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A SYS1.'EM ·[OR[, FAST 90 DE<";REE ROTATION OF BI-LEVEL IMAGES 

1. 1n.eld of lhe Invention 

The present invention rel.ates to a digital image processing 

method and more particularly to a method for the fast rotation 

of bi-level images. 

2. Description of the Prior Art 

Bi-level images (also called monochrome images) are images 

having just two intensity levels (generally black and white or 

black and green) because their bi-level bitmaps contain a 

single bit per pi,cel. The entire bitmap for a screen for a 

resolution of :1,024 x 1,021- p.i.xels is 27.0 bits, or about 

.128,000 bytes. 

Through the inct·easj ng proliferation in offices and home 

of.fices of low memory computers, such as workstations and 

personal computers, computer storage of office documentation, 

reports, forms, letters and even photographs, is becoming 

prevalenl: as a means for t·educing physical storage 

reqni.rements and j mprov.i ng accessabi li t:y to common office 

files. 

Documents R 1·e c:ommcrn .l y 1·er:P..i ved j n to compute 1· 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°, 100°, 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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mi1111:.; '-10" 1·n1.a1 in11:;, :•i111·1~ lll~:·H~ ;tt"P. col1>.idP.1:ably mor-e comple>< 
111a11 I HO" I •I I l1t1 packed internal. data 
representation of the image pi >eels, wherein each byte contains 
eight image pixels. The rotated image must occupy the storage 
that contained the original image before rotation. Thus, for 
this type of rotation, the number of rows must be a multiple 
of eight, since the bits in each vertical column are packed 
into bytes by the rotation and a row of the output image must 
not end with a fraction of a byte. Consequently, placeholding 
data values must be nddecl to c:ol11m11s that are not nmltiples of 
eight. 

tJ.S. Patent: Number 4,6/.7,0?.0 of IBM Corporation, sets forth a 
method for rotating an iinage by 90° that was considerably 
faster than the trad.i l:ional 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 byl:es of rota table size. Each group that did 
not have the same vri l 11e (oi: all bi ts is then rotated. This 
method took advantage of the fact that large areas of most 
images are background col.our (e.g. white), and that blocks or 
graphs of the j mage con taj ni ng a 11 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 



data plnn ('JI" ini1111f:; 9011 f.:·om it~ ot·iginal 01·ientation. The 

i111cHJl~ dC'lld 1s 1.i1:=;l ;•1•11•.'!d i11 pa1t:i.ally i:1:ansposed form in a 

matrix co11Lal.uecl in eight 32-bit registers. The matrix is 

separated into groups of bits of rotatable size (sub-matrices 

of equal size), and first preselected bit positions are 

transposed with second preselected bit positions in each 

group. Rows of bits in the groups are then exchanged with 

second rows of bits in the groups. 

Each of these IBM patents discuss, as prior art, a number of 

much earlier pub.Ucations and refer:-ences directed to solving 

the problems assocjated wj_th ]mage rotatjon, and the contents 

of each of these IBM patents, particularly in their sections 

descrjb:in9 the p1·ior a1·1:, 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 degrees, 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 Hsed 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 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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U.S. Patent N11mbei· 5,233,168 of Pitney Bowes Inc. discloses 

deskew:i.ng an j mage by scanning the image tc:> capture a pixel by 

pixel mapped image,· d~termining size and skew of the mapped 

image, performing a series of area-limited vertical pixel 

shifts, and performing. a series of area-limited horizontal 

pixel shifts. 

Other approaches to.providing rapid image rotation have been 

hardware specific solutions, such nS a special hardware device 

called a r:ol:at.ion buffer d.iscl.osed in U.S. Patent Number 

4, 947, 344 of JAM Co1-pon1l:io11 or special circuitry disclosed in 

ll.S. Patent 1mml>e1· 4,992,'}60 of. Yamaha Coi·poi·ation. However, 

these types. of ha i:dwa1:e sol u l:ions require considerable cos ts 

associated wi~1 modjfied existing hardware, as opposed to a 

solution implemented in software for maximizing the existing 

hardware storage capabjlitjes. 

SUMMARY OF THE INVENTION 

L.i.ke the methods disclosed .in previous IBM patents ('020, 

'430, and '845), t:he pre sen I: .invention also works on 64 pixel 

blocks of image da l.:a at: a l:ime in expediting image rotation to 

or.ienl:at.lcm of: 9011 
01: 7.7011 from i l:s orientation on input. 

However, because Lhe method of the pt·esen t 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 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 bi ts. 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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I he l 1 l oc:k I •P. i 111.1 iu· 1-.'Hlc_wd I 1·ans,1n i·i=u? l y ruH:t" 1 ower order rows 
(1:0111 Lile hloclt l1r-dnq ri1.1·;rnqed. on l:op of adjacent higher ot·der 
rows in the pait·ed nibble columns of the intermediate matrix 
and saving the rows of the intermediate matrix sequentially 
into first and second 32-bi t registers. The first 32-bi t 
register is then copied into a third 32-bit register and the 
second 32-bit register into a fourth 32-bit register. Each of 
the first and second registers is shifted by one bit in 
opposite directions and alternate bits from the fourth 
register are dynamical.ly overlaid onto the first register 
while al.ternate bi t:s f1:om the thj rd register are dynamically 
overlaid onto the second re9jster. 

The present inven t:.i on j f> A 1 so d.i. rected to a system provided 
with means for c:arry.i.ng ou I: t.he computer implemented steps of 
the method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the jnve11t:]on will now be described in detail 
in assocjat.ion w.il..li the ricc:ompanying figures, in which: 

Figure 1 is a schematic representation of a typical 
operating systems for practicing the present invention; 

Figures 2 and 3 il lust:rat:e the display screen of a 
personal computer or work stat.ion 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-bi t . programming 
operating system environment such as IBM's OS/2® system, Posix­
Unix systems or Microsoft's system NT. 

The elements of an operating system of this type are 
------ -- -----·-·-- -··· 



ill11sl1·nl•~·I ::r:l11!111;ili1:,1!l~1 in 1•·ic._1111·c I. ctll(l woul.d typically 
i111:l111l(·! c-11111:;1 l"•'i.l!::~;1..11 i~: IJ,111i11<J a J.?.-bil sl.ot·age registers, 
an image stoL·age l4, a display terminal 16, means for 
receiving image data, such as an OCR-image scanner 18, and a 
printer 20. Other means for receiving image data into the 
operating system would include data transmission and 
facsimile. The display terminal 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 l:o manjpulate l:he image data to meet the presentation 
requirements of enc:h of I.he pe1:ipheral devices 16, 18 and 20. 

For example, a photographic image may be scanned into the 
system via scanner ]8 and end up as a horizonta~ly displayed 
image 22 on a computer di splay 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° cl.ocl<wise to the position 22a shown on the 

compul:et· d·i spJ ay /.4 :i 11 Fi <,Jt11·e J. 

The steps of the method of this invention are illustrated in 
the flow diagram of Figure 4. l\s discussed earlier, the 
present invention rotates jmage data in 8 by 8 pixel block 
segments. Thus, an 8 by 8 pl.xel block segment selected from 
the stored data of the entl.re image (block SO in Figure 4) may 
be represented by the 64 bit matrix set forth below in Table 
A: 



------ ·-· ---------- - -----

TABLE !\ 

- -- -- ..... -- ··- ..... -·· ,. --·- ... ___ ,.. ··---
Row l A"/ A6 AS A4 A3 A2 Al AO 

---
Row 2 B7 86 BS 84 83 82 Bl BO 

Row 3 C7 C6 cs C4 CJ C2 Cl co 

Row 4 07 06 OS 04 03 02 Dl DO 

Row 5 E7 E6 ES E4 E3 E2 El EO 

--··-- ·-----
Row 6 F7 F6 F5 F4 F3 F2 Fl FO 

·- ---- .. --··-- ·----·-- ···---- ---
Row 7 G7 G6 GS G4 G3 G2 Gl GO 

--·--· -·--------------- ---·-· .. -· - ... "'·- ... ------ -·--
Row 8 11'7 U6 115 H4 H3 H2 Hl HO 

.------· - ••.• O:.':"':.· .. :~':"-O:-.:-::":"·""":.~:.--:."":·:"":"--==·---··- ·- -

Where AO, Al, ... , .. , HG, H7 each represent a bi-level pixel 

forming the matrix. 

Clockwise 90° rotation of the matrix of Table A turns the 

ma l:rix on its s.i.de so tha l: Row 1 becomes the right-hand column 

of 8 bits, with the /\0 pixel at: the bottom. Counterclockwise 

90° rotation turns the matrix so that Row 1 becomes the left­

hand column of 8 bits, with the AO pixel at the top. These two 

i:esu l ting data 1:ep1:enen tat: ions ai:e j J. h1stra ted in Tables D and 

F in this descr.iptj on. 

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) 

printing. A 64-bit matrix can be 

registers. 

ready for display or 

stored in two 32-bit 



The pu~s~111. .int1e11l:i1J11 i:·; pt"'!1·[onnec.l jn fou1: main steps. First, 

an .inl.ei:me<li<1\.e mn1.1·il< 1:. qene1·ated that sets the foundation 

for dividing the matri K into two register-size rows of 4-bytes 

each. The intermediate matrix is stored in the two target 32-

bit registers, and then copied into a further pair of 32-bit 

registers. The data in the four registers is then manipulated, 

and the four registers are finally collapsed back into the 

original two that now contain the rotated data image. 

Throughout, only three memory accesses per byte (or 24 per 

block) are required, fj rst: when the byte is read in a 

processor register, next when the value is used to access a 

loolmp tab1 e fot· genera tl n9 the intermediate matrix and a. 

final memot·y acc:ess to Sf\VC the t·otated 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. 

AccordJng to the pref erred embodiment of the invention, the 

selected 8 by 8 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: 



TABLE B 
.. -· -- -- . --':':..·~.---=--- ~-. --.·-:·--~.-.. ----.:::"":':" -- .. - --
Row 1 G7 GJ E7 E3 C7 C3 A7 A3 

Row 2 G6 G2 E6 E2 C6 C2 A6 A2 

Row 3 GS Gl ES El cs Cl AS Al 

Row 4 G4 GO E4 EO C4 co A4 AO 

Row 5 H7 H3 F7 F3 07 03 B7 B3 
·---· 

Row 6 H6 H2 F6 F2 06 02 B6 B2 

-··---------- ··-····----· ---· -·---- -----
Row 7 HS Hl FS Fl OS Dl BS Bl 

-----· -··--··-·-·· ----- -·--·-
Row 8 114 HO E'4 FO 04 DO 84 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 

od.ginal block of: data (i.e., rows A, C, E and G) arranged 

transversely. ln \:he case of a clockwjse rotation, the 

transverse an:a11geme11t j s from rj ght to left, with the higher 

order bits from each half-row arranged on top of the lower 

order bits. For co11nterclocJcwise 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 ti tl~d' Appendix which forms part of the 
. . .,. 

present disci6sure. 

Each of the four lookup tables is responsible for converting 

two rows in the 8 by 8 pixel matrix. For clockwise rotation, 

Table 1 from the Appendix is used for converting Rows 1 and 2, 



1,H>ll.! J. ti.>1 Hown :l and ·~. '1';1lil~ J f.nr Rc>ws 5 and 6, and Table 

ll fot· Ro·ws· "/ a11<1 O, and t:lie 1:ows at·e conve1·ted alternately 

(ie. rows 1, J, 5 and 7, follbw~d by rows 2, 4, 6 and 8). For 

c6unterclockwise rotation, the lo~kup tables are used in the 

reverse order, that is, Table 1 is used for converting Rows 8 

and 7, Table 2 for Rows 6 and 5, Table 3 for Rows 4 and 3, and 

Table 4 for Rows 2 and 1. 

Generation of the intermediate matrix, in the preferred 

embodiment, is by dynamic overlay with the results being saved 

immediately to two 32-bit processor registers. 

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

illustrated by the fo.11.owing example, starting with the bi­

level 8 by 8 piKel matrix in binary notation set out in Table 

c. 

TABLE C 

-
Row 1 0 0 0 0 1 1 1 1 

-·---
Row 2 0 0 () 0 0 0 1 1 

Row 3 0 0 0 1 0 1 0 0 

Row 4 0 0 0 1 0 1 0 1 
·--- ---~-- '"-·--- ----

Row 5 0 0 1 1 0 0 0 0 
. - ----

Row 6 0 1 0 1 1 1 0 0 
. 

Row 7 0 0 1 0 1 1 1 0 

Row 8 0 0 1 0 0 0 1 0 

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

**** Lookup Table 1: 

From To 
BINARY REPRESENTATION ROW 

15 
BINARY REPRESENTATION 

00001111 00000001 00000001 00000001 00000001 

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

-- -- ------·--- ·----- -



RI 
ll'l'l'E J 

llrrnnnnn 1 
U'fTt:: l 

nnonn11n1 
nYTE l 

oon11noo I 

THIS SHEET HAS BEEN 
REPLACED 

B'lTE 0 
00000001 

Next, for row 3, entry 20 of 1.oolrnp table 2 is used: 
**** LOOKUP TABLE 2: 

ROW 
20 

FROM 
BINARY REPRESENTATION 

00010100 

TO 
BINARY REPRESENTATION 

00000000 00000100 00000000 00001000 

This value is logical ORed, or dynamically overlaid with the 
4-byte value for row 1, .in which af1y "one" value from either 
4-byte row replaces a "zero" value. The resulting revision of 
the first 32-bit register is: 

RI 
BYTE 3 

00000001 
BYTE 2 

onooo101 
BYTE l 

00000001 
BYTE 0 

00001001 

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

ROW 
48 

FROM 
BINARY REPRESENTATION 

001 J.0000 

TO 
BINARY REPRESENTATION 

00000000 00000000 00100000 00100000 

When this 4-byte value j s 109 i.c:al ORed with the contents of Rl 
the following register value results: 

Rl 
BYTE 3 

00000001. 
BYTE 2 

00000101 
BYTE 1 

00100001 
BYTE 0 

00101001 

Finally, fbr row 7, entry 46 of lookup table 4 is used: 
****LOOKUP TABLE 4: 

ROW 
46 

FROM 
BINARY REPRESENTATION 

00101110 

TO 
BINARY REPRESENTATION 

01000000 01000000 11000000 00000000 

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

BYTE 3 BYTE 2 
Rl 01000001 01000101 

BYTE 1 
11100001 

BYTE 0 
00101001 

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

BYTE 3 BYTE 2 
R2 00010000 . 00110100 

BYTE 1 
11000001 

BYTE 0 
00101101 



RI: 

R2: 

Tllj s r.ompleh::1:> l.lH~ p1:or:r.;.~ of the intermediate matrix 

generation. To clarj fy I.he 1:es111.ts, the contents of Rl and R2 
may be displayed in terms of bytes with higher-order bytes on 
top of lower order bytes in a matrix-like format as follows: 

Rl BYTE 3 0 1 0 0 0 0 0 1 
Rl BYTE 2 0 1 0 0 0 1 0 1 
Rl BYTE 1 1 1 1 0 0 0 0 1 
Rl BYTE 0 0 0 l 0 1 0 0 1 

R2 BYTE 3 0 0 0 1 0 0 0 0 

R2 BYTE 2 0 0 .l l 0 I. 0 0 

R3 BYTE l l 1 0 0 0 0 0 l 

R3 BYTE 0 0 0 () 1 0 l 

The1·efore, re tu l"ni ng to the original generic example, the 
first four rows (or first four-byte row) of the intermediate 

matrix are saved into the first 32-bit register Rl (block 54) 

of Figure 4, and the r~maining 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 represenl:ation: 

G"I GJ E7 EJ C"/ CJ A'/ A:l G6 G7. li6 ~:7. C6 C7. A6 A7. G5 GI ~5 RI CS Cl AS Al G4 r,o E4 EO C4 CO A4 AO 

-
H7 113 F7 F3 07 03 87 83 116 112 F6 f'2 06 02 Bf> 87. 115 111 F5 Fl OS 01 85 RI 114 110 H FO 04 IJO 84 BO 

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

Rl: G7 G3 B7 E3 C7 CJ A7 A3 G6 G2 E6 E2 C6 C2 A6 A2 GS Gl ES El C5 Cl AS Al G400B4EOC4COHAO 
R2: H7 H3 rT F3 07 03 B7 83 ff 6 ff 2 F6 F2 06 02 86 B2 RS Hl FS Fl DS 01 BS Bl H4 HO F4 FO M DO B4 BO·. 

R3: G7 G3 E7 E3 C7 CJ A7 A3 G6 G2 E6 E2 C6 C2 A6 A2 GS Gl E5 Bl C5 Cl AS Al G4 GO E4 F,O C4 CO A4 AO 
R4: 117 113 F7 F3 07 DJ 87 B3 ff 6 112 F6 F2 06 DZ 86 82 HS Ill FS Fl 05 DI 85 Bl H4 HO F4 FO 04 DO B4 BO 



Rl: 
R2: 

R3: 
R4: 

THIS SHEET HAS BEEN 
Rt:PLACED 

Whe11 I.Ile 10Lat.in11 is <111 ~10· 1 (:Joc:ltwi:=;e L"Olat.ion (block 60), the 

even bi Ls Hl und H4 a L·e 7.(~L·oecl 0 11 t (block 62} and the odd bi ts 

of R2 and RJ are zeroed out (block 64), to yield the following 

changes in the registers: 

G7 00 67 00 C7 00 A7 00 G6 00 E6 00 C6 00 A6 00 GS 00 ES 00 CS 00 AS 00 G4 00 E4 00 C4 00 A4 00 
00 113 00 F3 00 03 00 B3 00 112 00 F2 00 ll2 00 87. 00 111 00 Fl 00 DI 00 Bl 00 HO 00 FO 00 DO 00 BO 

00 G3 00 E3 00 C3 00 A3 00 G2 00 E2 00 C2 00 A2 00 Gl 00 El 00 Cl 00 Al 00 GO 00 EO 00 CO 00 AO 
117 00 F7 00 I)'] 00 8'/ 00 116 00 F6 00 ll6 00 86 00 115 00 ~·5 00 ll5 00 BS 00 114 00 F4 00 04 00 B4 00 

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

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

the contents of the four registers appears as follows: 

RI: 00 G'/ 00 E7 00 C'I 00 A7 00 G6 00 E6 00 C6 00 A6 00 GS 00 ES 00 CS 00 AS 00 G4 00 E4 00 C4 00 M 
R2: 113 00 F3 00 03 00 83 00 112 00 ~·2 00 02 00 87. 00 Ill 00 Fl 00 Ill 00 Bl 00 110 00 FO 00 DO 00 BO 00 

R3: 00 03 00 ~:J 00 CJ 00 A3 00 G2 00 1·:7. 00 C7. 00 A2 00 Gl 00 El 00 Cl 00 Al 00 GO 00 EO 00 CO 00 AO 
R4: ·1n 00 n IX) I)'/ 00 B'/ 00 116 00 l~'(l 00 llh 00 86 Oil ll!l 00 ~·5 00 D!i 00 85 00 114 00 F4 00 D4 00 B4 00 

- --· - -- _,._ ---· 

Next Rl is logical ORed wici1 R4 (block 74) and R2 is logical 

ORed with R3 (block 76) to achieve the following content of 

registers Rl and R2: 

RI: 117 G7 F7 E7 07 C7 B7 A7 116 G6 F6 E6 06 C6 B6 A6 llS GS FS ES 05 CS BS AS 114 G4 F4 E4 04 C4 84 A4 

R2: H3 G3 F3 E3 D3 C3 83 A3 B2 G2 F2 E2 03 C2 82 A2 Ill GI Fl El DJ Cl Bl Al HO GO ro EO DO CO BO AO 

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

pixel matrix: 

In I\ n f\I'\ ft.I r-1 "'r" ,,., " • 



TABI.~ D 

Rl: 

H7 

H6 

HS 

H4 

R2: 

H3 

H2 

G7 

G6 

GS 

G4 

G3 

G2 
·--- ----
Bl Gl 

HO GO 

F7 E7 

F6 E6 

FS ES 

F4 E4 

F3 E:.. 
- -

F2 E2 
-------·-· ---·---
E'l El 

FO EO 

07 C7 67 A7 

06 C6 B6 A6 

DS cs BS AS 

04. C4 B4 A4 

03 C3 B3 A3 

02 C2 B2 A2 
-·---
01 Cl Bl Al 

DO co BO AO 

90° counterclockwise rotation is achieved following a similar 

method. Generation of the intermediate matrix, as mentioned 

above, is performed in the preferred embodiment using the 

lookup tables in reverse order, to generate an intermediate 

matrix from Table A, as follows: 

TABLE E 

Row 1 A4 AO C4 co E4 EO G4 GO 

Row 2 AS Al cs Cl 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 

Row 6 BS Bl DS Dl FS Fl HS Hl 

Row 7 B6 B2 D6 02 F6 F2 H6 H2 

Row 8 B7 B3 07 D3 F7 F3 H7 HJ 

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



RI: 

R2: 

Rl: 
RZ: 

R3: 
R4: 

Rl: 

RZ: 

R3: 
R4: 

RI: 
R2: 

R3: 

Roi: 

-==-=--=--==::.:~ 
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held .in tile 1:wo ."1?.-bit: 1·cqisten; nl and R2 (blocks 54 and 56) 

in l:he f o I low i n<:J L·ep 1:ese11 ta l. ion: 

A7 A3 C7 CJ E7 E3 G7 G3 A6 A2 C6 CZ E6 E2 G6 G2 AS Al CS Cl ES El GS Gl A4 AO C4 CO E4 EO G4 GO 

87 83 07 03 F7 F3 H7 H3 86 82 06 02 F6 F2 H6 112 BS Bl OS Dl FS Fl HS Hl 84 BO 04 DO F4 FO H4 HO 

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

bi t registers R3 and R4, respectively (block 58): 

A7 A3 C7 C3 E7 E3 G7 GI A6 A?. C6 C.7. F.6 F.2 G6 G.7. AS Al CS Cl ES El GS GI A4 AO C4 CO E4 EO G4 00 

B'I 83 ll'/ D3 n F3 II'/ 113 86 87. ll6 D7. ~·6 1~·2 116 117. 85 Bl 115 DI FS Fl llS Ill 84 BO 04 DO F4 FO 114 110 

A7 AJ C'/ C3 If/ I\~ G'/ GI 86 87. ll6 ll7. ~·6 ~·z llC1 117. BS 81 ll5 DI F5 Fl 115 Ill 84 80 04 DO F4 FO H4 110 
87 83 D7 03 F7 ~·3 II'/ 113 86 82 D6 D.7. ~·6 F.7. 116 117. B!i Bl D5 01 FS Fl HS Ill 84 BO 04 DO F4 FO 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 RJ are zeroed out (block 70). This changes the contents of 

the four reg.i.sters as follows: 

00 A3 00 CJ 00 E3 00 G3 oo A.7. oo r.z oo 1\.7. on G7. 00 Al 00 Cl 00 El 00 GI DO AO 00 CO 00 EO 00 GO 

8'/ DO Ir/ 00 r1 DO II'/ 00 86 00 ll6 00 ~·6 00 116 00 85 00 D5 00 FS 00 115 00 84 00 04 00 F4 00 114 00 
-

A7 00 C7 00 E7 00 G7 00 A6 00 C6 00 E6 00 G6 00 A5 00 C5 00 ES 00 GS 00 A4 00 C4 00 E4 00 G4 00 

00 83 00 03 00 F3 00 H3 00 87. 00 02 00 FZ 00 112 00 Bl 00 DI 00 Fl 00 111 00 BO 00 DO 00 FO 00 110 

The contents of .Rl are shifted left by 1 bit and the contents 

of R2 (block 72) so that the 4 registers now appear as: 

A3 00 C3 00 BJ 00 G3 00 A2 00 CZ 00 E2 00 G2 00 Al 00 Cl 00 El 00 Gl 00 AO 00 CO 00 EO 00 GO 00 

00 87 ()() 07 00 F7 00 87 00 86 00 06 00 F6 00 H6 00 BS 00 D5 00 FS 00 HS 00 H 00 04 00 Fi 00 Hi 

07 00 C7 00 B7 00 G7 00 A6 00 C6 00 E6 00 G6 00 AS 00 CS 00 ES 00 GS 00 A4 00 C4 00 E4 00 G4 00 

00 B3 00 03 00 F3 00 H3 00 B2 00 02 00 F2 00 ff 2 00 Bl 00 DI 00 Fl 00 HI 00 BO 00 DO 00 ro 00 BO 

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

76). The first two registers then have the following 

representation: 



16 

~---:--:::.=. .. :- .. ::·.-=:.-=.:.·:.;·~-=--=--·~·~·· -':"' - - .. -:.-:· - .. -··-.. -.~":"" -·- .. .. -
l<I: 

R2: 

1\"\ II.\ l:.! IU :·:.) F.1 i;\ ii.I ;\.~ 1(1 ., 
ul. \.,, DJ. 

,., 
1·,,, I· J i;J. iii. Al ii I c: I n1 r:r \'."i ,;1 Iii All ao co 00 r:o FO GO 110 ---·---·----

A7 87 C7 n7 E7 F7 G7 117 A6 86 C6 116 F.6 t6 li6 116 AS 85 cs 05 ES fS GS 115 .H 84 C4 [)4 E4 F4 G4 114 

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 

Rl: 

AO 
---·--
Al 

-----·--· 
A2 

AJ 

R2: 

A4 

AS 

A6 
-·--·-
A7 

- . ~- - .. 

BO co DO 
--... ----· -- ···--- -·--·--- ·-··--·-·--·---
Bl C.1 0 I. 
····--·--- ........ ···-·--·--· --- ------
B2 C2 D2 

-----
BJ CJ DJ 

-

- .. ·- -- --·-·- -··--·· .. 
B4 C4 f )11. 

---·--·- --··---- --·- ·--·--
BS cs DS 

----- ---------
B6 C6 D6 
------· --····. -·--· .... ·-------
B7 C7 D7 

... 

EO -E'O GO HO 
···----· 
El Fl Gl Hl 
------
E2 F2 G2 H2 

EJ FJ GJ HJ 

. -- . 
E4 F4 G4 H4 

--
ES FS GS HS 

E6 F6 G6 H6 
----· ----
E7 F7 G7 H7 
-

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



LOOKUP TABLE 1 : 

FROM TO 
ENTRY B !NARY llEPRESEIH A I !Otl BINARY REPRESENTATION 

0 00000000 00000000 00000000 00000000 00000000 
l 00000001 00000000 00000000 00000000 00000001 
2 00000010 00000000 00000000 00000001 00000000 
] 00000011 00000000 00000000 00000001 00000001 
<l 00000100 00000000 00000001 00000000 00000000 ,. 

00000101 ouoooooo 00000001 00000000 00000001 ·' 
Ci 00000110 00000000 00000001 00000001 00000000 
I 00000111 00000000 00000001 00000001 00000001 

8 00001000 00000001 00000000 00000000 00000000 
9 00001001 00000001 00000000 00000000 00000001 

10 00001010 00000001 00000000 00000001 00000000 
J I 00001011 00000001 00000000 00000001 00000001 
12 00001100 00000001 00000001 00000000 00000000 
)] IJOOll I I 0 I CIUOOOOOI OOOOOB01 00000000 00000001 
1'1 0011111 I I 0 oonnooo1 oooooeo1 Aoooooo1 00000000 
15 00001111 00000001 00000001 00000001 00000001 

16 000 IOOfHl 00000000 00000000 00000000 00000010 
I 7 00010001 00000000 00000000 00000000 00000011 
18 00010010 00000000 00000000 00000001 00000010 
19 0001001 I 00000000 00000000 00000001 00000011 
20 00010100 00000000 00000001 00000000 00000010 
21 00010101 00000000 00000001 ooeeeoeo 00000011 
22 00010110 00000000 00000001 00000001 00000010 
23 00010111 00000000 00000001 00000001 00000011 

24 00011000 aoaaeaa1 aaaaeeea 000aaaoa aeaeea1a 
25 00011001 eeaeeea1 00000000 0000eaee eeoaaa11 
26 00011010 eaaaa001 aeeeeeea 00000001 00000010 
27 00011911 00000001 00000000 000eeee1 eeee0011 
28 00011100 00000001 a0000ee1 ooeeeaea aeaaea10 
29 00011101 00000001 00000001 00000000 00000011 
30 00011110 eeaeee01 eeaeeee1 eeeeeee1 aeeaea10 
31 00011111 eeeeee01 00000001 00000001 eeeeee11 

32 ee1ee0ae eeee000e eeeee0ee 00000010 e0eeeee0 
33 00100001 aeeeeeee e0e0eeee eeeeee1e e0e0eee1 
34 00100010 eea0000e ae0eeeee eae0ea11 eeee0000 
35 00Hl0011 ea00e0ee aaa00aea 00000011 00eeeaa1 
36 99100100 0e0eeea0 eaaaa001 00000010 0aaea00a 
37 aerne101 eea0e0ea 00eeea01 0eeaae1e aeeeeee1 
38 00100110 0eaaa00a oeeeeaa1 00000011 0aeeaaae 
39 00109111 00eeeao0 00000001 00000011 e000eea1 
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40 00101000 00000001 00000000 00000010 eeee0000 
41 00101001 00000001 00000000 00000010 00000001 
42 00HIJ010 00000001 00000000 00000011 00000000 
<l3 0010HH 1 00000001 00000000 00000011 00000001 
4'l 00Hll HJ0 00000001 00000001 00000010 00000000 
45 00101 JO I· 00000001 00000001 00000010 00000001 
46 00101110 00000001 00000001 00000011 00000000 
4/ 00101111 00000001 00000001 00000011 00000001 

46 00110000 00000000 00000000 00000010 00000010 
·1!1 on 110001 00000000 00000000 00000010 00000011 
!.iO 00110010 00000000 00000000 00000011 00000010 
!JI 00110011 00000000 00000000 00000011 00000011 
52 00110100 00000000 00000001 00000010 00000010 
53 00110101 00000000 00000001 00000010 00000011 
54 00110110 00000000 00000001 00000011 00000010 
55 00110111 00000000 00000001 00000011 00000011 

56 00111000 00000001 00000000 00000010 oeoaoo10 
5/ 00111001 00000001 00000000 00000010 00000011 
!ill 0011 JOJO 00000001 00000000 00000011 00000010 
!.i!l 001 I JOI I 00000001 00000000 00000011 00000011 
60 00111100 00000001 00000001 00000010 00000010 
61 00111101 00000001 00000001 00000010 00000011 
62 00111110 00000001 00000001 00000011 00000010 
63 00111111 00000001 00000001 00000011 00000011 

64 01000000 00000000 00000010 00000000 00060000 
65 01000001 00000000 00000010 00000000 00000001 
66 01000010 00000000 00000010 00000001 00000000 
67 01000011 00000000 00000010 00000001 00000001 
68 01000100 00000000 00000011 00000000 00000000 
69 01000101 00000000 00000011 00000000 00000001 
70 01000110 00000000 00000011 00000001 00909000 
71 01000111 00000000 00000011 00000001 00000001 

72 01aa10ae ee00aaa1 eeeeee1a aeee000a oeeeaaee 
73 01001881 00000001 00eae01e 00000000 00000001 
74 01001010 00000001 00000010 00000001 00000000 
75 01001611 00000001 a0eeee1e 00000001 00000001 
76 IH091109 00000001 eee0ee11 e00ee0oe 0eaa000e 
77 01001101 0000eae1 a0ee0a11 00000000 00aa0ee1 
78 01001110 000e0ea1 e0ee0e11 aeeaa001 0000000~ 
79 01001111 00000001 00000011 ae000aa1 00000001 

89 01010000 00000000 a0eeee1e 80000000 00000010 
81 01010001 00aeeaee eaaeee10 00eaaaae 00000011 
62 01010010 00000000 00000010 ee0aa001 00000010 
83 01010011 00000000 00000010 00000001 00000011 
84 01010100 00000000 00000011 00000000 00000010 85 01010101 ae000000 00000011 00000000 00000011 
86 01010110 00000000 00000911 00000001 00900010 
87 010101 I l 00000000 00000a11 00000001 aa0aaa11 
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88 0191 Hl00 0eeeee01 00000010 00000000 00000010 
89 01011001 00009001 00000010 00000000 00000011 
90 0101 Hlle 00000001 00000010 00000001 00000010 
91 01011911 00000001 00000010 00000001 00000011 
92 01011100 0000eo01 00000011 00000000 00000010 
;n 01011101 00000001 aooooo11 00000000 00000011 
9.1 0101I110 00000001 00000011 00000001 00000010 
~•5 0101 I I I I 00000001 00000011 00000001 00000011 

% 01100000 00000000 00000010 00000010 00000000 
lj/ 01100001 00000000 00000010 00000010 00000001 
g(1 01100010 00000000 00000010 00000011 00000000 
99 01100011 00000000 00000010 00000011 00000001 

100 01100100 00000000 00000011 000000J0 00000000 
lOJ 01100JOI 00000000 00000011 00000010 00000001 
102 01100110 00000000 00000011 00000011 00000000 
JO) 01100111 00000000 00000011 OOOOOOIJ 00000001 

HM 01 Hl1000 00000001 00000010 00000010 0eeee000 
lO!i 01101001 00000001 00000010 00000010 00000001 
JOG 01101010 00000001 00000010 00000011 00000000 
10/ 01101011 00000001 00000010 00000011 00000001 
108 01101100 00000001 00000011 00000010 00000000 
10!) OJ 101101 00000001 00000011 00000010 00000001 
110 01101110 00000001 00000011 00000011 ooeee000 
11 l 01101111 00000001 00000011 00000011 00000001 

112 OJ 110000 00000000 00000910 00000010 00000910 
) }) 01I10001 00000000 00000010 00000010 00000011 
1 }t1 01110010 00000000 00000010 00000011 00000010 
115 01110011 00000000 00000010 00000011 00000011 
116 01110100 00000000 00000011 00000010 00000010 
117 01 llOHll 00000000 00000011 00000010 00000011 
118 01110110 00000000 00000011 00000011 00000010 
119 01110111 eoooeaoa 00000011 00000011 00000011 

12& euueaa 0eeeaaa1 aeeeea1a aeaaea1e aaeeaa1a 
121 fH111001 aeeaoae1 aeeaae1e 00eee01a aeeaae11 
122 01111010 0aeoeae1 eaeeee1a aeeaee11 aeaaee1e 
123 01111011 eeeaeee1 aaaeea1e eeeeo011 00000011 
124 91111100 0eeeeee1 eeaaee11 eeaaee1e eaeeee1e 
125 91111191 eeeeeee1 eeeeee11 eeeeee1e eeeeee11 
126 91111110 aeaeeee1 eeeeee11 eaeae011 0ae00a1e 
127 01111111 0aoaeee1 eaaeea11 eeeeea11 aeeeee11 

128 1eeeeeee eeeeee1e aeeeeeee eeeeeeee eeeeeeee 
129 10000001 e000001e 0000eeee 00000000 00000001 
130 10000010 0aaaea10 e00aeeee eea0eaa1 eeeaeeea 
131 10000011 00000e10 0eeee0e0 eaeee001 0aaeeea1 
132 10000100 00000010 00000001 00000000 eeeeeeee 
133 10000101 00000010 00000001 00000000 00000001 
134 10000110 eae0ee1a eaaeaa01 aaoaeee1 eaoeaeea 
135 10000111 aeeae01e eaeeeea1 0aeeeeo1 aeoeaoa1 
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136 Hl001000 0eee0011 00000000 e000a000 ea0ee00a 
1J7 Hl00Hl01 e0000011 00000000 00000000 00000001 
138 100010 Hl 00000011 00000000 aeee0ee1 oeeooeoa 
139 10001011 00000011 00000000 00000001 00000081 
140 10001100 00000011 00000001 00000000 00000000 
1•11 10001101 00000011 00000001 00000000 00000001 
1•12 10001110 {11J1IOOO I I 0000000 I OOOflOOO I 00000000 
l•IJ 10001111 00000011 00000001 00000001 00000001 

144 10010000 00000010 00000000 00000000 00000010 
H~i 100100111 00000010 00000000 00000000 00000011 
Jil(j 10010010 00000010 00000000 00000001 00000010 
147 10010011 00000010 00000000 00000001 00000011 
Jt18 10010100 00000010 eoooo001 00000000 00000010 
149 10010101 00000010 00000001 00000000 00000011 
150 10010110 00000010 00000001 00000001 00000010 
151 10010111 0aoooo10 00000001 00000001 00000011 

152 10011000 00000011 00000000 00000000 00000010 
l !j] lOlll 1001 00000011 00000000 00000000 00000011 
151\ 10011010 00000011 00000000 00000001 00000010 
15!i 10011011 00000011 00000000 00000001 00000011 
156 10011100 00000011 00000001 00000000 00000010 
15/ 10011101 00000011 00000001 00000000 00000011 
158 10011110 00000011 00000001 00000001 00000010 
159 10011111 00000011 00000001 00000001 00000011 

160 10100000 00000010 06000000 00000010 00000000 
161 10100001 00000010 00000000 00000010 00000001 
162 10100010 00000010 00000000 00000011 00000000 
163 10100.0] l 00000010 00000000 00000011 00000001 
164 HJ lOfl 100 00000010 00000001 00000010 00000000 
165 10100101 00000010 00000001 00000010 00000001 
166 10100110 00000010 00000001 00000011 00000000 
167 10100111 00099010 00000001 00000011 00000001 

168 1010180& 00000011 0e0eeee0 ae00ea1e ea00aeee 
169 10101001 eee00011 aoeeoeee 00000010 eooeeoa1 
170 10101010 e0eeee11 a00eeeea eeea0011·000ooee0 
171 lOtallHl eeeeea11 aaaee000 a0aae011 eeeeoee1 
172 16HH160 eeeeea11 eeeeooe1 eoeeee10 eeeeeeae 
173 10181101 aaeaae11 aeaeeae1 eeeaaa10 aaaeeee1 
174 10101110 eeeeae11 aeaee001 00000011 eeeeeeea 
175 10101111 00000011 00000001 00000011 00ee0ee1 

176 19119000 e0eeee1e eeeeeeee ee0eee10 eeeeee10 
177 10110001 e0eeea1e ee0eeeae 00ee001e 00000011 
178 101 )0010 eeaeee1e eeea0eea 00000011 00000010 
179 10110011 00000010 00000000 00900011 00080911 
180 IOI 10100 00000010 00000001 00000010 00000010 
181 10110101 e000001e e0a00001 00000010 00000011 
182 10118110 00000010 00000001 00000011 00000010 
183 10110111 00000010 00000001 aooooe11 00000011 
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184 Hll 11800 00000011 aoeeoeae 00000010 00000010 
185 10111001 00000011 00000000 00000010 00000011 
186 101l10i0 00000011 00000000 00000011 00600010 
187 10111011 00000011 00000000 00000011 00000011 
188 iOl 11100 00000011 00000001 00000010 00000010 
189 10111101 00000011 00000001 00000010 00000011 
l!l0 101III10 00000011 00000001 00000011 00000010 
191 IO 11111 I 00000011 00000001 0000001 I 00000011 

192 11 OflOflOO 00000010 00000010 00000000 00000000 
HJ_] I I 00000 I 00000010 00000010 00000000 00000001 
l!M 110000 J ll 00000010 00000010 00000001 00000000 
195 l IUOUO 11 00000010 00000010 00000001 00000001 
196 I 1000100 00000010 00000011 00000000 00000000 
19/ 11000101 00000010 00000011 00000000 00000001 
1911 I 1000110 00000010 00000011 00000001 00000000 
199 I HlOOl 11 00000010 00000011 00000001 00000001 

200 11001600 00000011 00000010 00000000 00000000 
201 11001001 00000011 00000010 00000000 00000001 
202 11001010 00000011 00000010 00000001 00000000 
20] 11001011 00000011 00000010 00000001 00000001 
2£M 11001 JOO 00000011 00000011 00000000 00000000 
205 JIOOJ 1 OJ 00000011 00000011 00000000 00000001 
206 ) 1001110 00000011 00000011 00000001 00000000 
207 11001111 00000011 00000011 00000001 00000001 

208 11010000 00000010 00000010 00000000 00000010 
209 11010001 00000010 00000010 00000000 00000011 
210 l IOlOCHO 00000010 00000010 00000001 00000010 
211 11010011 00000010 00000010 00000001 00000011 
212 11010100 00000010 00000011 00000000 00000010 

-213 11010101 00000910 00000011 00000000 00000011 
214 11010110 00000010 00000011 00000001 00000010 
215 11010111 00000010 00000011 00000001 00000011 

216 11011000 aaeeee11 aeeeeate eeeeoeee aeaeea1a 
217 11011001 00000011 aaaeae1a 00000000 00000011 
218 11011010 a00a0a11 00000010 eeaaoeo1 00000010 
219 11011011 00eaee11 eeeeoo10 eaea0001 00000011 
226 11011100 eeeaea11 aeaaee11 aeeeeeee eaeeea1e 
221 11911101 00000011 eeeeaa11 aaeeeaaa aeee0011 
222 11011110 00000011 00000011 00000001 00000010 
223 11011111 00000011 eeeeoa11 00000001 00000011 

224 11100000 0eee001e 00eeee1e eeeeee10 eeeeeeee 
225 11100001 00000010 00000010 00000010 00000001 
226 11100010 eo000010 oeeeee1e 00000011 eeee00ee 
227 11100011 00000010 00000910 00000011 00000001 
228 11100100 ooooee1e 00000011 00000010 00eeoeaa 
229 11100101 e000ee1e 00000011 00000010 00000001 
230 11100110 00000010 00000011 00000011 eo00000e 
231 l) 100111 00000010 00000011 00000011 00000001 

IBM CONFIDENTIAL 



232 11101000 00000011 00000010 00000010 00000000 233 11161601 00000011 00000010 000000i0 00000001 
234 l 110Hl 10 00000011 00000010 00000011 00000000 
235 11101011 00000011 00000010 00000011 00000001 
236 11101100 00000011 00000011 00000010 00000000 
237 11101101 00000011 00000011 00000010 00000001 
238 111011 le 00000011 00000011 00000011 00000000 
219 11101111 00000011 00000011 00000011 00000001 

240 11110000 00000010 00000010 00000010 00000010 
2·1 I I 11 IOOOJ 000000 IQ 000000 ,I 0 000000 I 0 00000011 
242 111100111 00000010 00000010 00000011 00000010 
2'13 11110011 00000010 00000010 00000011 00000011 
24'1 11110100 00000010 00000011 00000010 00000010 
245 11110101 00000010 00000011 00000010 00000011 
246 11110110 00000010 00000011 00000011 00000010 247 11110111 oaoaoo10 00000011 00000011 00000011 

248 11111000 00000011 00000010 00000010 00000010 
249 11111001 00000011 00000010 00000010 00000011 
250 1111 IOJO 00000011 00000010 00000011 00000010 
251 I I I 11011 00000011 00000010 00000011 00000011 
252 I I 111100 00000011 00000011 00000010 00000010 
253 11111101 00000011 00000011 00000010 00000011 
254 11111110 00000011 00000011 00000011 00000010 255 I II 11111 00000011 00000011 00000011 00000011 



LOOKUP TABLE 2 : 

FROM TO 
ftHRY BINARY REPRESENTATfON ~!NARY REPRESENTATION 

0 00000000 00000000 00000000 00000000 00000000 
I 00000001 00000000 00000000 00000000 00000100 
2 00000010 00000000 00000000 00000100 00000000 
3 0000001 l 00000000 00000000 00000100 00000100 
·1 00000100 00000000 00000100 00000000 00000000 ,. 00000101 00000000 00000100 00000000 00000100 ;J 

u 00000110 00000000 00000100 00000100 00000000 
7 000001 I I 00000000 00000100 00000100 00000100 

8 00001000 00000100 00000000 00000000 00000000 
9 00001001 00000100 00000000 00000000 00000100 

}Q 00001010 00000100 00000000 00000100 00000000 
11 00001011 00000100 00000000 00000100 00000100 
12 00001 JOO 00000100 00000100 00000000 00000000 
I] 00001101 00000100 00000100 00000000 00000100 
1'1 00001110 00000100 00000100 00000100 00000000 
15 000011 I I 00000100 00000100 00000100 00000100 

16 00010000 00000000 00000000 00000000 00001000 
17 00010001 00000000 00000000 00000000 00001100 
HI 00010010 00000000 00000000 00000100 00001000 
19 00010011 00000000 00000000 00000100 00001100 
20 00010100 00000000 00000100 00000000 00001000 
21 00010101 00000000 00000100 00000000 00001100 
22 00010110 00000000 00000100 00000100 00001000 
23 00010111 00000000 00000100 00000100 00001100 

24 00011000 00000100 eaoeeeae 00000000 00001000 
25 00011001 00000100 aeaaa0aa eaaaaaae 00001100 
26 00011010 00000100 eeaaeeea 000ae1ee eeee1aoe 
27 0001Hlll aeeae1ee eeeeaeae aeee010a 00001100 
28 00011100 eeeee1oa eaeee10a ooooaooa 00001000 
29 00011101 eeeae10a eeaee10a 00000000 00001100 
30 00011110 aaaa01ea 00000100 aeae010a 00001000 
31 00011111 eeeeo1ee eeaea1aa eaeaa1ea eeea11aa 

32 aateaaaa 0eeae00a a0eaae0e 00ee1aaa aaaaae00 
33 90100091 aeaeeaee eaee0ee0 00001000 00000100 
34 00100010 0a0aaa00 aaaaeaaa aa00110a 0eaaaaaa 
35 00100911 ee0e0aaa eeeeeeee eoea1100 00000100 
36 00100100 00000000 00000100 00001000 00000000 
37 001001EH 00000000 00000100 00001000 aaae0100 
38 00100110 00000000 e0eea1ae 00001100 00000000 
39 90100111 ·00000000 00000109 00001100 00000109 
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40 00101080 aaaee1ee aeee0a00 00001000 00000000 
41 00101001 aee00100 00000000 00001000 00000100 
42 0010Hll0 00000100 00000900 00001100 00000000 
43 80101011 86000100 00000000 00001100 00000100 
44 QOHl I HlO 00000100 00000100 00001000 00000000 
45 00101101 00000100 00000100 00001000 00000100 
46 00101110 00000100 00000100 00001100 00000000 
:I/ 00101111 00000100 00000100 00001100 00000100 

48 00110000 00000000 00000000 00001000 00001000 
4~l 00110(-)[H 00000000 00000000 00001000 00001100 
!iO on 11001 o 00000000 00000000 00001100 00001000 
51 00 I JOO 11 00000000 00000000 00001100 00001100 
52 00110100 00000000 00000100 00001000 00001000 
53 00110101 00000000 00000100 00001000 00001100 
54 001HJ110 00000000 00008100 00001100 00001000 
55 00110111 00000000 00000100 00001100 00001100 

56 00111000 00000100 00000000 00001000 00001000 
57 00111001 00000100 00000000 00001000 00001100 
5fl Of>l 11010 00000100 00000000 00001100 00001000 
5!J 00111011 00000100 00000000 00001100 00001100 
60 00111100 00000100 00000100 00001000 00001000 
GI 00111101 00000100 00000100 00001000 00001100 
62 00111110 00000100 00000100 00001100 00001000 
GJ 00111111 00000100 00000100 00001100 00001100 

64 01000000 00000000 00001000 00000000 oooeaaeo 
65 01000001 00000000 00001000 00000000 00000100 
66 OHlOOOJG 00000000 00001009 00000100 00000000 
67 01000011 00000000 00001000 00000100 00000100 
68 01000100 00000000 00901100 00000000 00008000 
69 01000101 00000000 00001100 00000000 00000100 
70 01000110 00000000 00001100 00000100 00009000 
71 01000111 00000000 00901160 00000100 00000100 

72 01081000 eeeae10e eeee1eee 00000000 eo000eee 
73 01001901 eeeee1oe aaae1aee eoeeeeoo 00000100 
74 01001010 eeeee100 00001000 00000100 00000000 
75 61001011 00000100 00001890 00000100 08090100 
76 EH091109 000ee1ee e0ee11ee eaeee00a eeeeeaea 
77 01091101 eeeee1ee 0eea11ea 00000000 0eeee1ea 
78 01001110 00000100 e0ee11ee 00000100 0000088& 
79 91091111 00000100 eoe01100 90000100 eeeee1ee 

89 01010000 00000000 ee0e10ee a0000eae ee001ee0 
81 01010001 00000000 aee01eea 00000000 000011ee 
82 01016010 .00000000 00001000 eeoa0100 a00e10eo 

. 83 9UH0911 eeeeaeee eea01eea 00000100 a00011ee 
811 01010Hl0 00000000 ae0e1100 00000000 ae001eea 
85 010)0191 eaeeeeee 00001100 aea000ee eaea11ee 
86 010101 l0 eee00eaa 00001100 00000100 ee0010ae 
87 01010111 aoaaaaae eeea11ao 00000100 aaaa11oa 
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88 01011099 08080100 00081009 00909000 00801009 
89 01011001 00080100 00081000 00000000 00001100 
90 0Hll 1010 e000010e 00001000 00000100 00001000 
91 01011011 00000109 00001000 00000100 00001100 
92 01011100 00000100 00001100 00000000 00001000 
93 01011101 00000100 00001100 00000000 00001100 
94 01011110 00000100 00001100 00000100 00001000 
95 010111 I I 00000100 00001100 ao000100 00001100 

96 01100008 00000000 00001000 00001008 00a00000 
97 0110000 I 00000000 00001000 00001000 00000100 
!IU 0 I 111011 10 ononoooo 00001000 00001100 00000000 
9!1 0110001 I 00000000 00001000 00001100 00000100 

JOO 01100100 00000000 00001100 00001000 00000000 
101 01100101 00000000 00001100 00001000 00000100 
102 01100110 00000000 oooe1100 00001100 00000000 
103 01100 II l oaoooooo 00001100 00001100 00000100 

104 01 Hll000 00000100 00001090 00001000 00000000 
105 01 lOHlOl 00000100 00001000 00001000 00000100 
106 01101010 00000100 00001000 00001100 00000000 
107 Ol 10IOI i 00000100 00001000 00001100 00000100 
106 01101100 00000 100 000EH l 00 00001000 00000000 
)fl9 01101101 00000100 00001100 00001000 00000100 
110 01101110 00000100 00001100 00001100 00000000 
111 01HJlllJ 00000100 00001100 00001100 00000100 

112 01110000 09000000 00001000 00091000 00001090 
1 ]J 01110001 00000000 00001000 00001000 00001100 
114 01110010 00000000 00001000 00001100 00001000 
115 01110011 00000000 00001000 00001100 00001100 
116 01110100 00000000 00001100 00001000 00001000 
117 01110101 00000000 00001100 00001000 00001100 
118 01110110 00000000 00001100 00001160 06001000 
119 01110111 0e00eeee 00001100 eeee11ee e0e01100 

120 91111899 00000100 00001000 e0ee10e0 00ee100e 
121 0111Hlfll eaeea1ae aee01ee0 000e1aea 0eoa11ee 
122 fHlll010 eaaaa1aa aea01eaa 00001100 0eo01aea 
123 01111611 00000100 eeee1aa0 eaee11ea 00001100 
124 91111109 0ae0a1a0 e0ea1100 e0001eee 0e0e1e0a 
125 81111lfll 00000100 eeee11e0 000a10aa 0ea011aa 
126 91111110 000ee100 00001100 oeee11ee eee01eea 
127 01111111 eaeee1ea eaa011ea 00001100 00001100 

128 10008880 000a1ee9 00ae9aaa 9e9ee00e 0e0eee00 
129 10088081 00001000 000000&0 00000000 00000100 
130 10099919 ee0a100e 00000000 aeeaa1ee 00aaaoea 
131 10000911 a0001eee 0a0ee00e ea0ee10e ee0a01aa 
132 10009180 e0ee1aee eeaae1e0 a0eaaeee 00000000 
133 10909Hll 00ee1aee 0eeeo1ea eaeeeeee eeeae100 
134 10000) 10 e0ee1eee eee0e10e eeeee1a0 e0oeoaee 
135 10000111 00001000 00000100 aa0e010e 00000100 
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136 10001000 aeee11ee eeeeeeee eeeeeeee oaeeeeee 
137 10001001 eooe11eo eoeeooeo oeoooeeo oeoee100 
1)8 10001010 00001100 00000000 00000100 00000000 
139 10001011 00001100 00000000 00000100 00000100 
140 10001100 00001100 00000100 00000000 06000000 
141 10001101 00001100 00000100 00000000 00000100 
J.12 iOOOI 110 00001100 00000100 00000100 00000000 
J.1] 10001111 00001100 00000100 00000100 00000100 

1'\'I 10010000 00001000 00000000 00000000 00001000 
l ·15 l 001000 l 00001000 00000000 00000000 00001100 
Hfi 10010010 00001000 00000000 00000100 00001000 
l•\7 10010011 00001000 00000000 00000100 00001100 
148 10010100 00001000 00000100 00000000 00001000 
149 10010101 00001000 00000100 00000000 00001100 
150 100101 JO 00001000 00000100 00000100 00001000 
151 10010111 00001000 00000100 00000100 00001100 

152 HJO 11000 00001100 00000000 00000000 00001000 
153 10011001 00001100 00000000 00000000 00001100 
15•1 10011010 00001100 00000000 00000100 00001000 
1 •· , . • l;J IOOl 101 l 00001100 00000000 00000100 00001100 
156 10011100 00001100 00000100 00000000 00001000 
157 1001110 l 00001100 00000100 00000000 00001100 
156 10011110 00001100 00000100 00000100 00001000 
159 10011111 00001100 00000100 00000100 00001100 

160 10100000 00001000 00000000 00001000 00000000 
161 10100001 00001000 00000000 00001000 00000100 
162 lG100010 00001000 00000000 00001100 00000000 
163 10100011 00001000 00000000 00001100 00000100 
164 16100100 00001000 00000100 00001000 00000000 
165 10100101 . 00001000 00000100 00001000 00000100 
166 10100110 00001000 00000100 00001100 00000000 
167 10100111 00001000 00000100 00001100 0000010~ 

168 10101888 00001100 eeaeeeee 0oea1oaa aaaaeaee 
169 10191001 00001100 ooaeoeo0 00001000 eeao01aa 
179 10101910 00001100 aaaoaeao 00001100 eeaaaeea 
171 10101011 00001100 aoa00000 00001100 00eoa1ee 
172 10101109 00001100 00000100 00001000 a00a0eee 
173 10101101 oa0011ea 0aaa01ae 00001000 00000100 
174 10101110 00001100 00000100 00001100.00000000 
175 10101111 eee011ea 00000100 00001100 00000100 

176 10119900 eeee1eee aeeeeeae ea0a1000 00001000 
177 10110001 00001000 aao00000 00001000 00001100 
178 101 Hl010 00081000 00000000 00001100 00001000 
J 7!> JO 11001 I 00001000 ooaeeaaa aoao11aa aoao11aa 
180 Hll 10100 00081000 00090100 00001000 00001000 
181 10110101 00001000 00000100 00001000 00001100 
182 J01101JO 00081000 00000100 00001100 00001000 
183 10110111 00001000 00000100 00001100 00001100 
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184 19111600 aeea11ae 0aeeeeee aeae1aea eaee1ae0 
185 10111601 00001100 00000000 a0aa1oe0 00001100 
186 lGl 11010 a00011ea 00000000 00001100 aa001000 
187 10111011 00001100 eea00000 e0001100 00001100 
188 10111100 00001100 00000100 00001000 00001000 
189 10111101 00001100 00000100 00001000 00001100 
190 10111110 00001100 00000100 00001100 00001000 
191 IOI 11111 00001100 00000100 00001100 00001100 

192 11000000 00001000 00001000 00000000 00000000 
193 l IOOOfJOl aooa1000 000e1aaa 0000000a oaaoo100 
19'1 11000010 00001000 00001000 00000100 00000000 
195 11000011 00001000 00001000 00000100 00000100 
196 I lfJOO 100 00001000 00001100 00000000 00000000 
197 11000101 00001000 00001100 00000000 00000100 
198 11000110 00001000 00001100 00000100 00000000 
19!J 11000111 00001000 00001100 00000100 00000100 

200 11001000 00001100 00001000 ooooeoeo 00000000 
201 11001001 00001100 00001000 00000000 00000100 
202 11001010 00001100 00001000 00000100 00000000 
20) 11001011 00001100 00001000 00000100 00000100 
204 11001100 00001100 00001100 00000000 00000000 
205 11001101 00001100 00001100 00000000 00000100 
206 11001110 00001100 00001100 00000100 00000000 
207 1100111 l 00001100 00001100 00000100 00000100 

208 11010000 00001000 00001000 00000000 00001000 
209 11010001 00001000 00001000 00000000 00001100 
210 11010010 00001000 00001000 00000100 00001000 
211 110H>011 00001000 00001000 00000100 00001100 
212 11010Hl0 00001000 00001100 00000000 00001000 
213 11010101 00001009 00001100 00000000 00001100 
214 11010110 00001000 00001100 eeeoe1aa oa0010ae 
215 11010111 0aao1oee eaeauoe a0eae1ee 00001100 

216 11011aee a0ee11aa aaaa1aae eeeeeaae aae01aa0 
217 11011001 0aaa11aa aaea10ae eaeaeeaa 00001100 
218 11011010 oooe11aa 00001000 00000100 00001000 
219 11011011 eeee110a aee01ae~ eeeee1aa eaea11ee 
229 11911100 eeee11ae eeea11ee eeeaaeee eeea1eee 
221 11011101 00001100 eeae110e aeeeeeee eeae110e 
222 11011110 eaee110e aeee11ee eeeea1ae eeee1eee 
223 11011111 aaae110e eeee11e0 0e0ee1ea eeea11ee 

224 111aeeea aeea1eee eaee1eea eeae1eee aaeeeeee 
225 11100001 0eee1eee eeae1e0a 00001000 00000100 
226 11100910 00001000 ee0010ae 00001100 eaaeeae0 
227 11100011 00001000 00001000 00001100 e0eee10a 
228 11 H:l0100 00001000 00001100 00001000 00ee00ee 
229 11100101 0eee10oe 00001100 00ee100e eee00100 
230 11100110 00001000 00001100 aeae110e oeaeaeee 
231 11100111 eo0e10ee eeee11aa aaae1100 eeee01aa 
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232 11Hl1000 00001100 00001000 00001000 aee0e000 
233 11101001 00001100 00001000 eo001eoe 00000100 
234 11101(;) 10 00001100 a000100e 00001100 00000000 
235 11101011 00001100 00001000 00001100 00000100 
236 l I IOI JOO 00001160 00001100 00001000 00000000 
237 I I 101 JO I 00001100 00001100 00001000 00000100 
238 11101110 00001100 eoo011oe 00001100 00000000 
239 11101111 00001100 00001100 00001100 00000100 

240 I 11 HlOOO 00001000 00001000 00001000 00001000 
2·1 I I I I IOOO I 00001000 00001000 00001000 00001100 
2'12 I I 110010 00001000 00001000 00001100 00001000 
243 11110011 00001000 00001000 00001100 00001100 
2iJ:J 11110100 00001000 00001100 00001000 00001000 
245 11110101 00001000 00001100 00001000 00001100 
2•16 I I I 10110 00001000 00001100 00001100 00001000 
247 II 110111 00001000 00001100 00001100 00001100 

248 11111000 00001100 00001000 00001000 00001000 
249 1111 HiOl 00001100 00001000 00001000 00001100 
250 l I I I 1010 00001100 00001000 00001100 00001000 
251 111 I IOI I 00001100 00001000 00001100 00001100 
252 11111100 00001100 00001100 00001000 00001000 
253 11111101 00001100 00001100 00001000 00001100 
254 11111110 00001100 00001100 00001100 00001000 
255 l J 111111 00001100 00001100 00001100 00001100 



LOOKUP TABLE 3 : 

FROM TO 
ENTRY BINARY REPRESENTATION BINARY REPRESEHTATION 

0 (:)0000000 00000000 00000000 00000000 00000000 
1 00000001 00000000 00000000 00000000 00010000 
2 00000010 00000000 00000000 00010000 00000000 
) 00000011 00000000 00000000 00010000 00010000 
'1 00000100 00000000 00010000 00000000 00000000 , . 

OOGUOIUI 00000000 00010000 00000000 00010000 • I 

G eoo00110 00000000 00010000 00010000 00000000 
7 00000111 00000000 00010000 00010000 00010000 

a 00001000 00010000 (:)(:)000000 00000000 0000000(:) 
9 00(:)(:) 1001 00010000 00000000 00000000 00010000 

JO 00001010 00010000 00000000 00010000 00000000 
11 00001011 00010000 00000000 00010000 00010000 
12 00001100 00010000 00010000 00000000 00000000 
IJ 00001101 00010000 00010000 00000000 00010000 
14 00001110 00010000 00010000 00010000 00000000 
15 00001111 00010000 00010000 00010000 00010000 

16 00010000 00000000 00000000 00000000 00100000 
17 00010001 00000000 00000000 00000000 00110000 
Ill 00010010 00000000 00000000 00010000 00100060 
HI fl00IEIO11 eaoooooo eoooooeo eoo10000 eo110000 
20 00010100 eoooeooo 00010000 00000000 00100000 
21 00010Hll 00000000 00010000 00000000 00110090 
22 00010110 00000000 00010000 00010000 00100000 
23 00010111 00000000 00010000 00010000 00110900 

24 00011900 aee1eeee 0aeeeeee aeeeaaae a01eeeae 
25 00011001 eoo10aae 0aaeaee0 aa000oee ae1100e0 
26 eee11010 00a1aeae 00000000 00010000 ee1eee0e 
27 00011011 00010000 00000000 00010000 0a11eeea 
28 00011100 eaa1eeaa aea1aeea eeoeeeee ea1aeeee 
29 00011101 00010000 0001000& 0e00eoo0 00110000 
30 09911110 0ea10000 eae1a00a eee1eo0a aa1aeeae 
31 00011111 eae10aaa aee1eea0 00010000 00110000 

32 aa1eaeee e00eeeee aeaeeeee ee1eeeea eeeeeeee 
33 ee1eeea1 eeeaee0e ae0e00ea 00100000 000100ee 
34 oe1aoe1e 00eeaeae eeeee0ee 0a11eeaa ee00e0ea 
35 01neee11 aeaeeeee eee0eae0 00110000 aaa1000e 
36 90HJ0190 0aaa0ee0 00010000 0a1eeaee aeeae0ea 
37 00100101 e000000e eea1eaee aa1eeeoe eee1eeee 
38 00100110 eeeeeeee 00010000 00110000 00000000 
39 00HJ0) 11 eoeeeaoe 0001aaee 00110000 00010000 
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40 oe1a1aae oae1eeea eeeaaeea 00100000 eaaeaeea 
41 0010Hl0 l aaa10000 00000000 00100000 00010000 
42 00101810 00010000 00000000 00110000 eoaaeooo 
43 00101011 00010000 00000000 00110000 00010000 
44 00101100 00010000 00010000 00100000 00000000 
45 00101 ID I 00010000 00010000 00100000 00010000 
46 00101110 oao10000 00010000 00110000 00000000 
4/ 0010 l l 11 00010000 00010000 00110000 00010000 

48 00110000 00000000 00000000 00100000 00100000 
1] ~I 0011000 I 00000000 oooeoooo 00100000 00110000 
!ill 00 I lllll ll1 nooooooo 00000000 00110000 00100000 
51 00110011 00000000 00000000 00110000 00110000 
52 00110100 00000000 00010000 00100000 00100000 
53 90110101 00000000 00010000 00)00000 00110000 
54 00110.110 00000000 00010000 00110000 00100000 
55 00110111 00000000 00010000 00110000 00110000 

56 00lt1000 00010000 00000000 00100000 00100000 
57 00111001 00010000 00000000 00100000 00110000 
56 00111010 00010000 00000000 00110000 00100000 
59 00111011 00010000 00000000 00110000 00110000 
60 00111100 00010000 00010000 00100000 00100000 
61 00111101 00010000 00010000 00100000 00110000 
62 oe l l 111 e 00010000 00010000 00110000 00100000 
63 0011II11 00010000 00010000 00110000 00110000 

64 01000000 00000000 00100000 00000000 00000000 
65 01000001 00000000 00100000 00000000 00010000 
66 01000010 00000000 00100000 00010000 00000000 
67 01000011 00000000 00100000 00010000 00010000 
68 01000100 00000000 00110000 00000000 00000000 
69 01000101 00000000 00110000 00000000 00010000 
70 01000110 00000000 00110000 oe010000 00000000 
71 01000111 00000000 00110000 00010000 00010000 

72 01001000 e0e1eeee ea1eeeee eeeeae0a eaeeaeee 
73 01001001 eee1a0ea aa1aeeee eeaeae0e 00010000 
74 01001919 oaa1aoaa ea1ea000 oea10aaa 00000000 
75 01001011 ooe1eeea ae1eeeea aaa1oeee aoa1oeea 
76 01001100 00010000 00110ee0 eeoee0e0 aeee000e 
77 01001101 a001oea0 00110000 a0aeaa0e aaa10aaa 
78 91001110 eee10eaa 0a11eeee 00010000 eaeaeeee 
79 0100llll aaa1eeae 00110000 00910000 00010000 

80 a1a1aeee ee0e0eee 0a1eeeee eeeeeee0 001aeeee 
81 01010001 0oeeeaee 00100000 aeeeeeea 00110000 
82 01010010 eeae000e 09190000 00010000 00100000 
83 01910011 eaaeeaea ae1aaeee aea1a0aa 00110000 
84 01010100 000aeaa0 00110000 eaaeaeee 00100000 
85 01010101 00000000 00110000 00000000 ea1100aa 
86 01010110 a000000a ao110a0e 00010000 e01000aa 
87 01010111 00000000 00110000 00010000 00110000 
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88 e1e11aee aae1eeoa ee1eeeee eaeaeaee a01aeeee 
89 01011001 00010000 00100000 oaeeeeao 00110000 
90 01011010 00010000 eo10eeeo 00010000 ae10eeee 
91 61011611 eaa10000 00100000 a0010000 00110000 
92 0l0lllfl0 00010000 00110000 00000006 00100000 
93 0Hllll01 00010000 00110000 00000000 00110000 
94 01011110 00010000 00110000 00010000 00100000 
95 01011111 00010000 00110000 00010000 00110000 

96 01 Hl0000 00000000 00100000 00100000 00000000 
91 01100001 00000000 00100000 00100000 00010000 
9ll 0IlllOO10 00000000 00100000 00110000 00000000 
9!1 01100011 00000000 00100000 00110000 00010000 

JOO 01100100 00000000 00110000 00100000 00000000 
101 01100101 00000000 00110000 00100000 00010000 
102 01100 I JO 00000000 00110000 00110000 00000000 
103 01100111 00000000 00110000 00110000 00010000 

104 0l101000 00010000 00100000 00100000 00000000 
Hl5 01101001 00010000 00100000 00100000 00010000 
106 01101010 00010000 00100000 00110000 00000000 
107 01 Hl101 I 00010000 00100000 00110000 00010000 
108 01101100 00010000 00110000 00100000 00000000 
109 01101101 00010000 00110000 00100000 00010000 
110 Ol 1011 HJ 00010000 00110000 00110000 00000000 
111 01101111 00010000 00110000 00110000 00010000 

112 01110000 00000000 00100000 00100000 00100000 
113 011Hl01H 00000000 00100000 00100000 00116000 
114 OllHJOJO 00000000 00100000 00110000 001eaeoo 
115 01l10011 00000000 00100000 00110000 00110000 
116 01110Hl0 00000000 00110000 00100000 001eaa00 
117 01110101 00000000 00110000 00100000 00110000 
118 01llfH10 00000000 00110000 00110000 001eea0a 
119 OllHlll 1 eaaeaeea ee11aaee ee1100eo ea11aaea 

120 01111009 0ee1eeaa 0e1eea0e ea1ee00e ee1aaaee 
121 01111001 aee1eeee ee1eaeee 001eeaee ee11eee0 
122 Gll1101G eee1eeee ee1eaeee ee11eeaa ea1eaeee 
123 01111911 eee1eeee ea1eaeae ee11eaee ea11eaee 
124 91111100 eee1aeae ae110eee ee1aeeee ae1eaeee 
125 01111101 eee1eeea aa11eeee ee1eaeee ea11aeee 
126 01111110 eee1eeee ee11eaee ae11eeee ea1eeeee 
127 01111111 0ee1ae00 00110000 00110000 aa11aeea 

128 10000889 99190868 99989098 98989898 99990890 
129 10008001 ae1aeeee eeeeeeee eeeae0ee e0010eee 
130 1e00ea1a aa1eeaa6 eeeaae0e ae91ee00 e09eeeee 
131 10000011 e61eeeee 6eee6eee a6010000 00e1eeea 
132 10000Hl0 ee100aaa 00010000 00000000 00000eee 
133 10900161 ee1e0e0a 00010000 00000000 aa010aae 
134 10000110 001eae0e 0ee10e00 00010000 eaaeeeee 
135 10000111 00108809 90819999 98018909 90819988 
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136 iaee1eee 06110000 00000000 00000000 00600006 
137 1600101H 00110000 00000000 00000000 00010000 
138 10001010 00110000 e0000000 00010000 e0eee000 
139 10001011 00110000 00000000 00010000 00010000 
140 Hl001100 00110000 00010000 00000000 00000000 
141 Hl001 Hll ee 110000 000 rn000 00000000 00010000 
142 10001110 00110000 00010000 00010000 00000000 
14) !0001 I I I 00110000 0001000A 00010000 00010000 

144 10010000 00100000 ooooaaao aaooooeo 00100000 
145 10010001 00100000 00000000 00000000 00110000 
146 10010010 00100000 00000000 00010000 00100000 
147 1001001 I 00100000 00000000 00010000 00110000 
148 10010100 00100000 00010000 00000000 00100000 
149 10010101 00100000 00010000 00000000 00110000 
150 10010110 00100000 00010000 00010000 00100000 
151 10010ll1 00100000 00010000 00010000 00110000 

152 rn01 rn00 00110000 00000000 00000000 00100000 
153 100 I 100 l 00110000 00000000 00000000 00110000 
154 10011010 00110000 00000000 00010000 00100000 
155 1001 Hll I 00110000 00000000 00010000 00110000 
156 10011100 00110000 00010000 00000000 00100000 
157 10011101 00110000 00010000 00000000 00110000 
158 10011110 00110000 00010000 00010000 00100000 
159 101:) 11111 00110000 00010000 00010000 00110000 

160 10Hl0000 00100000 00000000 00100000 00000000 
161 10100001 00100000 00000000 00100000 00010000 
162 ll:ll00010 00100000 00000000 00110000 00000000 
163 10Hl001 l 00100000 00000000 00110000 00010000 
164 10100100 00100000 00010000 00100000 00000000 
165 10Hl0101 00100000 00010000 00100000 00010000 
166 10100110 00100000 00010000 00110000 00000000 
167 10100111 ee1aeee0 00010000 00110000 00010000 

168 1e1e1eee 00110000 ee0eeeee 001aeeee aeeeeaea 
169 10191091 0a11eaea 00000000 00100000 00010000 
170 19181010 00110e0e 00000000 00110000 00ooeeo0 
171 10101611 a0110eaa e00eaa00 oe1100aa 0001aaaa 
172 10101100 aa11ae0e e0a1eeea ee1eeaee eaeea00a 
173 19101101 0011a0ae aea100e0 00100000 e0e100eo 
174 19101119 0e1100ee aae1oeaa 00110000 eee00000 
175 16101111 ee11eeee aae1ee00 00110000 eaa10ea0 

176 10119000 ae1a0e0e e0eeeae0 00100000 00100000 
177 19110001 90109990 99900909 09199890 90110900 
178 J0110fH0 001aa0ea 000&0000 00110000 aa1eaeae 
179 10lt00l 1 00100800 aa0ae0ee 00110000 00110000 
180. 10110100 00100000 a0010000 00100000 00100000 
181 10110101 00100000 00010000 00100000 00110000 
182 10110110 00100000 00010000 00110000 00100000 
J8l 10110111 00100000 ao01eee0 00110000 00110000 
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184 16111008 00110000 aeeeee00 00100000 00100000 
lSS 10111001 00119000 00000000 00100000 00110008 
186 1011 HlHl 00110000 00000000 00110000 00100000 
167 1011Hlll 00110000 0aa0eoao 00110000 00110000 
188 10111100 00110000 00010000 00100000 00100000 
189 10111101 00110000 eoe1eeoe 00100000 00110000 
190 lOlllllG 00110000 00010000 00110000 00100000 
191 1(;)111111 00110000 00010000 0011(;)000 00110000 

192 11000000 00100000 00100000 00000000 00000000 
HJ) 11000001 00100000 00100000 00000000 00010000 
194 11000010 00100000 06106006 00610600 00000060 
195 11000011 00100000 00100000 00010000 00010000 
196 l IOOOHJO 00100000 00110000 00000000 00000000 
197 11000101 00100000 00110000 00000000 00010000 
198 11000110 00100000 00110000 00010000 00000000 
199 I !000111 00100000 00110000 00010000 00010000 

200 11001000 00110000 001ooeoa 00000000 00000000 
201 11001001 00110000 00100000 00000000 00010000 
202 1100\010 00110000 00100000 00010000 00000000 
20) I 1001011 00110000 00100000 00010000 00010000 
204 l HlOl 100 00110000 00110000 00000000 00000000 
205 11001101 00110000 00110000 00000000 00010000 
206 11001110 00110000 00116000 00010000 00000000 
207 11001111 00110000 00110000 00010000 00010000 

208 11010000 00100000 00100000 00000000 00100000 
209 JHWl001 00100000 00100000 00000000 00110000 
210 11010010 00100000 00100000 00010000 00100000 
211 11010011 00100000 00100000 00010000 00110000 
212 11010100 00100000 00110000 00000000 00100000 
213 llOlOHll 00100000 00110000 00000000 00110000 
214 11010110 oe10eoee 00110000 00010000 00100000 
215 11010111 aa1000aa 00110000 ao010000 00110000 

216 11011889 aa11000e 00100000 00eeaeea ee1aeeee 
217 11911981 a011eee0 e01ea090 88890888 a0110000 
218 11011810 a011e90e e01e000e eae1aeee 00100000 
219 11011911 ea11aaee ae1eaaaa aaa1aaea aa11aa0a 
229 11e111ee 00119000 ee110aee eeee99aa 00100000 
221 11011191 00119999 00110000 00000000 00110000 
222 ll0111H> 00110000 00110000 00010000 00100000 
223 11011111 ae11aaae ae11eaae 00010000 ae11ea0a 

224 11180988 00190999 08188888 00100009 00000000 
225 11100881 00100000 ae1aee0e 00100000 00010000 
226 11100918 ae1eeeee ae1e0eee ae11eeea eeeeaeea 
227 11100911 ae1eeaee aa10e0ee 9911aaea eee100e0 
228 11109108 00108000 00110000 00100090 eaee0000 
229 11100101 99108899 08119889 99198909 89910908 
230 11100118 ee1eeea0 99110080 e011eeae aaeeeaae 
231 J J JOO 111 00100eoe ee1108e0 ae11eea9 ea91a0ea 
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232 11101000 00110000 aa10eeee 00100000 eeeaeaea 
233 lll0HWI 00110000 00100000 00100000 00010000 
234 11101010 00110000 00100000 00110000 00000000 
235 ll 10l0ll 00110000 a01a0aao 00110000 00010000 
236 11101100 00110000 aa11aaaa oa1aaa00 aoaaaaoa 
237 lllfllHll 00110000 00110000 00100000 aao1aaoa 
238 11Hllll0 00110000 00110000 00110000 00000000 
239 1110111 I 00110000 00110000 00110000 00010000 

240 11I10000 00100000 00100000 00100000 00100000 
241 I 1110001 00100000 00100000 00100000 00110000 
242 11110010 00100000 00100000 00110000 00100000 
211) 11110011 00100000 00100000 00110000 00110000 
244 11110100 00100000 00110000 00100000 00100000 
245 I 1110101 00100000 00110000 00100000 00110000 
246 11110110 00100000 00110000 00110000 00100000 
247 l I 110111 00100000 00110000 00110000 00110000 

248 11111000 00110000 00100000 00100000 00100000 
249 11111001 00110000 00100000 00100000 00110000 
250 11111010 00110000 00100000 00110000 00100000 
251 11111011 00110000 00100000 00110000 00110000 
252 1J111I00 00110000 00110000 00100000 00100000 
253 11111101 00110000 00110000 00100000 00110000 
254 11111110 00110000 00110000 00110000 00100000 
255 11111111 00110000 00110000 00110000 00110000 
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LOOKUP TABLE 4 : 

ENTRY 

0 
I 
2 
) 

4 
~ 

G 
7 

a 
9 

HI 
11 
12 
IJ 
14 
15 

16 
17 
10 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 

FROM TO 
B !NARY REPRESEN f AT ION BINARY REPRESENTATION 

00000000 
00000001 
00000010 
00000011 
00000100 
00000101 
000001 IQ 

00000111 

00001000 
00001001 
00001010 
00001011 
00001100 
00001101 
00001110 
00001111 

00010000 
00010001 
OOOHIOIO 
0001091 l 
00010100 
00010101 
00010110 
00010111 

00011eea 
00011001 
aeaue10 
009119ll 
00011100 
00011101 
00011110 
00011111 

09198898 
0e1eaae1 
00109010 
99199811 
00109109 
00100191 
00100110 
00100111 

00000000 00000000 00000000 00000000 
00000000 00000000 00000000 01000000 
00000000 00000000 01000000 00000000 
00000000 00000000 01000000 01000000 
00000000 01000000 00000000 00000000 
00000000 01000000 00000000 01000000 
00000000 01000000 01000000 00000000 
00000000 01000000 01000000 01000000 

01000000 00000000 00000000 00000000 
01000000 00000000 00000000 01000000 
01000000 00000000 01000000 00000000 
01000000 00000000 01000000 01000000 
01000000 01000000 00000000 00000000 
01000000 01000000 00000000 01000000 
01000000 01000000 01000000 00000000 
01000000 01000000 01000000 01000000 

00000090 00000009 00090000 10000000 
00000000 00000000 00000000 11000000 
00000000 00000000 01000000 10000000 
00000000 00000000 01000000 11000000 
00000000 01000000 00000000 i0000ooa 
ooooe0ao 01000000 00000000 11000000 
00000000 01000000 01000000 10000000 
00000000 01000000 01000000 11000000 

a1oeeee0 eeoe00ee e00eeeee 10000000 
e10e00e0 aee0000e oe0aeee0 11000000 
01009900 00000000 01000090 10000000 
01000000 00000000 01000000 11000000 
01000000 01000000 0ae0ee0e 10000000 
01aeae00 01000000 eeeeeeee 11000000 
01eeee00 a1eae0ee 01000000 10000000 
a1eeee00 a1aeeeea 01eeeeae 11000000 

00000000 e00ee0ee 10000000 00eaeeea 
eeaaeeaa a0aeeaaa 10000000 01000000 
00000000 00000000 11eeeeee eaeee000 
e0e00eaa·0eeeeeea 11000000 01000000 
00000000 e100eeee 20000000 e0eeee00 
00eeaeea 01000000 10000000 01000000 
0eeee0ee 01000000 11000000 00000000 
00000000 01000000 11000000 a100000e 
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40 08101800 01ae0000 00000000 10000000 00000000 
41 00HlHl01 01000888 00080080 18880800 01000000 
42 80101610 01080008 08000000 11008000 00088000 
43 001011H 1 01880000 00000000 11000808 01000000 
44 00101100 01000000 01000880 10000000 00000000 
45 00101101 01008880 01888800 10000000 01080008 
46 00181118 01008000 01000008 11000000 00000000 
47 00101111 01000000 01000000 11000000 01000000 

48 80110000 00000000 00000000 10000000 10000000 
49 00110001 00000000 00000000 10000000 11000000 
50 001100 JO 00000000 00000000 11000000 10000000 
51 00110011 00000000 00000000 11000000 11000000 
52 00110100 00000008 01800008 10000008 10000000 
53 00110101 00800088 01880080 10000000 11800000 
54 OOl lOl lfJ 00000000 01000000 11008000 10000000 
55 001HJ111 00008000 01000000 11000000 11000000 

56 00111008 01088808 00000088 10088888 18888800 
57 80111001 81800880 88888888 10080888 11800000 
56 001 I JOJO 01800000 80000008 11800008 10000000 
59 00111011 01080000 00000008 11000000 11000000 
60 00111100 01000000 01000000 10000000 10000000 
Gl 0011 I IOI 01000000 01000000 10000000 11000000 
62 00111110 01000000 01000800 11080000 10000000 
63 00111111 01000000 01000000 11000000 11000000 

64 01000800 00008000 18000000 00000008 00000000 
65 01000001 00000000 10000000 00000000 01000000 
66 Ol0000H> 00000000 10800000 01000000 00000000 
67 81000011 00000000 10000000 01080008 01000000 
68 Ol000Hl8 80000000 11800000 00080000 08000000 
69 01000101 00000998 11000000 00000000 01000000 
78 01000110 00000000 11000000 01000000 eeeeoe00 
71 01000111 00000000 11000000 01000000 01000000 

72 01081888 01000000 10000000 eeeeeeee eee0000e 
73 91991091 0100eee0 10000000 00000000 a100eaee 
74 01001010 01aeeeee 1eeeeee0 e1eeeee0 eaaeeeee 
75 01001911 a1ae90aa 10999999 910eeaee e1a0ae00 
76 a1ee110a 01000000 11aeeeaa 00000000 a00eeeaa 
77 01901191 01000000 11000000 aae0909e 01000000 
78 01081110 0100000& 1100000& 01000000 00000000 
79 01001111 a10eeaee i1ae0eea a1aaeeee e1aa0eea 

89 81819999 0ee0e0e0 10000000 0ae0eaae laeea000 
81 91018091 00000000 1ee0ee0e 00000000 11000000 
82 01918810 0ee0eeea 10000000 e1eeee00 1aeeeaaa 
83 01010011 00000000 1a00eaa0 01000000 11000000 
84 81010100 00000000 11000000 00000000 10000000 
85 01019191 00000000 11000000 00000000 11000000 
86 91010119 00000000 110eaaee 01000000 1ae0a00a 
87 91010111 aeaea0ee 11aaeeae 010eea0e 11ea0aaa 
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as 81011088 01000000 10000000 0ee0eeee 100eee0e 
a9 01011001 61000008 10000000 08000000 11000000 
90 01011010 01000000 10000000 01000000 10000000 
91 01011011 01000000 10000000 01000000 11000000 
92 0HJ11100 01000000 11000000 00000000 10000000 
93 0101I101 01000000 11000000 00000000 11000000 
94 0Hlllll0 01000000 11000000 01000000 10000000 
95 01011111 01000000 11000000 01000000 11000000 

96 0) 100000 00000000 10000000 10000000 00000000 
91 01100001 00000000 10000000 10000000 01000000 
98 01100010 00000000 10000000 11000000 00000000 
99 0110001 I 00000000 10000000 11000000 01000000 

100 01100Hl0 00000000 11000000 10000000 00000000 
101 01100Hll 00000000 11000000 10000000 01000000 
102 01100110 00000000 11000000 11000000 00000000 
103 01100111 00000000 11000000 11000000 01000000 

104 01 Hll000 01000000 10000000 10000000 ee000eoa 
105 01101001 01000000 10000000 10000000 01000000 
106 01101010 01000000 10000000 11000000 00000000 
107 OIHJIOll 01000000 10000000 11000000 01000000 
108 01101100 01000000 11000000 10000000 00000000 
109 01101101 01000000 11000000 10880000 01000008 
110 0]]01110 01000000 11000000 11000000 00000000 
111 01101111 01000000 11000000 11000000 01000000 

112 01110000 00000008 10000000 10000000 10000000 
113 01110001 00000000 10000000 10000000 11000000 
114 01110010 00000000 10000000 11000000 10000000 
llS 01110011 00000000 10000000 11000000 11000000 
116 011 Hll00 00000000 11000000 10000000 10000000 
117 01110101 00000000 11000000 io000000 11000000 
118 91110lla 00000888 11800808 11000008 10000000 
119 01110111 00000000 110a000a i1000000 11000000 

128 81111888 01000000 10000000 1e0eeeee 2aaaaeaa 
121 01111001 01aee000 19000000 10000000 11000000 
122 81111819 01000000 10000000 11000000 10000000 
123 81111611 01000009 10000000 11000000 11000000 
124 01111100 01000000 11888800 1ee00ee0 1eeeee00 
125 81111191 01eeQe0a 11000000 10000000 11000000 
126 91111118 a1ea0aee 11000000 11ea0000 10000000 
127 01111111 01000000 11000000 11aee00e 11000000 

128 19999998 10000009 88880000 ea000000 00000e00 
129 10000001 200e0099 00900000 0e0ee00a 0100eeee 
139 10809910 10000000 a0eaeeee 010e0eee 000eee00 
131 1El000911 10000a0e 00000000 01000000 01000000 
132 10000100 10e0ee0a 01000000 ee0eea00 00eeea00 
133 10900101 10000000 e1000eee eee0e000 01000000 
134 10900110 10000000 01000000 01000000 a0aaaee0 
135 100001 JI 100ee0aa a100eea0 01eeee00 01000000 · 
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136 10661068 11000000 00000000 aeeeeeee 00000000 
137 10001001 11000000 00000000 00000000 01000000 
138 10001010 11000000 00000000 01000000 00000000 
139 10001011 11000000 00000000 01000000 01000000 
140 10001100 11000000 01000000 00000000 00000000 
141- 10001 HH 11000000 01000000 00000000 01000000 
142 10001110 11000000 01000000 01000000 00000000 
14) 10001111 11000000 01000000 01000000 01000000 

144 Hl010000 10000000 00000000 00000000 10000000 
145 10010001 10000000 00000000 00000000 11000000 
146 10010010 10000000 00000000 01000000 10000000 
147 10010011 10000000 00000000 01000000 11000000 
148 Hl010100 10000000 01000000 00000000 10000000 
149 Hl010101 10000000 01000000 00000000 11000000 
150 10010110 10000000 01000000 01000000 10000000 
151 HI010111 10000000 01000000 01000000 11000000 

152 Hl011000 11000000 00000000 oeee0eee lOeeoeee 
153 1001100) 11000000 00000000 00000000 J1000000 
154 10011010 11000000 00000000 01000000 10000000 
155 1001Hll1 11000000 00000000 01000000 11000000 
156 10011100 11000000 01000000 00000000 10000000 
157 10011101 11000000 01000000 00000000 11000600 
158 10011110 11000000 01000000 01000000 10000000 
159 10011111 11000000 01000000 01000000 11000000 

160 Hll00000 10000000 00000000 10000000 00000000 
161 10100001 10000000 00000000 10000000 01000000 
162 lOHJ0010 10000000 00000000 11000000 00000000 
163 10100011 10000000 00000000 11000000 01000000 
164 HllOOHJO 10000000 01000000 10000000 00000000 
165 10180101 10000000 01088000 10000000 01000000 
166 10109110 10000000 01000000 11098008 00000990 
167 10108111 10000000 01ae0eaa 11000000 01000000 

168 1e1e1aee lteeeeee eeaeeee0 leeaaee0 ee00eeee 
169 10101081 11000000 aeee00ee 20000000 01000000 
178 19101910 11000000 00eeeee0 11000000 00000000 
171 10181811 11aee0ee e0ee0000 11000000 01000000 
172 10161199 11ea0eea e1eeeeee 10000000 eeee000e 
173 10101191 11000000 e1eeeeee 1aeeeee0 010aeeee 
174 10181110 11000008 010aee00 11000008 8ae00eea 
175 10101111 11000000 e1eee0ee 11000000 01000000 

176 19110880 1eee0eee e0e00eee 10000000 10000000 
177 10110881 10000000 00000000 10000000 11ee0eea 
178 19110918 2eeaa0ee eeee000e 110eeeee i0000e00 
179 10110011 1eaeeaea 00eaeeee 11aeeaae 11000000 
188 10110100 10000aee 01eee0a0 10000000 10000000 
181 16110101 10aeeeee 01ae00aa la00a0aa 11000000 
182 10110110 1eeeeeee 01000000 11000000 10000000 
183 10110111 10000000 01000000 11000000 110aoeea 
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184 10111000 11000000 00ee00ee 10000000 10000000 185 10111001 11090990 00000999 10900009 11000000 186 10111010 11009000 00000090 11090099 10096000 187 10111011 11000000 e000eaaa 11000000 11000000 188 10111100 11009000 01000090 10090000 19000000 189 10111101 11000000 01000000 10006600 11000000 190 10111110 11000000 01000000 11000000 10000000 
191 10111111 11000000 01000000 11000000 11000000 

192 11090000 10000000 10000000 00000000 00000000 ]9) 11000001 10000000 10000000 00000000 01000000 194 11000010 10000000 10000000 01000000 00000000 195 11000011 10000000 10000000 01000000 01000000 196 11000100 10000000 11000000 00000000 00000000 197 11000101 20000000 11000000 00000000 01000000 198 1 Hl001 Ja ioo00000 i1000000 01000000 eo000000 199 1 Hl901 l l 10000000 11000000 01000000 01000000 

200 1 Hl81000 11000000 10000000 00000000 00000000 201 11001001 11000000 10000000 00000000 01000000 202 11001010 11000000 10000000 01000000 00000000 203 I IOOJOl 1 11000000 10000000 01000000 01000000 204 11001100 11000000 11000000 00000000 00000000 205 11001101 11000000 ·11000000 00000000 01000000 206 11001110 11000000 11000000 01000000 00000000 207 11001111 11090000 11000000 01000000 01000000 

208 11910000 20000000 10000000 00000000 10000000 209 11010001 10009000 10000000 00000000 11000000 210 11010010 10000000 10000000 01000000 10000000 211 11010011 10000000 10000000 01000000 11000000 212 11010100 10000000 11000000 00000009 10000006 213 11010101 10000000 11000000 00000000 11000000 214 11010110 1a0eeaea 11000000 01000000 10000000 215 11010111 10000000 11000000 a1eeaeea 11000000 

216 11011099 11eeeeee 1ee0eeee eeeeeeee 1eeeeeee 217 11911691 11000000 10000000 eeaeaaea 11000000 218 11911810 11000000 10000000 0100eeee 10000000 219 11011811 11eee009 1000aeee 81B88eae 11009000 229 11011109 11e00eee lt0eee0e ea0a00ee 10000000 221 11011101 11eee0e0 11eeeeee a000ea0e 11000000 222 11811110 11eeae0e 1Ie009ee 91000880 1eeeee00 223 11011111 11008eee 1100eaaa 0100eeaa 11aeaeea 

224 11109880 1eeeeee0 1a0eeeee 1eee0eee e0eeee00 225 11100001 10ea00e0 1aaaaaee 10eaee00 01000000 226 11109010 1eeeeeee 1eeeaeee 11eeeeea 0e0ea0ae 227 lll08911 100e0eee 100eaaae 110e0eee 01000000 228 11190100 1000eeae 11000000 1eeaeeee ee00ea0e 229 11196181 10000000 110eaeae 1aaaeeae a1eaeeee 230 11100110 10000000 i100000e 11eaeaee aaeeeee0 231 11108111 1a0eeeee 11000000 11000000 01aaaaea 
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232 11161008 11000000 10000000 laeeeee0 0ee0eeee 
233 11101001 11000000 10000000 1a000aaa 01000000 
234 11101010 11000000 10000000 11000000 00000000 
235 11101811 11000000 10000800 11000009 01000000 
236 11101108 11080080 11000000 19600000 00000000 
237 11101101 11000000 11000000 10880800 01000000 
238 11101110 11000809 11090000 11009000 00080000 
239 11101111 11008000 11000000 11000000 01000000 

240 111 Hl080 18000008 10000000 18000000 10000000 
241 11110001 10000000 10000000 10000000 11000000 
242 11110010 10000000 10000000 11000080 10000000 
24) ) ) ) lt)0] 1 10000000 10000000 11000000 11000000 
244 11110100 10000800 11000000 10000000 10000000 
245 11110101 10000000 11000000 10000000 11000000 
246 11110110 10000000 11000000-11000000 10000000 
247 11110111 10000000 11000000 11000000 11000000 

248 11111000 11000000 10000000 10000000 10000000 
249 11111001 11000000 10000000 10000000 11000000 
250 11111010 11000000 10000000 11000000 10000000 
251 11111011 11000000 10000000 11000000 11000000 
252 11111100 11000000 11000000 10000000 10000000 
253 11111101 11000000 11000000 10000000 11000000 
254 11111110 11000000 11000000 11000000 10000000 
255 11111111 11000000 11000000 11000000 11000000 
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The embodiments of the i nvent.i.011 of which an exclusive 

property or p~ivileye ls claimed are defined as follows: 

1. 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 bi ts, comprising 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 is 

divided and translated into a paired nibble column, alternate 

rows from the bloclc b~ing 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 intermediate matrix sequentially 

into first and second 32-bit processor registers; 

copying the first 32-bi t register into a third 32-bi t 

processor register and the second 32-bi t 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 cla~m 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 bi ts further comprises the steps of 
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zeroing out all odd bit of the first and fourth registers and 

all even bits of the second and third register, and logical 

ORing ·the first register with the fourth register and the 

second with the third register. 

5. The method according to claim l, wherein the step of 

generating an intermediate matrix comprises generating an 

intermediate matrix wherein the alternate rows are arranged 

transversely from left to right, and wherein lower order bits 

from each divided row are arranged on top of higher order 

bits. 

6. The method, according to claim 5, wherein the step of 

shifting each of the first and second register by one bit in 

opposite direction comprises shifting the first register by 

one bit right and shifting the second register by one bit 

left. 

7. The method according to claim 6, wherein the step of 

overlaying alternate bi ts further comprises the steps of 

zeroing out all even bits of the first and fourth registers 

and all odd bi ts 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 l, 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 valu.es 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 overlayi.ng 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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of: 

a) selecting an unrotated 8 by 8 pixel matrix from the 

image data; 

b) generating an intermediate matrix having 8 rows by 

8 columns of pixel data bits, wherein each row from the block 

is divided and translated into a paired nibble column, 

alternate rows from the block being arranged transversely and 

lower order rows from the block being arranged on top of 

higher order rows in the paired nibble columns of the 

intermediate matrix; 

c) saving the rows of the intermediate matrix 

sequentially to first and second 32-bit registers; 

d) copying the first 32-bit register into a third 32-

bit register and the second.32-bit register into a four 32-bit 

register; 

e) shifting each of the first and second registers by 

one bit in opposite directions; 

f) overlaying alternate bits from the fourth register 

onto the first register and from the third register onto the 

second register; and 

g) repeating steps a) through f) until the image has 

been rotated. 

10. A 32-bi t opera ting 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 from the block being arranged 

transversely and lower order rows from the block being 

arranged on top of higher order rows in the paired nibble 

columns of the intermediate matrix; 

at least first, seco~d, 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 duplicat~, 

the remaining _four rows of the intermediate matrix; 

-means for"shiftiTIO ~Arnn~ i-1-.o ~.;-.,..+. --A ------> ··- ·-' · '-
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by one bit in opposite directions; and 
means for overlaying alternate bi ts from the fourth 

register onto the first register and from the third register 
onto the second register. 

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

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

13. A system, 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 values from 
alternate rows from the block into one of said registers. 
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