011601 06016080 HO00GACO 06606600 00110860
26 00011016 08010000 00600000 00010000 ©6100060
27 geeliall 00010606 60060006 00610006 08116606
28 06011166 66010068 06010066 00060080 68106608
29 88611161 00810068 06610008 0OBEGORE 06110608
38 08011110 £6616000 00616660 66015000 60106608
31 006811111 66610680 00810066 06016000 6110600
32 06166606 980800600 56060069 00100600 66080608
33 06100061 06660008 80086060 06100680 00A16660
34 00100010 00060008 00666060 66116008 0OAEEAGR
35 86108011 06006800 £O00RBAO 060116666 A6O16686
36 66106108 00006008 0616660 60100068 6OAGEAGA
37 60106101 . ' 00008006 60010066 00106606 00816668
38 00100116 06600600 68010000 001160060 0060606
39 86160111 69600000 00010600 00118060 0816008
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18 zeroing out all

bits of the second and third register,
with the fourth register and the second with the third regi st

met hod according to claim1l. wherein the step of generating a

odd bit of the first and fourth regi stersTlﬁsrBﬂ.ee?.HLsB‘éU
and | ogical ORing the Lm

THI

i

intermediate matri x conprises generating an internediate matri x wherein the

alternate rows are arranged transversely fromleft to right,

and wherein

| ower order bits fromeach divided row are arranged on top of higher order
bits. 46. The met hodssiame®r di ng t o cl ai m SyagYMa6s Shddeded e dobdad stbeasby ft1 NO

each af the first andssewmend reg| ster by ongobjebe bbbe6HdD @8 idosoaldch BB8éd ON
regi ster by ongshishe bédabdas A0CLasddl fobsodeh t he

_ ! . The naebiuece agueuodicdtiobdd ddb@dd 6.
wher eidh the step of osmeliayi ng al t ernate bidgsidobd bévasoss QO ObDER GBS St eps
evemoebbts of the first aondidoos béchoonedbbensaoarndoeal |
andeo 10006 00810060 00110000 00060000

conpri4ges shifting theiéionst
second3regi ster by onasibiotl | eft.

of zenrding out all
bits 86 the second an@i®hitd d regi sters,

4/

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

Q016111

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}

00010000 nDO1000G 00110000 06010000

00000000 00000000 00106000 00100000
00000000 00000000 06100000 668110000
(0000000 00000000 00110000 00100000
06000000 00000000 00110000 00110000
00060000 00010000 00100066 60100000
00000000 00610000 00100008 00110000
00000000 00010000 00110000 00106000
08000006 00010000 00116000 00110000

00010000 00000000 601006066 60100000
06010000 60000800 06100000 00110000
00010000 00000000 00110000 00100000
00016006 00000000 00110000 00110800
00010000 00010000 00100600 00100000
00010060 00010008 DD100B0O 00110000
00010000 00610000 06110060 00100000
00010800 00010000 00110000 00110000

000000008 08100000 00G0GRGE 00000008
00000000 60100066 00000000 6OO100E0
000000060 60160000 00010000 G0GEO00O
00000000 00100006 00010000 00010066
00000800 00110060 G0OEOOBE £OOOOOBO
60000000 00110000 00008600 60016000
00000000 60110600 00810066 606060606
00000000 60110600 00016608 00010800

06610660 66166060 66666606 66060000
00016060 601066060 0000660 606010006
00010060 061060000 00810006 60006008
00010066 00100006 DBO1000C BLO10660
06010006 60110060 66600600 66000086
00010666 56116006 00000806 600100686
©eclo000 06110800 06616006 00000000
00610000 66110006 06010006 00810660

66600000 00108000 66660060 60168006
00006000 00100000 60060008 60110000
00000006 60106066 00610000 06106800
66006600 06100660 06016000 00110088

- 00600000 0011606000 666660606 00160800

00000000 06110600 0666000C 668110000
00000000 00110806 060166600 06100000
0006B006 60110000 00610000 0G110008
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logical ORing the first register with the fourth register an{ tHaSBee
‘register with the third register. 8. The net hod, accordi ng

wherein the step of generating an internediate matri x conpri
a first set of 4-byte values fromat |east one | ookup table for each
- odd- nunbered row fromthe bl ock and dynam cally overlaying said first set
of 4-byte values in the first 32-bit register; and obtaining a second set
of 4-byte values fromsaid at | east one | ookup table for each even-nunbered

r ow frorghthe bl ock and caIIy overl aying said second set of 4- b%/
i eg| ster. 9. | n8eqlegpa B?@O@E@P@Rﬁp??geeégﬁﬁ em a
Ye!

val ues igp the second 32 > o
met hod rotating a big i mge by 90, c
2 193%{3 fgl ) i n? B‘EQ wﬁ?ug 8)00008 1t r i x

:‘?glme{nﬁ@q ed steps selecting a 066100006 oomeeea oe meea 81106600
92 @1ei110e 06010600 00116000 00800606 001060000
93 alali1el 00610000 06116060 6GOBO000 60110060
94 ale1111e 06010000 66110008 00810606 00100000
95 a1011111 00016000 00110000 00610600 08110000
96 01100008 06000006 00100000 00100008 00000000
9/ 01160001 00000600 00100060 00100800 00010000
a8 01100010 00060600 60106000 06110000 00006000
a9 altigoolt 00000000 00100006 00110000 00810000
100 01100100 00000000 00110600 80100000 000000006
101 61100101 00006000 00116006 00106000 60010008
102 01108110 06600006 00116000 60116000 60860600
103 01100111 00008000 60]16006 66116000 60616060
164 61101600 00610000 $0100060 60100008 56006000
105 61101001 00616000 60100006 00100008 66016000
106 alialele 00010000 00106006 60110000 06000000
167 ' a118ie11 00610000 00100006 00116060 56616000
108 alle1108 00010006 00110000 00100006 0008HO0EG
109 811681101 00010000 00110606 00100060 00610000
110 aliellie 00010006 00110000 00110000 00000000
111 ariotin 00010000 60116000 00110000 00810060
112 01110000 00806008 606100606 80160008 06106080
113 01118001 08060606 00106068 06160000 00118660
114 01118018 : 06000066 060160006 06110000 00180600
115 81110811 - 00000000 00160000 60110008 00110860
116 01118100 ' 0808GA0A 60116000 00100000 601086860
117 61110101 00008000 06110680 001660068 06110606
118 01110110 0006066066 66116006 08110066 00180600
119 01116111 000000866 08110606 00116606 0116008
120 01111008 : 80616860 00100600 00100060 00189008
121 81111881 66610006 00100666 00166006 00119868
122 61111818 06610060 0010606006 00110680 00166660
123 81111811 00610668 ©0106606 60116660 66118666
124 01111106 06016000 00116000 80100600 5910688
125 e1111161 06010000 08116860 68100068 06118668
126 01111118 06016608 00110000 08110086 08166600
127 81111111 00610600 00110000 00110066 06116860
128 . 160600800 60106800 6600PHBEG OAOBODLE 0BORHEBO
129 : 10060001 001606060 60006068 6BOPOROR B0O10660
136 16060010 06166000 66660000 00P106BE 6BHHHEHH
131 10600011 06100000 60000P0H BEB10000 DHH16660
132 10000106 00100000 D6D10069 06600E0O DODEODEE
133 10000101 06106000 0BO10000 BHAEEESE 0010660
134 10808116 . 00106000 0OO100OG 66A1B6BO HOBOORES
135 10806111 00100660 £OD10000 66010600 56516060
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| mage dat.a; b)

col'ums of pixe
translated into a paired ni bbl e col umm,
arranged transversely and | ower order
top of higher order
savi ng
to first and second 32-bit
into a third 13és10dei t

matri x; c)

regi stigg
a founiB2-bit

regi sttéhs by one bit

data bhits,

t he

regi st erigeeapoi

.rows of
registers; d)

t he

alternate rows fromt
rows fromthe bl ock bei
rows in the paired nibble colums of the internedlate

Internmediate matrix sequentially

generating an internediate matri x having 8 fmegg)qa@eenk laced
wherein each row fromthe bl ock |}B m

copying the first 32-bit

I

regi ster and tgoeesdaCsaasbes’ odbiobiosh RBeesécRr | Nt O
shifting each bbb dobdcdbe advdecde 0Mdasce

fromtile fourth registlép@ldito the first regisstiesesasndecbocooost does bbd1oabe

regi sitd onto the secd@®!i®gi ster;

unti | 1‘!Ihe i mage has béé‘?@li‘ﬁt at ed.

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

1000]111

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

and g).

9@ [16EH0i 0001 cotee pEDOEEpe Bhrosasgh f)

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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10. A 32-bit operating systemfor rotating a bl ock of bi- | &igfbeet Cep RIRL
having 8 rows by 8 colums of pixel data bits, conprising: nﬂ . “
|

generating an internediate matri x having 8 rows by 8 col ums
bits fromthe bl ock, wherein each row fromthe block is divided and
translated into a paired nibble colum, alternate rows fromthe bl ock being

arranged transversely and | ower order

top of higher order

matri ¥4 at | east firstgilmpeeond,

firsti8bour rows of thédlilder nedi ate matri x egdoebd eccaemorndl @ead feaonvhd

regi st8érs for saving, 18lhiedupl i cat e,
i nteri®8di ate matri x;

regi st88rs 20
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
230
231

hEHANEe f or shifting eactolodosd loen1bdon Tol1caead & esmoal
10111101 06110000 00016606 00100000 60110000
10111110 00116660 00610066 601100600 00100060
10111111 00110000 00010000 00110000 00]10000
1 1000008 00106600 00166000 AEAO00EE 06006600
11000001 00100000 00100600 00006000 00616000
11000010 00160000 06106006 66016600 00000060
11080011 001066000 60100006 00010060 00010000
11000108 00100600 06110606 00000008 06006000
11660101 00100000 00110000 00000600 60010000
11000110 00100600 06110600 00810000 60600000
11000111 00100060 08110000 00016608 00010000
11001006 ‘00110000 00100600 06000006 00060000
11001601 00110606 00100000 60000000 60010000
11801610 00110000 90100000 00010000 00OAHH0O
11001011 00110000 00106000 008100060 00010000
11001100 00110060 80110606 00006000 06008000
11861101 00116680 00110000 00000608 000610000
11601110 00110000 00116060 00010000 50000060
11001111 00110860 66110000 60016000 06010000
11016000 00106086 06100060 00606006 00100000
11010081 00100000 60100600 00000000 00110000
11016016 00106000 60100000 06010068 00100000
11010011 00100006 00100000 00018006 06118000
11016108 00100060 00110000 608GO0A0 60100000
11610181 00108000 00110000 ©0060800 00110000
110108110 00106006 60110006 06010600 00100008
11018111 08100068 00110060 00010660 60110600
11811666 60116066 60100600 606600008 68106600
11811601 00110000 £B166000 06606660 60110860
11011010 00118000 £0106860 B6D16660 06108000
11011811 06116660 66106608 60810860 68116008
11811100 66116660 60116066 66000600 00106668
11011161 00116060 66110080 £0000000 60116608
11011110 06116060 60110060 00616066 66160000
11011111 08116066 00110066 00010666 60110000
11100068 00106600 60100000 80160068 66006066
111008801 66100006 66108660 00160666 60810060
11100810 60160660 06100060 06110606 66006600
11100011 061666860 60180660 00116086 66010686
111601600 66100006 00110060 £8106060 86866060
11106161 60106600 60110000 00166008 80010000
11100118 . - 00180000 06110060 60110860 86668600
11108111 00106600 60110060 88116068 00010660

IBM CONFIDENT 1AL

t he r ensdindong obevesse ree Ym0l odleRee

ced

|

rows fromthe bl ock being arranged on
rows in the paired nibble colums of the internediate

I _ ( third, and bnysebé oGoeedsh tasioaduess odees
regi si8érs, the first a#diedhird regi sters fooe13506e BgRosded cdigabsecediegoad he



. . . . . heet Has Been Replaced
by one bit in opposite directions; and neans for overlaying a

fromthe fourth register onto the first register and fromthe u ﬂ Eﬁ
regi ster onto the second register. 11. A system according to

wherein the means for generating an-internediate matrix conprise at Ieast
one | ookup table. 12. A system according to claim 11, wherein said at

| east one | ookup table conprises nultiple | ook tables, each | ookup table
bei ng adapted for generating a 4-byte value for at |east one row fromthe
bl ock2323. A system mucamessdi ng to cl ai m 10,9gY4364eCd10d6b8 o6 dob¥oses

gener @3 ng an internedildgledlmatri x conpri ses:gal @bds HQ0deEP ot 1dbde8 Soae BAGHN

| ookug3t abl e bei ng adapt®aia or generati ng 4-dbyteesevedibese borestb doemsds t Wo
rows £#om the bl ock;- dHi8heans for dynani cabipesmvenbays pelideohybelovm ues
from 5!"5( ernate rows fridMii®e bl ock i nto one cofloeumi ablIa@ed 94166@A 86800000

11181]e1 00110000 06116000 00100000 0001066A
238 111aei1io 06116000 00110000 00110000 000EOBEO
239 1110111] 00110000 60110000 08110000 20010000
240 11110000 60100000 00166000 60100000 08100000
241 11110001 60100000 00166600 06106000 00110008
242 111000 00160006 60106000 00110000 00160000
213 11110011 00100000 60106000 00110000 00110000
244 11110100 60100000 00116600 60100000 00160000
245 11110101 00100000 806110000 00100000 60110000
246 11110110 00100000 00110600 00110008 00100066
247 11110111 00100000 00110006 06110000 00110000
248 111110060 _ 00116000 00100000 00100008 60100006
219 11111081 00110600 00100000 00100066 06110600
250 11111810 00110000 00160000 00110000 00100000
251 11111011 00110000 66100008 60110000 00110000
252 11111100 00110000 00110000 60100060 00100000
253 11111101 00110000 061106060 00166000 06110060
254 11111110 00110000 60110008 00110066 00160000
255 111111t 00110000 001100060 00110000 00116008
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REPLACEMENT SHEET 21 LOOKUP TABLE 1: TO ENTRY
REPRESENTATI ON Bl NARY REPRESEI\FI'ATI J muu ’
00000600 oooooooo 00000000 400

00006006
00000001 00000000 00000000 06000000 0000000
Onnoool 0 16 00006006 00000060 0000001 0600000 3
00000011 00000000 00000000 00000001 06000601 4
wWhad OD 110 onnooooo 00000000 000N00O00 00000000
n100MAKUP TABLE 4 : Quuonono 00000001 00000600 ooo000 ol f
00000110 00006000 00000001 00000601 00000000
00000011 00000000 00006001 00000001 00O0OOO0ON 8
00001660 FROM 00006002 00000000 OOOOOOOb 00000000 9
0000 00000001 00000000 0000000 00000001 10
000028% DINARY REPRESENTATION 550000n1 00000008”‘6%6566%5 68(%0000 X
- 000@1011 00006060 00000001, 00N 0 u 001 | 2
00001 00 00060001 000000l 005"“ g%&%ao% ::: (9
31101311 10 00000610 010000( 10 O-ﬁ- ﬁos 0600 AEHS
3 60000011 00000000 60006000 01006000 01000000
1 00000100 00000000 01080000 N0ABACOS 0000000
5 00080101 00000000 01000000 00P0AG06 01000000
6 00008110 00060000 01600006 01000000 0660000
7 00000111 00000006 01000008 01000000 01000000
8 00001000 01000606 00086006 DOGOROGA GOGON0BH
9 00001001 01000000 00660000 60000000 61060000
10 00001010 01000000 600000060 01000000 00000000
11 00061011 01000000 000G0OBO 01006000 01060600
12 00001100 01000000 01000006 60000000 60000000
13 00001101 01000000 01000008 06060000 01000000
14 00001110 01006000 01000000 010000608 06000000
15 00001111 01000000 01060000 01006000 01006000
16 00010000 00060660 0DOAOH06 00B6GE0E 10000000
17 00010001 00000600 06000000 HOAEAE0A 11000000
18 00010010 00000000 000OOBO6 01000606 10000000
19 00010011 00000600 08AEAGA0 01000000 11000000
20 006810100 00000000 01000600 00AOGEO6 10000009
21 00010101 00000060 01000000 60600808 11060000
22 00010110 00000000 01000000 01000000 10000000
23 00018111 00000006 01000060 01000006 11600000
24 00011008 21006666 66600000 60066 10000060
25 goe11001 016060600 00600606 5AE6AE0S 11000000
26 00011010 81000600 00GOBA0O 61000060 16000006
27 po611811 01060000 06005000 01600868 11000600
28 00811100 61000660 01006000 000066068 10000066
29 86011161 61006006 01600000 66600008 11000000
30 goel11l110 016066068 £1006000 61000668 10060660
31 . 00611111 01060088 01000060 51006006 11080000
32 00160608 00000668 6660000 10660660 66600068
33 00106601 00600060 06900008 10000068 61060666
34 08100618 00000660 06060000 11600660 6600006
35 60100011 660006060 6BO0G06E 11660006 51060068
36 00106108 00006066 61060000 10600608 06006600
37 60100101 06080060 01060600 16080086 61060000
38 00100110 00000806 01600060 11000660 06000000
39 00100111 00006000 01066008 11000068 81006000
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14 W W2I I |10 . 000( 120 oThi eenRe laced
00000001 00000000 |5 0000! | l |Il| “l

00000001 0000000l 00000005 00000001 16

008000060 66660600 ooo0ooo0 00000010 17 00010001

00000000 00000000 00000600 00000011 | a 00010010

00000000 00000000 00000001 00000010 19 00010011

00090000 06000006 00000001 OOOOOO 0 20 . 00010106
10006606 Qdd bbb

00060800 60060001 00COWYE® 00 1000 0 21 01066666 50608000
00060060 60000001 GOPEeH66 60000011 22 010666668 0B0REEEE 10600006 B0HEMIR6
0000600 0000061 0668HP® 00000010 23 01066060 06000606 1100@HOO DOMEWE
06060506 00000001 00@8H&YE 00000011 24 01000606 06000008 1100600 D1HO®O

66066101 66066606 6680951%80ee066010 25 01006006 01000606 1006306 DEHA000
1Wdooe 99006011 26 01000088 ©1000600 10600000 QFHBE0PO10

606664(%:6 6e006 6 000
006 000001 96083031 1d80001 60000010 2701066000 81660000 11006600 BRASAEHR T 1
06660891 66060060 66393 600611 28 01660000 01066060 110@AGEM §1A9RPOO0
86006801 600066e6l 6066666 96009616 29 66616111
66666@91 69660661 60668096 0 000011 30 00000000 00000000 1060008 Pdobdshe
0006081 1 00006611 000600®1 009668 10 31 00600000 00000000 1000006 1bbdobe
0060000 00 66666 0000@QEI01 96000011 32 00000000 08000000 11060000 16906N0e
66666606 66006 6001 OGV@0O1! 9 e 660e0 380000060 0@BEHO0KRA00086 11080600

060806 6600609e0 08B¥PH 00990001 00006000 £166600G 10060000 10000000
53 00110181 00000066 01060000 10000800 11000000
54 08116110 00600008 ©1066000 11000000 16066060
55 00118111 060006000 01000000 11680666 11600000
56 06111060 01000068 60666000 10066600 10000000
57 00111001 061006600 DABEGAGO 18606000 11600000
58 00111010 01606600 60000600 11606000 10000000
59 00111011 01000000 66000600 11680600 11660660
66 60111100 01000086 51666006 10006000 10090008
61 eet11iel 01000800 01000000 10080000 110060060
62 00111110 01000000 01666000 11686600 10600000
63 08111111 01000606 ©1060066 11006000 11868008
64 01000000 00006686 10600000 60606000 600HAGE0
65 01000001 00006606 10066000 60066000 61000000
66 01000010 00000600 10000000 61689868 660G000G
67 01600011 00066060 16000060 01000008 81800066
68 01000106 0600000606 11000060 HBGEG066 00BAEA0S
69 01000101 00006000 11066000 06600000 61000006
78 01000110 06006066 11660006 01806686 06000006
71 01060111 06000608 11000600 061060080 01008860
72 0leal0e8 01000668 16666000 06660080 0860HHOH
73 81601661 061668860 10600600 06966060 81660008
74 81001610 01008060 10606866 01660660 00688800
75 01081611 01006608 16666060 91666066 ©1890008
76 01601109 01666066 11666660 80606668 606EGEEH
77 01801161 01868000 11600680 09660666 81000608
78 81801110 " 01600000 11666066 01606688 00BOOCEO
79 01061111 61008666 11660060 51660666 £1866600
88 01610668 00000060 16606066 66666008 10600060
81 81816861 00006000 16666660 08006688 11600000
82 61016010 066006066 16060068 91000600 16066608
83 01010011 06060R60 18660060 81006666 11000060
84 81610100 60000068 11000006 60006660 10660866
85 01010101 060000608 11060600 60GBA6E6 11666860
86 01616110 . 0660060 11080666 01686006 10000000
87 61010111 00008600 11600600 01666660 11066060
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080069R0sRAAQA08AQ Replaced

L

61001 160
86106011

REPLACEMENT SHEET 22 41

34 06160019

000e611 1 90600060 35

e0000000 06606090 600000011 00009081 36
8000 0 8 000006 | 600010 000600 37
60066000 e0000601 00100916 60000001 38
06600000 09e06601 00000011 66000000 39
6 0000060 0000001 6e660011 00600001

0001001

y

8161646 016116606 eeeeeel | geo 41
9618188800100801 886666311 86666666 69666@%26? % gzg @Etf?e fg?fg%g
0 16 gh6e 01611010 asoeloal Pfpbkfab0sesbEd do 946300 43
61610l 81011011 66606601 66@@@ﬁaﬁgmﬁ&ﬁaﬁﬁﬁﬁ0@Qﬁﬁ&ﬁ@1 44
66011%6a 01011100 08666666 10066006 Godoobaossathbos éveéRd66e 45
00, 1013101 01811101 6666661 6620666 1i 1666663043 ER0OH DHBE 46
0o ™ii0 giollllo 06006001 9@O6ER6 G1sonaBoN6de00s DMROOOO0 45
00108511 aleilill 00000001 9P4apd QDeckeddOn OdEdal 1 6@OO0O01 48
66110606 60666660 60666666 666006 06661
96 01166000 00606600 10006600 10000000 0000000
97 01100001 00600608 16000000 10006000 01000000
98 01100010 00000060 10008000 11000000 00000066
99 01100011 08000006 10000000 11000000 01000008
100 01100100 06000000 11060606 10000000 60008000
161 01160101 00000060 11006000 10000000 51000000
102 01100110 00000000 110600008 11000008 000060000
183 01100111 00000000 11000000 11660006 01600080
104 01101000 01060600 10000000 106080000 00000600
105 01101061 01000006 10000000 10086006 01600000
106 01101010 01000008 10000000 11060000 60660000
107 01101011 01000600 16008600 11000008 01600600
108 01101100 01000600 11000000 100006000 00000060
169 01101101 01600000 11000006 10866000 01000006
110 01161110 016606060 11000660 11000008 08600000
111 01101111 01000000 11006000 11060000 01006660
112 01110000 006060000 10666006 10000000 10000008
113 01110001 00000060 10000000 100600606 11000000
114 91110010 00000000 10008000 11006608 10866000
115 01110011 00000000 10008080 11000006 11660000
116 01110100 00000600 11000606 10060606 10000000
117 01110161 00000600 11006000 10066600 11000000
118 81116110 00000006 11600660 11066000 10066000
119 01116111 00000086 11006606 11000000 11600008
120 91111060 61606006 10000000 16606066 10880060
121 81111081 01600800 10606060 10600660 11066080
122 a1111e10 01000608 10006600 11600906 10060660
123 81111811 01606008 10000060 11660060 11066000
124 01111160 01600600 11000000 10606660 10086606
125 e1111101 51000808 11608060 10600860 11006000
126 01111118 01006600 11660060 11006668 10860060
127 81111111 01006600 11066060 11666660 11800000
128 16000660 16666600 09006000 56606000 66666600
129 10666601 10000068 06000600 66088608 61086608
130 10006010 16006080 06666688 01600660 66086600
131 16008611 10000066 00600080 01060060 01060060
132 10066100 16000000 61066608 06066606 66086000
133 10000101 10600066 91080600 6OABE600 01660008
134 16006118 10000006 610660006 01000660 6AORA00E
135 16006111 16600060 01666000 01006660 61000000 -
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00110001

000600000 00000016 6660001 1 46
00000600 00000000 00000011 00000010 1/
00800600 00000000 00000011 00000011 52
00060000 00006601 06600010 0000010 53
0666000 00666001 60066610 06006011 50
00006000 00060001 00000011 00000016 55

0000@8w|

606n0001 60aeedest 60 O o | 56

66666561 00666666 0606ed1831866660610 53

0000088L 6000

0066

108006 a 66606011 511 11006666 0EOBEESE 01600666 BOARAEO10

006618001 60600660 6668801 60006610 56)

00000801 00006000 8008IHA® | 00600011 51
0000 }4bo 000100 1 6020601181

00006#61 00000601 0008¥¥LE 00000010 60
0000440666 0000001
00006001 60000001 00000011 60000010 64
00000901 0000001 000Q6MBABE00060011 64
66666666 6666661 6606H6BN 66686666 65
066066800 60006016 000666&® 0606006 6C
00066600 600006 10 66WE®LO1 00600600 67
0666648 660600016 6060008 6666C661

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

Y301 06660611 62

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

001 10010

00110100
00110101
00110110

00110111

116668600 00000600 980606R0 bbdeEEHd
11000600 608000068 A0eeéHBA D1GHOdee

11000000 60060008 01060600 P1GKOACE
11000066 01000600 6000609€) P§OCEPO

10000006 00006000
16000006 80660000
100000086 60000000
100000008 00000000
16660060 01600000
10060006 61000000
10006000 01000000
10000006 01000600

11000060 060086060
11060006 06600000
11006000 66000000
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

" IBM CONFIDENTIAL

0111000000 016000606 00006000 81000600
11606000 61606000 0160
11000000 01000000 01000008 §HOP§ERP 10

00111111
06060086 G 6dd6000
00006800 Q 65B6Ma
0100006 6 0o
81000090 6 DIBAAO
00000000 10000800
00000600 11600600
01000000 10600000
01000000 11660000

66066000 10600000
00600006 11000080
01060066 10000000
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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e0616610 | et Glas Been Replaced
66666611 6006666 66ee6e66e 69 61666161 .
66668666 66666611 66660666 6 0000001 76

66666666 6066611 60e0601 66666660 71 6166611
668066666 60 60061 66666661 60006660 72

61666| 666616666660666 6666 7Z 61001661
66666061 66606016 666606000 606666 73 61116

ooses! i goosige B B500601 600696 74 11068668 06666666 16008608 BBEHHAH10
60606561 00066016 660 50606661 76 11600606 00080668 106GDGEYL 1IGGA000
96608%51 6600011 oaeeggg "66s006e60 77 11608008 00000660 110660896 BYEA6EGAL
000i 9, 606666601 76 0 618H$46peO 00600606 11068006 110806060
66006,5,66600611 00000(] ‘ib660006 79 11606060 61600668 108686PA1HRY6AE0E
66800351 66660611 666F360 1. 96006601 t 6 11800606 61000606 16068¢APG}!BEG00
6666(§, 60060109166006601L 6606616 79 11060660 01060000 ¢ 1404071 1P06C0A0
6006066 01 060 | e0BOb1es 600e6611 g2 11890800 0100000 110806481 HeAM)

81 181681

6060e006 000616 08000606 6006616 el
Goosd98e0 eeeeeei e 00HB®EY Gonle 10 82 10060000 100006600 98600@EECHOMA0O

$e0 08b 0461 08 800666U8WH0AG010 83 16066000 10000600 GAGBIO 11606660

8666 ‘bo 00060016 ,:.:: 60600611 84 10000000 10000006 0100060 EVEIDGH
600 ;6D60001 60066600{B00 as 16006000 1G99QP0G DEAREC0G 01000000
a8 Yan 10060000 11000006 00800008 06ORO06O

6066GR11 66660660 606G
uuu1o 16000000 11000060 00000000 016006000

198 11000110 10000000 11006000 01660660 00000600
199 11080111 18000000 118606000 01000000 01060080
20@ 11001000 11066000 10000600 00006606 00000060
201 11001001 11000000 10000000 00006000 01606000
202 lieeiale 11000000 10600000 01600000 06006000
203 110010)1 11000006 10000000 01006000 61000000
204 11aa1106 11000000 11000066 D000O0BE 000000
205 11001101 11066000 11000000 00060000 01600000
206 11ea111e 11060000 11000066 01060808 00060068
2087 118081111 11080000 11000000 61000008 01060608
208 11010000 16000006 10000000 0006860608 108068608
209 11610001 10000000 10000000 00000060 11000000
210 11aleei0 10800060 10000000 01000066 10000000
211 11016011 10600600 10000060 616660680 11000088
212 11610160 10006000 11000000 00600068 100080600
213 11010101 106006008 11660060 000060806 11000000
214 11618110 10066060 11600000 ©1606006 16600000
215 11010111 16606006 11660066 01060668 11600000
216 11611000 : 116680066 10000000 66660066 10606000
217 11011061 - 11000008 10086608 80060600 110080000
218 11011618 . 11080000 10000000 01066668 10000000
219 11611011 11666606 10008066 61000600 11000600
220 11011166 11660600 11060000 006066660 18000660
221 11011161 11000666 116060000 00660000 11080006
222 11811116 11606060 11660066 61666866 10000060
223 11011111 11660600 11060060 01660060 110686660
224 111660600 10860060 10000060 1880686680 686066000
225 11100001 10000608 10000006 10600000 61000008
226 11106810 166006006 10666660 11006666 66000600
227 11166811 16606606 10600000 11006000 01060006
228 11106100 160600000 11666600 10600660 66600000
229 11100101 10066068 11000006 10066000 01608066
gg? 111ee11e . 10066060 11000860 11000086 66600000

11100111 10800000 11000006 11000060 01000060
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as. - 01818181 86600068] pre o Beon Replaced
Oenene Mansell 86 ' 01061116 'mm"mm ’,”m
e606660 00000ell1l 660066el1 060016 87 0101011

00066060 666061i 6e60666] 600666e1ll REPLACEMENT SHEET 23 aa '

el eel10 | eeoseel eoeeol o eoesoseoo soosooo 90 010i 100
aGoesseoe 66000010 00600 600000011 90 8idl o0

0000661 000800l e WBOeo Ce | 00663010 91 _ 01011100

0000#3%1 00aebl 0 osoobdPieBH600000 92 11600800 10060000 1GHEBbED1EPE6EE0E

00003381 oooee011 606H38EBI 00000010 93 11006660 100606608 1006684600 1087080

ooaoddbot oaocoonl ooHdBEébo aoooooii 94 11066668 10666866 110660@P]1GPEQEPEE)

0000dd®I Mon000t 0000 1H0000010 95 11600860 10886660 11008pAS,Q@ppPE0E
0oo0dgdo 0000001i ne 00000011 9/ 11006606 11000800 108066491 GA6PRIER) 1

60004000 oogy &lﬁ , Nee0010 6600060059130 11008339 19089390 MG 00 00
0000 0 000N0O0O0i (e]0) 00000000 OO 1%‘1
000038%0 00000010 000’38® iflooooooooo 99 11000600 11060660 1106§36pH}F40p00
oooogggo 006000010 00006011 006000001

11116066 10066668 10000006 10080668 16066600
241 I1118001 16000000 10006006 16000066 11000000
242 11110010 10060006 10000006 110060068 100000606
243 11110811 10060000 10000000 11000000 11000600
244 11116100 106060606 11060000 10000060 10000060
245 11116101 16606000 11066608 16600660 110680660
246 11110110 10006600 11000006 11000000 10800060
247 11110111 10000006 11006000 11660000 11000000
248 11111060 110606600 10066600 10006000 16668660
249 11111001 11600000 10060000 10660068 11000000
250 11111010 11600000 100606000 11000660 10008000
231 111110611 11066808 10666080 11000000 11000600
252 11111100 11000000 110000060 10660008 16668060
253 11111101 11000006 11000000 10600008 11066000
254 11111110 11000006 11000600 110008068 10006600
255 11111111 - 11000000 11000608 11606000 11066600
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t Qo
000000 |
00000000
00000000
00000006
00060001
00000001
00000001
00000001
00000000
06000001
0000000
00000000

0000001 00000010 oo} ITEHM INFPHR"°

ol100T00 T

N

0QO000° O 00000011 00060080 403 01160111
0000001 O 00000011 0000000 104 01 101000

0000633, 60005010, 000000, 408, . 1 syencion of 91108 -
0000001 00000010 O00b00vE e Tnvention o 07101070 S*Ctusive

00800FH TP HVOY0OF | POUVDDOOE iG/ claimed are definedppisplf@ljlows:
00000010 00000011 00006001 108 01101 100

0000001 00060010 00000000 110 01101 101 o
60000041 108000 I2-duoerRenating system, a method of |Ixplating by SO

08888%%%%ﬂgggggéigﬁgggggggfﬁ%%? data having 8 rowd Y18l columns of

01119060

000000 00006616 F0HDAI0tG3NE0| coamrising the computer pmplemented steps of:

00000000
00008000
-00000000
60000600
00600000
00060008
60000000

00000010 00 : 000QQ01 . . @) . .
0006010 od@%@%%%tbggo Olé%ér%égggge matrix hagi??bfalrows by'e
00690 WS 01H BO8HIdtd Iits, wherein each rowl fremEhe block is

00000012" HRRB0RT0 BogRgbET T4 to @ paired nibbleqiiifly alternate

08006034s 063000| theoddesio hedng arranged transvengedyjjand lower
9006m%rdQPOQQ@% q%%mm%ﬂe block being arranged on .top of higher

order rows.in the paired 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 register by one bit
right.

4. wherein the step of
overlaying alternate bits further comprises the steps of

The method according to claim 3,
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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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00000006 0000080 LedeEGEs0BW0(Dus thedlock being arranged fyamgversely and

00000010 600083%17 8:0 gggg Ooocmoﬂoﬁﬁlthe block being arr&Qdellon top of
(0]
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00000011 00000000 0J000EHVHo1the rows of the 1nterme ia 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-bit
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 Fivcd ~nd ~n--w
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0060001 00600601 60008011 6000006 ?h? to claim 11, whereipn-§ald at least

00600011 660060&P%HORBEUR t8bdesFomprises 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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rotates and stores the odd-numbered rows from the block of

data in the first 32-bit register and the even-numbered rows

‘from the block in Lhe second 32-bit register. The first and

second registers ave copied, respectively, inte third and
fourth 32-bit registers. The first and second registers are
then shifted one bhil in opposite directions. The first
register is logical ORed with the fourth register, and the
second register is logical ORed with the third register so
that the even bits are replaced in one register and the odd
bits in the other. These steps are repeated for all remaining

blocks of image data.
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FROM 1. Field of the Invention TO ENTRY Bl NARY
gggggggNl ATl ON Tne preseunt invention relatﬂ@%&é@%ﬁ&%ﬁéﬂﬁﬂagbﬁago |
t RY4E £ £.
00000000 method and more p“é%g‘gggg’go 00006000 -00000000 00000100
of bi-level images. -

2, Description of the Prior Art

Bi-level images (also called monochrome images) are images
having just two intensity levels (general;y black and white or
black and green) Dhecause 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 28 bits, or about

128,000 hiytes.

Through the increasing 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 fov reducinq physical storage

reguirements and improving accessabiliny'to common office

files.

hocuments are commaonly recaived into computer systems by
optical characteyr veader (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 effiqiently. so that it can be
e#sily 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 expediting image rotation, particularly plus or
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0000000Q@ LW Q0 J0BLHAR the groups. 0V616611
66000666 60060160 00001100 20 86010166
00a00160 6066600 60001000 21 . WO A 0l
6600160 Eésbmﬁbeméelilwents cdiscuss, as prior art, a number of .

much earlier publjcations and references directed to solving
the problems associaled wilth image rotation, and the contents
of each of these IBM patents, particularly in their sections -
describing the prior art, 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
th;:ouéh 90 deygrees, either clockwise or couriterclockwise,
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 Lhen used to assemblé 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 lookup 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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Other approaches to providing rapid image rotation have been
hardware specific solutions, such as a special hardware device
called a rotation buffer clisclosed in U.S. Patent Number
4,947,344 of IRM Corporation ovr special circuitry disclosed in
i.S. Pnkentluumher 4,992,960 of Yamaha Corporation. However,
these types of havdware solulions require considerable costs
associated with modified existing hardware, as opposed to a
solutiod'implemeuted in software for maximizing the existing

hagﬂware storage capabilities.
" SUMMARY OF THE INVENTION

Like the. methods <¢isclosecd in previous IBM patents ('020,
'430, and '845), the present invention also works on 64 pixel
blocks of image cdal:a alt a Lime in expediting image rotation to
ovientation of 90" ov 270" from ils orvrientation on jinput.
llowever, because Lhe melhod of the present invention requires
fewer memory accesses than the prior art methods, it has been
found to be 15 to 30% faster in operation on Intel-based I1BM®
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 B 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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00006000 06066100, Q0Q043 903 +OQQALkdP X0 a fourth 32-bit regisPOL1EROD of
00060100 06066609}1969:91'18(262:\9022":9!99 registers is shifted by one bit ‘in

opposite directions and alternate bhits from the fourth
register are dyunamically overlaid onto the first register
while alternate bits from Lhe thivd register are dynamically

overlaid onto the second register.

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

the method.

) BR.‘(_EE‘ DESCRIPTION OF THE DRAWINGS
Embodiments of the _invenl‘.ion will now be described in detail

in asgsocialion wilh Lhe accompanying figures, in which:

Figure 1 is a schemalic representation of a typical
operating systems fou 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 05/28 system, Posix

Unix systems or Microsoft's system NT.

The elements of an operating system of this type are
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62066066 660060X8° Bbb‘d’(?l 6 6”é‘°“ as an OCR-image ’““6’&66%?06“" a

HO000060 00110 R¥ABERI 78’60@6%36’0 ppns for receiving imagesidpfgignto the
006000 6 NO01206 ope6@6iG0e sPOBB0e WOu¥d include data transissgon and
€0000000 606611@c§ﬂ§ﬁ@0%@@19§%ﬂ@@%ﬂ%1 16, the image scannexoleog’ﬂdll

a65e00¢10 600l oo¢"EaddiEy Eichlfechey neve siseerane reanfififoter

06060016 60100 6FEABLRSE °56ORPLRG2H 4’“ & a docunent or image; oBatPEsingly.
06000100 01n0e00 WenmPresseNAE0i» conjunction with image storage 14 will be

required to manipulate Lhe image data to meet the presentation
reguirements of each of the peripheral devices 16, 18 and 20.

For example; a phoLographic'jmage may be scanned into the
system via scanner 18 and end up as a horizontally displayed*
image 22 on a computeyr display 24, such as illustrated in
Figure 2. In order for the end user to use the displayed imaée
in any meaningful way, the orientation of the image must be
rotated 90° clockwise to the position 22a shown on the

computer 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 Figure 4) may
be represented by the 64 bit matrix s_et- forth below in Table
A:
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66000066 0 80001600 6 100 600 016@) 83 01810011
06006006 00016 00060106 06001100 84 _ 81619016
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"Wl 61 01 060080 680600 UBPSTTop 50" L
|1 O OL10 Row 1 A3006a¥00| AB00pA4 60| Hb0$é206 |gF00I|dD §7
ololtelll 6a 0 0 1 604106 1100
REPLACENENT SHEEI Ry 83 8702 66 e 8 161% gg a i‘%@l P
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06616 Oeeel e 6 eaaLeaaa__agag¢se e060p

Row 4 D7 Dé DS D4 D3 D2 D1 DO

Row 5 E?7 E6 ES E4 E3 E2 El EO

Row 6 E7 F6 ES F4 F3 F2 Fl ‘FO

Row 7 G? Gé G5 G4 G3 G2 Gl GO

—I;::_; 8 _ - —!-I-I‘ e 1S 4 H3 H2 Hl HO

Where AOD, Al, ...... . HG6, H7 each represent a bi-level pixel

forming the matrix.

Clockwise 90° rotation of the matrix of Table A turns the
mabtrix on i'l:s side so that Row 1 hecomes the right-hand column
of 8 bits, with the AD pixel at the bottom. Counterclochkwise
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
resul ting data represenl:al:iéus are illustrated 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 processor, 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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00000000 0000NO0O o 00100600 o 0000100 94l ?1011Nﬂ0
onuoaost 0000UCH® BERFRHI-OEEOLYbiE lofy formed in four main stepg, Fiy§

0000000 00001 00 CGODGQ1OGeNDOVL 1@O % is yeneraked that sets thy) foopipgion
006000000 00000'&&0‘:9&%% Qe WM Q0Ntd0two register-size rows ofOﬂrleQéQO

?000000808888310% 08@4 866%889%%88é8€19 d{ stored in the two Q;J'&g:l

h §n00111
60006000 6000110it6ueFIRFErB6 TG BRen GoPied into a further pair,qf 5
000@000 00001100 FASLED 'mmee%ee thg7four registers is then mapinyjphed.
00000000 00001000a:20) 361086103046} s1@2e finally collapsed back)1ir301tBe

.00000100 00001100, zQ%QQathQ: o0B0R0AGH dddRain the rotated data im@gd01101
0000000 00001100 00001000 000001 00 164 01 101111

0066111 00 0006I | 066 66661 660 606060003 105 a.t1 8000
000061 60 00001100FTBBEBNBTO OBbYETFGe memory accesses per byte (or 24 per

block) are regquived, first when the byte is read in a
processor register, next when the value is used to access a
lookup table for genevating the intermediate matrix and a
final memory access Lo save Lhe rotated data back in memory.

.
This represents a 25% reduction over the next fastest rotation
method of the prior art (which requires 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 8 pixel matrix ov 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 a0°
clockwise rotation, the intermediate matrix is as set out in
Table B: '
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06006166 6661106( 081166 oa:é%ga ?gs E6 |E2 |c6 |c2 qé%%ijé%i

e006el 60 600100
61660166 6006116
61661106 6000116
0060010166666011
6080116 0601166
61001006 0000616

110 - alraad 00 WQQEET ‘
00001100 0000000 115 ' 0l 01101011
000aoo 00001000 00001100 60060100 100 810 109 DmB_Z"I"NQYJSQE
000000160 00000 010 00001000 08061000 109 11684303
0000300 00001100 00061060 00001100 110 G Al O
00000100 06001106 00001100 00001000 119 (Ihelll

- 00066160 6001100a 60001100 60066100 |112 01116000
806066660 606816800.0601006 00001000 113 81118100
00600000 60011000 00001000 80001106 1151_ 011166118
00000000 06601006 00001100 0OOOI 1000 116 611101101
a0606000 9860! 60xABOEO®H100 0000l 000 121 - 6l1i116
600100 061611060 > 00~ FZIST TIOJI T

OUTO0To Uaeel {

984106 06e4lds0 124 |gs |E1 [cs |ca (ldsll]
0]

161 660671000 125 01111104
oM 11666 06GL4166cb2 Ea |EO |ca [co |adll|lAd
000061100—0¢a60e |27 A
O6meb| | ce1004 HT100H324 7 |3 |D7 |D3 | BB6dds {
666666 6600
aouw”‘é"“” B15¢ H6 B2 | F6 F2 D6 D2 B6 B2
Row 7 HS Hl | FS F1 DS D1 BS Bl
Row 8 s |Ho |rFa FO D4 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. 1In the case of a clockwise rotation, the
transverse atrrangement 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 titled Appendix which forms part of the
present disclosure.

Each of the four lookup tables is responsible for converting
two rows in the 8 by B pixel matrix. For clockwise rotation,
Table 1 from the Appendix is used for converting Rows 1 and 2,
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e000001e 00e0e06100 66e6le6 6666616 134 - 166010
6eae00006 0e00leelee 0Oseeb0e6 O Oes6 135 : 16666111
60661060 6106el160 6000100 00600160 309136 | eeel
esiei ie000ee000e0 08eee00 eoeeeao 137" oeeo6001 e

800l | ee ~ 0s66se8e Tabbo@gfogdegigh@ izl Tahle 3 for Rows 5 and §gmng| able
600eol | e6 69080088 £68083kE38 6800B33McI1BBe rows are converted alteghathly
00081100 oooeooeeq;@00QQa81 06000lma 14Gocllowed by rows 2, 4, 6 addO8h 6lfdr

80601108 00000100 606080 89 t}gg he look 0o cg
Gooooe 00080108 o§ Sg%eorggg%&gggoo?& the lockup tables are '#Elgdhldl (ge

onool | oo 00600100 remmeﬂd%fooﬁ%fodsi T_L"*o"le 1 is used for °°“"e’FB%F6Y? 8

00000100 00000100 an8rit.oBal 2 HOOBOHNH(G aud| 5, Table 3 for Rows 4 and| 39 arg000

00001008 00000860 r38HHNEOr HYWE1DCdha 1.

Generation of the intermediate matrix, in the preférred
embodiment, is by dynamic overlay with the results being saved
-7 immediately to two 32-bit processor registers.

Use of the lookup tables for a 90° clockwise rotation can be

jllustrated 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 . 0 o] o 0 1 1 1 1
Row 2. o o 0 (o] o] 0 1 1
Row 3 o 0 o |1 0 1 ) o
Row 4 o 0 0 1 o 1 o |12
Row 5 o) 0 1 1 o (o] 0 0
Row 6 ’ 0 _ 1 0 1 1 1 o] 0
Row 7 o o 1 (o] 1 1 1 0
Row 8 0 0 1 0 o 0 1l o

First, for row 1, entry 1S5 of lookup table 1 is used:

' w#*%* Lookup Table 1:

From To
ROW BINARY REPRESENTATION BINARY REPRESENTATION
15 00001111 00000001 00000001 00000001 00000001

This 32-bit value is saved in register Rl as:
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00601060
00001000
00601000

oaooooo 00001100 146 100 001 1995
00001) 00 000000 0 80000100 00001000 147 Dmédbﬂﬂﬂﬂ! .............
00001000 60008080 00800100 08001 10 14B - . R SispasEasis,
00010 000000010 00000000 00601060 149 10010101
00001000 00600108 00000000 00001100 150 ' 10010110
00001000 00000100 00000100 00001000 Ifgl 10010111
00001006 00008100 00000100 00001100 <52« 18011000
06081100 0060ee066 0066080 00001060 153 _ 10011001
00001100 00000008, 0000000FHEAD! | GRRCESS  adaooons  oconosons 10011010
00001100 00000000 00000100 00001000 155 10011011
00001100 o000000 Q 8.880 gpgolgploo,mp table 2 is used: 10011100
00001100 00000100BH0 1@%88%2 13011101
00001100 00060105*bHdGTHEH 1900 150 - 10011110
00001100 68800100 80060100 00001000 159 . 10011111
00001100 00000100 00000100 .00€®#100 160 - 70 16186060 8ee
8ee 6elooeee eeg 800 ecUBUY BT o 00000000 0060010 Wﬁgoboomoo
6000l 00 e 800000 002001 000000010 162 10109010

680800eah (61460 DA60BEHIC OREE, or dynamically overlaid @it the
0000008 400361 1ADudFBLR04dM) 1164n which any "one" value fidk06ilfHer

8006010@-99&0I-Q‘QQ-egQDQQsOQO“zero“ value. The resulting revision of

the first 32-bil register is:.

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

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

: FROM TO
ROW BINARY REPRESENTATION BINARY REPRESENTATION
48 . 00110000 00000000 00000000 00100000 00100000

When this 44byte value is logical ORed with the contents of Rl

the following register value resulls:

8YTE 3 BYTE 2 BYTE 1 BYTE O
Rl 00000001 00000101 00100001 00101001

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

. FROM TO0
ROW BINARY REPRESENTATION BINARY REPRESENTATION
46 00101110 01000000 01000000 11000000 00000000

After loqical ORing Rl with the value, register Rl contains:

BYTE 3 BYTE 2 BYTE 1 BYTE O
Rl 01000001 01000101 11100001 00101001

Repeating the same procedures for row 2, 4, 6 and B, 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
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00001000 00000100 166
0-0000168 00000100 QcOl | oo 00000000 167

88881600 00080 100 00000160 160

10180101
16100110

00eellee 060006668 6006eee 6ee8e806 169 101801
068l | 8e80e 000006 689 (B1880 8088e166 178 18181010
00881188 80000808 6061108 068800060 171 10101011
00081100 68060688 6 180@! O eOeee8l Sthv2 161610
0s60081100 a00e0e00 0081060 808600006 173, . =~ . . . 18101161
0000l 810 6006! 800TBEDOFOBBREE 8800 RFXenr of Ank 35101358

00601100 60060169¢&e138041. TOOODVEES Wipsresults, the contents of Rjjpnd R2
0e8e6011 ee0080gelHe abéHilied imSeomor Iiftes with higher-order bytd88bHh6008

86601000ee 806666,000 008086 té4 /i trix-like format akO:dBlXk:
86001000 sosoooestmﬁ%ég‘geg'oool I og’%l?s s natEnK 1A 100 O

06011 808 0600a006 06601180 00600100 179 : 10110011
00001600 88060088RDBYE1300 000H11HG 4 ¢ - 10110100
06801080 60068108RH&VF1H00 000H20HY %80 ¢ 10116101
06681808 80068108 BYREs4 0060 0bdod PP P! 10116118
00881008 88000108RHEEHE ? 0o 080BPsbd 18P 1 101161

06861806 Oeebel 0 80 00001180 89%Q}160

R2 BYIE 3 10000

R2 BYTE 2 00110100
R3 BYTE 1 11000001
83 BYTE O

oo0oJ101101

returning to the original generic example, the.

Therefore,
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 Rl and R2 in the

following representation:

RI: GICIEIEICICIATAY | GO G2 K K2 €6 C2 A6 A2 | Gh GI E5 K1 C5 CI A5 AL | G4 GO E4 EO C4 CO A4 AO

R2: KT E3 E7EI D7 D3 BT &3 | H6 W2 E6 F2 N6 D2 86 B2 | 1S H1 F5 FI D5 D1 85 BI 4 §0 E4 FO D4 DO 84 80

The contents of registers Rl and R2 are then copied to two

other 32-bit
achieve the following representation.

registers R3 and R4 respectively (block 58) to

G5 Gl E5 81 C5 Cl AS Al
fi5 H1 £5 F1 05 D1 85 BI

G4 GO E4 EO C4 CO A4 AD
H4 HO E4 EO D4 DO 84 80

G6 G2 B6 B2 €6 C2 A6 A2
H6 H2 ¥6 F2 06 D2 86 B2

RI: GTG3IB7E3CIC3 AT A3
R2: AT E3E7 E3 07 03 B7 83

G4 GO E4 EO C4 CO A4 A0
#4 BO F4 EO D4 DO B4 BO

G5 G1 ES El C5 Cl AS Al
#S H1 F5 F1 05 DI BS B1

66 G2 E6 E2 C6 C2 A6 A2
6 12 €6 E2 D6 D2 B6 B2

R:CIGEIRCICINA
R4: NP U3 FTE3I D7 D3 87 B3
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10111111 00001700, 00000100 00001100 00001100 192
11 e06066 When the votationdsoAs0H" GA66NEEE EDEB08H6 'BOSHOYY ‘ 18
11000001 even bits K1 and @800%E086r@86 6166 L0068 EHR0 6206 A0EKRb 16!
|1 W00O of R2 and R3 are QQQ&EDQM QQ:QQ&Q@Q)OOQ@ 1004 QQ@GLQ:QQQWJ-!%S
11000011 he r 21000 80001000 00068610 00060100 196
11606106 changes in the "cﬂ)‘é 6% 660061100 00006000 0000000 197
11000101 o 66601666 0060l | 6e 06666000 08068600 198
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Ri: G? 00.E7 00 C? 00 A7 00 | G6
11001001 R2: 00 H3 00 E3 00 D3 00 B3 wﬁ%gw{ﬁ% Qog%%%rlqggloﬂlp&oﬂﬁgpﬁ%mw

R3:
Ré:

00 63 00 E3 00 C3 00 A3
7 00 £7 00 17 00 §7 00

00 G2 00 F2 00 C2 00 A2
H6 00 F6 00 D6 00 R6 0O

00 Gt 00 EI 00 C1 00 Al
15 00 €5 00 NS 00 BS 00

00 GO 00 ED 00 CO 00 A0
H4 00 F4 00 D4 00 B4 00

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

contents of R2 are shifled left by one bit (block 66},

so that

the contents of thie four registers appears as follows: o

Ri:
R2:

00 G7 00 E7 00 C7 00 A7
H3 00 E3 00 P 00 83 00

00 G6 00 E6 00 C6 00 AG
fi2 00 F2 00 D2 00 B2 0O

00 G5 00 ES 00 C5 00 AS
i1 00 Fi 00 DI 00 Bl 00

00 G4 00 F4 00 C4 00 A4
1i0 00 EO 00 DO 00 BO 00

R3:
Ré:

00 G3 00 E3 00 C3 00 A3
7 00 F7 00 DY 00 B7 00

00 G2 00 E2 00 C2 00 A2
{th 00 £6 00 16 U0 B6 OO

00 G1 00 E1-00 C1 00 Al
15 00 £S5 00 Db 00 85 00

00 GO 00 £0 00 CO 00 AD
114 00 E4 00 D4 00 B4 00

Next Rl is logical ORed with R4 (block 74) and R2 is logical

ORed with R3

{block 76) to achieve the following.content of

registers R1 and R2:

“mmmnmmmnn

16 G6 E6 E6 D6 C6 86 A6

W5 GS F5 ES DS C5 BS AS

H4 G4 €4 E4 D4 C4 B4 M

nmnamgmmun

B2 G2 F2 E2 D3 C2 B2 A2

il GI F1 El DI CI B1 Al

HO GO £0 EO DO CO BO AO

In matrix formation, Rl and R2 now contain the rotated 8 by 8

pixel matrix:
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00001100 60601ee0660000600 6000100 262
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000061160 60601166 66666000 66006000 2065
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00001166 00001166XrAB0E0B6260 000100 268
66001666 6061168041:60600610 0006160 269

60000 R orees
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1100110
- | 1Tolil
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11010001
1161608
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11061016
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06661006 oess6le 00—212
00661000 6066666 |6tf6660%0 00E618(FS 13| DS cé

- 11610166
B6 A6 146600661600

60001106 6660060 [6EEUTTOS0 T
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H3 G3 F3 E. D3 c3 B3 A3

H2 G2 F2 E2 D2 cz2 |B2 A2

H1 G1 1 El D1 c1 Bl Al R

HO Go | FO EO DO co BO A0

90° counterclockwise rotation is achieved following a similar

methoa. Ceneration 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 | ae a0 {cs4 |co |Es |EO |ca |oco
Row 2 AS Al Ccs c1 E5 El G5 Gl
Row 3 A6 A2 |ce c2 |Es |E2 |G6 G2
Row 4 a7 a3 |c7 c3 |E7 |E3 |G&7 G3
Row 5 B4 BO |Da Do |(Fa |Fo |Ha HO
Row 6 BS Bl |D5 D1 |F5 |F1 |=Bs H1
Row 7 B6 B2 |D6 D2 |F6 |F2 |HS H2
Row B B7 B3 |D7 D3 |F7 |F3 |H? H3

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



2219 -
666deel e

6000106 66061166
60610SlI 1 6 0001106 006000el

111611666110 66001

220
€6601006 221

80601160 00601106 00000060 0606116e 222
60061100 06e106l ee 60010ee OeeOl 060 223
0666116600611601 s 66066106 66661160 224

666106 6000

180106 e606160e

i |1 osol OOOOSoo000seose
-held in Lhe two 39—%%?:1‘2%%1%33'3 R} angok626%%9%:!{9%%@:1%@6106

11106661

‘nm60006106 *227

001060
66661600 660

06001008 660(1M6@? 802 EVBE &

00606e6e z27
14

| ei 600

REPLACEMENT SHEET

L;@¥m261”NQYJ§Q§m.

1506t
11611111
11106061

eoo 225

00061106stlid do! 6BEPO6EH 1 ZFpnLal.ion: 111161
0061006 00601666 66061166 8080016 228 11188160
A el E 00—
#0862 B 5266 G2 | 45 A1 C5 €1 ES E1 G5 G1 | A¢ AQ Qi c EMEQ §¢ @
06001060 00041166 00001100 06006160 32 332 1116166
D, QDL X
Eéa e 2’?”&8’3% puE |ENEUENSN LAY ‘ﬁ‘% Eﬁ‘& 0

Oeeei i ee eeeqd ..
06081166 6600LEEA
660116066188666110

00066600 .
The contents of Rl and R2 are then copied to the two other 32-

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

Rl:
R2:

A7 A3 C7 03 ET E3 67 GI
B7RIDI DI KT EI N IB

A6 A2 C6 C2 F6 E2 G& G2
6 82 06 D2 E6 F2 Ho B2

AS Al C5 CI E5 E1 G5 GL
85 BI 5 D1 €5 FI IS Kl

AMAOCLCOEIEOGI GO
B4 80 D4 DO F4 FO H4 1O

£3:
R4:

A7 A3 C7 Q3 KT E3 G Gl
RIB3IMDIFTEIN I

86 B2 D6 D2 F6 €2 it6 H2
B6 B2 N6 D2 F6 ¥2 N6 N2

85 BRI D5 D ES E1 IS 1
B85 81 N5 D1 ES F1 WS 1}

84 B0 D4 DO E4 FO N4 1O
B4 BO D4 DO E4 EO H4 HO=

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:

RI:
R2:

00 A3 00 C3 N0 EJ 00 G3
87 00 D7 00 7 00 N7 0O

00 A2 00 C2 00 E2 0N G2
B6 00 16 00 E6 00 1I6 00

00 A) 00 C1 00 El 00 Gl
B85 00 15 00 ES 00 15 00

00 A0 00 CO 0O EO 00 GO
84 00 D4 00 £4 00 li4 0O

R3:
Ré:

A7 00 C7 00 E7 00 G7 00
00 83 00 D3 00 F3 00 W3

A6 00 C6 00 E6 00 G6 00
00 B2 00 D2 00 F2 00 2

A5 00 €5 00 ES 00 G5 00
00 B1 00 N1 00 F1 00 kI

A4 00 C4 00 E4 00 G4 00
00 80 00 DO 00 £0 00 IO

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

and the contents

: A3 00 C3 00 B3 00 G3 00

00 87 00 D7 00 £7 00 H7

A2 00°C2 00 E2 00 G2 00
00 86 00 D6 00 £6 00 H6

Al 00 C1 00 EI 00 Gt 00
00 85 00 D5 00 ES 00 HS

A0 00 CO 00 EO 00 GO 00
00 B4 00 D4 00 E4 00 H4

07 00 C7 00 E7 00 G7 00

: 00B300D30IF3I00H3

46 00 C6 00 E6 00 G6 00
00 B2 00 D2 00 E2 00 #2

45 00 C5 00 ES 00-G5 00
00 81 00 DI 00 F1 00 HI

A4 00 C4 0C E4 00 G4 00
00 B0 00 DO 00 EC 00 HO

Rl is logical ORed with R4 (block 74), and R2 with R3 (block

76). The

first two

representation:

4

registers

‘then have

the following
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11Ol - minus 90% rotal ""00001'0‘00 B 16DF 886 thﬂfﬁli‘d’tf’ 544
110001 Lhan 180" 10t4200001006 66000NIG0 68CKXDOG NCEeBENI00RaR45
: | : I |O: OlO representation of g@@f@@@ leﬂ%zwg%chl%ﬂog?'loﬂaqgs 246

0
; 111 fI hy| Sight image pixels. e Qgg"ﬁo 06%;‘% 8@8%%’ 8'9’68“8% Tc?%gﬁgoonoo
2487 that c°‘1tffT$66the original image before rota@ana h‘%l or 6616
6616 24a : this type -of tétadtlie), the number of rows must be gsmwltipie

€0e0t 000 0€a00i 0o £GAGhE0siAd8 the bits in each verthlthal! &Jumn are packed
00001 106 00001000, Q;%Og%tggﬁ 8@8@%9&&%@ and a row of the outputl%ﬂ:ﬁeoiln%it

00001100 00001000 601000 251
00061160 60001000"V080eA +ésh 01)661&?)‘(5’“28% byte. Consequently, Pﬁii*i“ji‘db“q

00001103 60601 | CFxB0IGES BEFONBEII2% 3~ colump|that_arg pek multiples of
6~06081106 60601 140@n®0601000 66001 1600

1J.S. Fatent Numbert 4,627,02G of 1BM Corporation,.sets forth a
method for rotating an image by 90" that was considerably
faster than the traditional method because it caused the®
rotation of up to 64 pixels (B 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
smélrér groups of bytes of rotatable size. Each group that did
not have Lthe same value for all bits is then ro?ated. This
method . took advantage of Lhe fact that large areas of most
images are background colour (e.g. white), and that blocks or
graphs of the image.contajning all one colour need not be
rotéted. 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 1BM 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 1IBM Corporation is
specifically directed to the problem of rotating binary image
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00001000 06061000 254 [rrrtlol
000011 00 00001100 00001100 00001100 255 Daie|21N0v‘995 H

ool 0001a ool oool o REPLACEVENT SHEET 33 LOOKUP TABLE 3==FRoN-

TO ENTRY Bl NARY REPRESENTATI ON Bl NARY
REPRESENTATI ON 0O 00e06000 00600000
60860000 00000000 00090600 1 16 ) | 0000000

00000000 06000000 00000000 00610000 Z— ' 00000010

00000000 00000000 OO0 0OCOOO 00000000 3 0060011

00060066 o0o0eo0000 o 00010000 06610600 4 aoononp

88888888 oog'cdooﬁg§g' Hqgﬂﬂpquqpllﬁbu/ AUBICIDLE EL G I Gﬂﬁé ; ﬂﬂﬂnm
00000000 00031@H00 sDOGLOGOE 1D G0 BHBDOFs £6 56 A | AS B5 €5 05 ES £5 65 HS | AOH) QO 14182 64 14
000000 00660 +88686—=60+0666—080+6066—5 866840

00080000 0066660Q169990Qp ongygggﬁp 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:
A0 BO co no EO FO GO HO
Al Bl e |m ) F1 Gl H1
a2 B2 c2 | p2 E2 F2 G2 H2
A3 B3 c3 D3 E3 F3 G3 H3

R2: -
Ag B4 ca  |oa ™ F4 Ga H4
a5 | Bs s |ps  |Es FS Gs HS
A6 B6 c6 D6 E6 F6 G6 Hé6
A7 87 |c7 D7 £7 F7 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 previously known methods.

Test results have indicated that the present method is over
30% faster on Intel-based IBM PC computers, and the result

would be even better if cache memories were used.

Modifications of the 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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0000000000 001000 10 | _%1 NOV 1995
00010000 00006600 00010000 oeooooooumljjl | | "l"l [iCiaie it
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000160000 900000000 00010000 0001000% " : ‘00001100
00016060 00010600 00000000 60006000 13 - 00001101
00010000 00010000 00060000 00010000 14 00001110
00600010 00010000 06010000 00006000 1517 : 00601111
0ool ooe 00016066 00030000 06616000 16 e 00010000
00000e0a 6006000_00e000e08 00108600 17 X 00010001,

00000000 00000000T¥DOBEBE™BBA= 0800 g Frvention of which ggo fFiysive
00000000 00000000PFFELEDCY BOLVUGYE 19 claimed are defined as (1331001
00000000 00000000 00010000 00130000 20 00010100

00000000 00010000, 000QH00Q, lei]pg Dpar.%qag system, a method of r%Q%% 90°
00060600 0610300 00060000 10 Having 8 8091t 110‘
000000000 0  60® PlosERHE 0 itﬂﬁ%(f““fé aving 8 rows by BRI A1

060000068 00100©9Bxe 1083:R0OBE . 0¢arydging the computer implement@g(dtdps of:
00el 00000 00see0 000QeXY¥atDAG0N0DntHrmediate matrix having 0430y B

60018000000000000 QJQQ\QQ%O PEEh1 8005 bgﬁs wherein each row froP@Hd 1010k is

TR e 18’6%‘%)’%8%15‘6‘&8 (Prired nishle colunl wiigioesy
00010000 00000500’?)(7066860""60‘1%)‘66‘0 e ng 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;

saving the rows of the 1nte1med1ate 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 registers 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 intermediate 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 register 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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00011101 0001Q BEPOACEREST SHEET

66000000 001000(P1306YS0EY t360H0VTDRFCc30d and third register, @i degiical
0000000 00010000 @H36606 ODKELERYisteREALACENENEoGHEE Trediséer and the

€68816ee

eOl el ol el6eeb
e6led le

60l o6el

second with the thiP§8dYi80eS865€6e660 Bl 6eee 66666666 41
e 6eeebeele 6abl eele8 666166 42

66610660 esesses 6eleleeb0 65666060 43
5. The method ageersiBgetBsElttel-66MGOBD B 18500 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 even-numbered row from the
block and dynamically overlaying said second set of 4-byte
values in the second 32-bit register. ' :

9. In a 324bit operating system, a method of rotating a bi-
level image by 90°, comprising the computer implemented steps

060ee0e0 eO0l 0el0 30 ' : :

000100e0 6000100 O 00001000 ogmmﬂﬁm“ﬂm || |||| pate - 2o doHOY 30
00010000 0010000 0lee00e 06110000 32k nkARE IR I 555

00000000 0000000 60166000 008000(0 33 60100001

06000000 00000000 06100060 00016000 34 14 : 00100010

00000000 00000000 0011000 060000900 35——am e6l eOel | 0.
6e0e00ee 00 000000 00110000 Olee6e0 36 00100100
00e0e00ee 00010000 6016 .000, 00Q0066Q .37 .. 00109101
00000000 00601600“’6&%3’0‘6039106’%%05’0‘6 ofgthe first and fourth regigtersmant;
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611110 ~ - 0066
00100000 660e66e0 45 - =
60016060 60016000 00100000 oomﬂmuml““m Hlﬂ 09@131..}.1.5‘9’.’....‘?"12... :
00010606 00010000 00110000 00000800¢4/- * S * = JOTOTITT —
00010000 00010000 00110000 00010000 48 00101000
W06e080 666e6600 60100060 oeneeaoo 4'1 00110001
00000000 oooooooo 00100600 01 100001410 on ni wom
nonnnnnon onnnonno noll0ooo 0O0Oul ocoree 51 ~~~~0011 CJOL1
00000000 00000000 001 10000 001100000 S ' oCol | ool
00060006 0000006E:00110000 00l | 0000 52 00110100
00000000 00010000 604500861 xR166600ubBotated 8 by 8 pixel matfikl £64r0)lthe
00000060 6001004 aggag@@go 00110000 54 00110110
00000000 00010666 00110000 0010000 . . 0011
/00000000 00010000 odT&ooEﬁPiiS%iﬁ%d%‘ggtermediatf matrix hév‘"%rﬁlﬁﬁg%Lby
00010000 66666600 cOLIF0RE PAETECIAGE Bits, wherein each row from,thefpipck
06010000 60000006 OHMIBE66aH@]11Pe0E ated into a paired nibldy| ¢OIEN,

'000000Q3 +08Hae006 LR 16NAHE Bock being arranged trandi@tzdly} hnd

000060§§wgp ;ﬁﬂﬂOQnQ§1¥§&§0t§9 block being arranged %Q1¥$$0Qf

C80010806"8018500 F0 b0 e Peized nibble coldf de, rpe
intermediate 'matrix

c) saving the of the
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

rows

register;
e) shifting each of the first and second registers by
one bit in opposite directions;
£) overlaying alternate bits from the fourth register

onéo ‘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 cdlumns of pixel data bits from the block, 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

arranéed on top of higher order rows in the paired nibble
columns of the intermediate matrix;

at least first, third, and fourth 32-bit

processor registers, the first and third registers for saving, .

the first four rows of the intermediate matrix

second,

in duplicate,
and the second and fourth registers for saving, in duplicate,
the remaining four rows of the intermediate matrix;

means for shifting each of the first and second registers
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000666006 06el110ee6 066606 QIR Z 1t te bits £ &}OQQQ6§ e
' 666 eel ceb0eeb ean%aégoseeg géng alternate bits fr our

1
660160 66100 regigger codgcthe ddgTEortyipher and from the thizd 1 ’Gfbb"ﬁﬁo
6681868660 68 &3b06he @cOGA GRYIEHHE6666 75 10681611
06616066 Oel e00e 661de666 e00016660 76 01601160

66616666 60118000 g g;g 66@@&@@%@71:0 claim 10, wherein tl‘mﬁi@lﬂglfor
60010008 6el 0000 O 000 01000

61
66116008 CBl | 08 er ng 6% ips8 toguatrix comprise at 13“%&'&0&3‘1‘1“"
6616 6 6ell e611066t883€10606 66016606 6 016160066006000
66Nel e00006 06606e0Q0 0eOl eOee 81 01616661
60006066 601666666123.06 6§Fé:em, Qée]eﬁagﬁgSQO claim 11, wherein sa;@lgglpéIQst

66066608 06106060 o6n0e8:.|[g§)§\§> Q:gg?éocggnprises multiple look tables, each lookup
table being adapted for generating a 4-byte value for at least
one row from the block.

13. A-system,-acéotding to claim 10, wherein the means fog
generating an intermediate matrix comprises:

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

means for dynamically oVerlaying 4-byte values from
alternate rows from the block intec one of said registers.



83 - =

86010006860010660 801160600 84
666606ee66 00116006 66666606 60166e 55 8
006666006 6l 1 660 66006600 66116606 ea
sel | eeee 88100al

88e06ee8

60060000 061166 006 661800 61006
oool eoeo o0ei oee 00600 661es €eo 990 89
oeel ooee eeeeeoo08 ebeee000 006100 o]
801a0e00 6619000e 60016060 80166000 91

888u0Xx s (OO 0ooo00
' 06010600 oeo

Oool ooo0 00110000 oooooooo 80110600 94
e0011

0ennoo e
o0111111
01100( 00
ot i 0000i
011100010

ENIRY

SO DLDN—-O

LOOKUP TABLE 1 :

éREP'LACEMENT SHEET

068660

61619011
01610166

61816110

ee seeee~0 87 01010111

3-51t8 01611000

ol el el

slailale

01011011
00010000 00110003 92 8101 1160

ooooo 0600600 00100000 93 01011101
0160l

00eG6 600010000 00106000 95
' 00010000 00100000 a0000000 00110000 96

00000000 e o 100000 A O00Co 30000000 9/
00000000 00160000 00100000 00010000 sin
oooooeeo 00100000 00110000 00000000

FROM 10
BIMARY REI'RESEMIATIOH BINARY REPRESEHTATION

00000606 00000000 00000060 00000000

00000000
00000001 00000000 00000000 08000000 00000001
0000010 00006000 00000066 00000001 60000000
00000011 00000000 00000600 00000001 00000801
ouonv 0o 00000000 €0000001 00000000 00000000
aaguolol QU000 00V000N1 00000000 00000001
00000110 00008A0G 00080001 00000001 00000000
00Noat 1 00000000 00000001 9000000} 00000001 b
00001000 00000001 60000080 00000000 00000000
00001001 00000001 00000000 60000000 00000061
00001010 00000001 00000000 00000001 00000000
© 60001011 0000000! 060600000 0000000! 00000001
00001100 00006001 00000001 00000800 00000000
mal N aaeaant 00000001 060a0000 00000005
noaninig 00000001 00000001 NOO0000! 00000000
00001111 00000001 00000001 00000001 00000001
00018000 00000000 00000000 66000000 60000010
00010001 00000000 00000000 00000600 00000011
00010010 00060000 00000080 00000001 00000018
00010011 60000000 06000060 000600001 00000011
00010500 00060000 00000001 00006000 00600010
oeglelel ©0008000 00000001 00600800 ©0000011
00010110 00000000 00000081 60000001 00000010
00010111 00060000 00000081 0000000! 00000011
00011000 66066001 06660660 00900680 00600010
ogel1leal 66600001 66000000 66006000 06000011
eeollale 66060601 60600066 68000001 60000010
ese11611 06066601 060006060 66000601 06606811
geolll1ee .. 60066601 60006001 60000000 806060010
88ol1lel 00806001 60060001 66080000 008000011
gealllle . 80000001 06660061 60000081 00668010
geelllll 00006601 60660601 00000601 60800011
68100000 66600600 00090000 66000010 86060880
coleecel 06680600 00606000 08066016 60600601
6aleeoio 66000080 66060000 66660011 08800060
0oleeall 80060606 66600000 00000011 00600001
g0lea100 06000006 00000081 08600010 00000800
geleoion 00060000 60669801 66000010 60060001
goleaiie 060000060 00060061 00000811 ©6000000
06060000 00080001 66060011 660080001

60100111



R

911

00110000 00010000 100

00010000
00010000
00010000
00616000
00010000
00010000
00010000
eeOleooo
00000600
00600006
00600660

00110666 001600000d003ik®O000 117

88666606

00006000 0001eG60 00100000%VNI10000 118

600000e0ee WHO M 600 60110800 88108060
48 001 18000
49 00§ 10001
50 00110010
51 . 00110041
52 00110100
53 00110101
54 00110110
55 00118111
56 80111000
5] 80111001
50 o0i11010
59 a0ian
60 0011108
61 goitiiol
62 00111110
6] Qarseti
54 91006006
65 0100000}
66 01000010
67 010000} 1
68 21800109
69 a10e018!1
70 01668118
| 81688111
7 81001660
73 alealeal -
7 eloe1010
75 01061011
76 01801168,
77 e1e01161
78 81001110
79 01001111
] 01016600
8l ale1ee01
82 ale1eate
83 ~ 81010011
84 el0i0le0
8s alelalel
86 0lei0110
a7 1018111

nooo n§¥%5955}§%f%§€§5§2;-ss*ii:ﬁ?r |

0000008! 80080001 0080001 Ohdodabed)

00006001 00000001 00006011 0000RAC] 16

| 90060000 00000660 06696010 06088610

00000000 00060000 00000010 9000601}
00000006 00000000 00000011 00000010
00/00006 00000000 00000011 0000001 ¢
00090000 00006601 000600010 00000010
00000000 0000060) 60000010 000000) )
06008000 60006001 00000411 00000016
00000000 9060000} GO0BGAl! 00800011

00000001 00000000 6060691C 00000010
00000001 ©0000000 00800010 £000801 )
0000600) 60000000 90000011 ©6006a10
00000001 0000600G 90000011 00080011
00000001 00000661 00000010 00000010
00060601 60600601 60000010 da690all
00000001 980000001 00000011 90000010
00000001 00000001 00000011 0000001t

08000000 60066010 60000660 06600666
00060000 60080016 00068808 £6600801
00600660 66000010 66000601 00600600
00000000 606030190 90600001 ©eoa00ei
00000660 09960011 00060000 86606660
00000000 00008011 00000008 08600001
06000000 00000011 60006001 00000060
66000000 06060011 60666091 co608eE1

60066601 00666010 60000880 00680060
86000001 06666018 68066600 60600061
60600001 06060016 60660001 00060000
60006001 09600010 06000801 68066601
06660601 00086811 60068000 96666880
66600001 66606011 60066000 66008601
00600001 00600011 06000801 06660000
00000001 00080011 605806001 68066001

68666600 00006016 658000600 06980010
60000000 90080810 00060060 00086011
80000666 00006610 00060001 68066010
66600000 00000810 66060001 60060011
06008060 60660011 66060000 66080010
66660000 00000011 00600660 68660011
00000000 66066011 60000681 06006010
60000060 66606011 000066001 06006011

01100011
01100100
00060000 00110006 00100000 00000000 101 .
80000000 00I | 0000 00100000 00010000 102 01 100110
00000060 00116000 00110800 00000000 103 | 1ool I
00000000 00110060 00110000 00016000 104 01101000
6601000 60100600 00100000 0000000 105 22 01101001
60100000 00100000 00016000 10 = 01101018
00100000 00110000 00000000 107 - 01101011
00100000 00110000 00010800 108 01101100
00110000 00100000 06600680 109 01101101
30110000 00100000 00010000 110 01101110
00110000 00110000 00000000 | H1 01101111
00110Q90 00110000 { 000 112 0600000
0000100000 60160008 ] so0s000) Sgiﬂﬁﬂiliiﬁﬁﬁﬁéﬁfg?
0010006860 00100000 @(M%ZIGOOO 114 aaaeeae; aag:eeea eeeee(mig;@ee
661663?0 00110880 % 8000 115 009000601 036 °°g° 866004} 9t v?%
01 160850 80110000 FifIH000 116 eeaeet setesel omueqy by




119" - 01110111 666 {| RER-AREMENLBHEET
86116660 00118600 120 ' 01111006 . g] NOV 1995
06610660018 0 00166 6el €066 96106666 121 | Dgig +f oy
60010000 00100000 eOL60008 00116000 122 -~ (TTIT010

00010000 000000 660 10006 6616068 123 61111011

60010066 00100000 0010e6e 06118686 124 011111006600 o
Oeee €0010000 00100000 €661006 125 23 01111101

600100ee0e 00lel O 6€0e6060 06611065126 01111110

600100 01106606 e0a 61 €00000 001066 127 01111111
68010680 00116000 00110660 66116000 128 osssel ssomsete saaaaeoe 19000000

6016000 00000800 000 66 6C 66606 129  fsescel seessals seasscas SRR 161 g

06616000 06ee3e000 ac0000hH 000100 130  geeseer ssesesio sessecel che@aad>630
ool e00 se e6e0a000 e606e00mBHO06060 131 20000001 60060010 96066001 AMWEOH 11

001e0060 00060800 00010060 3(9‘00106600 132 ggggggg: 238222{{ gggggggg%%% “1{31
66160000 00010506 60000000 Jhilifio060 133 00066001 00003011 00006001 61
06610660e 00014300 0 000GuWfiar 0601660 134 oooooool ooocooil neoseadt 00scacliee6001
6e010eee 0 . e00 000 0O 06010000 66es6000 135
10000111 96 ctigesce 001069  OOG0MEEM0cd@®NI 0GGB!1064e9e0 10

9/ 01100001 00006000 60000010 06660810 00080001

a8 01100010 - 00000000 00000016 00000011 00000000

99 01100011 00000000 60800010 00006011 00600001

100 01100100 60080000 50008011 00000010 60000000 .

101 01100101 00008000 00000811 00060010 00000001

102 01100110 00000000 00000011 00000011 00000000

103 01100111 03000006 0UO000I1 00000011 00000001

184 " 01101800 00600001 00006010 60000010 06660060

105 01101001 00000601 60600010 00000010 00000001

106 01101010 00000001 60600010 00000011 00000000

10/ oti01011 00606001 00060010 00800011 00060001

108 o1101108 00000001 00000011 0008410 00600000

109 01101101 00000001 60600011 £006001Q 00000001

e 01101110 00000601 00006011 60000011 08660000

11 ) atletin 00600001 090600011 00000011 00000001

12 01118660 00606000 00066610 80000010 00006010

13 01110001 00000000 00000010 00000010 00000011

114 01116010 00000600 60600010 00060011 00000010

115 01118011 00800600 60800010 00000011 00086011

116 alileiee - 00800000 60060611 00060010 06000010

17 a1110101 00660000 60006011 66600010 00600011

118 - 01118110 00660060 60668011 80008011 00606010

119 ai11el1l 06000000 50006011 00060011 80000011

126 8111106 96666001 08066010 66006010 60606010

12t e1liteel - 0666601 66660018 60086010 06606011

122 all1181e 6606001 60686010 00666011 06066010

123 allllell 06600001 68086010 00666011 66080011

124 eliiliee 00000501 08066611 06008016 06800016

125 e1111101 00666601 66666011 80066610 06666011

126 e111111e 06686001 68068011 66060011 86000010

127 e1111111 00600601 60686011 00606011 66060011

128 18666600 06800010 66660860 80006000 00608000

129 : 10800801 00600010 66080066 60000860 €6000001

130 10808010 06006010 66686660 00666061 60006000

131 10000011 00000010 66660800 66006001 06000001

132 10000160 00860010 66600001 08000080 60000600

133 16000181 80000010 66600801 96660000 06060001

134 10000110 00000010 66600861 08060801 06600860

135 16000111 £0080010 66060001 06060061 00060801



REPLACEMENT SHEET Date 2 1 NOV 1995 36 136 REPLAGEMERE SHEET
6o6eleOe eeee0 Oee eeee06 seelele6eso 137 169 Fm
Oal1:00e 0 00 oeoooe e 000a00006 861 00 138 Date :...&..1. T8 3] MG :
6l | oe 000 eoeoo 6681680 00a60000006 139 b pgealalt .
6al | 0600- 06660006 e6el eele 00010000 140 16601160
00i i 0ooo 00010006 00000000 ooooaeo 141 10001101
001100000 0o0lo e 0GED066666 000eCDO 142 . 10001110
00110680 00016000 00010000 oooeOoo00 1424 _ | 000011 11
0010000 00016000 nool o0Ooo 00010000 144 _ 1061ee006
.0066000 6006 0 860eeel0 00100066 145 _ 10010601
00l 06060 60006060 06006666 00110006 146 10010010
00100000 0000@L00 00010666 1eHibsO000 147 56686011 06000000 50000000 lodadeb0 11
00106006 0060060 00010000 1€BE4AI0O0 O 148 20060011 669068880 00680000 100W@EA1L 00
06100000 06016861 00006060 !&89®EHFO000 140 0eoeeolil 26000606 86060a01| 06369009 (O _
00100000 00014406 06000000 ,f£40000 I SO o] coosca ggggg% %%3?10
00106000 000100 00016060 6&166)006 151 00000017 00089001 000000 11 -
00100000 00016®00 00010000 'e%QPO000 152 0uu0a0tl 60000001 000A0001 h@Edodoe e
06110686 60006668 00666860600068160060 0uggoait aonoNadl oouanoni a000000!
143 10010000 90000010 00000000 00800000 00600016
IR K 1001000) 00000010 00000000 00000000 00000011
116G 190100t0 00000010 00000000 QOCCOO0E 00000010
147 10010011 00000010 00000000 00000001 00000011
148 10010100 00000010 00000001 0000GE00 00000010 .
149 10010101 00000010 80000001 06000606 GO00001}
150 10010110 00800010 00606001 0000000! 00800010
151 10010111 . 00006010 00000001 00006001 00000011
152 ' 10011000 © g0008011 §0086080 00000800 00896010
153 10011001 angnc011 06000000 00G00G06 0000001
154 16011650 . 00000011 80000000 ‘00000801 08000C10
i55 10011011 ’ ' 00000011 00000000 00000001 0000001}
156 1001}100 00000011 00000001 00000000 Q0000010
157 . 18011101 00000011 00008001 00606000 00000011
158 10011110 0006003 ] 60600001 0000000} 00000010
159 18011151 60000011 00066001 00006001 00000011
160 161909090 00600010 006060000 60006010 086660000
161 10100001 00000010 60660600 00060010 00060601
162 10108010 000000J0 0000000@ 06000011 00806000
{63 16168011 . 00006910 06000660 00000011 00800001
164 10300100 60000010 DOOOO00S 98606010 HHOGEO00
165 16100101 00000010 66666001 00600910 00000001
166 10180]10 00000010 06066001 60000011 60080000
167 18168111 C 66660010 6000000] 05000011 96000891
168 10181000 : mlx 00000660 90068010 60006600
169 . 18101861 80006011 08066600 60000018 00660001
179 18101910 58060011 £6600000 00008011 06600080
7. 18181011 96006011 86606600 00000811 86666061
172 18101160 60000011 68608001 65066010 86666600
173 18101181 - 56660011 66085601 06660010 60006601
174 16101110 06600611 0088EG0] 86660011 68606000
178 ) 10161111~ _ 90660611 960080601 00606011 80080081
176 16116660 66660810 96066660 56096010 66660010
177 18118601 60000010 06666600 00066010 00086011
178 18110010 60800010 00866060 60060011 00800010
179 16110011 86080010 86600000 00000011 00066011
180 10110100 00000010 66000001 00000018 90000010
181 : 18116101 00000010 60060061 66000016 60600011
182 18110110 £60000)0 00000E0} D6OBOB]I DOEEED10

183 1etiein : 60000010 60000001 00000011 60600011



153 ° °

10011001

600080000000660 60110606 154

001100 O
00110000
00110000
00110000
00110000
00110000
661 €1606
,60106000
00100600
06106066

60100000 eel Qo0 100001660),;;;06000000 165
00160600 0001660 00160000:030X016000 166
00108000 0608860600 6116 POBRPO66006 167
€0100eee 8ool[H060 608e11e ? 06e1e 168
6elle6 0 es00es0 nfigeee 0elebe8e I
e0l | e6 Oe 6e®80se0 00I0e10®|n®6ele906 170
Oel | e0le 60¥&00e 00el | e68'dEe60eece 171
ee00eel8 0 Oeseeesee Beeeee e006sle0 172

00000000 00016060 0010000 155
00060000 00010000 00116000 156
eo0e6l 00600006060 00160666 157
660000000000000 00110600 3§8
0O 10606 0oo 60600
06010000 00010000 66110000 166

00100060 159

eeo0s0e0

00000660 Oeobaebo 161

60000000 00160000 00610000 162
00606e0ebeboe6e 1 6 60600000 163

000600€e6

ool | 00el

00610066 164

Oel | 6se6 eOelfH0o1e0 601604 000060

144

© 11000010

195 11000011
196 11000100
197 11000101
198 11000410
199 11000111
200 © 11601000
201 11001001
202 11001010
20) 1001011
201 11003100
205 1100110}
206 11001110
207 11001111
208 11010000
209 1101000}
210 11010010
211 11018011
212 11010100
213 1i0ielel
214 11016110
215 11810111
216 11011666
217 11811681
218 11011610
218 11011011
220 11811160
221 1101181
222 lietlize
223 11011111
224 11100808
225 11100681
226 11188010
227 11100011
228 Jtleeloo -
229 11100101
230 11108410

231

11160111

ooy
10011010

QQ@QACEMENTSHEET

10011101

10ellllo
10011111
101000
|'ol 0866
11600010
10160011
16161 60

00000011 90008800 ogees0lo osoadaze 06161
00060011 00060000 aceceais dodbbadel | O
00060011 60600880 60000011 60CPERID(1 11
00060011 00608900 0000001 |

00000611 90006661 00080A10 ggggggjr#mlo
6011 00600861 00000010 caceeoll 1Slel 09I
00000011 00080001 00808011 60oedo®Del el | e
00000011 00000001 00000011 00099941761 1

10191166
00000010 00060010 06000000 00000000
00000010 00000010 00B00000 00080001
00000010 60000010 00000001 00000000
00000016 60000010 00000001 00000001
00000010 80800011 00000000 90600000
00000010 90000011 06000000 00000001
00000010 0000001 00000001 00000060
00000016 00000011 0000000t 00000001

000000)1 60000010 00600000 00060000
0000001} 00000010 00060000- 00000001
000000t 1 00000010 60000001 00000000
0000001 00000010 NOOCOCGE 00000001
00000011 60000011 00000000 80000000
00000011 60000011 00000000 80000001
00000011 60800011 00000001 06600600
00000011 0000001 00000001 00060001

00000010 ©0000010 00000000 0090010
00000010 66000016 00068000 80000011
00000010 860068010 €000080] 00000610
00000010 00000010 00000801 00000011
60060010 ©6000811 00000080 00000010

108009910 00008811 00080000 0006001 |

00000010 90000011 00080601 00600010
€0000010 ©0000011 00666801 80000011

£0666011 06600010 60666806 09606010
00000011 66600010 60600000 68066611
06008011 60000010 80000801 60666010
00006011 66008010 60000001 00660011
00000011 66006011 66600660 06800010
600806011 00060011 80666000 06860011
00066011 66006011 06000091 60060010
600800011 60600011 00660001 06000011

80606010 66600010 66000010 66000660
80000610 66600010 60800010 60006601
66000010 660008010 80600011 86666000
00000010 66606010 00000011 00080001
60000010 66600011 00800010 00660000
68000010 8ACO0B11 60006010 06080001
60000010 60600011 eneoeall oecoceea
00000010 60000011 66000011 80000601



173" -+ 18101101 4D REGLBOEMENT SHEET

80100000 e800106 174 10161118
6all.efle 8el e9ee 001160ee 6es0e8e0 175 %&1%1&1"1“21995
0e6160ee 0016000 e0l66eee 06610006 176 —=Feoeeco —
e8s0eeee 60eselee e0 Oeeeeb eleleele 177 ' 10116001
sOl e01 6 00e0Oeleee 0e000006681 elzyp0 175 | 16110018
Oleoee0 0e600 00 000 00el6e 66186006 179 | ol | ol
06081 ooB 0066680e e000 6 0066 s e006 6 180 18110100
e6610e6 0661006 606106ee 8800100068 101 ' 10110161
- 6l 00e00 6ee08sele 06106800 Oel | e060 182 16116116
' 606eeeee ee0 Oeeee 0 e006 e01 o016 60006 183 1611111

85e10ee0 Oeo0 | eOe 10010060606116066 REPLACEMENT SHEET 37 184
oill eeso | oi eeoe 9e9e0ele 9el eOeee Oel ee9e0 185
. 0111 8l 81 o 011008 0000ee000 000e00e0O 80119000 186
101I1010 0010e0ee e0988600 .00118090 68190000 187
[ Olill 00118888 86800008 0010 O 88100110000

232 . 11181600 66600011 €6600019 66600010 66000080

233 il118jo01 00000011 66600010 086000010 00000001

234 11101018 00000011 06606010 06608011 00000800

235 11181811 06006011 60008010 00060011 00060601

236 111011006 60000011 06000011 00000010 66660000

237 ) 11j01101 0000061] 60000011 00000010 00000001

218 11101110 00000011 9006006011 00000011 00060000

2!9 11101114 00000011 0006001t 060000EL 00000001

240 11110000 00006010 00000010 00060010 00009010

241 F11100ai 00000010 60000010 80600010 06000011 :

242 Qoo 00000010 00000018 0000001t 00000010

243 IRRRL: 1R : 00000010 60008010 00000011 0000001

219 11110100 00000016 00060011 00000010 60000010

215 1111850l 00000010 60000011 00060030 00080811

216 11119110 00000019 00880011 00600011 00600010

247 1111011 03008010 00006011 06000011 0008601)

248 ‘ " iiees 20000011 90660610 69600010 06906610

219 11111001 20000611 60060010 90800010 00000011

250 11111010 00000611 060000010 00600011 00008010

251 11111041 00000011 000000]0 6000001] 00000011

252 1111100 00008011 00000011 00008010 00000010

253 11111101 00800011 00000011 000868010 00000011

254 1115E110 9000001] 66006611 00066011 00000010

255 (RRRRRRE] 00600011 ©6000011 800000t! 80000011



leg - * . lelillee T ok -

00180000 8010000a 169 10111181 REFIACEIRENT SBEr
Ooll0ge0 00010800 90100090 00119000 190 1 |
0011000 00010 OOM  OMLI ONO6 00100000 191 pare 2NV, .

MDI NN10O 00818000 ee011600 oo0i_j2dooo 192 _ ' i 0000€eo0
00186000 80109900 90800800 0a000000 W - 11000001
00100000 00100000 00000000 00010000 194 11000010
0010000e 00100000 00010090 00000000 195 11090011
. 001080000100900 00010000 60010000 19f 11468160
- 0006 00000 00110000 000 00 0000000 197 11000101
00100000 90110000 09000000 00010000 i9a 11000118
00100000 O0Nee0e GABLEQGO 00000000 199 11000111
90108000 00110000 00010900 00010000 280 11001088
9011eee0 9019968 98009000 Ose 009000 201 o 11801001
00110000 001Q0800 8800 p‘% 202 loll 91 o
001190000 00188000 500 g‘g’go"g’ B * 503 BiwRr REFRESENTATIOR ) 701 4
00110000 8010@000 00019000e0fa&84. 0000 204 00000000 60000080 00660600 0PACEABY. 100
0011000 90110000 00000000 W?’BUOOO 205 gggggggg gggggggg ggggg?gmgg&%()l
01189000 001§0800 000003383&%%018000 296 go000000 00000000 80060100 0000stss)01110
00110000 00118000 000160000k 0000 207 00000000 00000100 00000000 dbdo@Rd 111
90110000 00110909 0810090 BV®MEO000 00000800 UOVOO 00 00000000 00000100
6 00000130 00000000 00000100 60000100 00000000
7 00000111 00000600 00000100 06000106 00000100 -
8 . 80601008 66008100 06066606 00000000 80006000
9 00001001 00000100 00000609 00000000 £0000100
10 00001010 00000100 00060600 0000610C 00000000
1 - 00001011 06000100 00000008 06000100 00000100
12 00001100 00060100 00000160 60000088 00000000
i3 00601101 00000100 00000100 GE006000 00600100
14 00001110 00000100 00000106 60000100 00000000
15 00001111 00000100 00000100 00000100 00000100
16 . ) 60010060 00000600 60606000 00606608 80001600
17 00010001 00000060 00000000 80000G0C 00001100
1t 00010010 00000000 0060V0ND 00COO0I00 00081000
19 00018011 90600000 60000868 60060160 60001100
20 06010100 00080000 00660108 60660600 60001000
21 , 0001010} 20800000 60600100 60060080 000011900
22 00010110 06060000 06060100 09680100 00001080
23 00016111 00000000 00080100 60686166 60001160
24 08011800 20000100 06600606 06600000 06001800
25 66611661 00069100 50066060 60006600 60001100
26 66e11610 66000160 09860000 60060108 89861000
27 - gee11e1l 86000100 96660000 66069100 60061100
28 66011160 60000180 56000160 66606600 08601900
29 60011101 20000100 06060100 66086060 00001100
38 68011110 0000180 66669160 86088160 60001006
1 80911111 00000160 89600169 66660160 06081160
2 80166060 ' 00006600 00660000 66601660 66680660
33 goiseeel - 06000600 66660000 80001600 00060100
34 86100010 00060000 00600060 HOOR1100 00060000
35 8616811 00006060 60060600 06661180 86600180
36 60166100 00066000 06900160 66601060 66660800
37 60108181 00000800 06660100 06001606 00600160
38 00100110 : 90006000 60600160 06601100 06660000

39 80100111 00600600 00000100 06001100 60060100



208 * * 11810960 00|l REFSACEMENTRHIEET
80680000 88100800 209 11010001 "

00106G00 00100000 00000000 00110000 210
000180000 00100000 08010098 00198000 211 ~=TTOT801L
00109000 00180000 80010006 001100028212 11816160
90108000 89119680 8008000800 0100080 213 11816161
00100000 001le 009 08000000 60110900 214 1118116
08010086 00110066 Olee 08080 8018800e 215 11810111
0001008 80110089 0081600 803kHQQ80 216 : : ol Sebdebig O
60110060 0618088 08 00 edddiae1 001 217 20960103 50690069 0601094, 2abdald L
Oel | Oe6e 60106000 06e6e068 I 0690 218 60600100 09666660 66801160 8ebdeeds| e
9011080 0016e0g% 860108808 g%% 0e00 219 o e aetacs 011
90116008001606@8a00e 816060, 0090 228 .00006100 00000160 60801000 100
Oel 1 88 0011088 6600eeece Saida8o 221 00000100 00000108 0ocolibé) doddbeod 1
0e088e sel | ""1886660ase606 9yl 00 222 00000100 00080100 08001 §01 PAOG090
80110668 0611080 00018080 60100080 223 11911111
661100 08 @g e 6| | Geee %g(?::ggg?)oo 99119000 2%&00638 ggggggﬂo 0300!000 0033:000
11106600 s o0i 10 86100686 60 1FHNEH mmggcﬂogf;"@g)gm,gpoossgo
225 51 00000000 00000000 doddl 102G (de 0180066
0080880 60010800 225 00110100 11 109080 001600100 Q0001000 G6GE 00
100108688 66188528 00118808 ﬁg@}@ggoo 2276 Sacddea0 oonddiea %gg:‘;g Jeein
Sal omee BOel owge sel | esse geeee 00006000 06666100 00001108 00001108
5§ ’ 90111000 00000100 960600000 00001060 00001600
57 agliiom 00000100 00000000 00001068 00001100
50 . oniii01e 00000100 90000800 00001160 96001000 -
5 Q0111011 00000100 00000000 00001100 00001100
(7] a0ii1100 00000160 00006100 0000i000 00001000
[} 00111101 00000100 8060Q100 00061008 90GA1100
62 Q0111110 00000100 60000100 0neN1100 86001000
6] act1in 00000100 00000100 9000100 0000t100
64 - 01060000 86060000 80001000 800068000 06006000
5] 01000001} 60000000 60601600 80060960 00000100
86 01660010 86000000 96601060 00060106 80000600
67 01800011 06000060 98001000 00000100 06600100
68 016806166 00000000 66601100 06068000 60006000
69 aigeol1ai 00006000 80001108 66000000 90000180
79 01606110 00006006 66001100 08600100 €00006000
71 gla6el1] 00006060 98001100 00060160 00660180
72 016916600 00000166 00001068 60066000 00686000
73 ol166108] - 006606100 66081600 66600660 06660100
74 ) 01681010 00606100 06601000 60860100 58060089
75 016861811} 66600100 668601000 00660180 666660180
76 01601160 06600160 96601160 806000668 90666080
77 g1881101 08660160 60601100 66000600 666600106-
78 g1681118 066060100 666061160 00660160 66600680
79 glealily 06000100 66601100 50000100 00000100
8o 01010600 © 00000000 06601000 50606660 00001008
81 0la1eg01.. _ 60000060 68001000 60000660 86001100
82 81016010 00006060 00601060 60000100 00601000
83 gloloalt 00000600 06001066 06000160 96605100
84 alol1oi00 060666660 6660)160 86600600 06001068
85 glejeiel 00600800 60001100 86006060 06801100
86 g1010119 00060060 86001160 66860106 66061000

a7 01018111 00008000 06001160 00000)00 68005100



227"
00110000 80818000 228

I11e001l

861065600 88118808 661086066 6880060 229
060666006e11608@ 861600680 60016660 23e
00166600 08110006 8611666 008660000,¢31

8010eeebe s001600 OnelelO06 9e0106
110180ee68eee8 e8eleeee eebeebeo

6010ee 80881000 60i 00080 8081660000 234
00081e0e 8al 80el0 00811e80 0e080000 235
00i i eooo 8001ee00 00110008

60118088 0080380 se8l e0o008 ﬁgﬁ&oneo 237
e 00i 0el000

0001000e 0Oalo

OOenDsCo 88116000 00110080@k1BE0000 239
00110000 88113900 88110000 8HOBIUO000 240
081888 8e0810@8e00 8e1008edRiNE0100 241
00100000 8010GP0O0 00100000 st K000

95

96
97
an
99
100
101
102
103

104
105
106
167
108
109
110
m

112
13
114
115
116
117
118
119

120
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135

01011111

01100000
01100001
glinuaie
e1100011
01100100
01100101
cll00l10
8iioe1 N

elioleee
01101001
oilolgie
oilelcit
81101100
glietiol
atjoliie -
alenin

alilaa00
81110001
01110010
al1iieeil
~ oiliojee
alllolel
elllelle
aillalll

01111688
81111661
olillele
a11ile1t
61111198
8liillel
61111119
01111111

1668600
16660001
10660010
16080011
lgeee100
16866101
10606110
10000111

0000 238

0(j| BEBATEENGSHBET
11106188
paa18ob IV B

N .LJ..LUUJ.J_U

11168111
REPLACEMENT SHEET 38 232

0e8eel00 233 - Il el e6

11181310
11101811

00010008 236 11101180

80000100 06001666 eeeeeeoe]%ﬁg
06060100 60601680 08606600

00000160 60001000 000001d01abdd lodsl
00000100 86601060 aeoeelqp]gggpgagn)o
80660100 00661100 06006

00000100 00001106 eeaoeegﬁ]amﬁgfbl
00000100 00001100 08660166 ©0001000
00000100 66001108 00800100 00001100

00000000 60801600 060001600 00860006
00000000 00001000 00001000 80000100
00000600 00001000 00001100 00000000
00000000 60081600 06601100 00000100
00006€00 90001100 00001800 00000000
00000006 00001100 00001000 00000100
00000000 60001100 00001100 900008000
03000660 00001100 00001100 00080100

00000100 90001060 06001000 00000000
00000100 60001000 00001008 00006100
00000100 90001000 ©0001160 ©0000660
00000169 00601600 60801106 60800100
00009100 60001100 00001000 00080006
08000100 90001100 00001000 00000100
00000100 60001100 00001100 06066000
00890160 D0OB1100 00001100 08600100

68600000 69091600 08001000 06601000
00000000 90601080 00001900 0000! 100
00000000 00001900 00601100 00001000
00060006 60001000 000011960 96601100
60000000 00001100 60001600 00001000
00000000 00001100 00001000 00001100
60080000 68001160 00001160 00001000
06000000 06901100 066601100 66001108

06660166 680861600 66601666 086610800
00000100 060601000 00601600 666801186
06000186 86601600 86601160 66801800
06660160 68861660 60001100 00801100
00800100 86601160 00681000 88601800
66660100 60001100 60801666 60881100
00000160 60001160 86601180 86601000
adee0100 09001100 60601160 60061100

06601600 60080060 006668086 660086600
06001600 809060000 66006006 60660100
66001000 00000600 60006190 06006000
60001060 60006600 06060100 60600100
00601000 90000108 00606000 8000686660
00001000 09060100 006660600 00680100
06001690 800606160 68000180 £6008060
00001600 68060100 50680180 60600160



242 " ° 11110010 . 0010/ REPLAGEMENTOSHEET

00110000 00100000 243 11110011 NOY. 1895
001:00Q00 00100000 00110000 00110000 244 | | Detgibd-NOY.199...
00100000 00110000 00100000 00100000 245 TTToToT
00100000 OO 10000 00108000 00118000 246 11110110
80100000110000 00110000 08160000 247 11110111
08100000 00118000 00110000 08110000248 - 11111300
00110000 e00100 00 001080ee 0e001000 249 11111001
0011C0000100 000 80100000 00110000 250 11111010
00118000 00100000 00110000 0018000 251 11111011
00110000 00100000 00110000 08110000 252 11111100
00110000 00118060 00100000:eédtsdd)0060 253 96001100 60000060 oedeceedldbdabebd 01
00110000 0011V000 00100008}3001%0000 254 60031160 06660680 6000666E  IONIEY 10
00110008 00138000 00110800 0000 255 11
00110000 001igooo oollooooﬁggihooo 39 L PO o=l EEE
Tk) 141 10001161 20001100 00000100 00600000 00000100

142 10001110 00001100 00300106 00000100 00000000

14 j0001111 00001100 00000100 00000100 00000100

194 10010000 00001000 90000060 806000000 00001000

145 10010001 06001000 Q0000000 00060000 00001100

116 10010010 00001600 00000000 00000100 00001000

147 10010011 00001006 80000000 00800100 06001100

148 10010100 00001000 00000166 00000000 00601000 *

149 10010}01 0000)000 806000160 00009600 0000) 100

150 10010110 00001000 ©0000180 00000100 00001000

151 10010111 00001000 00000106 00000100 OQOOIIOO

- 152 " 18013008 90001100 90000000 00000000 0000i080

15] 1001100} . ) Q0001100 50000000 00000000 00001100

154 ) 10011010 Q0001100 00000000 00000100 00001000

1545 10ai1011 0G00I 100 00000000 0QO00100 00001100

156 10011100 00001 100 00000100 00000000 00001000

157 16011101 00001100 90000100 00000080 66001180

158 - 10011110 0000] 100 00000160 90000100 00001080

159 1001111} 00001106 50000100 00000100 00601100

160 ielaaeeo 06001000 93036363 00001000 60000000

161 16186601 : 80601060 60000000 06601660 06000160

162 10108010 90061000 00000000 00661190 98000000

163 16160011} 00601000 00090000 00001100 80000100

164 10100100 00601000 60080100 60001000 60000000

165 16180101 00001000 09000106 80001000 00000100

166 10100110 00001000 00000160 06001100 60000000

167 19108111 060601000 06000100 00601100 60000100

168 18161668 060601108 66000600 66001600 69060000

169 . ielaleel 86601100 60660660 06661660 080601608

176 18161818 06601108 606006008 600081166 80060600

171 19181611 80661100 99666600 ©€0061100 06000180

172 16161198 06601100 06866160 06001600 80000646

173 18161101 06601150 08080160 90601808 06880106

174 10101116 06601100 66600160 666011860 68866000

17§ 16101111 - 00601100 06600100 06001100 66000100

176 18116608 86031609 66606000 000016600 66601008

177 16110001 00001060 66600008 866001000 00001100

178 10110610 : 86601000 00006660 00001190 00001060

179 10110011 00001000 60000608 00001100 00001100

180 18110160 06001060 00000100 80001000 00001000

181 18119101 : 00001000 06000100 06601600 96601100

182 10110110 00001600 606600160 00681100 06601000

183 18110111t 90001606 60000100 00061100 60001100



ENTRY-

Bl NARY REPRESENTATI ON

REPRESENTATI ON 0

00000000 00600000
00000000 00000000
000000006 0000000

00000000
00000000
00000000
00000000
00000000
01000000
01000006
01000000
01000000
01000000
01000000
01000000
01000000
00000600
00000000
00000000

00090000
01000000
01000000
01060000
01006000

00000000
00000000
01000000
01000000
00000000
00000000
01000000

00000000
0i 00000a
000000Q9

01000669

00000000
01000000
00000000

~N O Ol wWN—

000000y

nzayumﬂmﬁNTSHEET

C
00000011
00000100
00000101
00000110
00000111

0~ .............

01000000 01000000 8

000490600 000000QAN118§8600000 9

00008800
00008600
oaaeﬁgoo
010003906

01008900
01006b00

00000000 1¢1880000 30
01000000 0000 11
01oooooo 0000 12
eosooooomnamﬁooooo 13
0000000 IQLOBO000 14
01000000 'B84b0000 15

006000 16

£€8600 0100009@ aﬁ
0000gp66 60660000, K 0000 17
0000@0O00 00000000 112éb6k00000 18
OOOQQPOO 01000000“&%%@0000

197
198
199

208
201
202
203
264
205
206
207

‘208
209
219

-2l
212
213
214
215

216
217
218
219
220
221
222
22)

224
225
- 226
227
228
229
239
231

11000181
110088110
11000111

11601000
11001601
11001010
11001011
11e61i60
110011081
11001110
11081111

11018000
11010001
11018010
11010011t
11016108
1ielslol
11010118
11010111

11011080
1ie11881
11011018
11011811
11011188
11911181
11e11110
11611111

11160880
11108601
11166010
11100011
11100100
11100101
11160110
11100111

_ (0000 N0,
06061100 66868000 00001068CAddigDd) 1
20001106 606086660 eeeGIGQDCDEEBIIQQJ
00601160 66866660 6680179
00001100 00000668 eeeel
00001100 66000108 66961 :
66001160 06000160 aeeeleeﬁ(bﬁﬁﬂlatﬂl
00001100 00000160 8000 1(HO (DGR 1Dd)

000081100 00000100 0000 lm@@iliapl

10906
06001000 60801860 00068 _
80001000 00601000 ooeoemqgeamggl
00001000 00001080 06000 (b0 @deEadO
00001000 60001000 00608100 00060100 .
00001000 00661100 00606600 00000000
06801000 00001106 06660000 06060100
00001000 00001106 00060100 00000060
00001000 60661100 00006106 00000100

€0001160 006001060 00000000 066086600
00001100 00001000 00008000 00600100
00001160 00681000 08000100 00000660
0000] 100 00001600 00000100 60600100
00001100 660601100 DAOOEE0CE 00000000
00061160 00001100 00000060 00600100
00001100 90801100 00000100 00800000
60001190 00001106 00000160 00000100

06601900 000010088 60000600 ©€001800
00001000 00001000 00000000 00001100
00001000 00601060 00000100 00001860
08001000 00001000 00000100 60001100
00601060 00601160 66000000 686001080
60001000 @6001108 00000060 00001100
068001060 66001160 08000100 000loee
660010680 60001166 06000160 06001100

00091186 60601666 090808668 66601860
60001166 66001080 80666890 06061100
00601160 00001060 00000100 66601000
00801160 60601606 88080100 68601160
06601106 68001100 66660660 66001080
60601180 08001160 89666000 68001160
66081100 60081100 060660100 66601600
60001108 66601180 60660160 00081100

66001000 66061606 66001080 08060600
00001000 08001900 66001000 66008100
£0001660 66001000 66601100 09600660
00001000 66001000 00001100 00000100
00001000 60001100 00601060 ©0000000
00801680 06001100 68601006 00668100
606016000 98001100 00001100 06000000
06001000 00001100 00601100 66000100



19- - - 60010011
01000000 11000000 20

00000600 01000000 00000000 10000000 21
0000000C 004 t0000 oo0o0o00eoco 11000G90 22
06060060 01600000 01000000 1600000623
00000000 01600000 01000000 11000000 24
611000000 00000000 090000060 10009060 25
01060000 08000000 0000600 11000000 26
010D0006 00000000 00 Ooooo 10000000 27
O 060 000000 Ol 00000 11006666 28
0100000e 0100  "00000000 0100006 29
61000000 0100000 00000000 11e6000 30
010e0se0 01006e00e 01000600 10se00e 31
01000000 01089000 0100000084B000000 32
000000s0 0Oee}}000e 1000004:2@400000 33
000eee00 eeflee000 100000QHMeH1000000 34
0000000e Oe0fgOe 11000000 108GG0060 35
00000000 0002000 11000000°%E006000 36
00000000 010§3H000 100e00sq;,Y00000 37
00ee00ee000 81000000 10000060 01000 38

00000000 0109000 1100000Q,,paR60000

211 11110001
212 11110010
243 11110011
244 11110100
245 11110101
246 11110110
247 : 11101
248 - 11111600
249 11111001
250 11111010
251 i et
52 11111100
253 11111101
254 1111110

255 i)

00020100

0000l CHPLAGEMFNTOSHEET
Retero o). NOV 1985

Uebll alI
80010111
000100

60011601

00011810
061i 10l |
00011100
001111101
00011110

00211111
00001160 60601068 66001000

00001100 86601000 eeemegﬁ%ﬂﬁ 000
00001100 06061000 60001100 -

80001100 00001600 0861100 006Ad1640010
00001106 000011n0 000)EqY (FERGIOPO -

00081100 60001100 00001000 00

00001160 00601100 00601 lﬁg%%%

06901100 6AGA1100 006011 1
00100110

00001000 80081000 66001000 00001000
00001000 00601000 00001000 00001100
0000i000 6AG0I000 00001100 00001000
00001000 00001006 00001100 000013100
00001000 00001100 60001000 00001000
00001000 60081100 00001600 00001100
00001000 00001100 00001100 00001000
00001000 80001100 00001100 00001100

60001160 00001800 09001008 00001000
00001106 00001000 00001000 00001100
00001100 00001000 00001100 00091000
00061160 60001000 00001100 00001100
00001100 50801100 86601000 0001000
00001108 66001100 00001900 00001160
00001100 00001106 00001100 08001000
00001100 00001160 00001100 00001100



39" »

11060000
01000000
01060606
ol 66ees6
ol weenoo
0i 000000
01000000
01000600
01000000

0e0 O Oee8eeea 0 8e0 00ee0e0 1leeleb60 49

00100111

01600000 40 48

oee ooe | eoooooe 0eO6eeeb 41
eaesosee 10096006 O e90e00 42
e60eeeee 1l 1660eo0 606000643
ee0006e6 16eebeee0 6180600 334
0000000 e000 e00 00000OW0 45
01000000 16600 01000000 40
0160000 11000000 00006000 47
0oooo000 0O 11000e OOOD0606 48

00000000 00000000 | 6000000 11000000 so

00000000 0oob898Y

P 1AE 00

00000000 00000000 11000000 11000000 52
00000000 01000000 10000000 14H00000 53

0€00060 6 OIQRP000 loamAROertidat@00 54

00000000 ol Oeee0 o0 il eoeeoo 10000000
0 00000060
1 00000001
2 00000010
3 00000011
4 00000100
5 0000101
6 00000110
7 00060111
8 08001000
9 00001001

10 _ 90001010
1 00001011
12 00001100
13 00001101
14 gooqQtiio
15 ' 00001111
16 00016600
17 00010001
18 00010010
19 ' 20010011
20 00010100
21 00810101
22 00010110
23 80016111
24 96011660
25 eea1lael
26 86011016
27 8011611
28 98011100
29 80011161
30 06011110
31 60811111
32 96100086 ...
13 60100881
34 60100810
35 00166011
36 90166100
37 00100181
38 galeel1o

39 ooleaitl

00 10000000 51

00004pBEPLAGEWEYD SHEET

eoi oelee

NOV 1335

.Qgsegbl ....................

10
60161011
0618 1106
00101101
00101110
00101111
001 10000
00110001
00110010
00110011
00110100
. 00110101
sinary rerpesentation60110110

00006600 00000000 90000000 00000000
00000800 00600000 00000000 00010000
00000000 00000000 00610000 00000060
60000000 00000806 00010000 08610000
000606000 00010000 90000000 60000000
00000000 00010000 00000008 04010000
00090000 06010000 00010000 06000800
00000000 06010000 00010000 00010000

00019000 66600000 08000060 00000000
00010000 00000000 €0000000 00010000
00010000 00000000 00010000 00000000
00010000 66666000 00010000 00010000
00010000 90010000 00000000 00000000
000106000 60010000 80000000 00010000
00016000 06010000 00910000 00660000
00016000 60010000 00010008 06010000

00060600 00606600 60000000 00100000
00066600 060000800 00000000 00110000
00000000 00000060 00010000 00100000
00000000 00000000 000!0000 00110000
00000000 60010000 00000000 00100000
90000000 00010000 00060000 00110000
00000000 00010000 000100060 06100000
00006000 06010000 00010000 00110000

66010060 60600000 00000000 00109000
60010000 66660600 006060060 00116600
00610606 66600660 06010000 066100000
06016666 080806000 90010006 60116000
68016000 66016000 60066668 00100006
060106000 66010800 868000000 80118060
066166600 66010060 08010000 00100060
66010000 08010000 08010660 60110000

60666090 906060600 06166000 00006660
08680000 60006600 66100000 60016600
00600080 660006000 60110000 80606060
60600060 66006600 60110000 68016060
00606000 60016600 80180000 00600008
00080000 66010680 00106000 00010060
06660000 60010000 80116000 00800000
00000000 680610000 00110000 00010000




55 -

00110111

11000000 11000000 56

0000d
00111600

boserd

| A5PLAGEMEYS SHeeT |
1.NOY. 195,

01000000 00060000 10000600 16000000 57 L1
01 000000 000000 00 oooooo a 11000000 50 00111010
01000000 00000000 1 0 | Oooo 13406000 59 o011 10l1
0100000 0000600000 11000000 11000000 60 - 00111100
01000000 81000000 | 0000000 10000000 61 00111101
01000000 01000000 10000000.11008000 62 00111110
ol 001000 06060000 1100000e 1e000000 63 00111111
. ol ooeooo ODO06000 10000 1000600 64 01600000
* 60000000 OeeOeee0 o0eleeebl e0eoo0000 65 01000001
00000000 10600000 00000000 01000000 66 01000010 .
0000000e | 0000010 oIoooOee8 06e0e00 67 leee
Oeee0e06 0 eegie0000 eell %‘g%oooooo 68 01000y Goosteny otoacss @ °ﬁ§%100
600e0eel | GOQQGO 68060600 ed 8000 69 00010060 60088900 661166
00000000 110e9200 00000006e1@8000000 70 00016000 00000608 06116608 @bdd@bd e
00000006 1104£000 o00o0o0loéHeid8e00800 71 00010000 06010000 60100000 0@0E4YEN |
00050000 110e8§ 61e00ee0gi flg0eec0ee 72 Sooda0e soatedeo aainood g%g 100
01090688. 100666000 6060000emoii1iese00e 73 00010000 00010000 00110000 0 elsl
01600000 | e0ee000 O 6e0s0 aOll eOesO e 74 81001010
- 0100000 180l OefEOee 0el1000 e ®®BeOe 09008000 66060000 60100060 00160000
00110001 00000000 60906000 00100000 00110000
»0 anlioolq 00000000 6oNNanAe 00110000 00100000
51 golioost 00000000 00000000 001} 10000 00110000 -
52 00116100 00080000 60010000 00100008 00100000
53 80110101 00000600 60010600 00166800 00110000
54 00110110 00000000 00010600 60110000 00100000
55 00110111 00000000 00010000 00110000 Q0110000 ]
56 " 80111600 00010000 90600000 00160000 86166600
57 00111001 00018000 000B0B00 00106006 00110000
58 00111010 00010000 00008000 60110000 00160060
59 00111011 00010000 60000060 00110666 60110060
60 80111100 00010000 60010000 00100060 00108000
61 00111101 00010600 00010000 00100000 60118000
62 00111118 09010006 00910000 00116680 06100000
63 0011111} 00010000 600610000 00110086 00110000
64 01000600 00000600 00186600 00006600 00006000
65 91000001 00000000 00100000 60006000 00010000
66 91000010 60006000 00100000 000100068 00000000
67 01600011 00000008 00180000 90010060 60010000
68 01000106 00000006 00110000 00600900 00000000
69 0la6a181 06000000 980110000 00000000 68010000
70 01600110 00000008 00116800 00010000 60000000
71 01688111 00006000 00110000 86010600 06618000
72 91601868 66816000 60166600 06666660 58808600
73 01681601 06010866 60160080 68600868 00016000
74 gl1ee10le 60618660 00186060 60010600 60096000
75 81861811 00016660 96100000 66016660 59018000
76 01601166 66010000 80110000 66600000 60666060
77 61801101 66016680 00118600 86006600 908018680
78 al16etl1l1e 08010668 00110060 66016600 08000600
79 . 01001111 00010000 80118000 00010606 00010000
89 91610660 06866000 60186606 09606606 80169000
81 81610001 ©60000000 60169660 06068600 88110600
82 aleleole 666066000 601008606 660018006 60160000
83 81610011 00060060 00166660 80019666 00110000
. 84. olelalee 00608000 80110600 66086000 06100000
85 01010101 06600000 66110000 86000000 60110800
86 ole1e110 00008000 60116860 69910060 60100000
B? 21010111 00006600 001108600 00010000 00110600



750w 06010811 . 8140 REPDACEMERD BHEET

e81e0060  010000e0 76 ol 051610
e00ee00e 11e6606 6000eee0 O6eleese 77 pke6l.€. 1. NOV.1995.

01000060 16e 00666 0000660e 610000a 78 e
01000608 1leeeel0 01e6e600 OoeeelO3® 79 : 01091111
e00eOeea 10eeeeee elOeeelee e6eleeeld 16 01610000
€6e60600 100000e e00ee0e0 0elOeee60 D 01010001
00000000 100e6060008000000 11000006 82 el 0l eel

e0eo00 6 10eesOeee eleeelee 16ee0eo0 83 . - 000l o1l
00006660 10es000 OeleOeO 11000000 84 01010100

' 300006006 1l 1a0 ee 600 60033%39 1000 85 '.aee QOég%glgl
000e00e | 0e001100000 e600 e0e0 86 80616600 861000008 6860066() 9! 1

00060 1loe 03560ee00 O1scHBffl 106000 67  ioeloed ssioossd asioocs oqyios 11
6e60e0e06 116e000 ol 0004iex1420110000 41 25@10996 00100000 00010000 080110000 ael ii ooe

0800eeen i 0ofeese 6sebeb6eH0111880669088 as 08010006 90110000 00060000 0019¢a@1 VD
00010606 00110860 06000000 6QH)08M8 ()| e

110
8100600 8666652080 0666666{%3”19196006 90 00010000 60116000 080610000 08100000

001000608 16epee60 0106666y0hgeel060 00016000 60110060 00018000 60110000
96 01100000 00006008 60100000 00100000 0ABO0000
by _ 01100001 00000600 00100080 00100000 00010000
o8 01100010 00600A00 00106600 00110000 08000000
e 01100011 00000000 00100008 00110000 00010000 .
160 01100100 00000000 00110000 00106000 00000000

101 01160101 00006000 00110800 08100000 60010000
102 61100110 00000060 00118000 00110060 00080000
103 01100131 - 00000800 00110068 00110000 00010000
104 " 01101606 00010600 60106000 00100600 00AGE000
105 01101801 00810000 60100000 00100000 00916000
106 01101010 00010000 00100000 00116000 00660000
107 01101011 00816060 00166060 00110008 00010800
108 01101160 00016060 00116000 00100600 00080000
109 © s1101101 00010000 80110060 0010000G 00016000
110 i 81101116 00010000 00110000 060110060 60000000
11 01101111 00016000 00116000 00118000 00010000
12 01116000 08080000 60166000 00106600 60160000
113 01110001 00000060 66100000 00100000 80116080
114 ' 01110010 00800000 00100000 00110000 00186000
115 01118011 00000000 06100000 80116000 60110000
116 61118100 08000600 00110000 00160000 00100000
17 ol110101 00060000 00110000 00100000 60110000
118 01116110 60066008 60110600 00110600 00100000
119 81116111 00060060 00118660 06116060 00110000
120 _  el111860 66016690 69196660 06160600 09186600
121 01111881 66010660 66166000 60106060 00110600
122 pill181e 06610666 80108660 00116660 60100000
123 allilell /96010000 60196666 60110660 60118980
124 81111168 06016660 60110000 00180660 80106600
125 e1111181 _ 96016060 60116660 60160000 60110080
126 o1111116 00610600 00118608 00110080 00106060
127 81111111 06019600 66116060 09110000 96110000
128 10006000 06100900 09060660 6000000 0EGEE060
129 : 160606801 00100866 60606600 60066000 06010000
130 16066610 60196060 66600060 60010900 08080000
131 10860011 00108000 09666600 66616000 08010000
132 16080160 00186800 06019900 66600600 00000080
133 16000101 00100060 60010600 09096900 60010000
134 10600110 60106606 80910600 08010608 606000

135 16000111 00100069 90016000 00010000 08010800



917 -
ol 00000

01600860 11860000 ONO600=0 10000000

010111l

11000300 92
06. 08p000 i eooooo eO0eOooe0 16060000 93
010000ee0 1e0068 066000000 11006000 94

01066060 11800060 01060000 11000000 96

60e0eeee6 1eo0eOlee

60000000
00000080
00000000
00000000
0000e006
80000000
00000000
801ee690
01000000
81000660
01000060
01000660
01000000
01900000

6eeeele6 Oseeoo00 91
10800000 10000000 01006000 90

10000000 11000000 00000000 99

10000000 11000000 01000000 100 .

11000090 10000000 00000000 1le

| 0g20000 1000008%e 000000 102
11609600 119000(§5e{dél000000 103
11008000 11000000s0%A00000 104
16eP8s000 106e0ed®®@Ho0000 105
10083008 1000000(5ggi}H00000 106
10009008 11006000k6AR0B000 107
10060000 110000009%91000000 108
11000000 10000000 00000000 1e9
11088000 10000000%%00000 118
11048000 1100000q3AIH00000

147 10010011
148 10010100
149 18010101
150 10010110
151 10010111
152 T 10611600
153 10011001
154 100t1010
155 1001101}
156 16011100
157 jaolliot
158 10011110
159 1001111
160 18106600
161 10100001
162 10100010
163 leieeoll
164 10100160
165 10160101
166 lol6a) 18
167 18160111
168 16101888
169 101016881
170 10101018
171 18101811
172 1elellee
173 1e1el1t01
174 19101118
175 1e101111 -
176 161168660
177 16110001
178 jeileolo
179 10110011
186 16110100
181 10110101
182 10110110

183

18110111

01011160

0100 BERLAGEMENT SHEET
NOV 1955

Bitﬁ 1'.?.1!).1. ...................
01011110 -
ol o0i lil
0loel00
- 01100001
01100010
01100011
01100100
0l | o0l ol

66118600 06690896 06600600 6seggene’ 0110
00110000 00000000 00000060 6ad1dodd) 0111
00110600 06600860 00016688 ORATRAMOD 108

001100600 666000660 600 160900'1 % 01
00110600 00010880 00000000
00110060 08016000 60000060 10

00110006 00610000 00010000(blab@dad) 11
00110006 00016000 00010060(P901§990] 0O

01101101
00160000 86606600 66006600 13!99%}’1118
0

00io0a0a 06600000 00000060 001100

00100000 00000000 00010068 00100000
00100000 00000000 00010000 00]10000
66100000 00010600 00000000 60100000
00100000 00018000 00006668 60110000
00106000 60010000 00010080 06100000
00100000 00010006 0000000 00110000

00110000 06000060 00086600 00100000
00110000 69000000 08669000 00110000
00110000 90960000 00016060 00100000
001} 10060 00660000 00010000 00116000
60110000 66810000 00006000 60100000
00110060 60610800 6eegacoe ocllooao
00110006 00018000 60010060 00100000
00110000 00016066 00010000 90110000

00106000 €0660000 00100000 06000000
00100080 00000000 00100060 60010000
00106000 90000660 00110060 00600000
60100000 06600000 00110600 80010600
00100000 00016600 80186000 ©0000000
00100060 60010000 00100000 66010000
00100660 600168000 00110000 00060000
60160000 600100800 601168068 00816000

60118000 06668600 00160060 66608686
00110060 06808900 00100060 90016800
66116860 00080000 60110006 00086000
60116000 69600660 00118600 60010000
66116008 66810060 60100060 00680000
00116668 69016060 00168660 08010000
00110060 66016000 00110680 60600800
60116000 60016000 60110800 66018000

60160666 660000600 00186600 60100000
00100000 65000680 00106000 00116000
90106600 00860660 00110008 66168600
60160000 66006800 60118600 60118000
60100000 60018066 60100000 60160000
00100668 00916000 901660080 €0110800
00160600 00016600 668110060 ©0100000
00160600 09610000 80110000 60110000



111 -
11060000 01000000 112

0ee06600eo0 16660

01101111

‘01110666
60 1009e e 00 1866008 113

60000608 16000000 10000000 11600000 114
0060090 10000000 1100000 10006600 §ﬁ5
1066600 11006000 11069000 116
66006000 11060000 10000000 10600008 117
00009960 11666000 10000660 11000000 11
00606006 11006660 11000600 10000000 119
00060600 11000000 11960000 11066600 126
0108ebeeee 10e6e0ee 10ee000 10eleeeb 121
616060001 1800600 1e000e00 11668690 122
0100660 10006860 Il O060e0 1116490096 123

9 0e0elele 1eéHebeb
0010e0ee 16é 06eeb
0l 100060 110

16006
00 10ee0600,q

10@@@@6

11e00000 1

e66e 125
@Oeeo 126

1686000 6l eQ6600 11066960&n1&600€e 127
01060600 11608000 11660608i911100600 128

| eDecee 0e664806 O
10600881

30060610 192

193
i94
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

6eld

11600668
11000001
11000010
11066011
11660160
11080101
11060116
11000111

" 11901000
11601001
11001610
11001011
11001100
11001101
11001110
11801111

11910089
11010001
11010010
116100811
11010100
11910101
lig1011@
11010111

11811000
11811081
11811810
11811611
11811188
111110t

11811118 ..

11011111

11160668
11106001
11160010
111668811
11160160
11168101
11100110
11100111

etb

e 660e60e0
10e0006e eOe
10860006 600

010

o0l o0l |
00 0l10e

61110101
61110116
01116111
6111160
81111001
801111610
00110660 seeeecee aoleeses GehidoAdbO 1 1

Q] 10000 80086060 00108008 08116608

60110600 90680600 06118060 %ER 101

00110006 96060000 0611060
60116000 00016000 0610000

00116660 00010000 06100008 mmdail 111

60116000 800100800 ¢0i10086 GYE
ﬂﬂé!gaao 00010060 00116000 00!10000

O S A o0

00100000 00100000 066010000 00000000
00106000 00190060 00010800 060010000
00109000 00116000 00000860 00000000
00100600 60116606 06000000 00010060
00100000 601160000 00010000 00000000
00100000 0@110000 006010000 00010000

60116666 00160000 00006060 00060000
00116660 ©0100600 66600000 00010000
00110000 60100606 00010000 00008080
00110600 90106000 00018000 068010000
001 10680 00)10860 060000000 00006000
00110000 60110080 00800000 00010600
06116000 80116000 96010000 90000000
606110000 00110008 60010008 00010000

00100000 00100000 80006000 08100000

00100000 60100060 00600080 00110000
00100000 60100000 00010000 00100000
00108000 00106000 60016000 06110000
00100000 00110000 60000000 00100000
00100000 60110000 000680000 60113000
00166066 60116060 08010008 00106000
©0160000 00))6600 80018860 00110000

00116600 86168680 88606000 60160060
80110600 80166000 66666800 66110000
09110600 89166660 60010000 60106000
606110000 80166600 60010860 88116050
00110680 60110808 00006800 66100000
66116060 68118600 880806668 00116600
00116600 90116600 80016080 60100000
60110000 60110060 60010606 00116080

00180600 60100660 60186600 06686000
Solo6ece 6oleeeee 00160680 60010000
60106606 00186060 00116000 08066000
00166660 00186060 06116060 00010600
60166609 00116660 60100660 68600000
60100600 69110000 00100060 86016000
60166600 00110000 066116600 ©0066000
00180080 80118060 06118600 60816000

..m ACENENT (ﬁj'iEET-'

6609000



255

1

131“ . . | 10e6el | 16faﬁﬁﬁguﬁﬁm§@ﬁ£ﬁ557"
6l eo0000 6169906 132 10000160
16eQeecee0 ebeeeelle 6eleeee0 6eebeo 133 Da:t@e%el&lov‘g% '
10e0006 el e6100 60ee00eeb6 Ol 00eeed 134 ettty
106e0ee00e e010ee0 6100e60 Oeebeeel 135 10668111
10000606 01e00000 01060600 01060000 REPLACENMENT SHEET 42 136
16661866 lele666 eeb600e66666 eeeeo eeeeoo 137
| ooel e | 11660866 eoosoeeo 66606660 61666600 138
100101 1l ee6600 66666866 61606660 06000060 139
. 1860181L 1166e60 6ee666006 ol s6e60 01060006 140

10061166 1106660 6e168686 006e600 0666600a 141
10601101 1 66660106866600000 01060600 142
10661116 11066606 61606606 61000600 06060000 143
10001111 110000668 6190606 01000000 01000000 144
10016060 16666666 66866e(6 60060060 106e6666 145
100 1001 © 01066 06600000 06000606 11006000

232 11101868 00110660 60100000 60100688 60000000

213 11161601 00110000 00160000 00100000 86010600

234 11101619 00110000 96100000 00119000 08000008

235 11101811 00116000 00100000 00118660 ©0016000

236 illelleo 00116000 60110600 08160000 6060600G

237 11101101 06110000 00110008 60106000 66010060

218 11161110 ©0110000 00110600 00116000 08600600

219 11108111 00110600 00110000 60118060 60016060

240 11110000 90100000 00100000 66100600 00196000

241 11110001 00160000 60106600 00166600 001106000

242 iiiiooio 00100000 80100000 00110000 00100000

213 11110011 00100000 90100060 00]10000 00110000

244 11110100 00100006 00110000 00100000 00100000 hd

245 11110101 00400000 00110000 00160000 66118000

246 11118110 20106600 66110000 00116600 00100000

247 11110111 09106600 00110000 00110000 08110000

248 " 11111600 00116600 60100008 00106600 £0160000

249 1111100 00110000 00100600 00160000 00110086

250 11111010 00110000 20166600 60110066 60108000

251 11511011 00110000 00106000 00110000 00110000

252 11111100 00} 10000 60}10000 00160000 001860000

253 11111101 00110060 00116000 06100000 90]10000

251 RERERT:) 00110600 00110060 00110860 86100000

00110000 80118600 001108000 00110000



146 - 15010010
01006000 10000600 147

10006066 60660000 01000060 11000000 148
10660660 01006600 60a60000 10000000 149
10660606 81006060 00000000 110060 150
10000600 61068660 01000600 16006 151
10060000 01660060 01000600 11000000 152
1e1l066066 e 666e66 6e6 Oee 6leenDe6 153
11600066 0060000 00000600. 11000000 154

. 11606006 60000600 01600006 1000000 155
11000060 88666800 01660000 11600060 156
1116606 01060606 00000006 10066000 157
11600000 Ol¢oowup TXKE1EHH0 11600600 158
11066606 6016see66 01666660 1666666 159
11066666 60100066 01006000 11060000 160
| 0010e06 6660660 10600600 F8000060 161
| 00666200 608HH006 160HHOBEEFEHM00 162
10666606 00 06000 1100800Qs3ee0dd6006000 163
1660666 6666000 110000000e(e3600000 164
i ooooeea 0le0bele 1600060 °@§Q00000 165
| 16606600 616D6660 18060@3h0s 16600000

9 00000101
G 00000110
7 00000111
8 66001000
9 00001001
10 80001010
1n 08001011
12 00001100
1 00001101
14 00001110
15 . 00001111
16 06010000
17 00010001
18 00010010
19 00010011
20 o0alelao
21 00010101
22 86610110
23 00010111
24 06611600
25 00011601
26 90811016
27 geallall
28 66611160
29 66011161
30 : 00011110
1 geel1111
32 00106000
13 96180601
3 06100010
35 06160011
36 00160100
37 00}e8181
18 00180118

39 aoleollt

CREPICKCEMEND SREET
vagafu ol 55

P W WA W aW. |

10010011

10010110
10010111
161 166e6
10011001
10011016
10011011
16011100
11 011101
16011110
10011111
10160600

) 1616601
BINARY REFRESENTATION 1910810

00066060 00800000 00600000 600008166011
00606000 G0006G00 00000600 016deddB661 60

06600000 00008060 01000000 e?ggp%qzenl

00800000 60666000 61009806 0[DU0VA0 - -

00000006 01000000 00000008 00008000

00080000 91000000 000G0006 01000000

00000000 01060000 01000008 00000000

00008000 01006000 01000000 81000000 .

01060000 00000008 00000880 00000080
01000006 00006600 00000000 01000000
01000000 60000000 01000000 00000000
01000600 00806600 01000000 01006000
010080000 01000006 68000000 00000000
01000000 01000000 00000008 01600000
010008000 61066000 01000000 00008000
01000000 01600000 01000000 01000000

00000000 06606000 00000008 10660000
00800006 000600000 00000000 11880000
00000000 06600006 01000008 10000000
00000000 66060000 01000000 11080000
00000000 01000000 00000000 10000080
00000066 01000600 00600660 11068000
06000000 01660060 01000000 168000000
00000000 01000000 01000000 11060000

€1060000 06009000 60000860 10800800
01666000 66000000 88000000 11686000
01600008 00806600 01900000 10080000
016066000 66000866 010600000 11660000
€leoeaee 61600660 00600000 16000000
0la66066 01066660 80666000 11080000
01066068 01600600 01606800 18008600
01900066 ©1000000 61008600 11066000

66800060 00066660 10006000 80060600
00066060 000066660 16000000 01600060
06600000 00060000 11000000 60000680 -
660900800 60000660 11600080 61060000
600066680 91000080 10000000 06000000
00060000 01060000 10000006 010806000
00080800 01606600 11000000 960660000
00000600 01900660 11000000 01860060



e - 16186116 10500 AP EABZRERT e

11066660 660660N 167 16166111
16666666 6166666 11666060 016060C0 168 : e216eNOV 199
(T

| ee066e 6ee6660e 166eee6 e 6666066 169

11660666 96066666 16666660 61606000 176 16101616
166666 6e60e6e0ee 1166666 06666666 171 16161611
1166660 6ee6e6666 11666666 6160608 172 16161180
1] ese160668 6166 10666660 66 6000 173 18161161
| el6e6e 616666 16660666 61666666 174 16161116 -
111606666 | | 61666666 |ealé 666666 175 10161111
11666060 6160660 11666080 01666606 176 lel 6el e 1e6666e
16 6 e 6 66 e0ee8 1 000666686666 177
111 6e101 16€€6€068 6e 1156660 178
10116618 - & 20101690 1666666 660e§§§§§&§£@%éﬁﬁﬁé?ﬁaégaoe 179
161660l | a2 salsiele 1066666 0646066 oodsddt G 06HG GEH6666 1S58
10116106 o il 106ee6e6 Oem@mweegemmgeggtéﬁgégeesoow 181
10118161 166661 e 60 61 0080 182
2161011 - e 166666680 &E%%Eﬁ%§§3§§gﬁdﬁﬁﬁﬁ@06cs 183
1011onl1 a7 coioitl 160606ee 0l cedeBoi0ki 1BGBO NBSSH006
48 80)108800 00000000 00060000 10660000 10800000
49 00110001 000000008 00000000 180060000 11080000
50 00110010 00000000 00060000 11000000 10006000
3 00110011 00000000 00000000 11060000 11080000
52 00110100 00000000 01000000 10000600 10080000 .
53 0gilalol 00000060 01000000 10606000 110006000
59 - ) oollolle 00000000 01000000 11060000 10000600
55 T oottt 00006000 01000000 11000000 11000090
56 " g0111808 . 01006000 96000000 10000600 19866000
57 00111001 01000000 90000000 10000064 11000008
58 gollleig 01000006 G0000000 16060068 10006000
59 aoliioll 01000000 00000000 }1600600 11000000
60 - 00111100 01600000 01800000 10000060 10000000
61 00tili01 01000000 01000600 10000000 11008000
62 08itille 01060000 01068080 11000000 10000060
6] At 01006000 61000000 }1000000 ))000000
64 01060000 00080006 19993936 00000000 33000906
65 : 01600801 00000000 10000000 00006000 01000600
66 - 01680010 00000600 100008068 01008060 00800000
87 01086011 006066000 18600000 ©1606080 81060000
68 gl00e108 00060000 11000008 60080600 00800000
69 01600101 00006000 11000000 0600000€ 01000000
70 01060116 00000000 11900660 01006000 00000080
71 [:38:: ) § 0] 06000000 11006000 61660060 01608608
72 01001668 ©1600600 16666060 Gﬁﬂﬂﬂﬂéﬂ 66668660
73 81681601 01666606 18000066 66008660 61866060
74 81001010 . 016000068 16000008 016000060 66666060
75 01081811 01660660 166608600 01008600 81666060
76 gigoiled g1600660 11668600 606066668 66608060
77 e18811a1 01866600 11060660 08606600 81000800
78 giesille 01660660 110060060 018066000 96660000
79 91081111 01066000 11006000 91060060 51066600
[:{:] 8101660686 00000000 18666000 86660880 10686600
81 o10106081 . 960000000 10660660 60000080 11006000
82 81010016 66000000 16666060 ©108066Q 10600600
83 0j0100}} 000060000 10000806 019660000 11600860
84 alo1a1e0 000006000 1168600000 00800600 10600000
85 . alaloiel 96660600 110608008 666686000 11566668
86 : 81010110 . 006666600 110600060 01866008 16086600

87 01010111 60006600 11600600 018680600 11960000



REPLACEMENT SHEET 43 184 11 €66
1 i eeooe 6eeeeeeO a 0Oeeleel 16660600 185

s = SHEET -
T |

1106600ea 6e6 O06ee Gee |0e066 1iiooeo 188

118660666 66666666 11066660 16600N 167 : (S i ———
11 6eeee 0eb6eb60ee 6166ee60 11600066 a87 | ol | aee

11 666666e e9ee0e6066 160660 | 6e6e0B 189 16111161

6l 068ee0 0i 6e6eoeb 60e6e600 101CO00 1986 1111110
11003903 816s66¢ee 110000 16600660 191 ' ' VWHIML11
11000300 61606600 11060000 11000000 192 _ 11066666

10i oeo0o0 | e66eee €e6e66000 00668000 193 11030001
1000000 1666666000000 O 100000 680 194 1100010
10000000 16666060 01000000 00000000 195 11066011

10006006 160@p606 6100660@160124800000 196 51006000 10006009 06006800 1460@E0D 160

10606060 118860000 0006660B:8B000600 197 01000000 10866060 80600600 11 0101
01066660 10008600 ©1060600 1 110
1

16666660 1164P660 0666660g‘gg§§66600 198 S 1980000 1066680 01609090
10000060 11632666 0160000 :e 00000 199 01000000 11600086 ceecceee 140h@BG111

10000600 11666666 6106060111191000600 200 61860060 11606688 88600000 1100909)e| OGe
* 01800000 11000080 01000000 10000800

110

11666666 eloa;§66 eeee6'6§g)ﬁlll66m6606 01000000 11000800 01000000 11000000
96 01100000 00000800 10006000 10860000 00600000
97 01100001 80000060 10000006 10000000 01000000
98 21160010 00000000 10000000 11600000 90000000
99 . 01100011 00000800 16000000 11000000 01000000
160 01100160 00006000 11000000 1000008@ 00000000 *
101 elioailet 00000000 11000000 10000000 01000080
102 01106110 000060000 11600000 11000000 60000009
193 . 01100111 00000000 11660000 11000000 01600000
164 @lioleee 01000000 10600000 10008000 60000000
105 0110100} 01000600 10000000 16000000 01600080
106 81501010 01000000 10000000 11006000 00000000
107 ' 0110101} 01000000 10600600 11006000 01000000
108 i olloi100 01000000 ] 1600660 10000000 06000000
169 - al1011el 01000000 11000000 10088000 01000060
118 ottetiie 01060000 11606000 11000000 00090000
m ol101t1} 01000000 11000000 11000000 01000000
112 1110000 £66660000 19606660 16000000 100080000
113 01110001 66000000 16060000 10000000 11600000
114 oitle0le 00000000 10800000 11000000 10690600
115 ol11e911 00000000 10860000 11000000 11080000
116 alilelee 00008600 11000000 10660000 10800000
117 el1ielel 00000000 11000000 10000000 11000000
118 olllelle 06006606 11000000 11000000 10080000
119 01116111 00600600 11600600 11000000 11800000
120 61111060 01866666 16000606 10006000 18606600
121 61111681 010660600 10080600 18060660 11860000
122 81111018 : ©1086000 16666600 11600600 108086000
123 ei111e811 01006000 16806000 11600000 11890000
124 e1111166 061006860 11000060 16066600 16680000
125 aliiliel 01000800 11666060 16660600 11600000
126 al1llite 01006000 116600080 110660880 10066068
127 ell11ill 061008660 11000000 11800060 11000000
128 16000660 10066660 96066600 60000660 00000880
129 16660601 ' 18060600 88000609 60606600 01860000
130 16066010 . 196000680 60600080 £81000080 868008600
131 16060011 10060060 66686000 01008080 01000000
132 16000100 10000608 01666000 90668000 ©€000000
133 leegaiol 10660688 01960600 60000000 61006000
139 . laeeal10 16660000 01060000 01600000 86000060

135 16600111 10060088 016600800 01000800 01800000



201 -
00e000o00
11a00ge00
11000660
11066606
11066000
11600680
11000000
- 1600666
- 16666600
10000000
16660000

61060006
16666666
10000000
11006660
160e6e60
1166666
11666666
| 00s006
10066000
10666660
| e6e0eeb

11001061
202 11001010
61000666 66060000 203
01000000 01000000 264 49
00006000 66600000 265 e
00060000 00060000 206
6l 00060 6600900600 207
01060666 01006660 268
666600 60 16660000 269
66600000 1 0l Ooo0Os 210
01660000 10000000 211
01060000 1100000 212

11 IR BEET
Dapyrcha. NOV 1995 4

11001106
11661101
11601116
11061111
11l 6001
11616061
11016616
11616611
11019106

106000060 11666669 000666Qg0eee 106006000 213 400000 eoeseces sesssase esseeadh el el €0

1006606 116Q%000 6606660(deslsh666660 214

166es6666 1180e

| 00000 1168 606 010eS006 0001 et
16i es666 10R60066 66660a&eer 16600000 218
11066660 1t 680000
i | ee106e0 108e060e el 0016B®! 11666660 229
11s6e6e6 110060068 6060060 | oe6ee6 0 221

11666606 11646666 e66ee66Kn 1P

146
147
148
149
150
151

152
153
154
155
156
157
158
159

160
161
162
163
164
165
166
167

168
169
178
171
172
173
1724
175

176
177
178
179
180
181
182
183

11606080 65000606 00800600 013¢DPE| | 1

6leco®ipde 16660600 215!1eeeae0 00000600 01000060 GGOOOGBOl el 6ill

608060 216

00166080184 66666 219

506666
16010010

11006660 66660808 0186060 0106008
11000660 91060800 90660000 eeeeﬁga§11666
11060000 61008000 06000600 0108000b Oel | ele
11068600 01906060 01000806 00990Q0R |

1100680 1690600 01000000 0100000 = & . |

10000000 00066800 08660000 10060010& 611161
10000000 00600800 006000600 11006000
10000000 00008600 01000000 10000060

18010011
10019100
1a010101
1ea10110
10010111

" 10811668
16611001
10011010
10013011
10011100
19011101
10011110
18611111

10100000
10100001
10180010
10je0011
10160108
10108181
18]68119
10180111

10101660
le1e1861
16101010
lelelell
16161100
10181181
18161110
10101111

10116660
10110601
10116010
1e118011
1110100
18118161
10118110
10110111

10000008 00660600 01000000 11000000
10000800 01000006 90060000 19000000
10000000 61000000 00000600 11008000
10000600 01000000 01000000 16000000
100060000 0100000G 010008080 11000000

11000666 60000000 00000060 10006000
11060086 00000060 00000600, 116086000
11000000 86000000 01000000 10000080
11060060 60600000 01000000 11900600
11066000 01000000 00000008 10000000
11000000 01660600 00006000 11000000
11000000 01008600 61000000 18800000
11000000 81600000 61000000 11800800

19600000 60060600 10000000 00800000
10000006 20000000 10000000 01800000
16660000 90800090 11000000 00300080
160000060 06080000 11000000 01900000
19000000 01000600 16000800 00000000
16600060 01006000 10060060 01600000
160006606 01660000 11006000 66080000
16000600 61608066 11000600 01000000

116666860 06660600 10660000 88686000
11666600 68600606 10000800 01660000
11000860 66600600 11908860 66906000
11660060 66606600 11060660 01860000
11086068 01000600 10689060 066660800
11660660 61006660 10960060 010600600
11608060 81060600 11066600 99600000
116000606 01600000 1)668080 01006000

10666600 66608660 166600060 10000000
10608060 66668060 10006000 11000000
16608008 60006600 11060080 16006880
10806660 66690606 11608060 110000080
10006660 61000600 10660868 10000000
16660000 61600060 18608000 11000000
16660660 01000800 11800060 10000800
10600060 ©1086600 11600080 11606000



222« .
a01l 666ee 1060656 223

11011110

1e10666e 11608960 61666090 11666060 224

166e6ee9 | ee0000006 1060e6 s0e0669
16666660 16666608 16066660 01666

225
226

100666660 16666660 lle6a606 60666666 227
106666 ele000006 = 11806666 01606600 228

- 1666660 6 11660666 16666660 06606600 229
16669660 11060666 10666666 01600660 230
10000068 666. 0016 06 11666666 000 6666 231
© 16068000 11866060 11000666 01866660
11e81ee0

232
166ee66666 6seee6 233
| 6066 166665

1

8 1066066 iko
11666266 16666988 110660@4160se08es 235

0608 234

| 1160066 16060668e 116866806161660696
188 16111160
189 18111161
190 10111110
191 10111111
192 11680000
193 11080601
194 11000010
195 11000011
196 11800100
197 11000101
198 11000110
199 11006111
200 © 11001800
201 11001001
202 11001010
203 11001011
204 11601100
205 11601101
206 11001110
207 11001111
208 11618000
209 11810001
210 11010010
an - 11010011
212 11810100
213 11010101
214 11010116
215 11618111
216 11611068
217 11811601
218 l1e11810
219 11811011
220 11811180
21 - 11011161
222 11811110
223 11611111
224 11160660
225 11100601
226 11166016
227 11166611
228 11100100
229 11180101
2% 11160110

231

11100111

11611111

110 REPRACEMENGSHEET

<
p ¢

110661
I11e66011
11166160
11106101
I11e6l
' 11100111

REPLACEMENT SHEET Dat e21 NOV | 995 44 .
| leebeee l1le66e66e

11161601

11080000 Geeceese legeneee ixﬁgco 16

11000006 66666008 18868080

11660008 06666008 11006000 1008006681611

11006666 00000660 116008060 11806000
11666660 01600600 10660000 16006000
11066000 01006000 10660000 110060000
11000000 01006660 11000060 18000000
11660000 91000000 116600086 11000800

10068000 10000008 00000000 69000060
10000600 10000800 00000000 01000080
10000000 16606000 01008000 00600800

10608600 10000000 01006000 01080000

10000606 11000000 00006000 060000000
10000000 11866000 08060000 01000000
10000060 11606600 01668000 00000000
10000000 11000060 01000600 01600000

11606600 18608600 00066060 900660860
11000080 10000600 00000000 01000000
11600680 10000000 0100000¢ 00800000
11000666 10000000 01008000 01000008
11000000 11000800 00000090 60000000
11000000 11006000 00096000 01000000
11000000 11006600 01680000 60000600
11860000 11000000 01000009 01000008

10606000 100000668 06000800 10600000
16000000 10000606 00600060 ]1000000
10600000 10060606 61009060 10000000
10000000 16606600 016088000 11000000
10000000 11000000 69800880 106080000
16006060 11600000 00060000 11000004
16666600 11086600 01000060 16806000
10068000 11600060 01000600 11800000

116060680 10660860 89660868 16000060
11080060 16068080 90088660 11000600
11060006 10080000 01606600 10060006
110680066 166000000 01660000 11900600
11566060 11606000 06660000 10000000
11666600 11080000 06000060 11660680
11990080 11060000 01966660 180680600
11906000 11606600 01880080 11000860

16600600 106680600 10000680 68000000
10600000 16666000 10600000 01000000
16600660 10000860 11000000 60060660
lo6666808 16088660 11006600 01060600
16600606 11066000 10006090 80600000
160006060 116000000 16000000 01006000
10060000 11006000 11000060 00080000
18000000 11008008 11000000 01080000

N




236" - 11181166
0666606 237 11101101
11666660 1890000106 | 9eeee 238

116e6696 11000e08 1106066 e6ee06gg 239
11060606 |el6e6e 11066000 61000086 246
16e66e6 166e6e06 19e60608 16e6e6e9 241
01600606 18000666 1066000 11000060 242
10000000 10006996 11806889 16666006 243
1806666 16680900 1100 600 000 244

66ee006 11606666 | 10000ee 16066060 245
16666600 - 11666066 186660680. 11666900 246
16666668 110000680 1106080 16900080 247 -
16666666 11@R0660 1169660{11616§0066 248
116 00 16e@8Bee9 10660e OlEBDOeee 249

|1 066060 12%60696 100066§8§?ﬂ006000 250
11688e66 16800600 11800fhhes 0900600 251
1100600 | 00€B600e 1100000811611006068 252 .
11006606 |1ggaoo 1080068%‘}% 060606 253
1199990 011606000 19660990 11009600 254
11660000 11%&6860 11009063, ,448$69000 255

11600600 1164696 116060011;1dea200660
: 11116010

1116011

11110100

11116161

11110110

t11e1tl

242
243
244
245
246
247

. 11111668
fl111001
11111010
111111
1t111100
11115101
11111118
11111111

248
249
250
251
252
253
254
255

660ee606  1164CRAEAAGEREIRRAEET |
_ BT |
1116118416 :2.1

114’)‘1111

11116668
11119061
11110010
11116611
11110100
1111101
11110116
11110111

11666660 10066000 16688694l bdbddane 6
11066666 10666800 16669060 §196P€84 001
11086666 16000088 11086000 eea:ﬁjg 11610
11900000 10660000 11886068 @10

11666000 11666660 16666000 oeseaded 111011
11606668 11060088 160006969 01666869 111100

11080060 11080008 11000608 608
11000000 11696000 11066060 Ol ;E%%iﬁgl

10666666 19606690 16600000 1636%&33’ 1111

106600060 10006000 10000080 11600000

10666000 10060000 11066000 10006000

16000060 18008000 11000000 11600000

18000000 11000060 19000000 16000060 -
16606660 11000000 16606060 11066000

16060000 11000000 11096000 16000000

10600060 110066000 11866000 11000008

10000060
110680600
10006000
11608600
16000000
11000800
10000600
11060000

11866000 106006680 100006060
11668660 10060000 10606000
116606068 16606600 11606000
11680060 10000000 11000000
11066860 11866000 16600000
11600068 11006000 18860000
11006000 11660060 11000060
11000000 11606000 11660000
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ABSTRACT

A method for rotati.ng bi-level image data plus or minus 90 aegrees.
An 8 x 8 pixel block is selected for rotation from the image data
‘and, _using lOO}tup tables, an intermediate matrix is generated
dynamically and stored into two 32-bit registers in the processor.
Generation of the intermediate xhatrix partially rotates and stores
the odd-numbered rows from the block of data in the first 32-bit
register and the even-numbered rows from the block in the second 32-
bit register. The first and second registers are copied,
respectively, into third and fourth 32-bit registers. The first and
second registers are then shifted one bit in opposite directions. .



